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Preface
This  handbook i s  a imed at anaesthetis ts  who have received at least bas ic tra ining in anaesthes ia . It does  not tel l  the reader how to give an
anaesthetic, but a ims  to help decide the best anaesthetic for di fferent s i tuations . We have tried to be selective about the contents  of the
book and have omitted some of the more tradi tional , but less  relevant, topics  for our target audience. The text i s  spl i t into sections :
Section I  (Chapters  1–12) gives  s tandard information on pre-operative cons iderations  such as  consent and preoperative investigations  and
deta i l s  the impl ications  of pre-exis ting medica l  conditions . We have provided information about further reading for many of the varied
conditions  that are met in cl inica l  practice, and have tried to give practica l  advice whenever poss ible, though in many s i tuations  the evidence
base for choos ing one technique over another i s  not ava i lable.
Section II  (Chapters  13–33) gives  practica l , comprehens ive advice for di fferent surgica l  specia l i ties . When compi l ing this  section we asked
col leagues  with speci fic areas  of experti se to describe their s tandard approach for thei r most common operations . The techniques  and
practica l  cons iderations  described are not meant to be exclus ive, but do represent a  s tandard approach to many of the more common
procedures . We hope these cl inica l  descriptions  wi l l  help anaesthetis ts  working outs ide their immediate areas  of experti se. In no way can
guidel ines  substi tute for supervized tra ining but i t i s  a  fact of l i fe that a l though anaesthetis ts  are specia l i zed by day, out of hours  many of us
have to be prepared to deal  with a  cons iderably wider range of surgery. We have included some deta i l s  on more specia l i zed areas  of surgery
such as  cardiac surgery, neurosurgery and l iver transplantation to give a  bas ic grounding to tra inees  rotating through these fields .
Section II I  (Chapter 34) covers  obstetric anaesthetic practice and Section IV (Chapter 35) covers  paediatric and neonata l  anaesthes ia . Section V
(Chapter 36) covers  anaesthetic emergencies . Section VI (Chapters  37–48) discusses  a  range of practica l  i s sues  such as  a i rway assessment.
Section VII  dea ls  with acute pa in i s sues  and Section VIII  i s  concerned with regional  anaesthes ia .
Also included are appendices  conta ining a  drug formulary, infus ion regimes , and normal  va lues .
We hope that this  handbook wi l l  be useful  to a  variety of anaesthetis ts . The exam candidate should find many bas ic principles  l i s ted and
tra inees  should find the information concerning di fferent areas  of anaesthes ia  useful  when moving between specia l i ties . We hope that more
senior col leagues  wi l l  a l so find much of the information useful , both in theatre and when preparing a  teaching sess ion.
The book represents  many hours  of work by many people, and we owe thanks  to the numerous  persons  who helped with the project. In
particular we acknowledge the support given by our wives  and fami l ies .
We are keen to receive comments  about the book; i ts  imperfections  and deficiencies  are as  important as  any pos i tive feedback. Also, i f you
know of any better approaches  to the problems or operations  l i s ted, or would l ike to add materia l  not covered, please e-mai l  us . Try a lso to
suggest which sections  should be deleted.
Despi te exhaustive efforts  to check for drug dose errors , i t i s  poss ible that some exis t, please check careful ly.
Kei th Al lman
Ia in Wi lson
2001
oxford.handbook.anaesthes ia@ukgateway.net
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Lis t of abbreviations
Abbreviations
A&E
Accident and emergency
AAA
Abdominal  aortic aneurysm
ABC
airway, breathing, ci rculation
ABG
Arteria l  blood gas
ACT
Activated clotting time
ADH
Antidiuretic hormone
AF
Atria l  fibri l lation
ALS
advanced l i fe support
ALT
alanine aminotransferase
AMD
airway management device
AP
Anteroposterior
APTR
activated partia l  thromboplastin ratio
APTT
Activated partia l  thromboplastin time
ARDS
Acute respiratory dis tress  syndrome
ASA
American Society of Anesthes iologis ts
ASD
Atrio-septa l  defect
AV
Atrioventricular
bd
twice da i ly
BIPAP
Biphas ic pos i tive a i rways  pressure
BMI
Body mass  index
BNF
Bri ti sh National  Formulary
BP
Blood pressure
C&S
Culture and sens i tivi ty
CABG
Coronary arteria l  bypass  grafting
CBF
Cerebra l  blood flow
CCU
Coronary care uni t
CEA
Caudal  extradura l  ana lges ia
Ch
Charrière (French) gauge (a lso FG or Fr)
CK-MB
creatine kinase - myocardia l  i soenzyme
CMV
Cytomegalovi rus
CNS
Centra l  nervous  system
COAD
Chronic obstructive a i rways  disease
COETT
Cuffed ora l  endotracheal  tube
COHb
carboxyhaemoglobin
COPA
cuffed oropharyngeal  a i rway
COPD
Chronic obstructive pulmonary disease
CPAP
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Continuous  pos i tive a i rway pressure
CPB
Cardiopulmonary bypass
CPK
creatine (phospho)kinase
CPP
Cerebra l  perfus ion pressure
CPR
Cardio-pulmonary resusci tation
CSE
Combined spina l/epidura l
CSF
Cerebrospina l  fluid
CT
Computed tomography
CVA
Cerebrovascular accident
CVE
Cerebrovascular episode/event
CVP
Centra l  venous  pressure
CVS
Cardiovascular system
DDAVP
Desmopress in
DHCA
Deep hypothermic ci rculatory arrest
DIC
Disseminated intravascular coagulation
DLT
Double lumen [endobronchia l ] tube
DVT
Deep vein thrombos is
ECF
Extracel lular fluid
ECG
Electrocardiogram
EEG
Electroencephalogram
EMD
electromechanica l  dissociation
EMG
Electromyograph
EMLA
Eutectic mixture of loca l  anaesthetic
ENT
Ear, nose, and throat
ERPC
Evacuation of reta ined products  of conception
ETCO2

End tida l  CO2

ETT/ET
Endotracheal  tube
EUA
Examination under anaesthetic
FBC
Ful l  blood count
FEV1

Forced expiration in 1 s
FG
French gauge (a lso Fr or Ch)
FGF
Fresh gas  flow
FiO2

Fractional  inspi red oxygen content
FM
Face mask
FFP
Fresh frozen plasma
Fr
French gauge (a lso FG or Ch)
FRC
Functional  res idual  capaci ty
FVC
Forced vi ta l  capaci ty
G
Gauge (s tandard wire gauge)
G-6-PD



glucose 6-phosphate dehydrogenase
GA
Genera l  anaesthetic
G&S
Group and save
GCS
Glasgow coma score
GI(T)
Gastrointestina l  (tract)
GTN
Glyceryl  trini trate
HAS
human a lbumin solution
Hct
Haematocri t
HDU
High-dependency uni t
HELLP
Haemolys is , elevated l iver enzymes , low platelets
HME
heat and mois ture exchanger
HOCM
Hypertrophic obstructive cardiomyopathy
HPA
Hypothalamic–pitui tary–adrenal
HRT
Hormone replacement therapy
IABP
Intra-aortic ba l loon pump
IBP
invas ive blood pressure
ICP
Intracrania l  pressure
ICU
Intens ive care uni t
ID
Internal  diameter
IDDM
Insul in-dependent diabetes  mel l i tus
I:E ratio
Inspired: expired ratio
IHD
Ischaemic heart disease
ILMA
Intubating laryngeal  mask a i rway
IM
intra-muscular
INR
International  normal ized ratio
IO
intra-osseous
IOP
Intraocular pressure
IPPV
Intermittent pos i tive pressure venti lation
ITP
Idiopathic thrombocytopenic purpura
ITU
Intens ive therapy uni t
IV
Intravenous
IVC
Inferior vena cava
IVI
Intravenous  infus ion
IVRA
Intravenous  regional  anaesthes ia
JVP
Jugular venous  pressure
LA
Local  anaesthetic
LFT
Liver function test
LMA
Laryngeal  mask a i rway
LMWH
Low-molecular-weight heparin
LV
Left ventricle/ventricular



LSCS
lower segment caesarean section
LVEDP
left ventricular end diastol ic pressure
LVF
Left ventricular fa i lure
LVH
Left ventricular hypertrophy
MAC
Minimal  a lveolar concentration
MAOI
Monoamine oxidase inhibi tor
MAP
Mean arteria l  pressure
MCV
Mean corpuscular volume
MH
Mal ignant hyperthermia
MI
Myocardia l  infarction
MIBG
Meta-iodobenzylguanidine
MRI
Magnetic resonance imaging
MRSA
Methici l l in-res is tant Staphylococcus  aureus
MST
morphine sulphate
MUA
Manipulation under anaesthes ia
NCA
Nurse-control led analges ia
NIBP
Non-invas ive blood pressure
NIDDM
Non-insul in-dependent diabetes  mel l i tus
NIPPV
Non-invas ive pos i tive pressure venti lation
NMDA
N-methyl -D-aspartate
nocte
at night
NR
not recommended
NSAID
Non-steroida l  anti -inflammatory drug
OCP
Oral  contraceptive pi l l
od
once da i ly
OLV
One-lung venti lation
ORIF
Open reduction internal  fixation
PA
Pulmonary artery/arteria l
PA
postero-anterior
PaCO2

Arteria l  partia l  pressure of CO2

PAFC
pulmonary artery flotation catheter
PaO2

Arteria l  partia l  pressure of O2

PAO2

alveolar partia l  pressure of oxygen
PAOP
Pulmonary artery occlus ion pressure
PAP
pulmonary artery pressure
PAWP
pulmonary artery wedge pressure
PCA
Patient-control led analges ia
PCEA
Patient-control led epidura l  ana lges ia
PCWP
Pulmonary capi l lary wedge pressure



PDA
Patent ductus  arteriosus
PE
Pulmonary embol ism
PEFR
peak expiratory flow rate
PEEP
Pos i tive end expiratory pressure
PND
Paroxysmal  nocturnal  dyspnoea
PO
per os  (ora l )
PONV
Postoperative nausea and vomiting
POP
plaster of paris
PvCO2

Mixed venous  partia l  pressure of CO2

PR
per rectum
prn/PRN
‘as  required’
PT
prothrombin time
PVC
Polyvinyl  chloride
PVR
Pulmonary vascular res is tance
qds
four times  da i ly
RAE
Ring, Adair, and Elwyn [tube]
RS
respiratory system
RSI
Rapid sequence induction
RV
right ventricle/ventricular
SA
Sinoatria l
SaO2

Arteria l  oxygen saturation
SBE
subacute bacteria l  endocardi ti s
SpO2

Arteria l  oxygen saturation
SC
Subcutaneous
SCBU
Specia l  care baby uni t
SIRS
Systemic inflammatory response syndrome
SL
subl ingual
SLT
Single lumen tube
SjO2

jugular mixed venous  oxygen saturation
SNP
sodium ni tropruss ide
SSRI
Selective serotonin reuptake inhibi tor
(S)TOP
(suction) termination of pregnancy
SV
Spontaneous  venti lation
SVC
Superior vena cava
SvO2

Mixed venous  oxygen saturation
SVR
Systemic vascular res is tance
SVT
Supraventricular tachycardia
TCD
transcrania l  Doppler
TCI
Target-control led infus ion



tds
three times  da i ly
TEDS
Thromboembol ism stockings
TENS
Transcutaneous  electrica l  nerve s timulation
THR
tota l  hip replacement
TIA
Trans ient i schaemic attack
TIVA
Tota l  intravenous  anaesthes ia
TKR
tota l  knee replacement
TPN
Tota l  parentera l  nutri tion
TURP
Transurethra l  resection of the prostate
U&E
Urea + electrolytes
URTI
Upper respiratory tract infection
VATS
Video-ass is ted thoracoscopic surgery
VF
Ventricular fibri l lation
VP
Venous  pressure
V/Q
venti lation/perfus ion
VR
Ventricular rate
VSD
Ventriculo septa l  defect
Vt or VT

Tida l  volume
VT
Ventricular tachycardia
WBC
White blood cel l  count
WPW
Wolf Parkinson White
X-match
Cross -match
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Consent
Babinder Sandhar
Background
Al l  competent patients  have the right to give or withhold consent for treatment or examination. To obta in consent, the patient must be given
sufficient deta i l s  and information about the procedure to enable a  proper decis ion to be taken. Any procedure undertaken without the
patient's  consent may be cons idered an assaul t in a  civi l  court and may be regarded as  serious  profess ional  misconduct by the Genera l
Medica l  Counci l .
Consent may be impl ied (i .e. the patient wi l l ingly cooperates  with the procedure), or i t may be expressed in wri tten or ora l  form.
Information
The patient needs  sufficient information to a l low them to make a  cons idered judgement. This  should include:

A description of the proposed procedure.
Discuss ion of a l ternative options .
Discuss ion of the poss ible compl ications  and their l ikel ihood.
Discuss ion of the benefi ts  versus  ri sks .

There i s  no lega l  requirement to discuss  every poss ible compl ication and s ide effect but the patient must be warned of any common or
serious  ri sks .
Risk
In order to appreciate ri sk the patient needs  to be told of the l ikel ihood of the compl ication occurring and this  should be put into context by
us ing an analogy from everyday l i fe.

Negl igible ri sk: frequency less  than 1:1000 000, i .e. the ri sk of dying from l ightening s trike.
Minimum risk: frequency 1:100 000–1000 000, i .e. the ri sk of dying on the ra i lways .
Very low ri sk: frequency 1:10 000–1:100 000, i .e. the annual  ri sk of dying of an accident at home or at work.
Low ri sk: frequency 1:1000 – 10 000, i .e. the annual  ri sk of dying in a  road traffic accident.
Moderate ri sk: frequency 1:100 to 1:1000, i .e. the ri sk of death from natura l  causes  for patients  over 40 within the next year.
High ri sk: frequency greater than 1:100, i .e. the i sk of developing diarrhoea after antibiotics .

In addition to the frequency of the ri sk, the seriousness  must be cons idered. It could be cons idered negl igent to not discuss  an infrequent
compl ication, which could resul t in permanent disabi l i ty or death. In some patients  ri sk may be increased due to concurrent disease and they
should be informed of this . A ba lance must be achieved between tel l ing the patient enough to enable them to give informed consent, and
providing extens ive deta i l s  which resul t in confus ing or needless ly frightening the patient.
Competence
Adult patients  who are able to make decis ions  on their own about thei r treatment
P.5

are cons idered competent. This  means  that they must be capable of understanding and remembering the information given about the
procedure, and be able to weigh up the ri sks  and benefi ts  to arrive at a  ba lanced choice. For competent patients , no other person can consent
or refuse treatment on their behal f.
Chi ldren and young adults

Over the age of 16 years , competent young adults  can give consent for any treatment without obta ining separate consent from a  parent
or guardian.
Chi ldren under 16 years  who demonstrate the abi l i ty to ful ly appreciate the ri sks  and benefi ts  of the treatment planned may a lso be
cons idered competent to give consent.
If a  ‘competent’ chi ld refuses  treatment, but the parent has  consented, the treatment should only proceed i f fa i lure to do so would
resul t in death or permanent injury.
Parenta l  consent should be sought for any patient under 18 years  who i s  not competent to give consent. If such a  chi ld refuses
treatment, judgement needs  to be exercised by the parent and the doctor as  to the level  of restra int that i s  acceptable, depending on
the urgency of the case. It may be better to postpone the case unti l  adequate premedication can be given.
In l i fe-threatening s i tuations , verbal  consent by telephone i s  adequate and essentia l  treatment can be s tarted in the absence of
parenta l  authorization.
Where the chi ld or parent refuse essentia l  treatment, a  Ward of Court order can be obta ined, but this  should not delay the provis ion of
emergency therapy. The Court order enables  the doctor to proceed with the treatment lawful ly.

Restricted consent

Some patients  may consent to treatment in genera l , but refuse consent for certa in aspects  of the treatment, e.g. Jehovah's  Witness
patients  who refuse blood transfus ion.
Restricted consent should be discussed with the patient, in the presence of a  witness , so that they are ful ly aware of the impl ications
of withholding the treatments  refused.
The deta i l s  of the restriction should be careful ly documented on the consent form.
The patient's  wishes  must be respected.

Treatment without consent

In an emergency, consent i s  not necessary for l i fe-saving procedures .
Unconscious  patients  may be given essentia l  treatment without consent. It i s  good practice to consul t with the next of kin, but they
cannot give or refuse consent for adul t patients .
Patients  who are ‘incompetent’ may be given treatment provided i t i s  in thei r best interest.
Patients  deta ined under the Menta l  Heal th Act 1983 may be treated for the menta l  disorder without consent but not for phys ica l
disorder unless  they are ‘incompetent’. Electroconvuls ive therapy requires  the patientapos ;s  consent or the second opinion of an
authorized medica l  practi tioner.

P.6
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Advance s tatements  (di rectives )
Some patients  indicate thei r preferences  regarding treatment in an advance s tatement (advance di rective or l iving wi l l ). The instructions  are
issued by patients  when they are competent, for use when they become unable to express  thei r wishes . Provided the cl inica l  s i tuation fa l l s
within the terms  of the s tatement, the wishes  of the patient must be respected. The advance s tatement i s  usual ly used to refuse consent for
certa in treatments , and cannot be used to compel  cl inicians  to perform speci fic procedures .
Research

Al l  cl inica l  research requires  Research Ethics  Committee approval .
Voluntary consent i s  required from competent patients , who must be given ful l  information about the purpose of the research, ri sks
involved, and benefi ts  (i f any).
It must be made clear that the patient i s  not obl iged to participate and that they may withdraw from the s tudy at any time. The patient
should be reassured that this  wi l l  not affect thei r cl inica l  management.
Patients  who are incompetent may only be included in therapeutic research which i s  in thei r best interest.
Competent chi ldren are a l lowed to give consent for therapeutic research associated with minimal  ri sk.
Parenta l  consent i s  required for incompetent chi ldren.

Teaching
Students  must not take part in cl inica l  procedures  without the patient's  consent. This  appl ies  to medica l  s tudents , s tudent nurses , and
tra inee paramedica l  s taff.
Documentation
The anaesthetic plan discussed and agreed with the patient should be documented, including a  l i s t of the ri sks  which have been expla ined.
Separate wri tten consent i s  not required for loca l  or regional  anaesthes ia . The Department of Heal th recommends  that wri tten consent
should be obta ined for genera l  anaesthes ia  but the Working Party of the Association of Anaesthetis ts  concluded that this  was  not necessary.
Further reading
Association of Anaesthetis ts  of Great Bri ta in and Ireland (1999). Information and consent for anaesthes ia .
Genera l  Medica l  Counci l  (1998). Seeking patient's  consent: the ethica l  cons iderations .
Gi lberthorpe J (1997). Consent to treatment. The Medica l  Defence Union, London.
Jones  HJS, de Cossart L (1999). Risk scoring in surgica l  patients . Bri ti sh Journal  of Surgery, 86, 149–57.
Ovid Ful l  Text
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Routine preoperative investigations
Ia in Wi lson
A system of routine preoperative investigations  for in-patients  prior to elective surgery i s  suggested below. Check loca l  hospi ta l  pol icy. See
also p. 272 for day surgery recommendations .

Test Indications

Urina lys is Al l  patients : for sugar, blood, and protein

ECG
Age > 50 years
His tory of heart disease, hypertens ion or chronic lung disease
A normal  previous  trace within 1 year i s  acceptable unless  there i s  a  recent cardiac his tory

FBC

Males  > 40 years
Al l  females
Al l  major surgery
Whenever anaemia  i s  suspected

Creatinine and electrolytes

Age > 60 years
Al l  major surgery
Diuretic drugs
Suspected renal  disease

Blood glucose
Diabetic patients
Glycosuria

Coagulation screen History of bleeding tendency (some uni ts  measure before major surgery)

Sickle cel l  test Black patients  with unknown s ickle s tatus . If pos i tive then haemoglobin electrophores is  should be performed

Pregnancy test Whenever there i s  any chance of pregnancy

Chest radiograph

Not routine
Acute cardiac or chest disease
Chronic cardiac or chest disease that has  worsened in the las t year
Risk of pulmonary TB (recent arriva l  from the developing world or immunocompromise)
Mal ignant disease
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Premedication drugs
Lauren Barker
See a lso paediatric premedication (p. 815).
It i s  wel l  recognized that a  clear explanation of anticipated events  and a  rapport with the anaesthetic team provides  more effective anxiolys is
than drugs . Premedication i s  much less  commonly prescribed than a  few years  ago but i s  s ti l l  indicated in anxious  patients  and those in
whom there i s  an increased ri sk of gastro-oesophageal  reflux. Sui table drugs  are l i s ted below. Many patients  benefi t from sedation the night
before surgery.

Sedatives: 1 h preoperatively unless otherwise indicated

Benzodiazepines
PO

Lormetazepam 0.5–1.5 mg

Temazepam 10–30 mg

Lorazepam (2 h preop.) 1.0–2.5 mg

Midazolam 0.2–0.5 mg/kg

IM Midazolam (20–40 min preop.) 2–10 mg

Non-benzodiazepines PO Zopiclone 3.75–7.5 mg

Analgesic drugs

Opioids
Morphine IM or SC 10–15 mg

Pethidine IM 50–100 mg

NSAIDs Diclofenac PO or PR 50–100 mg

Other Paracetamol PO or PR 1 g

Prokinetic drugs

Metoclopramide PO, , IM 10 mg

Gastric pH increasing drugs

Ranitidine
PO 150–300 mg night before and 2 h preop.

Slow IV or IM 50 mg 2 h preop.

Omeprazole
PO 40 mg night before and 2–4 h preop.

infus ion 40 mg over 30 min

Sodium ci trate (0.3 M) PO 30 ml  10 min preop.
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Fasting
Babinder Sandbar
Background
Pulmonary aspi ration of gastric contents  i s  associated with s igni ficant morbidi ty and morta l i ty. Factors  predispos ing to regurgi tation and
pulmonary aspi ration include inadequate anaesthes ia , pregnancy, obes i ty, di ffi cul t a i rway, emergency surgery, ful l  s tomach, and a l tered
gastrointestina l  moti l i ty.
Aspiration of 30–40 ml  of gastric contents  can cause serious  pulmonary damage–fasting before anaesthes ia  a ims  to reduce the volume of
gastric contents .
Gastric phys iology

The preoperative fasting period depends  upon the type of food and fluids  consumed.
Clear fluids  are emptied from the s tomach in an exponentia l  manner with a  ha l f-l i fe of 10–20 min, resul ting in complete clearance
within 2 h of ingestion. Examples  of clear fluids  include water, frui t juices  without pulp, carbonated beverages , clear tea , and black
coffee but not a lcohol ic drinks .
Gastric emptying of sol ids  i s  much s lower than for fluids  and varies  depending upon the type of food ingested. Foods  with a  high fat or
meat content require eight or more hours  to be emptied from the s tomach, whereas  a  l ight meal  such as  toast i s  usual ly cleared in 4 h.
Mi lk i s  cons idered a  sol id, because when mixed with gastric juice, i t thickens  and congeals . However, a  smal l  amount of mi lk (10 ml)
added to tea  or coffee, does  not cause any increase in gastric volume or acidi ty. Cow's  mi lk takes  up to 5 h to empty from the s tomach.
Human breast mi lk has  a  lower fat and protein content and i s  emptied at a  faster rate.

ASA fasting guidel ines
In 1999, the American Society of Anesthes iologis ts  (ASA) made the fol lowing recommendations  on preoperative fasting in elective, hea l thy
patients :

Ingested material Minimum fast

Clear l iquids 2 h

Breast mi lk 4 h

Infant formula  mi lk 4–6 h

Non-human mi lk 6 h

Light meal 6 h

Delayed gastric emptying

Delayed gastric emptying due to metabol ic causes  (e.g. poorly control led diabetes  mel l i tus , renal  fa i lure), decreased gastric moti l i ty
(e.g. head injury), or pyloric obstruction (e.g. pyloric s tenos is ) wi l l  primari ly a ffect emptying of sol ids , particularly high-cel lulose foods
such as  carrots  and peas . Gastric emptying of clear fluids  i s  only affected in the advanced s tages .
Gastro-oesophageal  reflux may be associated with delayed gastric emptying of sol ids , but emptying of l iquids  i s  not affected.
P.10
Raised intra-abdominal  pressure (e.g. pregnancy, obes i ty) predisposes  to pass ive regurgi tation.
Opioids  cause marked delays  in gastric emptying.
Trauma delays  gastric emptying. The time interva l  between the las t ora l  intake and the injury i s  cons idered as  the fasting period and a
rapid sequence induction should be used i f this  interva l  i s  short. The time taken to return to normal  gastric emptying after trauma has
not been establ i shed, and varies  depending upon the degree of trauma and the level  of pa in. The best indicators  are probably s igns  of
normal  gastric moti l i ty such as  normal  bowel  sounds  and patient hunger.
Anxiety has  not been shown to have any cons is tent effect on gastric emptying.
Ora l  premedications  given 1 h before surgery are without adverse effect on gastric volume on induction of anaesthes ia . Studies  on ora l
premedication with midazolam 30 min preoperatively have not reported any l ink with gastric regurgi tation or aspi ration.

Chemica l  control  of gastric acidi ty and volume

Antacids  can be used to neutra l i ze acid in the s tomach thereby reducing the ri sk of damage should aspi ration occur. Particulate
antacids  are not recommended. Sodium ci trate solution adminis tered shortly before induction i s  the i s  the agent of choice in high-ri sk
cases  (e.g. pregnancy) but this  resul ts  in an increase in gastric volume.
H2 blockers/proton pump inhibi tors  decrease secretion of acid in the s tomach and should be used for high-ri sk patients . Idea l ly, these
agents  should be adminis tered on the evening before surgery (or early morning for an afternoon l i s t) and a  second dose given 2 h
preoperatively. Al though these agents  are genera l ly very effective, there i s  a  smal l  fa i lure rate and therefore other precautions  to
prevent aspi ration are necessary.
Gastric moti l i ty enhancing agents  such as  metoclopramide increase gastric emptying in heal thy patients , but a  clear benefi t in trauma
patients  has  not been demonstrated. Metoclopramide i s  more effective IV than ora l ly.
Antichol inergic agents  do not have a  s igni ficant effect and are not routinely recommended.
Pregnant patients  should be given rani tidine 150 mg on the evening before elective surgery (or at 0700h for an afternoon l i s t) and aga in
2 h preoperatively. During labour, high-ri sk patients  should be given ora l  rani tidine, 150 mg 6-hourly. For emergency cases , rani tidine
50 mg intravenous ly should be given at the earl ies t opportuni ty. In addition, 30 ml  of 0.3 M sodium ci trate should be given to neutra l i ze
any res idual  gastric acid.

The ASA do not recommend routine use of these agents  in heal thy, elective patients .
Further reading
Maltby R (1993). New guidel ines  for preoperative fasting. Canadian Journal  of Anaesthes ia , 40, R113–R117.
Library Holdings
Bibl iographic Links
Practice guidel ines  for preoperative fasting and the use of pharmacologica l  agents  for the prevention of pulmonary aspi ration: appl ication to
heal thy patients  undergoing elective procedures  (1999). Anesthes iology, 90, 896–905.
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Prophylaxis  of venous  thromboembol ism
Bruce Campbel l
Introduction

PE i s  respons ible for 10% of a l l  hospi ta l  deaths .
Without prophylaxis  40–80% of high-ri sk patients  develop detectable DVT and up to 10% die from PE.
Most PEs  resul t from DVTs  which s tart in the venous  plexuses  of the legs  and which then extend up into the common femoral  and i l iac
veins .
Ca l f vein DVT i s  detectable in up to 10% of low-risk patients , but seldom extends  into proximal  veins .
DVT can resul t in chronic leg swel l ing, skin changes , and ulceration (post phlebi tic syndrome).

Reasons  for an increased ri sk of venous  thromboembol ism at the time of an operation include:

Hypercoagulabi l i ty caused by surgery or other factors  (cancer, hormone therapy).
Stas is  of blood in the venous  plexuses  of the leg during anaesthes ia .
Further s tas is  due to reduced mobi l i ty a fter the operation.
Damage to veins  at the time of surgery.
Interference with venous  return (pregnancy, pelvic surgery, pneumoperi toneum during laparoscopic surgery).
Dehydration.
Conditions  caus ing poor cardiac output.

Remember that any patient confined to bed i s  at ri sk of venous  thromboembol ism, even i f they have not had an operation, and particularly i f
other ri sk factors  are present. This  appl ies  especia l ly to i l l , elderly patients  who need prophylaxis  from the time of admiss ion.
Risk factors  for venous  thromboembol ism
Patients  can be divided into three categories  of ri sk, low, medium, or high, dependent upon the type of operation, patient factors , and
associated diseases .

Duration and type of operation:
Operations  las ting less  than 30 min are cons idered minor (low ri sk) and more than 30 min major (higher ri sk).
Particularly high-ri sk procedures  include major joint replacements  (hip and knee) and surgery to the abdomen and pelvis .

Patient factors :
previous  his tory of DVT or PE
thrombophi l ia
pregnancy, puerperium, oestrogen therapy (contraceptive pi l l , HRT)
age over 40 (ri sk increases  with age)
obes i ty and immobi l i ty
varicose veins  (in abdominal  and pelvic surgery, but no evidence of increased ri sk for varicose vein surgery).

P.12
Associated disease:

mal ignancy (especia l ly metastatic, or in abdomen/pelvis )
trauma (especia l ly spina l  cord injury and lower l imb fractures )
heart fa i lure, recent myocardia l  infarction
systemic infection
lower l imb para lys is  (e.g. a fter s troke)
haematologica l  diseases  (polycythaemia, leukaemia, paraproteinaemia)
other diseases , including nephrotic syndrome and inflammatory bowel  disease.

For example, a  fi t patient over 40 having minor surgery i s  low ri sk, whi l s t a  fi t patient under 40 having major abdominal  surgery i s  moderate
risk; and an elderly patient having pelvic surgery for cancer i s  high ri sk for thromboembol ism.
Methods  of prophylaxis
Every hospi ta l  should have a  pol icy deta i l ing loca l  practice. Genera l  measures  which seem logica l  include:

avoidance of prolonged immobi l i ty (encourage early mobi l i zation)
avoidance of dehydration.

Subcutaneous  heparin
Subcutaneous  heparin reduces  the incidence of DVT and fata l  PE by about two-thi rds . Tradi tional ly, unfractionated (ordinary) heparin has
been used, but there are advantages  to the newer low-molecular-weight heparins .
The smal l  ri sk of bleeding when us ing epidura l  ana lges ia  can be minimized by giving LMWH on the evening before surgery, so that 12 h or
more have elapsed before the epidura l  i s  inserted (LMWH plasma hal f-l i fe i s  4 h). (See a lso epidura l , p. 998.)
Subcutaneous  heparin i s  usual ly s topped when patients  are ful ly mobi le, or when they leave hospi ta l . However, the incidence of late DVT in
orthopaedic practice can be reduced by extended prophylaxis  (up to 35 days ).

Traditional low-dose unfractionated heparin

Start 2 h before operation in fi t patients , and on admiss ion i f unfi t or immobi le
Dose i s  5000 uni ts  12-hourly or 8-hourly (8-hourly adminis tration may give greater protection, and should be used for very high ri sk patients )
Some increase in the ri sk of bleeding and haematoma formation

Low-molecular-weight heparins (LMWHs)

A l i ttle more effective than unfractionated heparin in reducing DVT and PE, particularly in tria ls  on hip and knee replacement

Minor bleeding compl ications , fewer than unfractionated heparin

Dai ly dosage which i s  more convenient, but LMWHs more expens ive

Dai ly doses  are: certoparin 3000 uni ts , da l teparin 2500 uni ts , enoxaparin 2000 uni ts , tinzaparin 3500 uni ts
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Graduated compress ion s tockings  (antiembol ism stockings )

These reduce the ri sk of DVT, but are not proven to reduce PE.
May give enhanced protection when used in combination with subcutaneous  heparin.
Below-the-knee s tockings  are probably as  effective as  above-the-knee s tockings .
Stockings  are probably advisable in patients  having laparoscopic procedures .
Fi t with care and monitor for pressure damage: they should be avoided in patients  with severe arteria l  disease of the legs  (check
ankle systol ic pressure i f in doubt).

Intermittent pneumatic compress ion devices

These devices  compress  the leg (35–40 mmHg) for about 10 s  every minute, promoting venous  flow.
These are as  effective as  heparin in reducing the incidence of DVT.
Used particularly in orthopaedic practice to avoid the bleeding ri sks  of heparin, or in combination with heparin.
Foot pumps  are s imi lar, and promote blood flow by compress ing the venous  plexuses  of the feet.

Warfarin, dextran, and aspirin.

Warfarin i s  used most often in orthopaedic practice, where there i s  good evidence of i ts  efficacy in relation to hip operations . It may
be given ei ther as  a  fixed low dose (2 mg/day), or as  a  monitored dose (target INR 2.0–3.0). It i s  often s tarted the day before operation,
but may be given at 2 mg/day for 2 weeks  preoperatively, and then as  a  higher monitored dose after the operation.
Dextran (Dextran 70 and 40) i s  as  effective as  subcutaneous  heparin in preventing DVT and PE, but i s  not often used because i t requires
intravenous  infus ion. Fluid overload i s  a  ri sk, and anaphylaxis  can occas ional ly occur.
Aspirin provides  some protection aga inst venous  thromboembol ism, but i s  less  effective than other methods .

Choice of anaesthetic

Loca l  anaesthes ia  el iminates  the lower l imb immobi l i ty associated with genera l  anaesthes ia .
Regional  anaesthes ia  (spina l/epidura l ) appears  to be protective in certa in kinds  of surgery, especia l ly hip/knee replacement.

Ora l  contraceptive pi l l s  (OCPs) and venous  thromboembol ism

The ri sk of spontaneous  venous  thrombos is  i s  increased in women taking combined OCPs , particularly thi rd-generation pi l l s
conta ining desogestrel  or gestodene.
OCPs  may increase the ri sk of perioperative thromboembol ism by up to 3 to 4 times  but the evidence i s  not compel l ing (smal l  s tudies
with varying resul ts ).
The ri sk may decrease the longer an individual  takes  a  combined OCP.
Progestogen only OCPs  (and injectable progestogen contraceptives ) have not been associated with an increased ri sk of DVT or PE.
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Advice on perioperative management i s  confl i cting. Manufacturers  and the Bri ti sh National  Formulary recommend s topping combined OCPs  4
weeks  before major operations , and restarting only after the menstrua l  period at least 2 weeks  fol lowing ful l  mobi l i zation. By contrast,
specia l i s t groups  advise that the OCP should not routinely be s topped, because of insufficient evidence of ri sk, and the danger of unwanted
pregnancy.
A reasonable pol icy i s  as  fol lows:

There i s  no need to s top progestogen only contraceptives  at the time of any operation.
There i s  no need to s top combined OCPs  for minor operations .
There i s  no poss ibi l i ty of s topping any contraceptives  for emergency surgery.
For patients  on combined OCPs  facing major elective surgery the decis ion should be made on an individual  bas is , ba lancing the ri sk of
thromboembol ism, the poss ibi l i ty of unwanted pregnancy, and the preferences  of the patient.
Remember that other factors  (e.g. obes i ty) may increase the ri sk and influence the decis ion.
Patients  having intermediate or major surgery when taking the combined OCP should receive subcutaneous  LMWH and wear
antiembol ism stockings .
In selected cases  cons ider a  change to depot progestogen injections .
Always  record decis ions  about contraceptives  in the casenotes , including a  record about discuss ion with the patient.
If the OCP i s  s topped, advice must be given about a l ternative contraceptive measures , and a  pregnancy test may be needed before
operation i f there i s  a  poss ibi l i ty of unprotected intercourse.

Hormone replacement therapy (HRT) and venous  thromboembol ism

The incidence of spontaneous  venous  thromboembol ism is  increased from 3 to 10 women per 10 000 per annum by HRT, but there are
no good data  on perioperative ri sk.
Stopping HRT may cause recurrence of troublesome menopausa l  symptoms.
Despi te publ i shed recommendations , the advice of specia l i s t groups  and common practice suggest that HRT should not be s topped
perioperatively as  a  routine.
Women having major operations  whi l s t on HRT should receive subcutaneous  LMWH, perhaps  combined with antiembol ism stockings .

Further reading
Clagett GP, Anderson FA, Hei t J, Levine MN, Wheeler HB (1995). Prophylaxis  of venous  thromboembol ism. Chest, 108, 31S–34S.
Library Holdings
Bibl iographic Links
Drugs  in the peri -operative period: 3–Hormonal  contraceptives  and hormone replacement therapy (1999). Drugs  and Therapeutics  Bul letin, 37,
78–80.
Low molecular weight heparins  for venous  thromboembol ism (1998). Drugs  and Therapeutics  Bul letin, 36, 25–32.
Thromboembol ic Risk Factors  (THRIFT) Consensus  Group (1992). Risk of and prophylaxis  for venous  thromboembol ism in hospi ta l  patients .
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Preoperative optimization
Jul ia  Munn
Resul ts  of s tudies  into high-ri sk patients  undergoing major surgery1,2,3 have shown that cri ti ca l  attention to cardiovascular and respiratory
function in the perioperative period improves  outcome.
The fol lowing cri teria  have been used to identi fy high-ri sk surgica l  patients :

severe cardiovascular disease
severe respiratory disease
aortic surgery
major surgery for mal ignancy (cystectomy, oesophagectomy, etc.)
surgery for abdominal  seps is
haemodynamic instabi l i ty due to an acute abdominal  problem.

It has  been suggested that haemodynamic monitoring should s tart in the preoperative period us ing a  pulmonary artery catheter to assess
fluid requirement and cardiac output. Patients  in these s tudies  were given blood i f anaemic and oxygen i f hypoxic and subsequently col loid
with or without an inotrope unti l  a  predetermined level  of pulmonary capi l lary wedge pressure and oxygen del ivery was  achieved. This
approach has  been shown to reduce morta l i ty, morbidi ty, and length of s tay in the ICU and hospi ta l .
Unfortunately, most ICUs  do not have the capaci ty to admit a l l  such highrisk patients . However, close monitoring of fluid s tatus  and replacing
fluids  more aggress ively in emergency patients  perioperatively may a lso improve outcome. Such measures  would not necessari ly need to be
undertaken in the ICU but could be performed on the ward, in the anaesthetic room, or in the recovery area.
Elective or emergency patients  who may benefi t from a  period of preoperative preparation in the ICU should be discussed with the
anaesthetis ts  or the ICU team as  early as  poss ible.
Footnotes
1

Boyd O, Grounds  RM, Bennett ED (1993). A randomized cl inica l  tria l  of the effect of del iberate perioperative increase of oxygen del ivery on
morta l i ty in high-ri sk surgica l  patients . Journal  of the American Medica l  Association, 270, 2699–707.
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2

Sincla i r S, James  S, Singer M (1997). Intraoperative intravascular volume optimization and length of hospi ta l  s tay after repair of proximal  femur
fracture: randomized control  tria l . Bri ti sh Medica l  Journal , 315, 909–12.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
3

Wilson J, Woods  I, Fawcett J, Whal l  R, Dibb W, Morris  C, McManus  E (1999). Reducing the ri sk of major elective surgery: randomised control  tria l
of preoperative optimization of oxygen del ivery. Bri ti sh Medica l  Journal , 318, 1099–103.
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When not to operate
Jul ia  Munn
When a  patient i s  cri ti ca l ly i l l  and l ikely to die from a  surgica l  condition i t i s  very di ffi cul t to decide not to operate, but however hard, i t i s  an
extremely important decis ion which wi l l  need much thought and discuss ion with the patient, the fami ly, and senior col leagues  in both
anaesthes ia  and surgery. Many factors , such as  the patient's  medica l  condition, functional  abi l i ty, and menta l  s tate, need to be cons idered in
addition to the surgica l  pathology. The functional  s tatus  of a  patient with end-stage respiratory disease or heart fa i lure, for instance, wi l l
a lmost certa inly be worse fol lowing major surgery and this  should be cons idered in the decis ion-making process . The patient's  GP can often
give an inva luable ins ight into their normal  medica l  condition and their wishes . To decide to operate ‘because the patient i s  going to die
anyway’ i s  avoiding the i ssue and may deprive the patient and fami ly of thei r fina l  hours  or days  together.
The problem of surgeons , often tra inees , deciding to operate on patients  in whom the prognos is  i s  hopeless , has  been highl ighted a  number
of times  in the CEPOD reports .4

Footnote
4

Confidentia l  Enquiry into Perioperative Deaths  (1987) prepared by N Buck, HB Devl in and JN Lunn.
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When and how to book intens ive care
Jul ia  Munn
Cri teria  for planned admiss ion to ICU or HDU fol lowing elective surgery include:

The nature of the surgery a lone, e.g. aortic surgery, some thoracic or upper GI surgery, extens ive pelvic or spina l  surgery. Cardiac and
neurosurgery are usual ly deal t with in separate uni ts .
A patient with severe pre-exis ting medica l  problems in whom the added insul t of surgery and anaesthes ia  may resul t in establ i shed
organ fa i lure unless  closely monitored and meticulous ly managed postoperatively, e.g. a  patient with very severe lung disease or left
ventricular dys function undergoing a  routine laparotomy or hip replacement.
Individual  surgica l  or department pol icies .

If you are unsure about a  patient's  need for ICU discuss  i t wi th the intens ive care and ward s taff. Inform the patient that you are intending to
admit him to intens ive care, expla in the reasons  and what may be expected in terms  of monitoring, a larms, venti lation, drips , etc. Elective
cases  intended for the ICU/HDU should be booked as  far in advance as  poss ible to a l low planning of s taffing etc. This  i s  most commonly done
via  the ICU ward clerk or secretary. On the day of surgery i t i s  better to cancel  major elective surgery when an ICU bed i s  not ava i lable than
attempt a  complex case with makeshi ft arrangements  that may not serve the patient effectively.
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Perioperative guidel ines  for body piercing jewel lery
The preva lence of body piercing has  been increas ing in recent years . Patients  are often reluctant to remove such jewel lery due to di ffi cul ties
with reinsertion postoperatively. The fol lowing are genera l  recommendations  for when such i tems  should be removed prior to surgery.
Al l  body piercing should be removed prior to anaesthes ia  and surgery in the fol lowing s i tuations :

Al l  tongue and l ip jewel lery should be removed prior to any genera l  anaesthetic. Such i tems  may cause a i rway obstruction, or enter the
tracheobronchia l  tree i f dis lodged.
Any nasa l  septum, nose, or ear piercing should be removed prior to ENT surgery.
Body piercing jewel lery should a lso be removed i f

i t i s  at ri sk of being caught or ripped out, e.g. by ECG leads , surgica l  drapes , surgica l  ins truments , or towel  cl ips  i f there i s  any
risk of pressure damage, e.g. chin or l ip piercing (pressure from a  face mask), nipple piercing (i f patient i s  to be pos i tioned
prone)
i f the piercing i s  in close proximity to the surgica l  s i te.

Any piercing with s igns  of infection around the s i te should a lso be removed, due to poss ible focus  of infection. This  may a lso preclude
some types  of ‘clean’ surgery.

Body piercing does  not a lways  have to be removed for:

Male catheterization in a  patient with peni le piercing-the ring can often be pul led to one s ide.
Surgery dis tant from the s i te of female/male geni ta l  piercing.

If body piercing jewel lery i s  to be left in s i tu:

It should be taped over preoperatively–i f poss ible.
The s i te and nature of piercing should be documented on the preoperative checkl i s t.
A check should be performed to ensure the i tem is  s ti l l  in s i tu postoperatively.

Further reading
Perioperative guidel ines  for principles  of safe practice with reference to surgica l  patients  with body piercing (1999). Bri ti sh Journal  of Theatre
Nurs ing, 9, 469.
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Ischaemic heart disease
Cardiovascular disease accounts  for the majori ty of perioperative deaths . Preoperative detection, investigation, treatment, and ri sk
assessment helps  minimize perioperative morbidi ty and morta l i ty.
His tory

The fi rs t presentation of i schaemic heart disease (IHD) i s  acute myocardia l  infarction (MI) in 50% of patients .
Identi fy previous ly undiagnosed or misdiagnosed angina, CCF, arrhythmia, or old MI. In establ i shed IHD any change in symptoms
should be noted.
Prognostic co-morbidi ties  should be identi fied (hypertens ion, diabetes  mel l i tus , renal  impairment, periphera l  vascular disease,
cerebrovascular disease, or pulmonary disease).
A patient who has  had a  CABG within 5 years  and has  no symptoms may be cons idered a  normal  preoperative ri sk.
The patient's  functional  capaci ty should be determined as  this  has  been shown to correlate wel l  wi th maximal  oxygen uptake on a
treadmi l l  and i s  prognostica l ly important. This  can be quanti fied in MET (metabol ic equiva lents ). Mobi l i ty problems l imit this
assessment. Patients  who can exercise at 4 MET or greater present a  low ri sk of perioperative morbidi ty:

1 MET—eating and dress ing
3 MET—light housework or walk 100 m at 3.2–4.8 km/h (2–3 mph)
4 MET—cl imb a  fl ight of s ta i rs
6–7 MET—short run.

Examination
Aim to identi fy CCF, va lvular heart disease, and concurrent pulmonary disease.
Specia l  investigations

An ECG should be performed on a l l  patients  over 50 years  scheduled for surgery and in younger patients  with ri sk factors  for IHD.
Changes  from previous  traces  should be investigated. Bundle branch block may predispose to bradyarrhythmias  or AF but 24-h ECG
monitoring i s  only necessary i f there i s  a  his tory of pa lpi tations  or blackouts .
Stress  testing: an ECG during treadmi l l  exercise can be used to assess  cardiovascular ri sk. In those unable to exercise a
pharmacologica l  (dipyridamole, adenos ine, or dobutamine) s tress  test may be used. It has  a  high negative predictive va lue but a  low
pos i tive predictive va lue and tests  may be equivoca l . Testing i s  useful  for assess ing patients  of intermediate or high ri sk for elective
surgery of at least intermediate ri sk (see tables ). Patients  with left bundle branch block or abnormal  resting ECGs  are often not
sui table, as  rel iable ECG changes  may not be seen.
Coronary arteriography assesses  the requirement for revascularization. It i s  rarely justi fiable solely to enable another operation.
However, patients  with severe, uncontrol led IHD are occas ional ly discovered during preoperative screening that may require urgent
CABG. Preoperative cardiologica l  referra l  i s  essentia l .

P.21
Perioperative management

Al l  patients  should be informed about the ri sks  of surgery and a l ternatives .
Cons ider referra l  to a  cardiologis t to ensure optimal  medica l  management or eva luation for CABG (see tables ). Smal l , randomized
control led tria ls  have shown surviva l  benefi ts  i f patients  are treated with a  beta-blocker in the perioperative period. This  should be
cons idered in patients  at ri sk with no contra indication. (Mangano et a l .1 adminis tered 10 mg atenolol  in divided doses  IV 30 min
before surgery, repeated after surgery, and then da i ly for up to 7 days . 50–100 mg ora l ly was  substi tuted postoperatively when
poss ible.)
Beta-blockers  should be continued and given IV i f GI absorption i s  impaired.
Nitrates  should be given preoperatively. In high-ri sk patients  they can be continued IV or transdermal ly i f GI absorption i s  impaired. In
low-risk patients  they can be resumed when s table postoperatively.
Ca lcium antagonis ts  should be given preoperatively and resumed as  soon as  poss ible postoperatively. The dihydropyridine group
(especia l ly shortacting ni fedipine) may add to the ri sk of acute MI. These should be substi tuted to another class  or converted to Adalat
LA (NB: ni fedipine SR i s  not long-acting.)
ACE inhibi tors  improve surviva l  in patients  with left ventricular dys function due to IHD. They should be given preoperatively and
resumed postoperatively as  soon as  GI absorption resumes. If they have been s topped for severa l  days  restarting at a  reduced dose
may be prudent as  most of these drugs  are associated with fi rs t-dose hypotens ion. Adminis tration may be associated with marked
hypotens ion on induction.
In addition to s tandard monitoring, invas ive arteria l  BP, CVP, or the use of an oesophageal  Doppler should be cons idered for
high/intermediate-ri sk patients  undergoing major surgery. ECG monitoring should be with the CM5 configuration or a l ternative (p. 930).
The anaesthetic technique should minimize myocardia l  i schaemia  (increased by tachycardia , diastol ic hypotens ion, and systol ic
hypertens ion). Anxiolytic premedication may be helpful . Analges ia  i s  important: regional  blocks  can be very effective but centra l
neuraxia l  blocks  require care and experience.
Blood loss  needs  accurate replacement and haemoglobin should be mainta ined by regular measurement.
Myocardia l  i schaemia  occurs  often during emergence and extubation. Hypertens ion and tachycardia  should be anticipated and
avoided. ‘Deep’ extubation or the use of a  short-acting beta-blocker should be cons idered.
Cons ider admiss ion to HDU postoperatively where careful  monitoring and interventions  can be continued in high-ri sk patients .
Fol lowing major surgery, a l l  patients  at ri sk should have supplementa l  oxygen for 3 to 4 days  postoperatively, particularly at night.
Antiemetics  such as  cycl i zine and hyoscine can cause tachycardia  and may exacerbate i schaemia.

Cardiac risk (% figures relate to combined risk of MI and/or death)

 Major risk (<5%) Intermediate risk (1–5%) Minor risk (<1%)

IHD MI <1 month. Unstable/severe angina Previous  MI. Stable angina Abnormal  ECG

CCF Decompensated Compensated (optimal  treatment) Reduced exercise capaci ty

Arrhythmia Mal ignant SVT/VT with rapid ventricular rate. Heart block  Abnormal , e.g. AF

Other Severe va lvular disease Diabetes CVE. Uncontrol led hypertens ion. Age

Surgical risk
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High: >5% death/non-fata l  MI
Major emergency surgery (esp. in elderly)
Aortic/major vascular surgery
Prolonged surgery with large fluid shi fts

Intermediate: <5%

Carotid endarterectomy
Head and neck
Orthopaedic
Prostatic

Low: <1%
Endoscopic
Cataract extraction
Superficia l  surgery (incl . breast)

Cardiological referral

 

Exercise tolerance:

Any <4 MET >4 MET <4 MET >4 MET

Cardiac ri sk:

Major Intermediate  Minor  

Surgery ri sk

High Refer Refer Refer Refer Operate

Intermediate Refer Refer Operate Operate Operate

Low Refer Operate Operate Operate Operate

P.22

Perioperative acute myocardia l  infarction

Occurs  most frequently 3 to 4 days  after surgery. Symptoms may be atypica l  and up to 20% may be s i lent. The morta l i ty rate i s  up to 50%.
Diagnostic cri teria  vary but sole rel iance on CK-MB assay wi l l  over estimate the incidence of MI especia l ly in patients  with i schaemic
l imbs  or after aortic surgery.
P.23

Therapeutic options  are reduced because thrombolys is  i s  genera l ly contra indicated. Other treatments  are poss ible: aspi rin (150 mg od)
and beta-blockers  (atenolol  5 mg IV fol lowed by 50–100 mg PO dai ly) should be used as  normal . Acute angioplasty for myocardia l
infarction i s  probably at least as  effective as  thrombolys is . Refer immediately to a  cardiologis t to cons ider angioplasty or occas ional ly
surgica l  revascularization.

Further reading
Guidel ines  for perioperative cardiovascular eva luation for non cardiac surgery (1996). Ci rculation, 93, 1286–317.
Howel l  SJ, Sear JW, Foex P (2001). Perioperative β-blockade: a  useful  treatment that should be greeted with cautious  enthus iasm. Bri ti sh
Journal  of Anaesthes ia , 86, 160–4.
Library Holdings
Bibl iographic Links
Poldermans  D, Boersma E, Bax JJ, et a l . (1999). The effect of bisoprolol  on perioperative morta l i ty and myocardia l  infarction in high-ri sk
patients  undergoing vascular surgery. New England Journal  of Medicine, 341, 1789–94.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
Turner M, Haywood G (1998). Preoperative assessment of cardiac ri sk for non-cardiac surgery. Journal  of the Royal  Col lege of Phys icians  of
London, 32, 545–7.
Library Holdings
Bibl iographic Links
1

Mangano DT, Layug EL, Wal lace A, Tateo I  for the Multicenter Study of Perioperative Ischemia  Research Group (1996). Effect of atenolol  in
morta l i ty and cardiovascular morbidi ty after non-cardiac surgery. New England Journal  of Medicine, 335, 1713–20.
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Heart fa i lure
Heart fa i lure i s  associated with perioperative morbidi ty and morta l i ty. Acute heart fa i lure may present as  pulmonary oedema (LVF) or
hypoperfus ion (cardiogenic shock). Chronic or congestive cardiac fa i lure i s  typica l ly described with periphera l  oedema and an elevated JVP.
Aetiology of heart fa i lure

Right heart failure Left heart failure

Chronic lung disease Ischaemic heart disease

Chronic pulmonary thromboembol ism Di lated cardiomyopathy (idiopathic, a lcohol , myocardi ti s , fami l ia l )

Primary pulmonary hypertens ion Hypertens ion

Right ventricular cardiomyopathy Drugs  (beta-blockers , Ca-channel  blockers , antiarrhythmics )

 Seps is , HOCM*, restrictive cardiomyopathy, hypo- or hyperthyroidism

* Hypertrophic obstructive cardiomyopathy.

Treatment

Diuretics : reduce periphera l  and pulmonary congestion.
Vasodi lators : ACE inhibi tors  (and angiotens in-II  receptor antagonis ts ) and ni trates .
Anticoagulants : reduce the incidence of thromboembol ic events .
Inotropes : digoxin.
Antiarrhythmics .
Beta-blockers : occas ional ly used by cardiologis ts  i f control l ing the heart rate outweighs  the ri sks  of myocardia l  depress ion.

Preoperative assessment
His tory and examination should identi fy present or recent episodes  of decompensated heart fa i lure (any within 6 months  adversely affects
ri sk). Attempts  should be made to identi fy a  cause for any decompensation (recent MI, new anaemia, progress ion of disease, or non-
compl iance with drugs).
Investigations

ECG: may suggest aetiology, and comparison with previous  traces  may expla in deterioration.
Chest radiograph: i f symptoms are s table and the las t one i s  less  than 12 months  old i t does  not need repeating.
Echocardiography should be performed in poorly control led patients  and for quanti fi cation of degree of cardiac dys function (see a lso
p. 343).

P.25
Perioperative management

Perioperative morta l i ty i s  high and increases  with worsening left ventricular dys function. Non-essentia l  surgery should be avoided.
Where poss ible perform surgery under a  loca l  or regional  block.
Postoperative admiss ion to HDU/ICU should be arranged before s tarting major surgery. In some centres  preoperative admiss ion for
optimization i s  cons idered.
Sedative premedication i s  genera l ly wel l  tolerated except for cor pulmonale when even a  s l ight worsening of hypoxia  or acidos is  can
increase pulmonary vascular res is tance and exacerbate heart fa i lure.
Patients  on digoxin and ni trates  should receive them preoperatively. Digoxin should be given IV postoperatively i f the patient i s  in AF
but can usual ly be safely omitted unti l  a  patient i s  eating aga in i f they are in s inus  rhythm. Ni trates  can be given transdermal ly whi l s t
the patient i s  not eating.
ACE inhibi tors  should genera l ly be given preoperatively, a l though a  degree of hypotens ion on induction i s  to be expected.
Postoperatively they should be resumed as  soon as  the patient i s  absorbing. If they have been omitted for 3 or more days  they should
be reintroduced at a  low dose to minimize the fi rs t-dose hypotens ive effect.
Diuretics  are often omitted preoperatively as  the patient may lose an unknown intravascular volume and i s  to receive a  vasodi lating
anaesthetic. Postoperative diuretic requirements  vary and should be given after cons ideration of fluid ba lance and measured
cardiovascular variables .
Fol lowing centra l  neuraxia l  blocks  i t may be necessary to prescribe a  dose of diuretic to compensate for the contraction of the
intravascular space that occurs  when the block wears  off.
Anaesthetic technique should minimize negative inotropy, tachycardia , diastol ic hypotens ion, and systol ic hypertens ion. No technique
is  clearly superior but these high-ri sk anaesthetics  should be given by an experienced anaesthetis t. Measurement of CVP i s  va luable
and this  may be complemented by use of intra-arteria l  BP, PAOP measurement, or oesophageal  Doppler/transoesophageal  echo.
Renal  perfus ion i s  eas i ly compromised in these patients -monitor hourly urine volumes . If the urine output fa l l s , hypovolaemia  should
be excluded and adequate perfus ion pressure ensured before diuretics  are used even i f a  preoperative dose has  been omitted.
NSAIDs  are a  potent renal  insul t in these patients  and their use requires  care.
Al l  patients  should have supplementa l  oxygen for 3 to 4 days  after major surgery.
Good analges ia  i s  essentia l  to minimize the detrimenta l  effects  of catecholamine release in response to pa in.
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Hypertens ion
Approximately 15% of patients  are hypertens ive (diastol ic BP > 90 mmHg). Moderate hypertens ion (100–115 mmHg) and wel l -control led
hypertens ion has  not been shown to be an independent ri sk factor for cardiovascular compl ications  a l though i t i s  a  marker of coronary artery
disease. Preoperative hypertens ion i s  associated with exaggerated intra-operative swings , which can be associated with myocardia l
i schaemia.
Potentia l  problems

There i s  an increased ri sk of acute MI, CVA, and renal  impairment.
Antihypertens ive drugs  exaggerate the hypotens ion caused by hypovolaemia  because of attenuation of vasoconstriction or tachycardia
in response to hypovolaemia.
ACE inhibi tors  may increase the ri sk of renal  fa i lure due to effects  on glomerular blood flow.

Perioperative management

BP on admiss ion i s  frequently elevated. Repeated measurement, l ia i son with the GP, or rechecking after an anxiolytic can help
di fferentiate between genuine and anxiety-related hypertens ion. (NB: ‘white coat’ hypertens ion i s  not necessari ly a  benign disease.)
Assessment should focus  on end organ damage (retina l , renal , and vascular brui ts ) and associated diseases  (mainly coronary artery
disease).
If severe diastol ic hypertens ion (> 115 mmHg) i s  present, whenever poss ible surgery should be cancel led and the patient investigated
and treated for at least 4 weeks  before returning for surgery.
If moderate diastol ic hypertens ion (100–115 mmHg) i s  present and there i s  evidence of end organ damage then management i s  as  for
severe elevation. If there i s  no end organ damage then control  over a  few days  i s  usual ly safe.
Mi ld diastol ic hypertens ion (< 100 mmHg) i s  l ikely to benefi t from betablockade providing there i s  no contra indication, but there i s
l i ttle increased ri sk.
Preoperatively a l l  normal  antihypertens ive drugs  should be given. Sedative premeds  are wel l  tolerated i f des i red. If not a l ready on a
beta-blocker and one i s  not contra indicated then perioperative adminis tration may reduce the ri sk of cardiac compl ications .
No anaesthetic technique i s  superior. Good analges ia  i s  important to minimize hypertens ive swings . Al though effective, centra l
neuraxia l  blocks  can resul t in profound hypotens ion so frequent or continuous  measurement of blood pressure i s  required.
If hypertens ion i s  severe or preoperative control  i s  poor and major or emergency surgery i s  planned invas ive monitoring of BP and CVP
and postoperative admiss ion to HDU is  advisable.
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Cardiomyopathy
There are three subgroups  of cardiomyopathy: di lated, constrictive, and restrictive. They are pathophys iologica l ly qui te dis tinct, are associated
with di fferent problems and require di fferent approaches .
Di lated cardiomyopathy

There i s  systol ic impairment of the LV, a l though in the early s tages  there may be no discernible di lation. There are many aetiologies
(a lcohol , vi tamin deficiencies , drugs) but the commonest i s  i schaemic heart disease.
The commonest problems encountered are heart fa i lure, arrhythmias  (AF and VT), and embol i  from left-s ided cardiac cavi ties . Thus
they are treated with combinations  of diuretics , ACE inhibi tors , vasodi lators , anticoagulants , and antiarrhythmics .
Perioperative management i s  the same as  for heart fa i lure due to i schaemic heart disease.

Hypertrophic obstructive cardiomyopathy

An inheri ted condition in which excess ive muscle bulk impinges  on the LV outflow tract caus ing obstruction that increases  during
systole. There i s  a  spectrum of severi ty with some patients  having a  normal  exercise tolerance. Others  may have exertional  dyspnoea,
angina, dizziness , or syncope. Some cases  present as  sudden death.
Diagnos is  i s  made by echocardiography, but suspicions  should be ra ised by a  fami ly his tory, heaving or double apex, an aortic systol ic
murmur but without a  s low ri s ing pulse of aortic s tenos is . The ECG often shows  evidence of LVH.
These patients  benefi t from negative inotropic agents  l ike beta-blockers  or verapami l . Pacemakers  are a lso sometimes  used.
Hypovolaemia  or vasodi latation can precipi tate myocardia l  i schaemia  and rapid decompensation.
Perioperatively a l l  normal  drugs  should be given. If hypovolaemia  i s  poss ible (such as  patients  receiving bowel  prep) then an IVI
should be s tarted before theatre. Invas ive measurement of arteria l  BP and CVP or oesophageal  Doppler wi l l  help avoid s igni ficant
hypotens ion or hypovolaemia. If there i s  s igni ficant hypotens ion, this  i s  best treated by correcting hypovolaemia  and us ing an a lpha
agonis t (metaraminol ), which wi l l  minimize tachycardia . Postoperatively these patients  should receive supplementa l  oxygen and be
managed on an HDU with an emphas is  on accurate fluid ba lance.

Restrictive cardiomyopathy

An exceedingly rare condition. The commonest cause i s  myocardia l  infi l tration by amyloid. Exercise tolerance i s  genera l ly impaired but
symptoms are often vague. Echocardiography shows  predominant diastol ic dys function and a  fixed s troke volume.
These patients  respond poorly to conventional  treatments  for heart fa i lure but may be sens i tive to diuretics .
The rari ty of this  condition accounts  for the pauci ty of data  on which to base anaesthetic technique. They often have a  high resting
pulse rate and tolerate pharmacologica l  bradycardia  poorly. Increases  in systemic vascular res is tance may further reduce cardiac
output and increased catecholamines  (endogenous  or exogenous) may further impair diastol ic dys function.
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Arrhythmias
Establ i shed atria l  fibri l lation

Echocardiography to assess  LV function, left atrium s ize, and the mitra l  va lve should be performed i f there i s  s igni ficant exertional
dyspnoea or angina. Digoxin level  i f on more than 375 µg or symptoms of toxici ty (nausea i s  most common)
Ventricular rate should be 60–90 beats/min (a lmost a lways  increases  on induction of anaesthes ia).

Intra-operative atria l  fibri l lation (p. 831, 934)

Exclude precipi tating causes  such as  hypovolaemia, hypoxia , hypokalemia, hypomagnesemia, and misplaced CVP l ines .
If the BP i s  compromised synchronized d.c. cardiovers ion (200 J then 360 J) i s  often the quickest way to restore s inus  rhythm.
If drug treatment i s  preferred cons ider esmolol , amiodarone, fleca inide, or digoxin.

Atria l  flutter
The management of this  condition i s  the same as  for AF. If the diagnos is  i s  not clear then adminis tration of adenos ine wi l l  s low the
ventricular response and make the flutter waves  more obvious .
Paroxysmal  junctional  tachycardia

This  often occurs  in young patients  and the heart i s  s tructura l ly normal . Patients  should normal ly be investigated by a  cardiologis t
prior to elective surgery.
Preoperatively the frequency of episodes  and usual  treatment should be noted.
If the ECG shows  a  short PR and del ta  wave then the patient has  Wolf-Parkinson-White syndrome and digoxin i s  contra indicated as  i t
may increase conduction through the accessory pathway and progress  to VF.
Treatments  include beta-blockers , Ca-channel  antagonis ts , fleca inide, propafenone, or amioderone (p.933).

Intra-operative junctional  tachycardia  (SVT)
See p. 933.
Ventricular premature beats  (VPB)

These are common, increase with age, and are genera l ly benign. They can, however, be associated with underlying cardiac disease.
They may be asymptomatic or the cause of an ‘erratic’ heartbeat.
The presence of VPBs  should prompt a  search for underlying heart disease but any increase in ri sk i s  secondary to the underlying
disease and not the VPBs . Attempts  to suppress  them may increase morta l i ty. Treatment should only be di rected at underlying heart
disease.

Ventricular tachycardia  (VT)

VT occurs  more commonly than previous ly recognized. It does  not necessari ly resul t in cardiac arrest but i s  a lmost a lways  associated
with s igni ficant
P.29

ventricular disease. Patients  with a  his tory of VT wi l l  usual ly be taking an antiarrhythmic agent or have an implantable defibri l lator
(see p. 33).
Antiarrhythmic drugs  should be given pre- and postoperatively. If a  patient i s  not eating postoperatively then therapy should be
continued IV unti l  ora l  drugs  are being absorbed.
An implantable defibri l lator should be turned off just before surgery and turned back on immediately before the patient leaves
theatre. This  i s  done by a  cardiology technician and prevents  diathermy interference being interpreted as  VT/VF.

Intraoperative ventricular tachycardia
See pp. 937, 829.
Intraoperative ventricular fibri l lation
See pp. 938, 826.
Sick s inus  syndrome

This  may be due to idiopathic fibros is  of the s inus  node, i schaemic heart disease, cardiomyopathy, or myocardi ti s .
It i s  characterized by s inus  bradycardia , s inoatria l  block, or s inus  arrest but may a lso occur with paroxysmal  atria l  fibri l lation, flutter or
re-entrant tachycardias . However, the ECG may be normal  and i t i s  best diagnosed by ambulatory monitoring of the ECG.
Symptomatic patients  should have a  pacemaker fi tted but may a lso require antiarrhythmics  to prevent the tachyarrhythmias .
If a  patient has  no pacemaker then anaesthetic drugs  may exacerbate the bradycardia  or induce s inus  arrest (a  long pause may then
‘escape’ into a  tachyarrhythmia).
Faci l i ties  should be ava i lable for pacing, and tachyarrhythmias  managed appropriately.
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Dis turbances  of conduction (heart block)
Jul iet Lee
The wave of electrica l  exci tation that spreads  from the s inoatria l  node to the ventricles  via  the conduction pathways  may be delayed or
blocked at any point.
Fi rs t-degree block
There i s  a  delay in conduction from the s inoatria l  node to the ventricles , and this  appears  as  a  prolongation of the PR interva l  ie greater than
0.2 s . It i s  normal ly benign but may progress  to second-degree block, usual ly of the Mobitz type I. Fi rs t-degree heart block i s  not usual ly a
problem during anaesthes ia .
Second-degree block-Mobitz type I  (Wenkebach)
There i s  progress ive lengthening of the PR interva l  and then fa i lure of conduction of an atria l  beat. This  i s  fol lowed by a  conducted beat with
a  short PR interva l  and then the cycle repeats  i tsel f. This  occurs  commonly after an inferior myocardia l  infarction, and tends  to be sel f-l imiting.
It does  not normal ly require treatment a l though a  2:1 type block may develop with haemodynamic instabi l i ty.
Second-degree block-Mobitz type II
If exci tation intermittently fa i l s  to pass  through the AV node or the bundle of His , this  i s  the Mobitz type II  phenomenon. Most beats  are
conducted normal ly but occas ional ly there i s  an atria l  contraction without a  subsequent ventricular contraction. This  often progresses  to
complete heart block and i f recognized preoperatively wi l l  need expert assessment and pacing.
Second-degree block-2:1 type
There may be a l ternate conducted and non-conducted beats , resul ting in two P waves  for every QRS complex-this  i s  2:1 block. A 3:1 block may
also occur, with one conducted beat and two non-conducted beats . This  may a lso hera ld complete heart block, and in most s i tuations  a
temporary transvenous  pacing wire i s  required preoperatively.
Third-degree block/complete heart block
There i s  complete fa i lure of conduction between the atria  and the ventricles . The ventricles  are therefore exci ted by a  s low escape mechanism
from a  focus  within them. There i s  no relationship between the P wave and the QRS complex, which i s  abnormal ly shaped. It may occur
occas ional ly as  a  trans ient phenomenon in theatre due to severe vagal  s timulation, in which case i t often responds  to s topping surgery and
intravenous  atropine. When i t occurs  in association with acute inferior myocardia l  infarction, i t i s  due to AV nodal  i schaemia  and i s  often
trans ient. Very rarely i t may be congenita l . However, i f i t occurs  with anterior myocardia l  infarction i t indicates  more extens ive damage
including the His -Purkinje system. It may a lso occur as  a  chronic s tate usual ly due to fibros is  around the bundle of His .
Bundle branch block
If there i s  a  delay in depolarization of the right or left bundle branches , this  wi l l  cause a  delay in depolarization of part of the ventricular
muscle with subsequent QRS widening. Diagnos is  of which bundle i s  blocked can only be achieved by analys ing a  ful l  12-lead ECG.
P.31
Right bundle branch block
The characteris tic pattern here i s  of wide complexes  with an ‘RSR’ in lead V1 (so that i t may appear ‘M’ shaped) and in V6 a  smal l  ini tia l
negative downward deflection fol lowed by a  larger upwards  pos i tive wave and then a  second downward wave. In addition there are a lso
often secondary changes  in ventricular repolarization with ST segment depress ion in the right precordia l  leads . It may indicate problems with
the right s ide of the heart, but a  right bundle branch block type pattern with a  normal  axis  and QRS duration i s  not uncommon in normal
individuals .
Left bundle branch block
Septa l  depolarization i s  reversed so there i s  a  change in the ini tia l  di rection of the QRS complex in every lead. The complexes  are widened
and in V1 there i s  no ini tia l  pos i tive wave, but a  deep negative wave in which there may be a  smal l  upward inflection. In V6 there i s  a  no
ini tia l  negative wave and the complex has  a  characteris tic ‘M’ shape. This  often indicates  heart disease and makes  further interpretation of
the ECG other than rate and rhythm imposs ible.
Bi fascicular block
Is  the combination of right bundle branch block and block of the left anterior or left posterior fascicle. Right bundle branch block with left
anterior hemiblock i s  the commoner of the two and appears  as  an ‘RSR’ in V1 together with left-axis  deviation. In the context of an acute
myocardia l  infarction this  may progress  to complete heart block in some patients  but genera l ly does  not require preoperative pacing. Right
bundle branch block with left posterior hemiblock i s  much less  common and appears  as  right bundle branch block with an abnormal  degree of
right-axis  deviation; however, other causes  for the right-axis  deviation should be cons idered and i t i s  a  non-speci fic s ign.
Tri fascicular block
This  i s  the term sometimes  used to indicate the presence of a  prolonged PR interva l  together with a  bi fascicular block.
Preoperative management

Fi rs t-degree heart block in the absence of symptoms i s  common. It needs  no speci fic investigation or treatment.
Second- or thi rd-degree heart block may need pacemaker insertion. If surgery i s  urgent this  may be achieved quickly by inserting a
temporary transvenous  wire prior to defini tive insertion.
Bundle branch, bi fas icular, or tri fas icular block (bi fas icular with fi rs tdegree block) wi l l  rarely progress  to complete heart block during
anaesthes ia  and so i t i s  not normal  practice to insert a  pacing wire unless  there have been episodes  of syncope.

Intraoperative heart block

Atropine i s  rarely effective.
If hypotens ion i s  profound then an i soprenal ine infus ion can be used to temporize: 1–10 µg/min (di lute 0.2 mg in 500 ml  of 5% glucose
or dextrose-sa l ine and ti trate to effect (2–20 ml/min), or 1 mg in 50 ml  5% glucose/ dextrose-sa l ine at 1.5–30 ml/h).
P.32

Transcutaneous  pacing i s  rarely practica l  in theatre because of di ffi cul ty in s i ting the posterior pad. Oesophageal  pacing i s  effective-
the electrode i s  passed into the oesophagus  l ike a  nasogastric tube and connected to the pulse generator. The pos i tion can be
adjusted unti l  there i s  ventricular capture.
Transvenous  pacing i s  both more rel iable and effective and relatively easy. A Swan-Ganz sheath of adequate s i ze to pass  the wire i s
inserted into the internal  jugular or subclavian vein (this  can be done whi le other equipment i s  being col lected). A ba l loon-tipped
pacing wire i s  then inserted to the 20 cm mark. The ba l loon i s  inflated and a  pulse generator connected at 5 V. It can then be
advanced-atria l  capture i s  often seen fol lowed by ventricular capture. When this  happens  the ba l loon i s  deflated and a  further 5 cm of
catheter inserted. If the 50 cm mark i s  reached the catheter i s  coi l ing up or not entering the heart. Deflate the ba l loon, withdraw to the
20 cm mark and try aga in.
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Cardiac pacemakers
Pacemakers  are frequently used for a  variety of brady- and tachyarrythmias . The North American Society of Pacing and Electrophys iology and
the Bri ti sh Pacing and Electrophys iology Group ini tiated a  generic code for describing pacemaker function. The code cons is ts  of five letters  or
pos i tions . The fi rs t three describe antibradycardia  functions  and are a lways  s tated. The fourth and fi fth pos i tions  relate to additional
functions  and are often omitted i f not present (e.g. VDD or 000MS).

Pos i tion 1 refers  to the chamber paced (V/A/D for ventricle, atrium or dual ).
Pos i tion 2 refers  to the chamber sensed (V/A/D).
Pos i tion 3 refers  to response to sens ing (T/I/D for triggered, inhibi ted or dual ).
Pos i tion 4 refers  to programmabi l i ty or rate modulation (P s imple programmable, M multiprogrammable, R rate modulation).
Pos i tion 5 anti tachycardia  functions  (P pacing, S shock, D dual ).

Examples

VVI: ventricular demand pacing. The ventricle i s  sensed and paced i f there i s  no spontaneous  rhythm. AV synchrony i s  los t but the ri sk
of pacemaker induced ventricular tachycardia  i s  low.
DDD: pacing and sens ing in both chambers . An atria l  impulse inhibi ts  atria l  output and anticipates  a  ventricle impulse. If this  occurs  i t
inhibi ts  the ventricular output but i f there i s  no AV conduction then i t paces  the ventricle.
000MS: i s  an implantable defibri l lator.

Impl ications

Patients  with pacemakers  should attend fol low-up cl inics . The most recent pacemaker check should confi rm good function. A
preoperative ECG wi l l  detect some problems but by no means  a l l . Absence of a l l  pacing spikes  may represent appropriate sens ing or
tota l  fa i lure.
Bipolar diathermy i s  safe with pacemakers . If conventional  diathermy i s  necessary then the plate should be pos i tioned so that most of
the current passes  away from the pacemaker and i t should be used in short bursts . The pacing wires  may act as  aeria ls  and cause
heating where the wire contacts  the endocardium. The pacemaker may detect the diathermy as  ventricular activi ty and inhibi t i ts
output, but only for the duration of diathermy use. In an emergency a  pacemaker can be changed to V00 (asynchronous  - ventricular
pacing) by placing a  magnet over the box. However, this  should only be done as  a  las t resort as  there i s  a  ri sk of inducing ventricular
fibri l lation.
Any pacemaker that has  the faci l i ty to cardiovert or overpace should have this  faci l i ty turned off for theatre to avoid erroneous
discharge i f diathermy noise i s  interpreted as  a  tachyarrhythmia. It i s  important that i t i s  turned back on before the patient leaves  the
theatre area.
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Valvular heart disease (see a lso p. 347–54)
Preoperative assessment may be the fi rs t time a  s igni ficant va lve les ion i s  diagnosed or a  patient may a l ready be under regular cardiologica l
review pending poss ible cardiac surgery. In both cases  the anaesthetis t wi l l  need to assess  the s igni ficance of the les ion and ta i lor the
anaesthetic appropriately. Antibiotic prophylaxis  wi l l  need to be cons idered (see p. 896).
Aortic s tenos is

Aortic s tenos is  greatly increases  the ri sks  of surgery. The decrease in systemic vascular res is tance caused by most anaesthetic drugs
resul ts  in a  marked fa l l  in BP because cardiac output i s  relatively fixed. This  fa l l  in BP reduces  coronary perfus ion of a  left ventricle that
is  hypertrophied and may resul t in i schaemia, reduced contracti l i ty, and a  vicious  spi ra l  of a  further fa l l ing BP.
The severi ty i s  best assessed by measuring the va lve gradient by echocardiography or cardiac catheterization, but poor exercise
tolerance and especia l ly syncope suggest severe s tenos is . The onset of left ventricular fa i lure has  a  poor prognos is . The va lve gradient
should be interpreted with a  measure of left ventricular function because with time the left ventricle wi l l  fa i l  and the measured
gradient wi l l  then s tart to fa l l . Less  than 40 mmHg is  mi ld, 40–80 mmHg is  moderate, and > 80 mmHg is  severe (untreated severe
symptomatic s tenos is  has  a  50% 1-year surviva l ).
Anaesthes ia  should be avoided i f at a l l  poss ible with severe s tenos is . In other cases  spina l  anaesthes ia  should be avoided; epidura l
and genera l  anaesthetic techniques  can be used but i t i s  most important to give drugs  s lowly with invas ive BP measurement so that
fa l l s  in systemic vascular res is tance can be rapidly treated. Hypotens ion should be treated by an a lpha agonis t such as  metaraminol
to minimize the ri sk of i schaemia  that can be induced by a  tachycardia . A CVP l ine or other measure of left ventricular fi l l ing i s  a l so
helpful  to diagnose and appropriately treat hypotens ion.

Aortic regurgi tation

The anaesthes ia-induced fa l l  in systemic vascular res is tance i s  better tolerated than with aortic s tenos is . A fa l l  in systemic vascular
res is tance decreases  the regurgi tant flow; conversely an increase in systemic vascular res is tance (caused by pa in or drugs , e.g.
ketamine) may increase regurgi tant flow and precipi tate heart fa i lure. A degree of tachycardia  shortens  diastole and therefore reduces
regurgi tation. As  the ventricle i s  less  hypertrophied i t i s  less  at ri sk from tachycardia-induced i schaemia. A heart rate of 90 beats/min
may be optimal .
The severi ty i s  best assessed by echocardiography or cardiac catheterization. This  wi l l  a l so assess  left ventricular function. Cl inica l ly,
dyspnoea and pulmonary oedema suggest advanced disease and the diastol ic BP fa l l s  in proportion to the severi ty of the va lve les ion.
Al though vasodi lation i s  wel l  tolerated, an epidura l  may be safer than spina l  as  i t can be s lowly increased a l lowing appropriate
measures  i f the BP fa l l s . Vasopressors  should be used careful ly to avoid excess ive increases  in systemic vascular res is tance. Invas ive
monitoring i s  des i rable in advanced disease.

P.35
Mixed aortic va lve disease
This  may be very taxing for an anaesthetis t because of the confl i cting requirements  of each aspect of the va lve les ion. The predominant les ion
should be determined by echocardiography or cardiac catheterization and the patient managed in the same way as  i f this  was  the only les ion.
Mitra l  s tenos is

The majori ty are secondary to rheumatic fever. The greatest ri sk i s  developing pulmonary oedema which may be precipi tated by
tachycardia  especia l ly atria l  fibri l lation. The reduction in diastole and loss  of the atria l  kick greatly impairs  left ventricular fi l l ing
through the s tenotic va lve. Typica l ly exercise tolerance fa l l s  over many years  (a l though this  may not be apparent in patients  with
arthri ti s  awaiting orthopaedic surgery). There may a lso be acute cri ses  due to intermittent atria l  fibri l lation or thromboembol ism.
Severi ty i s  best assessed by echocardiography (va lve ori fi ce > 2 cm2 is  mi ld, 1–2 cm2 is  moderate and < 1 cm2 is  severe).
No anaesthetic technique has  been shown to be safer. However, genera l  anaesthes ia  often produces  the most s table cardiovascular
conditions . Centra l  neuraxia l  blocks  associated with marked fa l l s  in systemic vascular res is tance are inappropriate in patients  with
relatively fixed cardiac outputs .
Invas ive monitoring i s  des i rable especia l ly to guide fluid ba lance, but CVP poorly reflects  left ventricular fi l l ing. Intra-operative
tachycardia  should be treated rapidly. Esmolol  i s  rapidly effective and ti tratable. Any negative inotropic effects  are eas i ly outweighed
by the benefi ts  of control l ing the rate. If the tachycardia  i s  due to new atria l  fibri l lation then d.c. cardiovers ion should be cons idered.
Anticoagulation should be resumed as  soon as  poss ible after the operation as  these patients  are at ri sk of thromboembol ism and
this  ri sk i s  higher postoperatively.

Mitra l  regurgi tation

This  may be due to a  va lve les ion, a  di lated heart, or papi l lary muscle dys function. The haemodynamic cons iderations  are the same
but the aetiology (e.g. IHD) may have additional  cons iderations . Mitra l  va lve prolapse with regurgi tation, inducible regurgi tation (by
squatting or squatting to s tanding), or va lve thickening on echo should be treated as  mitra l  regurgi tation. Anaesthes ia  and a l terations
in systemic vascular res is tance are wel l  tolerated unless  the regurgi tation i s  very severe.
Severi ty i s  best assessed by echocardiography, but i t should be rea l i zed that the left ventricular ejection fraction wi l l  be overestimated
in the presence of mitra l  regurgi tation.
Most anaesthetic approaches  are wel l  tolerated. Fluid overload i s  a  major ri sk but less  than with mitra l  s tenos is . Monitoring and
approach are largely dictated by the underlying aetiology.
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Prosthetic va lves

A ful l  cardiovascular assessment including an ECG, chest radiograph, and echo within the las t 12 months  are needed to assess  the
function of the va lve.
Antibiotic prophylaxis  i s  needed for most surgery (see p. 896).
Tissue va lves  do not require anticoagulation. If a  patient i s  taking anticoagulants  another explanation should be sought and managed
appropriately.
The ri sk of thromboembol ism i f anticoagulation i s  s topped with a  mechanica l  heart va lve i s  smal l  (8/100 patient years ). Therefore i f
reversa l  of a l l  anticoagulation i s  vi ta l  (e.g. neurosurgery) this  can be done for up to 7 days  with only a  smal l  ri sk. For most surgery the
consequences  of increased bleeding are less  severe. In these cases  warfarin should be s topped 4 days  before planned surgery. When
the INR fa l l s  below 2.0, heparin should be s tarted (ei ther sodium heparin to keep APTR 2.5 or weight-adjusted LMWH). This  can be
stopped 3 h prior to surgery and resumed as  soon after surgery as  i s  safe but certa inly within 7 days .

Endocardi ti s  prophylaxis
See p. 896.
The patient with an undiagnosed murmur
If a  patient presents  for surgery and a  previous ly undiagnosed murmur i s  noticed then this  should be ful ly investigated and diagnosed before
surgery takes  place. This  should include his tory, examination, ECG, chest radiograph, and echocardiography. Absence of a  diastol ic murmur or
cardiac symptoms should not be assumed to infer that the va lve les ion i s  minor.
If the patient has  a  truly l i fe-threatening emergency that precludes  ful l  investigation then a  cl inica l  assessment of the va lve les ion may be
the only way to plan perioperative management.
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Post cardiac transplant
The number of patients  who receive heart or heart-lung transplants  i s  increas ing and their improved surviva l  makes  i t increas ingly l ikely that
they present for non-cardiac surgery outs ide a  specia l i s t centre. Lia ison with the transplant centre i s  often helpful  especia l ly for the resul ts  of
the most recent investigations . The most important cons iderations  relate to ongoing immunosuppress ion, a l tered cardiac (and pulmonary)
phys iology, and the di rect effects  of previous  surgery.
Immunosuppress ion

Immunosupress ion predisposes  to infection. Thus  s trict aseps is  i s  required i f invas ive procedures  such as  CVP l ine insertion cannot be
avoided. Any suggestion of pulmonary infection should be veri fied and aggress ively treated before surgery.
Anaemia  and thrombocytopenia  as  wel l  as  leukopenia  may be produced requiring treatment before surgery.
Cyclosporin i s  associated with renal  dys function and i s  the most l ikely cause of hypertens ion that affects  40% of heart-lung transplant
recipients . It may a lso prolong the action of non-depolarizing muscle relaxants .
Corticosteroid use may necess i tate additional  doses  perioperatively (p. 98).

Pathophys iology of the heart transplant recipient

The resting heart rate i s  increased (100–110 beats/min) in the absence of vaga l  tone on the donor heart s inoatria l  node. Diastol ic
dys function i s  common early after transplant but a lso i f rejection i s  developing. Coronary blood flow is  increased due to a  denervation
al though endothel ia l  function (and therefore ni tric oxide respons iveness ) i s  normal . Cardiac output wi l l  eventual ly increase in
response to increased metabol ic demand but the response i s  s low. There i s  some evidence of sympathetic reinnervation after severa l
years , which may increase the rapidi ty of this  response. The Frank-Starl ing mechanism is  normal . The high resting heart rate and s low
response to sympathetic s timulation resul t in poor tolerance of sudden hypovolaemia.
Dis rupted pulmonary lymphatics  makes  these patients  very susceptible to pulmonary oedema. Strict attention to mainta ining
euvolaemia  i s  therefore vi ta l .
If pharmacologica l  manipulation i s  required then di rect-acting agents  should be used: atropine has  no effect on the denervated heart,
the effect of ephedrine i s  reduced and unpredictable, and hydra lazine and phenylephrine produce no reflex tachy- or bradycardia  in
response to thei r primary action. Adrenal ine, noradrenal ine, i soprenal ine, and beta-blockers  act as  expected.
Sinus  bradycardia  and AV block are early s igns  of rejection, a l though rejection may be associated with any arrhythmia  (heart-lung
recipients  usual ly present with pulmonary rather than cardiac rejection). Comparisons  with previous  ECGs  i s  therefore important.

P.38
Direct effects  of previous  surgery

Previous  and often repeated use of centra l  and periphera l  vessels  can make intravenous  and arteria l  access  di ffi cul t.
Cough may be impaired due to a  combination of phrenic and recurrent laryngeal  nerve pa ls ies . This  increases  the ri sks  of sputum
retention and postoperative chest infection.
Heart-lung recipients  wi l l  have a  tracheal  anastomos is . It i s  des i rable to avoid unnecessary intubation but i f i t i s  necessary use a
short tube and minimize tracheal  cuff pressure. (NB: this  may increase during prolonged ni trous  oxide anaesthes ia .)

Choice of technique
There i s  no evidence to support one technique above any other. Periphera l  surgery under regional  block i s  l ikely to be wel l  tolerated.
However, subarachnoid block may resul t in rapid vasodi lation which i s  highly undes i rable. If regional  anaesthes ia  i s  not poss ible or
des i rable then ei ther genera l  or epidura l  anaesthes ia  are acceptable i f adminis tered with care and understanding.
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Pericardia l  disease
Acute pericardi ti s

This  i s  usual ly a  vi ra l  condition that presents  with chest pa in. The diagnos is  i s  supported by widespread ST elevation on an ECG.
It frequently occurs  with a  myocardi ti s  which may increase the l ikel ihood of arrhythmia  and sudden death.
Elective surgery should be postponed for at least 6 weeks .

Constrictive pericardi ti s

This  may be postinfective or secondary to an autoimmune disease such as  systemic lupus  erythematosus . The only effective treatment
is  pericardectomy which may be dramatica l ly effective.
Systol ic function of the myocardium is  wel l  mainta ined but diastol ic function i s  severely impaired. When exercise tolerance i s
impaired genera l  anaesthes ia  has  a  s igni ficant ri sk.
Tachycardia  and reduced cardiac fi l l ing are poorly tolerated.
Elevations  in intrathoracic pressure, as  occur during IPPV can resul t in profound hypotens ion.
If anaesthes ia  i s  unavoidable and regional  block i s  not poss ible then a  spontaneous ly breathing technique i s  preferable to IPPV.
Preload should be mainta ined and tachycardia  avoided.
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Congenita l  heart disease and non-cardiac surgery
Peter Murphy
Congenita l  heart disease (CHD) i s  common, 8 per 1000 bi rths , with about 85% of these chi ldren reaching adult l i fe. New surgica l  techniques ,
better intra-operative myocardia l  protection and advances  in paediatric cardiac anaesthes ia  have led to marked improvements  in surviva l
rates  for many forms  of CHD.
Although many of these chi ldren and adults  wi l l  have undergone corrective surgery, many wi l l  s ti l l  have res idual  problems. A s tudy in 1992
reported a  47% incidence of adverse perioperative events  in CHD patients  undergoing non-cardiac surgica l  procedures .
Genera l  cons iderations
When faced with a  patient with CHD the anaesthetis t must understand the phys iologica l  impl ications  of the underlying cardiac defect.
Operative procedures  for CHD a im to improve the patient's  haemodynamic s tatus  a l though complete cure i s  not a lways  achieved. Paediatric
cardiac surgica l  procedures  can be divided into the fol lowing groups :

Curative procedures : the patient i s  completely cured and has  a  normal  l i fe expectancy (e.g. pers is tent ductus  arteriosus  and atria l
septa l  defect closure).
Corrective procedures : the patient's  haemodynamic s tatus  i s  markedly improved but thei r l i fe expectancy may not have returned to
normal  (e.g. tetra logy of Fa l lot repair).
Pa l l iative procedures : these patients  may have dis tinctly abnormal  ci rculations  and phys iology but avoid the consequences  of
untreated CHD. Their l i fe expectancy i s  not normal  but many are expected to reach mid adulthood (e.g. Fontan procedures).

Preoperative assessment
Aim to ga in a  clear understanding of the anatomy and pathophys iology of the patient's  cardiac defect.

His tory: define the nature and severi ty of the cardiac les ion. Ask about symptoms of congestive cardiac fa i lure (especia l ly regarding
l imitation of da i ly activi ties ). Cons ider the presence of abnormal i ties  and syndromes  associated with CHD and current medication.
Examination: check for cyanos is , periphera l  oedema, and hepato splenomegaly. Assess  periphera l  pulses  and the heart and lungs  for
murmurs  and s igns  of infection and fa i lure. Cyanosed patients  should have a  brief neurologica l  examination.
Investigations : a  recent chest radiograph and ECG. Record basel ine SpO2 on a i r. Laboratory tests  obvious ly depend on the type of
surgery proposed but most wi l l  require FBC, clotting screen, LFTs , and electrolytes . Some patients  wi l l  need pulmonary function tests .
Consul t with the patient's  cardiologis t-information regarding recent echocardiography and catheter data  should be ava i lable. Potentia l
ri sk factors  in the patient can be discussed a long with potentia l  treatment regimes , e.g. inotropes  or vasodi lators .
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Factors  indicative of high ri sk

Recent worsening of cardiac fa i lure or symptoms of myocardia l  i schaemia.
Severe hypoxaemia  with SpO2 < 75% on a i r.
Polycythaemia  (haematocri t > 60%)
Unexpla ined dizziness/syncope/fever or recent CVA.
Severe aortic/pulmonary va lve s tenos is .
Uncorrected tetra logy of Fa l lot or Eisenmenger's  syndrome.
The recent onset of arrhythmias .

In a l l  patients  with CHD cons ider whether the proposed surgery i s  necessary with regard to the potentia l  ri sks ; whether admiss ion to ICU/HDU
wi l l  be required, and whether the patient can or should be moved to a  cardiac centre. High ri sk factors  wi l l  a ffect these decis ions .
Speci fic problems found in patients  with CHD

Myocardia l  dys function-some degree of ventricular dys function i s  common. This  may be due to the underlying disease (e.g. hypoplastic
left ventricle), or may be secondary (e.g. fol lowing poor intra-operative myocardia l  protection).
Arrhythmias  may be related to the origina l  disease or be iatrogenic (surgery or medication). Some CHD patients  develop heart block
fol lowing cardiac surgery and have pacemakers  in s i tu.
Ai r embol i—al l  CHD patients  should be cons idered at ri sk from a i r embol ism. Al l  intravascular l ines  should be free of a i r.
Cyanos is  can occur due to many causes , e.g. shunting of blood from the right s ide of the heart to the left (e.g. tetra logy of Fa l lot,
Eisenmenger's  syndrome) or due to genera l  intracardiac mixing (e.g. complete atrioventricular septa l  defect). Cyanos is  resul ts  in
polycythaemia  and an increased blood volume. Blood viscos i ty i s  increased with impaired ti ssue perfus ion. There i s  often
thrombocytopenia  and a  deficiency in fibrinogen leading to a  bleeding tendency. These changes  are coupled with an increase in ti s sue
vasculari ty which worsens  bleeding problems. Cyanos is  can a lso lead to renal  and cerebra l  thrombos is  and renal  tubular atrophy.
Anticoagulants  are taken by many CHD patients , most commonly da i ly aspi rin or warfarin. Management of anticoagulation in the
perioperative period can be di ffi cul t. Seek advice from the patient's  cardiologis t and a  haematologis t.
Antibiotic prophylaxis -most CHD patients  are at ri sk from endocardi ti s  (see p. 896).
Myocardia l  i schaemia  developing in a  patient with CHD is  s igni ficant and should be investigated.

Speci fic CHD les ions
There are over 100 forms  of CHD, but eight les ions  account for 83% of a l l  cardiac defects . These are ventricular septa l  defect (VSD), atria l  septa l
defect (ASD), pers is tent ductus  arteriosus  (PDA), pulmonary s tenos is  (PS), tetra logy of Fa l lot (TOF), aortic s tenos is  (AS), coarctation of the aorta ,
and transpos i tion of the great vessels  (TOGV). In addition, many of the other les ions  are managed pa l l iatively by producing a  Fontan
ci rculation.
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ASD (secundum type)
Patients  are often asymptomatic. The ASD usual ly resul ts  in a  left to right shunt and can be closed surgica l ly or by the transcatheter route. In
patients  in whom the defect has  not been closed one must be careful  of paradoxica l  embol i .
ASD (primum type)
This  i s  an endocardia l  cushion defect and the les ion may involve the atrioventricular va lves . The more severe form, atrioventricular septa l
defect (AVSD), i s  associated with Down's  syndrome and resul ts  in severe pulmonary hypertens ion i f not treated in infancy. Surgica l  repair of
these les ions  occas ional ly resul ts  in complete heart block.
VSD
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This  represents  the commonest form of CHD. Cl inica l  effects  depend on how many are present and their s i ze. A smal l , s ingle VSD may be
asymptomatic with a  smal l  left to right shunt (pulmonary:systemic flow ratio < 1.5:1). In patients  who have not had corrective surgery prevent
a i r embol i  and fluid overload and remember antibiotic prophylaxis .
Patients  with a  moderate s i zed, s ingle VSD often present with mi ld CCF. They have markedly increased pulmonary blood flow
(pulmonary:systemic flow ratio 3:1). If the les ion i s  not recognized these patients  are at ri sk of pulmonary hypertens ion and shunt reversa l .
Patients  with a  large VSD have equal  pressures  in thei r right and left ventricles  and often present around 2 months  of age with severe CCF.
These patients  require early operations . However, i f they require anaesthes ia  for another procedure prior to thei r defini tive cardiac operation
they may present severe problems. They should be intubated for a l l  but the most minor procedures , and one should try to avoid increas ing the
left to right shunt (e.g. avoid hyperventi lation and unnecessari ly high inspi red oxygen levels ). Care should be taken with fluid adminis tration,
and inotropic support i s  often required.
Patients  with multiple VSDs  often require pulmonary artery banding to protect thei r pulmonary ci rculation. This  band wi l l  tighten as  the chi ld
grows, resul ting in cyanos is . The VSDs  often close spontaneous ly and then the band may then be removed.
PDA
Patients  with PDA may have a  moderate left to right shunt and this  can resul t in an elevated pulmonary vascular res is tance rather l ike a
moderately s i zed VSD. PDAs  can be closed surgica l ly or transcatheter.
Tetra logy of Fa l lot
These patients  have pulmonary s tenos is , a  VSD, an overriding aorta  and right ventricular hypertrophy. Tota l  repair of TOF i s  now undertaken at
around 3 to 8 months  of age. Prior to complete repair, these patients  may be treated medica l ly with beta-blockade or surgica l ly via  a  Bla lock-
Tauss ig (BT) shunt from a  subclavian artery (usual ly the right) to the pulmonary artery. In patients  without a  BT shunt and prior to defini tive
surgery, the ratio of systemic vascular res is tance (SVR) to pulmonary vascular res is tance (PVR) determines  both the systemic blood flow and
blood oxygen saturation. If these patients  require surgery prior to thei r repair they should be intubated and venti lated in order to mainta in a
low PVR. Cyanos is  should be treated with hyperventi lation, intravenous  fluid, and systemic vasopressors  such as  phenylephrine.
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Eisenmenger's  syndrome
Patients  with this  syndrome have a  markedly increased morbidi ty and morta l i ty. They have an abnormal  and i rrevers ible elevation in PVR
resul ting in cyanos is  and right to left shunting. The degree of shunting depends  on the PVR:SVR ratio. Increas ing the SVR or decreas ing the PVR
leads  to better blood oxygen saturation rather l ike in patients  with TOF. Desaturation episodes  can be treated as  for TOF above. Inotropic
support may be required even for the shortest of procedures  and an intens ive care bed should be ava i lable. Avoid reductions  in SVR
(epidura l/spina l  anaesthes ia) and ri ses  in PVR (hypoxia/hypercarbia/acidos is/cold). Ei senmenger's  patients  should be managed in a
specia l i s t centre whenever poss ible.
Fontan repair
This  i s  a  pa l l iative procedure, class ica l ly for patients  with tricuspid atres ia , but i t may be performed for a  number of di fferent cardiac les ions
including hypoplastic left heart syndrome. The Fontan procedure i s  not a  speci fic operation but a  class  of operations  that separate the
pulmonary and systemic ci rculations  in patients  with an anatomica l  or phys iologica l  s ingle ventricle. This  separation i s  accompl ished by
ensuring that a l l  superior and inferior vena cava l  blood flows  di rectly into the pulmonary artery, bypass ing the right ventricle and, usual ly, the
right atrium. Thus , pulmonary blood flow is  dependent solely on systemic venous  pressure. SpO2 should be normal .
The Fontan ci rcui t invariably leads  to elevated systemic venous  pressures  which in time leads  to l iver congestion, protein-los ing enteropathy,
and a  tendency for fluid overload with asci tes  and pleura l  and pericardia l  effus ions . Hypovolaemia  can rapidly lead to hypoxia  and
cardiovascular col lapse. Patients  require anticoagulation with warfarin.
Great care should be observed when anaesthetizing these patients . Intermittent pos i tive pressure venti lation resul ts  in a  s igni ficant fa l l  in
cardiac output and high venti latory pressures  may resul t in poor pulmonary perfus ion. Fluid overload i s  poorly tolerated, as  i s  hypovolaemia.
Centra l  venous  pressure monitoring i s  helpful  but i s  probably best insti tuted via  the femoral  venous  route.
Adults  with congenita l  heart disease
Anything but the most s tra ightforward or emergency s i tuation should be discussed and often referred to an appropriate cardiac centre.
Les ions  may have been left uncorrected, pa l l iated, or had ful l  anatomica l  correction.
Uncorrected disease

A les ion with a  large left to right shunt wi l l  cause progress ive pulmonary hypertens ion leading to eventual  shunt reversa l
(Eisenmenger's  syndrome). Once i rrevers ible pulmonary hypertens ion has  developed surgica l  correction i s  not poss ible. These
patients  have high morta l i ty for any surgery, even minor procedures . If surgery i s  absolutely necessary i t should be performed in a
specia l i s t centre.
Ventricular or atria l  septa l  defects  may be smal l  and have no symptoms and l i ttle haemodynamic effect. With the exception of
endocardi ti s  prophylaxis  a  smal l  ventricular or atria l  septa l  defect presents  no anaesthetic problems.
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Pal l iated disease

These patients  have had operations  that improve functional  capaci ty and l i fe expectancy but do not restore normal  anatomy.
Operations  include Senning and Mustard for transpos i tion of the great vessels  (neonata l  switch i s  now preferred) and Fontan for
s ingle ventricle syndromes  (e.g. hypoplastic left heart and pulmonary atres ia).
A precise understanding of the underlying phys iology i s  required to avoid disaster when anaesthetizing these patients . At present this
i s  best provided in specia l i s t cardiac centres  or at least a fter seeking their advice.
Patients  with a  Fontan ci rculation are surviving wel l  into adulthood and consequently thei r numbers  wi l l  increase in the practice of
non-cardiac anaesthetis ts . Blood leaves  a  s ingle ventricle, passes  through systemic capi l laries  and then through pulmonary
capi l laries  before returning to the heart. The consequences  of this  are that the measured CVP i s , and needs  to be, high to provide a
pressure gradient across  the pulmonary ci rculation. Any pulmonary hypertens ion i s  tolerated very badly because ventricular fi l l ing i s
reduced. The high venous  pressure can resul t in l i fe-threatening haemorrhage from mucosa l  procedures  l ike adenoidectomy (or nasa l
intubation!).

Corrected disease
These patients  have ei ther had spontaneous  resolution or complete surgica l  correction. Providing they have normal  functional  capaci ty they
can be treated normal ly. Check for any associated congenita l  abnormal i ties .
Endocardi ti s  prophylaxis
This  i s  required for a l l  patients  with congenita l  cardiac disease except: i solated secundum atria l  septa l  defect repaired without a  patch more
than 6 months  ago or pers is tent ductus  arteriosus  l igated more than 6 months  ago.
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Effects  of surgery and anaesthes ia  on respiratory function
Surgery
Respiratory compl ications  after surgery are largely related to two factors :

Si te of surgica l  incis ion. Upper abdominal  operations  are associated with pulmonary compl ications  in 20–40% of the genera l  surgica l
population. The incidence with lower abdominal  surgery i s  2–5%. Fol lowing upper abdominal  or thoracic surgery, there i s  a  reduction
in lung volume, sha l low respiration, and a  reluctance or inabi l i ty to cough effectively. These changes  often resul t in poor basa l  a i r
entry and sputum retention, which may develop into atelectas is  and/or infection. Effective postoperative analges ia , early mobi l i zation,
and phys iotherapy may reduce their incidence and severi ty.
Pre-exis ting respiratory dys function. Patients  with underlying respiratory disease are at increased ri sk of developing problems during
and after surgery. Compl ications  are minimized i f the underlying condition i s  identi fied and optimal ly control led preoperatively. Al l
patients  benefi t from a  review of thei r medica l  therapy, early mobi l i zation, and pre- and postoperative chest phys iotherapy. Advice
from a  respiratory phys ician may be helpful  to ensure optimal  preoperative condition.

Anaesthes ia

FRC decreases  by 15–20% (about 450 ml): loss  of muscle tone on induction of anaesthes ia  causes  the diaphragm to move crania l ly (loss
of endexpiratory tone) and the rib-cage to move inward. The FRC may be reduced to 50% of the awake, supine va lue in the morbidly
obese. Ketamine does  not reduce muscle tone and consequently FRC i s  mainta ined during anaesthes ia  with this  agent.
Clos ing capaci ty i s  the lung volume at which a i rway closure begins . Under anaesthes ia  clos ing capaci ty i s  greater than FRC and a i rway
closure occurs . This  occurs  more readi ly in smokers , the elderly and those with underlying lung disease.
Immediately after induction chest CT shows  atelectas is  in the dependent zones  of the lungs  in over 80% of subjects . As  a  resul t, at
least 10% of pulmonary blood flow is  shunted or goes  to areas  of low V/Q ratio.
Tida l  volume and lung compl iance decrease (moves  down compl iance curve) and a i rway res is tance increases  s l ightly.
Intubation ha lves  dead space by ci rcumventing the upper a i rway. Alveolar dead space ri ses  from 0 to about 70 ml .
The response to hypercapnoea i s  blunted and the acute responses  to hypoxia  and acidaemia  a lmost abol i shed by anaesthetic vapours
at concentrations  as  low as  0.1 MAC.
The diaphragm moves  less  after abdominal  surgery (vi ta l  capaci ty fa l l s  by 50% after cholecystectomy, even in heal thy patients ).
Most of these adverse changes  are more marked in patients  with lung disease, but usual ly improve within a  few hours
postoperatively. After major surgery they may las t severa l  days
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Further reading
Hal l  JC, Tara la  RA, Tapper J, Ha l l  J (1996). Prevention of respi ratory compl ications  after abdominal  surgery: a  randomised control  tria l . Bri ti sh
Medica l  Journal , 312, 148–52.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
Hedenstierna  G, Rothen HU (1996). Pulmonary gas  exchange, effects  of anaesthes ia  and of arti fi cia l  venti lation. In International  practice of
anaesthes ia  (eds  Prys -Roberts  and Brown), Butterworth-Heinemann, Oxford.
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Respiratory tract infections  and elective surgery

Patients  who have respiratory tract infections  producing fever and cough with or without chest s igns  on auscul tation should not
undergo elective surgery under genera l  anaesthes ia  due to the increased ri sk of pulmonary compl ications  postoperatively.
Adult patients  with s imple coryza  are not at s igni ficantly increased ri sk developing postoperative pulmonary problems unless  they
have preexis ting respiratory disease or are having major abdominal  or thoracic surgery. There i s  some evidence that the incidence of
laryngospasm increased in patients  with a  recent his tory of upper respiratory tract symptoms who are asymptomatic at the time of
surgery.
Compared with asymptomatic chi ldren, chi ldren with symptoms of acute or recent upper respiratory tract infection are more l ikely to
suffer trans ient postoperative hypoxaemia  (SaO2 < 93%). This  i s  most marked when intubation i s  necessary. See p. 812.

Further reading
Fennel ly ME, Hal l  GM (1990). Anaesthes ia  and upper a i rway respiratory tract infections—a non-exis tent hazard? Bri ti sh Journal  of Anaesthes ia ,
64, 535–6.
Levy L, Pandit UA, Randel  GI, Lewis  IH, Ta i t AR (1992). Upper respiratory tract infections  and genera l  anaesthes ia  in chi ldren. Anaesthes ia , 47,
678–82.
Library Holdings
Bibl iographic Links
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Smoking
Smokers , both active and pass ive, have a  s ix-fold increased ri sk of developing perioperative respiratory problems.
Impl ications  of smoking for anaesthes ia

Cigarette smoke conta ins  nicotine, a  highly addictive substance, and at least 4700 other chemica l  compounds  of which 43 are known to
be carcinogenic. Long-term smoking i s  associated with serious  underlying problems such as  COPD, lung neoplasm, i schaemic heart
disease, and vascular disorders .
In the respiratory tract, mucus  i s  produced in greater quanti ties  yet cleared less  efficiently due to impaired mucoci l iary clearance. The
airways  are hyper-reactive and there i s  impairment of both cel l -mediated and humoral  immunity. These changes  make smokers  more
susceptible to respiratory events  during anaesthes ia  and a lso to postoperative atelectas is  or pneumonia , particularly after abdominal
or thoracic surgery. Coexis ting obes i ty increases  these ri sks .
Increased a i rway i rri tabi l i ty increases  events  such as  coughing, laryngospasm, and desaturation during induction with volati le
anaesthetic agents  (particularly i soflurane). Avoid by us ing a  less  i rri tant volati le (e.g. sevoflurane) and deepening anaesthes ia
s lowly, or treat with an intravenous  agent such as  propofol .
Mainta ining spontaneous  breathing via  an ETT or LMA may be awkward due to a i rway i rri tation-try loca l  anaesthes ia  to the voca l  cords ,
opioids , relaxants , and IPPV.

Risk reduction

At least 8 weeks ' abstinence from smoking i s  required to decrease morbidi ty from respiratory compl ications  to a  rate s imi lar to that of
non-smokers .
Smokers  unwi l l ing to s top preoperatively wi l l  s ti l l  benefi t by refra ining from smoking for 12 h before surgery. During this  time the
effects  of nicotine (activation of the sympathoadrenergic system with ra ised coronary vascular res is tance) wi l l  wear off. The level  of
carboxyhaemoglobin (COHb), which may reach 5–15% in heavy smokers , wi l l  a l so fa l l .
Ra ised COHb levels  cause a  left-shi ft of the oxygenation curve and therefore reduced oxygen carriage by the blood. COHb has  a  s imi lar
absorption spectrum to oxyhaemoglobin and causes  pulse oximeters  to give a  fa lsely high oxygen saturation reading.

Further reading
Nel  MR, Morgan M (1996). Smoking and anaesthes ia  revis i ted (edi toria l ). Anaesthes ia , 51, 309–11.
Ovid Ful l  Text
Library Holdings
Bibl iographic Links
Schwi lk B, Bothner U, Schraag S, Georgieff M (1997). Perioperative respiratory events  in smokers  and non-smokers  undergoing genera l
anaesthes ia . Acta  Anaesthes iologica  Scandinavica , 41, 348–55.
Library Holdings
Bibl iographic Links
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Predicting postoperative pulmonary compl ications  before surgery
The incidence of postoperative compl ications  in surgica l  patients  with preexis ting respiratory dys function can be reduced i f these patients  are
identi fied preoperatively. Large and rigorous  s tudies  to identi fy ri sk factors  for pulmonary compl ications  are relatively lacking (in comparison
to the large prospective s tudies  of cardiac ri sk performed s ince the 1970s). Comparisons  between s tudies  are di ffi cul t: defini tions  of
compl ications , patient groups , and surgica l  interventions  di ffer greatly.
Spi rometry was  formerly cons idered highly important in the assessment of surgica l  patients  and included in widely adopted guidel ines .
Recent evidence suggests  that preoperative spi rometry does  not predict individual  ri sk of pulmonary compl ications  and should not be used
alone to determine operabi l i ty for non-thoracic surgery. Scoring systems which assess  overa l l  co-morbidi ty (ASA phys ica l  s tatus  grade,
Goldman cardiac ri sk index, and Charlson comorbidi ty index) are the best predictors  of compl ications . Abnormal  findings  on examination or an
abnormal  chest radiograph reflect s igni ficant lung disease and are independent predictors  of pulmonary compl ications .
Even in patients  with severe pulmonary disease, surgery which does  not involve the abdominal  or chest cavi ties  i s  inherently of very low ri sk
for serious  perioperative pulmonary compl ications .

Factors  shown to predict perioperative pulmonary compl ications
Scoring systems which assess  overa l l  co-morbidi ty (ASA phys ica l  s tatus  grade, Goldman cardiac ri sk index, and Charlson co-morbidi ty index)
Increas ing age (>60 years )
Smoking within 8 weeks
His tory of mal ignancy
Symptoms of chronic bronchi ti s
Body mass  index >27
Upper abdominal  and thoracic surgery
Abnormal  cl inica l  s igns  in chest
Abnormal i ty on chest radiograph
PaCO2 >6 kPa
Impaired cognitive function
Postoperative nasogastric intubation

Further reading
Lawrence VA, Dhanda R, Hi l senbeck SG, Page CP (1996). Risk of pulmonary compl ications  fol lowing abdominal  surgery. Chest, 110, 744–50.
Ovid Ful l  Text
Library Holdings
Bibl iographic Links
Zol l inger A and Pasch T (1998). The pulmonary ri sk patient. Ba i l l iere's  Cl inica l  Anaesthes ia , 5, 391–400.
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Preoperative assessment of respi ratory function
His tory

Ask about hospi ta l  admiss ions  with respiratory disease-particularly vi s i ts  to intens ive care.
Determine patient's  assessment of lung function and their compl iance with treatments . Respiratory disease tends  to fluctuate in
severi ty and patients  are usual ly best at determining their current s tate. Idea l ly, surgery i s  performed when the patient i s  optimal ly
control led.
Note cough and sputum production (character and quanti ty)-with major surgery send a  current sputum sample for C&S preoperatively.
Note past and present cigarette consumption.
Assess  current treatment, revers ibi l i ty of symptoms with bronchodi lators , and s teroid intake.
Note any respiratory symptoms suggestive of cardiac disease (orthopnoea, PND).
Dyspnoea can be described us ing Roizen's  class i fi cation. Undiagnosed dyspnoea of grade II  or worse may require further investigation
(see below).

Roizen's  class i fi cation of dyspnoea
Grade 0: No dyspnoea whi le walking on the level  at normal  pace
Grade I: ‘I  am able to walk as  far as  I  l i ke provided I  take my time’
Grade II: Speci fic s treet block l imitation–‘I  have to s top for a  whi le after one or two blocks ’
Grade II I : Dyspnoea on mi ld exertion–‘I  have to s top and rest going from the ki tchen to the bathroom’
Grade IV: Dyspnoea at rest

Examination
Abnormal  findings  on cl inica l  examination of the respiratory system are predictive of pulmonary compl ications  after abdominal  surgery.
Compl ications  of respi ratory disease (right heart fa i lure) and i ts  treatment (s teroid effects ) should be sought. Try to establ i sh any contribution
of cardiac disease to respiratory symptoms.
A formal  assessment of exercise tolerance such as  s ta i r cl imbing correlates  wel l  wi th pulmonary function tests  and provides  a  rel iable test of
pulmonary function. However, i t a l so reflects  cardiovascular s tatus , cooperation, and determination and i s  an impractica l  assessment for
those with l imited mobi l i ty. A few patients  present for surgery whi l s t receiving CPAP for s leep apnoea syndrome or BIPAP for chronic respi ratory
fa i lure. Continue these perioperatively and decide the best place for the patients  to be looked after.
Respiratory investigations
Peak flow
A useful  test for COPD or asthma. When the patient mainta ins  a  da i ly record i t wi l l  indicate current fi tness . Normal  va lues  are shown on p.
1104. With peak
P.52

flows  of less  than 200 l i tres/min effective coughing i s  di ffi cul t. Measured on ward us ing a  peak flow meter (best of three attempts ); technique
is  important.
Spi rometry
Measured in the respiratory function laboratory or at the beds ide us ing a  bel lows  device. It has  been widely used to assess  ri sk in patients
with s igni ficant respi ratory disease scheduled for major surgery. However, recent evidence suggests  that spi rometry does  not predict
pulmonary compl ications , even in patients  with severe COPD. Speci fic subgroups  of patients  may benefi t from spirometry:

those with equivoca l  cl inica l  and radiologica l  findings , or unclear diagnos is .
patients  in whom functional  abi l i ty cannot be assessed because of lower extremity disabi l i ty.

Spi rometry a lso forms  part of the assessment of patients  for lung parenchymal  resection (see p. 366).
In those with obstructive symptoms the revers ibi l i ty with sa lbutamol  should be tested. If time permits , and the patient has  undertreated
obstructive disease, a  course of s teroids  (prednisolone 20–40 mg da i ly for 7 days ) should be assessed for effectiveness .
Normal ly the forced vi ta l  capaci ty (FVC) i s  reported a long with forced expiration in 1 s  (FEV1), plus  the ratio FEV1/FVC (as  a  percentage). The
resul ts  of these tests  are given with normal  va lues  ca lculated for that individual . A normal  FEV1/FVC ratio i s  > 70% (see p. 1104).
There are no spi rometric va lues  which should be viewed as  prohibi tive for surgery. Despi te poor preoperative spi rometry, many series  of
patients  undergoing thoracic and major non-thoracic surgery are being increas ingly reported. A FEV1 less  than 1000 ml  indicates  that
postoperative coughing and secretion clearance wi l l  be poor and increases  the l ikel ihood of a  period of respi ratory support fol lowing major
surgery.
Flow volume loops
These are measured in the respiratory function department. Peak flows  at di fferent lung volumes  are recorded, and a l though more complex to
interpret, loops  are capable of providing more accurate information regarding venti latory function. They can assess  a i rway obstruction from
both extrins ic (e.g. thyroid) and intrins ic (e.g. bronchospasm) causes . In addition they provide useful  data  about the severi ty of obstructive and
restrictive respiratory disease.
Transfer factor
This  measures  the di ffus ion capabi l i ty of carbon monoxide into the lung. It i s  reduced in lung fibros is  and other inters ti tia l  disease
processes .
Blood gases
A basel ine set of gases  provides  a  guide to the patient's  normal  respi ratory function and should be measured in anyone breathless  on
minimal  exertion. Carbon dioxide retention wi l l  be detected and the efficiency of oxygenation assessed. Record the FiO2 when gases  are
taken. Check for previous  resul ts  in patients  who have been hospi ta l i zed before. A resting PaCO2 > 6.0 kPa  i s  predictive of pulmonary
compl ications  and suggests  venti latory fa i lues .
P.53

Chest radiograph
An abnormal i ty predicts  ri sk of pulmonary compl ication. Essentia l  in any patients  with s igni ficant chest disease or s igns  on examination
scheduled for major surgery. Reveals  lung pathology, cardiac s i ze and outl ine, and provides  a  basel ine should postoperative problems
develop. Always  try to obta in an erect PA fi lm in the X-ray department.
Chest CT
Chest CT i s  required in a  few patients  with lung cysts/bul lae to assess  the s i ze and extent of thei r disease more accurately than can be
assessed on a  normal  chest radiograph. Anterior or posterior pneumothorax and inters ti tia l  disease such as  lung fibros is  may be detected.
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Spira l  CT chest investigations  can detect pulmonary embolus  and dissecting aortic les ions .
V/Q scan
A V/Q scan reports  the l ikel ihood of pulmonary embolus . In patients  with abnormal  chest radiographs  this  test i s  often di ffi cul t to interpret.
Also useful  in further assessment of patients  for lung parenchymal  resection to predict the effect of resection on overa l l  pulmonary
performance (resecting a  non-venti lated/perfused lung wi l l  reduce shunt and should improve oxygenation).
Further reading
Lawrence VA, Dhanda R, Hi l senbeck SG, Page CP (1996). Risk of pulmony compl ications  after elective abdominal  surgery. Chest, 110, 744–50.
Ovid Ful l  Text
Library Holdings
Bibl iographic Links
Smetana GW (1999). Preoperative pulmonary eva luation. New England Journal  of Medicine, 340, 937–44.
Ovid Ful l  Text
Ful l  Text
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Zol l inger A, Pasch T (1998). The pulmonary ri sk patient. Ba i l l iere's  Cl inica l  Anaesthes ia , 5, 391–400.
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Postoperative care in respi ratory disease
Important features  of particular disease processes  are outl ined in the sections  below; however, the postoperative care of a l l  patients  with
respiratory disease i s  guided by the fol lowing principles :
Early mobi l i zation and posture

Respiratory performance, functional  res idual  capaci ty, and clearance of secretions  are improved when s i tting or s tanding compared
with the supine pos i tion.
Early mobi l i zation reduces  the incidence of thromboembol ic disease.

Regular cl inica l  review
Regular review a l lows  urgent investigation and aggress ive therapy. Early detection of respi ratory deterioration which may present in a  non-
speci fic way (confus ion, tachycardia , fever, unwel l ) are of the utmost importance for rapid detection and resolution of problems. Seek the
assessment and advice of the intens ive care team early i f the patient does  not respond to treatment.
Phys iotherapy
Incentive spi rometry and breathing exercises  a id clearance of secretions  and reduce atelectas is .
Oxygen

Anaesthetic agents  exert a  dose-dependent depress ion on the sens i tivi ty of centra l  chemoreceptors , reducing the s timulatory effect of
CO2 on venti lation.
In patients  with lung disease, depress ion of respi ratory function can occur for up to 72 h postoperatively and i s  most common at night.
Supplementa l  oxygen should be del ivered for at least this  period of time.
Patients  who chronica l ly reta in carbon dioxide (advanced COPD) may be dependent on hypoxaemia  for thei r main venti latory drive due
to downregulation of centra l  chemoreceptors . To prevent hypoventi lation oxygen therapy should be control led and del ivered where
adequate monitoring i s  ava i lable (idea l ly with seria l  arteria l  blood gas  measurement). A preoperative measurement of PaO2/SaO2 and
PaCO2 i s  essentia l  to establ i sh a  rea l i s tic target for each patient. Pulse oximetry cannot provide information about PaCO2.
Humidi fied oxygen should be used and a ids  phys iotherapy and sputum clearance.

Fluid ba lance

Accurate management and documentation of fluid ba lance i s  important. Adequate intravascular fi l l ing i s  essentia l  to the maintenance
of adequate perfus ion of organs  such as  the kidneys  and a l imentary system.
Patients  with lung disease are at increased ri sk of pulmonary oedema (a  di lated right ventricle may mechanica l ly compromise the
function of the left ventricle). Fluid overload resul ting in pulmonary oedema is  poorly tolerated in these patients  and a  high index of
suspicion should be mainta ined cl inica l ly.
P.55
Readings  from centra l  venous  catheters  may be mis leading in the presence of pulmonary hypertens ion or right ventricular fa i lure (cor
pulmonale).

Pa in management

Good analges ia  i s  essentia l  for the maintenance of respi ratory function, compl iance with phys iotherapy, early mobi l i zation, and
minimizing the cardiac s tress  to patients  with i schaemic heart disease.
Regular paracetamol  and, where not contra indicated, NSAIDs  should be prescribed. NSAIDs  should be used with caution in the elderly
as  renal  function may be compromised.
Patients  with lung dys function may benefi t from loca l  or regional  anaesthes ia , thereby avoiding the sedating effects  of opioid
analges ics . Communication with the surgeon may a l low surgica l  placement of catheters  for regional  anaesthes ia  (e.g. a  paravertebra l
catheter for thoracotomy).
The benefi ts  of opioid-based analges ia  (patient control , mobi l i ty, and avoidance of catheterization) should be weighed aga inst the
benefi ts  of regional  analges ia  (avoidance of high-dose systemic opioids , preservation of respi ratory function) and discussed with the
patient preoperatively.
Fol lowing major surgery, involve the pa in management team early in the postoperative period. Patients  should be seen at least da i ly
by a  member of the team.

Indications  for postoperative admiss ion to HDU/ICU

Ideal ly admiss ion to ICU or HDU should be planned preoperatively and discussed with the patient and consul tant supervis ing the uni t.
Patients  may require admiss ion for venti latory support (CPAP, BIPAP, invas ive venti lation) or increased levels  of monitoring and nurs ing
care that are not ava i lable on the surgica l  ward.
The precipi tating reasons  for admiss ion to ICU or HDU may be predictable or unpredictable:

Predictable

borderl ine or establ i shed fa i lure of gas  exchange preoperatively
intercurrent respiratory infection (with urgent surgery)
chest disease productive of large amounts  of secretions  (e.g. bronchiectas is )
major abdominal  or thoracic surgery
major surgery not amenable to regional  analges ia  and necess i tating systemic opioids
long duration of surgery.

Unpredictable

unexpected perioperative compl ications  (e.g. fluid overload, haemorrhage, etc.)
inadequate or ineffective regional  analges ia  with deterioration in respi ratory function
unexpectedly prolonged procedure
acidos is
P.56
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hypothermia
depressed conscious  level/ s low recovery from anaesthetic/ poor cough.

Indications  for mini tracheostomy

‘Mini tracheostomy’ describes  devices  ava i lable for cricothyroidotomy and insertion of a  tube (typica l ly 4 mm internal  diameter) to
faci l i tate tracheal  suction via  fine-bore catheters . It i s  useful  in patients  with a  poor cough or excess ive secretions  and enables  more
effective phys iotherapy. It i s  relatively ineffective at removing more tenacious  secretions  and may partia l ly occlude the a i rway.
Insertion carries  the ri sks  of haemorrhage and surgica l  emphysema. Use of mini tracheostomy is  decl ining.
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Asthma
Asthma impl ies  revers ible a i rflow obstruction due to constriction of smooth muscle in the a i rways . Bronchia l  wal l  inflammation i s  a
fundamenta l  component and resul ts  in mucus  hypersecretion and epi thel ia l  damage as  wel l  as  an increased tendency for a i rways  to
constrict. Bronchoconstriction may be triggered by a  number of di fferent mechanisms.
Symptoms of as thma are most frequently a  combination of shortness  of breath, wheeze, cough, and sputum production. The presence of
chi ldhood symptoms, cough which wakes  the patient at night, diurnal  variation, speci fic trigger factors  (especia l ly a l lergic), absence of
smoking his tory, and response to previous  treatment may a l l  be helpful  in di fferentiating asthma from COPD.
Assessment
Patients  and doctors  frequently underestimate the severi ty of as thma, especia l ly i f i t i s  longstanding.

Assess  exercise tolerance (e.g. breathless  when cl imbing s ta i rs , walking on flat, or when undress ing) and genera l  activi ty levels .
Examination i s  often unremarkable but patients  may have a  hyperinflated chest, a  prolonged expiratory phase and wheeze: there i s
l i ttle correlation between the presence or absence of wheeze heard with a  s tethoscope and the severi ty of underlying asthma.
A s ingle peak flow reading can be helpful  but seria l  measurements  are more informative. The response to bronchodi lators  should be
measured.
Spirometry wi l l  give a  more accurate assessment and i s  easy to perform. Resul ts  of peak flow and spi rometry are compared with
predicted va lues  based on age, sex, and height (see p. 1104).
Blood gases  are usual ly only necessary in assess ing severe cases , particularly with impending major surgery.
Patients  with severe asthma (poorly control led, frequent hospi ta l  admiss ions , previous  ICU admiss ion) should be cons idered for
options  such as  additional  medication or s teroid cover. In genera l , patients  with mi ld asthma (peak flow > 80% predicted and minimal
symptoms) require l i ttle extra  treatment prior to surgery.
If seen before admiss ion for surgery emphas ize the need for good compl iance with treatment prior to surgery. Cons ider doubl ing dose
of inhaled s teroids  1 week prior to surgery i f there i s  evidence of poor control  (> 20% variabi l i ty in PEFR). If control  i s  very poor, cons ider
review by a  chest phys ician and poss ibly a  short (1 week) course of ora l  prednisolone (20–40 mg da i ly).
Do not anaesthetize patients  for elective surgery when the patient's  as thma is  less  than optimal ly control led. Vi ra l  infections  are
potent triggers  of as thma so cons ider postponing elective surgery with a  symptomatic upper respiratory tract infection.

Preoperatively

Change inhaled bronchodi lators  to nebul i zed bronchodi lators  on admiss ion.
Add nebul i zed sa lbutamol  2.5 mg to premedication.
P.58
P.59

Clearly document any a l lergies  or drug sens i tivi ties , especia l ly the effect of aspi rin/NSAIDs  on asthma.
Ensure patients  are prescribed prn nebul i zed bronchodi lators  after surgery.
With major abdominal  or thoracic surgery s tart chest phys iotherapy preoperatively.
Treat anxiety with appropriate premedication.
The incidence of perioperative bronchospasm and laryngospasm in asthmatic patients  undergoing routine surgery i s  less  than 2%,
especia l ly i f they continue their routine medication. The frequency of compl ications  i s  increased in patients  over 50 years  and in those
with active disease (recent asthmatic symptoms or treatment for asthma).

Medications used to treat asthma

Class  of drug Examples
Perioperative
recommendation

Notes

Beta  2 agonis ts
Sa lbutamol ,
terbuta l ine,
sa lmeterol

Convert to nebul i zed
preparation

High doses  may lower K+

Vagolytic drug Ipratropium Convert to nebul i zed form  

Inhaled s teroids
Beclomethasone,
budesonide, fl i xotide

Continue with inhaled
format

If patient on >1500 µg/day of beclomethasone, adrenal
suppress ion may be present

Ora l  s teroids Prednisolone
Continue as
hydrocorti sone unti l
taking ora l ly

If >10 mg/day, adrenal  suppress ion l ikely (p. 98)

Leukotriene inhibi tor (anti -
inflammatory effect)

Montelukast,
zafi rlukast

Restart when taking ora l
medications

 

Mast cel l  s tabi l i zer Disodium cromoglycate Continue by inhaler  

Phosphodiesterase
inhibi tor

Aminophyl l ine Continue where poss ible
Effectiveness  in asthma debated. In severe asthma
cons ider converting to an infus ion perioperatively

Asthma drugs  in the perioperative period
In patients  with s igni ficant asthma undergoing major surgery:

change sa lbutamol  and ipratropium to nebul i zed form
cons ider s teroid supplementation i f taking > 10 mg of prednisolone/ day or inhaled beclomethasone > 1.5 mg/day (p. 98)
convert prednisolone to IV hydrocorti sone (1 mg prednisolone equiva lent to 5 mg hydrocorti sone)
aminophyl l ine may be continued intravenous ly by infus ion in cri ti ca l  patients  (check levels  12-hourly), or given by suppos i tory. It can
also often be s topped!

Anaesthes ia

Most wel l -control led asthmatics  tolerate anaesthes ia  and surgery wel l , requiring minimal  changes  to anaesthetic technique.
Poorly control led asthmatics  are at ri sk of perioperative respiratory problems (bronchospasm, sputum retention, atelectas is , infection,
respiratory fa i lure).

javascript:history.back()
javascript:void(0)
javascript:void(0)
javascript:void(0)


Avoid his tamine-releas ing drugs  (morphine, d-tubocurarine, atracurium, mivacurium).
Intubation may provoke bronchospasm and should be carried out under adequate anaesthes ia  or opioid cover. Loca l  anaesthetic to
the cords  may help.
When asthma is  poorly control led, regional  techniques  are idea l  for periphera l  surgery. Spina l  anaesthes ia  or plexus/nerve blocks  are
genera l ly safe, provided the patient i s  able to l ie flat comfortably.
Patients  with severe asthma (previous  ICU admiss ions , bri ttle disease) undergoing major abdominal  or thoracic surgery should be
admitted to HDU/ICU for postoperative observation.

Severe bronchospasm during anaesthes ia
See p. 848.
Postoperatively

Fol lowing major abdominal  or thoracic surgery good pa in control  i s  important and epidura l  ana lges ia  i s  frequently the best choice,
provided widespread intercosta l  blockade i s  avoided. When PCA is  used pethidine i s  a  better choice than morphine in symptomatic
asthmatics . Oxygen should
P.60

be prescribed a long with regular nebul i zer therapy. Convert regular s teroids  to intravenous  preparations . NSAIDs  should be avoided in
genera l  (up to 10% of asthmatics  may develop bronchospasm), but use them i f they have been tolerated in the past.
If there i s  increas ing dyspnoea and wheeze fol lowing surgery cons ider which other conditions  can resul t in wheeze. Left ventricular
fa i lure and pulmonary embol i  are both potent triggers  of bronchospasm. Also cons ider fluid overload and pneumothorax (recent
centra l  l ine?).

Drugs considered safe for asthmatics

Induction Propofol , etomidate, ketamine, midazolam

Opioids Pethidine, fentanyl , a l fentanyl

Muscle relaxants Vecuronium, suxamethonium, rocuronium, pancuronium

Volati le agents Halothane, i soflurane, enflurane, sevoflurane

Further reading
Guidel ines  on the management of as thma (1993). Thorax, 48 (Supplement), S1–S24.
Hirshman CA (1991). Perioperative management of the asthmatic patient. Canadian Journal  of Anaesthes ia , 38, R26–R32.
Library Holdings
Bibl iographic Links
Warner DO et a l . (1996). Perioperative respiratory compl ications  in patients  with asthma. Anaesthes iology, 85, 460–7.
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Bibl iographic Links

javascript:void(0)


Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Chronic obstructive pulmonary disease (COPD)
COPD encompasses  chronic bronchi ti s  and emphysema. Chronic bronchi ti s  i s  diagnosed on a  his tory of a  productive cough on most winter days
of three consecutive years . Emphysema is  a  his tologica l  diagnos is  of di latation and destruction of the a i rways  dis ta l  to the terminal
bronchioles .
The majori ty of patients  with COPD have been tobacco smokers  for a  s igni ficant period of thei r l i ves . Other factors  associated with COPD
include occupational  exposure to dusts  and atmospheric pol lution, poor socioeconomic s tatus , repeated vi ra l  infections , α1-anti tryps in
deficiency, and regional  variation within the United Kingdom.
Symptoms of COPD usual ly s tart a fter the age of about 55 years . The most common symptom is  shortness  of breath but there i s  often a
combination of shortness  of breath, cough, wheeze, and sputum production. Symptoms are frequently severe by the time any medica l  help i s
sought. Patients  frequently give a  his tory of repeated exacerbations  of respi ratory symptoms during the winter months . The morning i s  usual ly
the worst time for patients  with both asthma and COPD.
An increas ingly popular treatment of acute severe exacerbations  of COPD is  non-invas ive venti lation via  a  ful l  face or nasa l  mask. On
occas ions  this  technique may be used to ass is t severely affected patients  through the postoperative phase of major surgery. Preoperative
tra ining i s  essentia l  in conjunction with a  respi ratory uni t.
Pathophys iology
The principa l  problems in COPD are the development of a i rflow obstruction and mucus  hypersecretion, exacerbated by repeated vi ra l  and
bacteria l  infections . Many patients  have an element of revers ible a i rflow obstruction. If this  can be demonstrated i t i s  managed as  asthma.
Progress ive a i rflow obstruction may lead to respiratory fa i lure.
Patients  with predominant emphysema may be thin, tachypnoeic, breathless  at rest, and, a l though hypoxic, develop CO2 retention only as  a
late or terminal  event. Patients  with predominant chronic bronchi ti s  are frequently overweight with marked periphera l  oedema, poor
respiratory effort, and CO2 retention. These class ica l  s tereotyped pictures  of ‘pink puffer’ or ‘blue bloater’ are relatively infrequently seen
compared with the majori ty of patients  who have a  combination of features .
Assessment

Establ i sh exercise tolerance-ask speci fica l ly about hi l l s  and s ta i rs . A formal  assessment of exercise tolerance such as  s ta i r cl imbing
correlates  wel l  wi th pulmonary function tests .
Ensure any element of revers ible a i rflow obstruction (asthma) i s  optimal ly treated. A tria l  of ora l  prednisolone may be worth
cons idering, combined with a  medica l  review.
Pulmonary hypertens ion and right ventricular fa i lure may fol low severe or chronic pulmonary disease-optimize treatment of heart
fa i lure i f present.
Check spi rometry to clari fy diagnos is  and assess  severi ty (this  i s  much more informative than peak flow in COPD).
P.62
Check arteria l  blood gases  i f the patient has  di ffi cul ty cl imbing one fl ight of s ta i rs , i s  cyanosed, has  an oxygen saturation of < 95% on
air, or has  any periphera l  oedema.
If the patient has  a  very poor exercise tolerance (less  than one fl ight of s ta i rs ) and i s  undergoing a  procedure that wi l l  make breathing
painful  or di ffi cul t postoperatively, cons ider whether ICU or HDU care would be appropriate postoperatively.
Change to nebul i zed bronchodi lators  prior to surgery and continue for 24–48 h afterwards .

Anaesthes ia

See guidel ines  under asthma (see p. 59).
Patients  with severe COPD (particularly CO2 reta iners ) are at a  high ri sk of respi ratory fa i lure developing in the postoperative period
fol lowing abdominal  or thoracic surgery and may be sens i tive to any respiratory depressant. Cons ider HDU/ICU for any on this  group
postoperatively.
Some patients  (particularly those who are obese, breathless , and require long operations) are unsui table for a  spontaneous ly
breathing anaesthetic.

Postoperatively

Mobi l i ze as  early as  poss ible.
Give regular phys iotherapy to prevent atelectas is  and encourage sputum clearance.
Give oxygen as  appropriate (see p. 54).
If the patient becomes  pyrexia l  with more copious  or purulent sputum send a  sample for cul ture and s tart an antibiotic. Ora l
amoxici l l in, trimethoprim, or clari thromycin are usual ly sufficient for mi ld exacerbations  of COPD. If the patient i s  serious ly unwel l
treat as  postoperative pneumonia .
Continue with nebul i zed sa lbutamol  (2.5 mg four times  a  day) and ipratropium (500 µg four times  a  day) unti l  ful ly mobi le and change
back to inhalers  24 h before discharge. Sa lbutamol  may be given more frequently but there i s  no benefi t from higher doses  of
ipratropium.
If the patient i s  very s low to mobi l i ze cons ider referra l  to a  pulmonary rehabi l i tation programme i f ava i lable.

Lung volume reduction surgery for COPD
This  procedure has  increased over the las t few years . Lung volume reduction surgery i s  performed through a  s ternotomy and involves  excis ion
of 20 to 30% of each lung, a iming to improve respiratory mechanics  in severe COPD. Improvements  in FEV1 (forced expiration in 1 s ) of 80%,
reduction in tota l  lung capaci ty and res idual  volume, marked rel ief of dyspnoea, and improved exercise tolerance and qual i ty of l i fe are
described. Twenty per cent of patients  exhibi t no functional  improvement.
Further reading
Cooper JD, Trulock EP, Triantafi l lou AN (1995). Bi latera l  pneumectomy (volume reduction) for chronic obstructive pulmonary disease. Journal  of
Thoracic and Cardiovascular Surgery, 109, 106–19.
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Wong DH, Weber EC, Schel l  MJ, Wong AB, Anderson CT, Barker SJ (1995). Factors  associated with postoperative pulmonary compl ications  in
patients  with severe chronic obstructive pulmonary disease. Anesthes ia  and Analges ia , 80, 276–84.
Ovid Ful l  Text
Ful l  Text
Library Holdings

javascript:history.back()
javascript:void(0)
javascript:void(0)


Bibl iographic Links



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Bronchiectas is
Bronchiectas is  may be caused by genetic factors , e.g. cystic fibros is , or acquired fol lowing damage to the lower respiratory tract, especia l ly in
severe early chi ldhood infections . Most patients  have a  chronic productive cough, which may be present throughout the year. There i s
frequently a  component of as thma associated with chronic inflammatory changes  in the a i rways . Once establ i shed, bacteria l  infections  can be
di fficul t or imposs ible to eradicate. Pseudomonas  aeruginosa  i s  a  common pathogen that may be present for many years  and be associated
with intermittent exacerbations  of respi ratory symptoms.
The mainstay of treatment for bronchiectas is  i s  regular phys iotherapy, frequent courses  of appropriate antibiotics , and treatment of any
asthmatic symptoms. In cystic fibros is  there i s  a lso malabsorption due to pancreatic insufficiency, so appropriate dietary advice and
pancreatic supplements  are essentia l .
Patients  with bronchiectas is  need to be as  fi t as  poss ible before undergoing any major surgery which wi l l  inhibi t thei r coughing and
respiratory function. For elective surgery this  may mean a  planned admiss ion for intravenous  antibiotics  and phys iotherapy prior to surgery.
Preoperatively

Before elective surgery the patient should be as  fi t as  poss ible. Consul tation with thei r chest phys ician may be helpful . A course of IV
antibiotics  and phys iotherapy for 3–10 days  immediately prior to surgery may be necessary.
Ensure that the patient wi l l  receive phys iotherapy immediately postoperatively i f they have severe bronchiectas is . Contact on-ca l l
phys iotherapis t i f necessary.
Maximize bronchodi lation: convert to nebul i zed bronchodi lators .
Increase dose of prednisolone by 5–10 mg/day i f on long-term ora l  s teroids .
Send sputum sample for C&S before surgery. If antibiotics  are needed postoperatively the most appropriate one may then be s tarted.
Prior to major surgery, cons ider s tarting IV antibiotics  on admiss ion. Use current or most recent sputum cul ture to guide appropriate
prescribing. If in doubt assume that the patient has  Pseudomonas  aeruginosa  in thei r sputum and use a  combination such as
ceftazidime and gentamicin, or imipenem and gentamicin.
In patients  with severe disease check spi rometry and blood gases .
Postpone elective surgery i f the patient has  more respiratory symptoms than usual .

Postoperatively

Ensure that regular phys iotherapy i s  ava i lable: three times  da i ly and at night i f severely affected.
Adequate oxygenation, check SaO2.
Continue appropriate IV antibiotics  for at least 3 days  postoperatively or unti l  discharged.
Mainta in adequate nutri tion, especia l ly i f there i s  any malabsorption.
Refer to chest phys icians  early i f there i s  any deterioration in respi ratory symptoms.
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Cystic fibros is
Pathophys iology
The bas ic defect i s  an abnormal  epi thel ia l  chloride and sodium transport system encoded by a  gene on chromosome 7. Patients  experience
chronic s inus i ti s , nasa l  polyps  in 50% (polypectomy is  a  leading reason for anaesthes ia  in this  group), and respiratory, cardiovascular, and
gastrointestina l  disease. Neonates  may present for surgica l  treatment of meconium i leus . In the lung, vi scid mucus  causes  plugging,
atelectas is , and frequent chest infection (particularly Pseudomonas). Treatment i s  primari ly clearance of secretions  by postura l  dra inage and
antibiotic treatment of infections . Heart-lung transplant was  fi rs t performed in 1985 and early series  show a  78% 1-year surviva l . The
perioperative compl ication rate in cystic fibros is  i s  about 10% (mostly pulmonary).
Perioperative management

Exclude or treat active chest infection.
Cl inica l  s igns  can be mis leading. Perform a  chest radiograph. Look for bul lae and pneumothorax.
Spirometry: FEV1 may be prognostic.
Almost a l l  patients  with cystic fibros is  have symptoms from their bronchiectas is  and wi l l  require treatment as  outl ined above. Always
inform the patient's  cystic fibros is  phys ician of an admiss ion to a  surgica l  ward.
Intubation a l lows  bronchia l  toi let. Monitor for pneumothorax.
Eighty per cent of cystic fibros is  patients  have pancreatic malabsorption. Mainta ining adequate nutri tion after surgery i s  essentia l  and
the advice of an experienced cystic fibros is  dietician i s  essentia l .

Further reading
Walsh TS, Young CH (1995). Anaesthes ia  and cystic fibros is . Anaesthes ia , 50, 614–22.
Library Holdings
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Restrictive pulmonary disease
Restrictive pulmonary disease may be caused by intrins ic lung disease (such as  pulmonary fibros is ) or by extrins ic conditions  in which the
lung parenchyma is  normal  but there i s  a  fa i lure of the respiratory mechanism to provide an adequate a i r supply to the lung. Extrins ic
conditions  include disease of the chest wal l  (kyphoscol ios is , severe obes i ty) or other abdominal  problems producing s igni ficant spl inting of
the diaphragm. Changes  on the chest radiograph wi l l  be according to the underlying condition.
Pulmonary fibros is
Pulmonary fibros is  makes  patients  breathless  because they have lungs  that are hard to inflate and have impaired abi l i ty to take up oxygen.
Ini tia l ly there i s  an inflammatory reaction centred on the a lveol i , impairing gas  exchange. Over a  period of time, which can vary from days  to
years , col lagen i s  formed in and around the a lveol i  caus ing more marked impairment of gas  exchange and smal ler, s ti ffer lungs .
Pulmonary fibros is  i s  the fina l  response of the lung to a  number of di fferent s timul i . Causes  include those associated with autoimmune
disorders  (e.g. rheumatoid arthri ti s , scleroderma), inhaled dusts  (e.g. asbestos ) or ingested substances , especia l ly drugs  (e.g. amiodarone,
chemotherapy agents , paraquat poisoning). Al lergic response to inhaled substances  can cause fibros is  i f exposure i s  prolonged, e.g. bi rd
fancier's  and farmer's  lung. Pulmonary infections  rarely trigger a  fibrotic response. Treatment i s  usual ly with ora l  s teroids  but other
immunosuppress ive therapy may be used and young patients  may be cons idered for lung transplantation i f severely affected.
Preoperatively
Many patients  are s table and only s lowly deteriorate over some years . These patients  may tolerate surgery relatively wel l .

Check preoperative blood gases . A reduced PaO2 reflects  s igni ficant disease.
Obta in lung function tests  including spi rometry, lung volumes , and gas  transfer i f these have not been done within previous  6–8 weeks .
For those on s teroids , increase dose s tarting with premedication and continuing an extra  5–10 mg of prednisolone per day unti l  the
patient goes  home.
Discuss  serious ly affected patients  with a  chest phys ician.

Postoperatively

Ensure adequate additional  oxygen, mainta in SaO2 > 92%.
Mobi l i ze early.
Treat any respiratory infection vigorous ly.
Ensure patient i s  continuing to receive s teroids  in appropriate form.

Restrictive pulmonary disease due to chest wal l  conditions
Chest wal l  or thoracic spina l  deformities  resul t in inefficient respi ration and a  reduction of a l l  lung volumes . Respiration i s  characterized by
rapid sha l low breaths  and i s  eas ier in the s i tting pos i tion. Blood gases  often remain normal  unti l  la te. CO2 retention i s  a  late s ign and
impl ies  severe disease and incipient
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venti latory fa i lure. The s igni ficance of the condition may be assessed us ing spi rometry.
Postoperatively sputum retention may be a  major problem and good phys iotherapy and analges ia  are vi ta l . Spina l  disease wi l l  preclude
certa in regional  anaesthetic techniques , such as  epidura l  ana lges ia . Patients  may develop respiratory fa i lure with relatively minor
postoperative problems and must be assessed regularly. A laparotomy in a  patient who depends  on their diaphragm for adequate venti lation
because of underlying chest wal l  disease may cause respiratory fa i lure to develop in the early postoperative period.
Perioperative plan

Fol low the principles  described under pulmonary fibros is .
Cons ider ICU/HDU fol lowing major surgery.
Vigorous  phys iotherapy pre- and postoperatively.
Early involvement of the ICU team and respiratory phys icians  i f deterioration occurs .
May be sui table for elective tra ining in CPAP/NIPPV techniques  preoperatively.
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Sleep apnoea syndrome (see a lso page 511)
Sleep apnoea i s  defined as  cessation of a i rflow at the mouth and nose for at least 10 s . Sufferers  develop recurrent apnoea and hypoxaemia
during s leep. Many are overweight, middle-aged men, who present with compla ints  of snoring with periods  of apnoea, dis turbed s leep,
excess ive daytime drows iness , and headaches . The patient may develop systemic and pulmonary hypertens ion, congestive cardiac fa i lure,
and respiratory fa i lure with CO2 retention. Two types  of s leep apnoea are recognized: obstructive s leep apnoea from obstruction of the upper
a i rway, which affects  85% of sufferers , and centra l  apnoea (due to intermittent loss  of respi ratory drive), which affects  10% of sufferers ; 5% of
patients  have both types . Both conditions  resul t in intermittent respi ratory arrest during rapid eye movement (REM) s leep, which resolves
when the patient responds  to the hypoxia  that develops . Patients  frequently have marked daytime hypersomnolence because of repeated
nocturnal  arousa l  from hypoxia . The condition i s  diagnosed in a  s leep laboratory by monitoring oxygen saturation and nasa l  a i rflow;
additional  tests  including measurement of respi ratory and abdominal  muscle activi ty, EEG, and EMG activi ty (polysomnography) may be
required in some patients .
In chi ldren obstructive s leep apnoea i s  most commonly associated with adenotons i l lar hypertrophy, but the severi ty of obstructive s leep
apnoea i s  not a lways  proportional  to the s i ze of the tons i l s  and adenoids . Obstructive s leep apnoea should be cons idered in a l l  chi ldren
presenting for adenotons i l lectomy and, i f suspected, a  ful l  blood count (to detect polycythaemia), pulse oximetry, and ECG (looking for s igns  of
cor pulmonale) should be performed. Three per cent of chi ldren presenting for adenotons i l lectomy have features  of right ventricular s tra in on
their ECG and echocardiography i s  indicated in these patients  to exclude right ventricular hypertrophy.
Treatment

Weight reduction and management of associated conditions  such as  obstructive a i rway disease, hypertens ion, and cardiac fa i lure may
be success ful .
CPAP appl ied overnight by a  nasa l  mask i s  often effective.
A few patients  require surgery to the upper a i rway. In chi ldren adenotons i l lectomy may be indicated.

Operative ri sks
Patients  with s leep apnoea syndrome are at ri sk of respi ratory fa i lure perioperatively as  they are extremely sens i tive to a l l  sedative drugs ,
especia l ly opioid analges ics . The ri sk of developing respiratory compl ications  after major abdominal  or thoracic surgery i s  high.
Preoperative care
In cases  of suspected s leep apnoea:

Take a  his tory from the patient and, i f poss ible, thei r s leeping partner. Ask the patient about daytime hypersomnolence and how
eas i ly they would fa l l  as leep during common tasks  such as  reading, ta lking to someone, or driving.
Ask the partner about snoring and whether any apnoeic spel l s  have been noted at night; the patient i s  usual ly unaware of these but
spouses  may be very worried.
P.68
Obes i ty and a  col lar s i ze of more than 17 inches  are ri sk factors  for obstructive s leep apnoea.
Cons ider a  respi ratory opinion in patients  with periphera l  oedema and oxygen saturation < 92%.

Previous ly diagnosed s leep apnoea

Ensure that the patient i s  optimal ly treated for any associated medica l  conditions .
If the patient i s  on inhalers , change to nebul i zed bronchodi lators .
Ensure that the patient wi l l  be able to continue taking their usual  medication by an appropriate route postoperatively.
If the patient i s  receiving CPAP at night, ensure that ward s taff are fami l iar with setting i t up.
Examine the patient: heart fa i lure and periphera l  oedema suggest severe obstructive s leep apnoea.
Measure blood gases  and pulse oximetry to determine the normal  PaO2 and whether the patient reta ins  CO2.
Contact the chest phys iotherapis t.
Do not wri te up night sedation or sedative premedication.

Anaesthes ia

Airway maintenance, mask venti lation, and intubation may be di ffi cul t.
Regional  anaesthes ia  i s  often preferred to minimize the use of sedative agents .
Regional  techniques  may a lso provide effective postoperative analges ia , avoiding the requirement for opioids .
Cons ider the use of NSAIDs .

Postoperative care

Patients  are best managed in a  high-dependency setting or even ICU.
After major surgery some patients  may need to be venti lated for a  few hours  unti l  they are s table enough to wean from the venti lator.
Continuous  pulse oximetry should be used on the ward.
The patient should be nursed s i tting up whenever poss ible.
There i s  debate about the optimum method of oxygen supplementation. Aim to mainta in the oxygen saturation that the patient
mainta ined preoperatively, ti trating the oxygen to the minimum required. A few patients  may develop CO2 retention with oxygen
therapy. This  i s  best detected by blood gas  analys is  in those patients  at ri sk who become di ffi cul t to wake or who develop s igns  of CO2

retention.

Further reading
Boushra  NN (1996). Anaesthetic management of patients  with s leep apnoea syndrome. Canadian Journal  of Anaesthes ia , 43, 599–616.
Library Holdings
Bibl iographic Links
Warwick JP, Mason DG (1998). Obstructive s leep apnoea syndrome in chi ldren. Anaesthes ia , 53, 571–9.
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Anaesthes ia  for patients  after lung transplantation
Lung transplantation was  fi rs t performed in 1963; outcomes  have improved s ince the introduction of ciclosporin A in 1981.
Surgery may be indicated for compl ications  related to transplant, compl ications  of immunosuppress ive treatment, the underlying condition
(emphysema, α1-anti tryps in deficiency, pulmonary fibros is , primary pulmonary hypertens ion, cystic fibros is ), or unrelated reasons .
Pathophys iology of the transplanted lung

The transplanted lung i s  denervated-mucosa l  sens i tivi ty and the cough reflex are suppressed below the anastomos is , and sputum
clearance i s  impaired postoperatively.
Hypoxic vasoconstriction i s  unimpaired.
Lymphatic dra inage i s  severed but then re-establ i shed 2–4 weeks  posttransplantation. Transplanted lungs  are at particular ri sk of
pulmonary oedema, especia l ly in the early postoperative period.
In double lung transplant the heart may be denervated and has  a  higher resting heart rate (90–100 beats/min) and may be more
susceptible to arrhythmias .

Anaesthetic management

The interaction of immunosuppress ive drugs  (ciclosporin A, s teroids , azathioprine) with anaesthetic drugs  i s  more theoretica l  than
cl inica l .
Underlying disease may have effects  on pulmonary function. There may be res idual  systemic disease.
Monitor neuromuscular function and avoid high doses  of opioid in order to achieve early extubation.
Intubation should be performed to leave the tube just through the cords  and the cuff careful ly inflated and checked intra-operatively to
minimize the ri sk of damage to the tracheal  or bronchia l  anastomos is . If a  double lumen tube i s  required i t should be placed under
direct vi s ion us ing a  fibrescope.
Strict attention to fluid ba lance i s  required.
Aim for early return of pulmonary function and extubation.
Postoperative admiss ion to intens ive care i s  only indicated when anaesthes ia  i s  compl icated by inadequate recovery of respi ratory
function, the surgica l  condition, or the presence of rejection or infection.

javascript:history.back()


Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Diabetes  mel l i tus 1

Diabetes  mel l i tus  i s  present in 5% of the population, 80% of whom have noninsul in dependent diabetes  (NIDDM) and 20% have insul in-
dependent diabetes  (IDDM). Compl ications  resul ting from microangiopathy and neuropathy have important impl ications  for anaesthes ia . The
severi ty and incidence of these may be related to the duration and control  of the disease.
Insul in i s  necessary even when fasting to mainta in glucose homeostas is  and ba lance s tress  hormones  (e.g. adrenal ine). It promotes
anabol i sm, wound heal ing, and polymorph phagocytic function, and prevents  ketogenes is . Lack of insul in i s  associated with hyperglycaemia,
osmotic diures is , dehydration, hyperosmolari ty, hyperviscos i ty, a  predispos i tion to thrombos is , cerebra l  oedema, and increased rates  of
wound infection. Susta ined hyperglycaemia  i s  associated with an increased hospi ta l  s tay and compl ication rates .
Diabetes  i s  ‘s tarvation in the midst of plenty’–a  high blood glucose i s  combined with intracel lular glucose depletion, which in turn resul ts  in
ketos is . Perioperatively insul in i s  needed for transport of glucose into cel l s  and to counter the catabol ic effects  of increased levels  of s tress
hormone.
Preoperative assessment

Cardiovascular: the diabetic i s  prone to hypertens ion, i schaemic heart disease, cerebrovascular disease, myocardia l  infarction and
cardiomyopathy. Autonomic neuropathy can lead to tachy- or bradycardia  and postura l  hypotens ion. Diabetics  (especia l ly IDDM) have
three times  the incidence of i schaemic heart disease, and this  may be ‘s i lent’. Perioperative morta l i ty and morbidi ty i s  increased with
underlying renal  damage (microa lbuminuria).
Autonomic neuropathy (present in 50% of diabetics ) increases  the ri sk of unstable BP, myocardia l  i schaemia, arrhythmias , gastric
reflux, and hypothermia  during surgery.
Renal : 40% of diabetics  develop microa lbuminuria , which i s  associated with hypertens ion, i schaemic heart disease, and retinopathy.
This  may be reduced by treatment with ACE inhibi tors .
Respiratory: diabetics  are prone to perioperative chest infections , especia l ly i f they are obese and smokers .
Ai rway: thickening of soft ti s sues  (glycosylation) occurs , especia l ly in l igaments  around joints -the ‘l imited joint mobi l i ty syndrome’. If
the neck i s  a ffected there may be di ffi cul ty achieving the ‘sni ffing the morning a i r’ pos i tion or sufficient mouth opening for intubation.
Gastrointestina l : 50% have delayed gastric emptying and are prone to reflux.
Eyes : cataracts  are common, especia l ly in the elderly diabetic.
Diabetics  are prone to infections .
Miscel laneous : diabetes  may be caused or worsened by treatment with corticosteroids , thiazide diuretics , and the contraceptive pi l l .
Thyroid disease, obes i ty, pregnancy, and s tress  can a lso affect diabetic control .
P.73
The diabetic patient i s  often the best judge of thei r insul in regime. High blood glucose levels  are frequently found on admiss ion to
hospi ta l , presumably s tress  related, and may settle spontaneous ly. The ‘diabetic team’ may have nurse specia l i s ts  as  wel l  as  medica l
s taff who wi l l  advise on glucose control . Many patients  are a lso fami l iar with s l iding sca le insul in regimes  from previous  hospi ta l
admiss ions .

Genera l  principles
The overa l l  a ims  of perioperative diabetic management are:

avoid hypoglycaemia  which can cause i rrevers ible cerebra l  damage
avoid severe hyperglycaemia  resul ting in osmotic diures is  and severe dehydration (>14 mmol/l i tre)
avoid large swings  in glucose, i .e. mainta in blood glucose in the range 6–10 mmol/l i tre
supply cel l s  with insul in so that intracel lular glucose s tarvation does  not occur, preventing ketoacidos is
prevent hypokalaemia, hypomagnesaemia, and hypophosphataemia.

It i s  not necessary to admit diabetics  2 days  before surgery, unless  there are major problems with diabetic control . A glycosylated
haemoglobin (HbsAc) >9% (normal  3.8–6.4%), suggests  inadequate control  of the blood glucose.
Al l  genera l  medications  should be continued unti l  and including the morning of surgery. For diabetic medications :

Metformin should be s topped 2 days  before major surgery as  i t can precipi tate lactic acidos is .
Chlorpropamide should idea l ly be s topped 3 days  before surgery because of i ts  long action. This  i s  often not poss ible and should not
pose a  major problem i f frequent blood glucose monitoring i s  undertaken.

In both these cases , a  shorter acting drug such as  gl ibenclamide should be substi tuted.

An occas ional  patient may s ti l l  be taking a  long-acting insul in, e.g crysta l l ine insul in zinc suspens ion. If poss ible, this  should a lso be
stopped severa l  days  before surgery and substi tuted with an intermediate-or shortacting insul in.
Intermediate-and short-acting insul ins  and other ora l  hypoglycaemics  can be continued up unti l  the day of surgery, and then fol low the
regimes  below.

The s tress  response of surgery wi l l  a l ter the patient's  insul in requirements . Treatment wi l l  need to be adjusted according to:

the nature of the surgery—the extent, length, and period unti l  eating and drinking aga in
whether the patient i s  IDDM or NIDDM
the qual i ty of thei r blood sugar control—should be 6–10 mmol/l i tre
Insul in requirements  usual ly reduce once the patient begins  to recover from surgery.

Preoperative management

Measure blood sugar preoperatively—4-hourly for IDDM and 8-hourly for NIDDM.
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Test urine for ketones  and sugar.
Place fi rs t on operating l i s t.
If diabetes  i s  very poorly control led but ketones  are not present, s tart a  s l iding-sca le insul in regime. If ketones  are present, cons ider
delaying nonurgent surgery and involving the diabetic team. If urgent surgery required use the ‘Major surgery regime’.

Perioperative management
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In genera l , i f the patient can be expected to eat and drink within 4 h of surgery, then i t i s  class i fied as  minor. Al l  surgery other than
minor i s  class i fied as  major. The tables  below give various  regimes  for both types  of surgery.
Patients  with diet-control led diabetes  mel l i tus  rarely need more than routine monitoring of thei r blood glucose levels  (4-hourly).
Cons ider an insul in infus ion i f the blood glucose i s  >17 mmol/l i tre or urinary ketones  are present.
Avoid prescribing Hartmann's  solution to diabetics  as  the lactate may ra ise the blood sugar level .

Glucose and insul in infus ions  should be adminis tered through the same cannula  to prevent accidenta l  adminis tration of insul in without
glucose. Both infus ions  should be regulated by volumetric pumps  and a  one-way va lve included in the glucose l ine to prevent retrograde flow
of insul in should the cannula  become blocked (on unblocking a  large amount of insul in could then be accidenta l ly discharged into the
patient).

Minor surgery. For patients whose random sugar is <10 mmol/litre on admission, will only miss one meal and are first on the list for minor surgery. (If
blood sugar >10 mmol/litre follow as for major surgery).

Non-insul in-dependent diabetics

Omit ora l  hypoglycaemic

Blood glucose measurement:

 1 h preop.

 at least once during operation

 postop. 2-hourly unti l  eating

 then 8-hourly

Restart ora l  hypoglycaemics  with fi rs t meal

Insul in-dependent diabetics

Omit normal  SC insul in i f glucose <7 mmol/i tre

Give ha l f normal  insul in i f glucose >7 mmol/l i tre

Blood glucose measurement:

 1 h preop.

 at least once during operation

 postop. 2-hourly unti l  eating

 then 4-hourly

 Restart normal  SC insul in regime with fi rs t meal

Major surgery

Non-insul in-
dependent and
insul in-dependent
diabetics

Check blood sugar and potass ium preoperatively

Omit ora l  hypoglycaemics  or normal  subcutaneous  insul in

Start intravenous  infus ion of 5% glucose (500 ml/4 h) or 10% glucose (500 ml/8 h) depending on fluid requirements .
Dextrose 4%/sa l ine 0.18% may a lso be used:
If K+ <4.5 mmol/l i tre add 20 mmol  of KCl  to each l i tre

Start a  variable-rate insul in infus ion (50 ml  of 0.9% sa l ine conta ining 50 uni ts  of soluble insul in—1 unit per ml) at
0800h on the day of surgery

Blood glucose measurement:
2-hourly from start of infus ion
at least once during operation (hourly i f op. >1 h)
hourly postoperatively for 4 h then 2-hourly.

If infus ion not mainta ining blood sugar within normal  l imits  then the rates  should be increased. Simi larly patients
on very high doses  of insul in normal ly should be s tarted on a  higher rate

Postoperative

NIDDM—stop infus ion and restart ora l  hypoglycaemics  when eating and drinking IDDM—stop infus ion when eating
and drinking. Ca lculate the tota l  da i ly dose (uni ts ) of insul in the patient was  taking preoperatively and adminis ter
this  as  SC soluble insul in (Actrapid) divided into 3–4 da i ly doses .
Adjust doses  unti l  blood sugar levels  s table. Once s table restart normal  regime

Intravenous insulin sliding scale

Blood glucose (mmol/litre) Insulin infusion rate (unit/h) Insulin infusion rate if blood glucose not maintained <10 mmol/litre (unit/h)

<4 0 0

4.1–9 1 2

9.1–13 2 3

13.1–17 3 4

17.1–28 4 6

>28 6 (check infus ion running and ca l l  doctor) 8 (check infus ion running and ca l l  doctor)
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Anaesthetic technique
Standard intra-operative monitoring should be used. Check the blood glucose hourly. There are no particular contra indications  to s tandard
genera l  anaesthetic techniques :

Cons ider a  rapid sequence induction i f gastric s tas is  i s  suspected.
If there i s  autonomic involvement adminis ter a l l  drugs  s lowly.
Regional  techniques  may be particularly useful  for extremity surgery and reduce the ri sk of undetected hypoglycaemia.
Chart any pre-exis ting nerve damage before performing blocks .
Autonomic dys function may exacerbate the hypotens ive effect of spina ls  and epidura ls .

Hypoglycaemia
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Hypoglycaemia  (blood glucose <4 mmol/l i tre) i s  the main danger to diabetics  perioperatively. Fasting, recent a lcohol  consumption, l iver
fa i lure, and septicaemia  commonly exacerbate this . Characteris tic s igns  are:

Tachycardia , l ight-headedness , sweating, and pa l lor. This  may progress  to cause confus ion, restlessness , incomprehens ible speech,
double vis ion, convuls ions , and coma. If untreated, permanent bra in damage wi l l  occur, made worse by hypotens ion or hypoxia .
Anaesthetized patients  may not show any of these s igns . Monitor blood sugar regularly and suspect hypoglycaemia  with unexpla ined
changes  in the patient's  condition.
Give 50 ml  of 50% glucose (or any glucose solution ava i lable) intravenous ly and repeat blood sugar measurement. Al ternatively give 1
mg of glucagon (IM or IV).
10–20 g (2–4 teaspoons) of sugar, by mouth or nasogastric tube, i s  an a l ternative.
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Glucose insul in potass ium regime (‘GKI’ or ‘Alberti ’)2

This  i s  an a l ternative s impler regime for major surgery, which does  not require infus ion pumps, but may provide less  accurate control  of blood
sugar. The origina l  regime as  described by Alberti  cons is ts  of:

500 ml  of dextrose 10%
add 10–15 uni ts  actrapid, plus  10 mmol  potass ium chloride per 500 ml  bag
infuse at 100 ml/h
provides  insul in 2–3 uni ts/h, potass ium 2 mmol/h, and glucose 10 g/h.
Dextrose 10% is  not a lways  ava i lable, so the fol lowing regime with 5% dextrose can be used:
infus ion of 5% glucose (500 ml  bags) at the ca lculated rate for the patient's  fluid maintenance requirements
insul in and potass ium should be added to each bag as  per the table below
the bag may be changed according to 2-hourly blood glucose measurements .

Blood glucose
(mmol/litre)

Soluble insulin (units) to be added to each 500 ml
bag

Blood potassium
(mmol/litre)

KCl (mmol) to be added to each 500 ml bag

<4 5 <3 20

4–6 10 3–5 10

6.1–10 15 >5 None

10.1–20 20   

>20 Review If potass ium level  not ava i lable, add 10 mmol  KCl  to each bag

Footnote
1

McAnulty GR, Robertshaw HJ, Ha l l  GM. (2000). Anaesthetic management of patients  with diabetes  mel l i tus . Bri ti sh Journal  of Anaesthes ia ,
85(1), 80–90.
Ful l  Text
Library Holdings
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2

Alberti  KGMM (1991). Diabetes  and surgery. Anesthes iology, 74, 209–11.
Library Holdings
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Acromegaly
This  syndrome is  caused by an excess  of growth hormone, produced by a  tumour of the anterior pi tui tary. These patients  present severa l
speci fic anaesthetic cha l lenges .
Cardiovascular
Hypertens ion, i schaemic heart disease, arrhythmias , cardiac enlargement, and cardiomyopathy are often present. An ECG and careful  cl inica l
examination for s igns  of fa i lure and va lvular disease are essentia l . Echocardiography i s  va luable for those who are symptomatic or who have
murmurs .
Ai rway
The patient may have a  very large jaw, head, tongue, l ips , and genera l  hypertrophy of the mucosa  of the larynx, trachea, and a i rway s tructures
making intubation potentia l ly di ffi cul t. Voca l  cord thickening or s trictures , glottic and subglottic s tenos is , and chondroca lcinos is  of the larynx
may a lso compl icate intubation. Sleep apnoea can occur as  a  resul t of these changes . Kyphos is  makes  pos i tioning di ffi cul t and compromises
respiratory function. Enlargement of the thyroid i s  a l so common.

Snoring and daytime somnolence may indicate s leep apnoea.
Careful  a i rway assessment should be performed and cons ider di rect/indirect laryngoscopy preoperatively i f voca l  cord or laryngeal
pathology i s  suspected.
Awake fibreoptic intubation i s  the technique of choice for patients  with anticipated di ffi cul t intubation but in rea l i ty i s  seldom
required.
Elective tracheostomy should be cons idered in those with severe respiratory obstruction.
Cons ider ICU or HDU postoperatively, especia l ly i f the patient has  a  his tory of s leep apnoea or severe cardiovascular disease.
Acromegal ics  may have a  decreased centra l  respi ratory drive and opioid analges ia/hypnotic sedatives  should be used with caution,
preferably in an HDU or ICU.

Endocrine

Diabetes  i s  common, caused by the excess  growth hormone. Perform a  preoperative blood sugar measurement and cons ider s tarting a
s l iding sca le insul in regime.
Hypothyroidism and hypoadrenal i sm may occur ei ther posthypophysectomy, or secondary to the expanding tumour, decreas ing
production of thyroid-s timulating hormone and ACTH.

Raised intracrania l  pressure
This  may a lso be present.
Drugs

Patients  may be on somatostatin analogues  (octreotide, lanreotide). These may cause gastrointestina l  s ide-effects  including vomiting
and diarrhoea.
Bromocriptine, a  long-acting dopamine agonis t, i s  often used to lower growth hormone levels . It can cause severe postura l
hypotens ion.

P.79
Miscel laneous

Large hands  and feet may present a  problem in placing SpO2 probes .
Nerve compress ion syndromes  are common so take care to protect vulnerable areas  (the ulnar nerve at the elbow, the median nerve at
the wris t, and the common peroneal  nerve below the knee).
Myopathy (especia l ly proximal  myopathy) may occur. Severe cases  may have respiratory muscle involvement. Postoperative
mobi l i zation may be problematica l .
The patient's  s i ze makes  pos i tioning di ffi cul t, and long tables  and beds  may be needed.
Large ETTs  should be ava i lable (10 mm), but are not usual ly required
Use extra  padding to protect pressure areas .

Further reading
Hakala  P, Randel l  T, Va l l i  H (1998). Laryngoscopy and fibreoptic intubation in acromegal ic patients . Bri ti sh Journal  of Anaesthes ia , 80, 345–7.
Library Holdings
Bibl iographic Links
Smith M, Hirsch NP (2000). Pi tui tary disease and anaesthes ia . Bri ti sh Journal  of Anaesthes ia , 85, 3–14.
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Thyroid disease
Patients  with thyroid disease may present for removal  of an enlarged thyroid gland (goi tre) or for non-thyroid related surgery.
Preoperative assessment

Thyroid function: check that the patient i s  euthyroid. Surgery should be delayed i f poss ible unti l  this  i s  achieved. Cl inica l ly a  heart rate
of less  than 80 beats/min and no hand tremor are useful  confi rmatory s igns .
Respiratory obstruction can occur due to the anatomica l  pos i tion of the gland. Pay particular attention to the a i rway, noting any
tracheal  deviation. This  i s  a  particular problem when the gland extends  retrosternal ly or i s  very large. Infi l trating carcinomas  may make
any neck movement di ffi cul t. A chest radiograph and thoracic inlet views  are essentia l . If there i s  shortness  of breath, dysphagia , or
s tridor (occurs  with >50% compress ion), a  CT or MRI scan wi l l  reveal  the extent of the tracheal  compress ion. An awake fibreoptic
intubation or gas  induction wi l l  probably be the safest course of action in this  s i tuation (see pp. 300, 870, 509). Expla in the procedure
but avoid atropine premedication i f the patient i s  hyperthyroid or in atria l  fibri l lation.
Refer patient to an ENT surgeon for indi rect laryngoscopy. Pre-exis ting voca l  cord pa lsy should be recorded.
Superior vena cava l  obstruction can occur (dis tended neck veins  that do not change with respiration).
Look for other autoimmune disorders .

Pharmacology

Carbimazole inhibi ts  iodination of tyrosyl  res idues  in thyroglobul in. Its  main s ide-effect i s  granulocytopenia  (0.1–1.2%).
Propyl thiouraci l  as  above, plus  reduces  de-iodination of T4 to T3 in periphera l  ti s sue.
Lugol 's  iodine (iodine solution in potass ium iodide): this  decreases  the secretion of thyroid hormone from the gland and decreases
vasculari ty.
Propranolol , a  non-selective beta-blocker, decreases  the periphera l  convers ion of T4 to T3. This  action i s  not present in more
cardioselective betablockers .

Thyrotoxicos is

This  typica l ly presents  with weight loss , hypertens ion, sweating, and cardiac arrhythmias  (especia l ly atria l  fibri l lation).
Treatment i s  with carbimazole (30–45 mg ora l ly da i ly for 6–8 weeks). Occas ional ly in severe cases  with a  large goi tre, Lugol 's  iodine i s
substi tuted 10 days  preoperatively to reduce gland vasculari ty.
Beta-blockade (propranolol  30–60 mg 8-hourly) i s  a l so s tarted i f there are s igns  of tremor or pa lpi tations . The adequacy of blockade
can be determined by assess ing the s leeping heart rate. Mainta in beta-blockers  perioperatively to reduce the poss ibi l i ty of thyroid
storm (see below).

P.81
Thyroid cri s i s  (‘s torm’)
This  i s  due to uncontrol led release of thyroid hormones  in a  thyrotoxic patient, especia l ly i f not wel l  control led with carbimazole. Acute
i l lness , surgery, and trauma are potent triggers . Patients  may present perioperatively with hyperpyrexia , tachycardia , or SVT (mimicking
mal ignant hyperpyrexia), agi tation, nausea and vomiting, diarrhoea, jaundice, or sudden mania . The condition can be fata l  and needs  urgent
treatment.

Identi fy the cause and treat on HDU/ICU.
Give emergency drugs  as  fol lows:

Carbimazole 60–120 mg or propyl thiouraci l  600–1200 mg ora l ly or down a  nasogastric tube. Wait for 1 h for this  to s tart working
then give:

Lugol 's  solution (aqueous  ora l  iodine solution) 0.3 ml  8-hourly, ora l ly. If this  i s  given before the carbimazole has  time to
work, i t may cause further release of hormone!
Propanolol , up to 10 mg IV bolus  and 20–80 mg 8-hourly ora l ly or 1–5 mg 6-hourly IV. Esmolol  may a lso be used acutely as
a  bolus  of 0.5–1.0 mg/kg over 30 s , fol lowed by an infus ion of 50–300 µg/ kg/min.
Hydrocorti sone 100 mg 6-hourly IV.
Cooled intravenous  fluids . Heart fa i lure may be precipi tated in the elderly. Cons ider CVP or a  pulmonary artery flotation
catheter.
Active cool ing.
Plasma exchange or charcoal  perfus ion.

It may be necessary to use IPPV to optimize oxygenation.
Dantrolene has  been used with success  in doses  of 1–10 mg/kg IV
Some authori ties  suggest broad spectrum antibiotics

Hypothyroidism

This  i s  commonly due to autoimmune thyroid destruction, but may be secondary to pi tui tary or hypothalamic disease, previous  thyroid
surgery, or treatment with radioactive iodine.
Cardiovascular compl ications  include decreased blood volume, cardiac output, and heart rate with a  predispos i tion to hypertens ion
and i schaemic heart disease. Pericardia l  effus ions  a lso occur. Patients  are thus  susceptible to profound hypotens ion on induction of
anaesthes ia , which may be relatively res is tant to the effects  of catecholamine therapy.
The low metabol ic rate predisposes  to hypothermia, and drug metabol i sm can be s low. Careful  monitoring of the twitch response and
reduced dosage of relaxants  and opioids  i s  advised.
Delay surgery i f poss ible to atta in a  euthyroid s tate. Joint management with an endocrinologis t i s  suggested. The elderly are
susceptible to heart fa i lure with increas ing cardiac work caused by thyroxine therapy. A suggested regime i s :

l -thyroxine 100–200 µg da i ly, ora l ly. Start with 25 µg in the elderly or patients  with heart disease and increase at 3–4-weekly
interva ls . Sui table for elective surgery that can be delayed.
If surgery i s  urgent then l iothyronine (T3), 50–100 µg IV s lowly under ECG control , fol lowed by 25 µg 8-hourly can be used. Its
effects  develop after a  few hours  and disappear 24–48 h after discontinuing therapy.
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Hypothyroid coma
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This  can present fol lowing surgery, anaesthes ia , or secondary to infection or trauma. It i s  characterized by menta l  deterioration, impaired
thermoregulation, and may be fata l  i f not treated promptly. Treatment cons is ts  of:

intravenous  l iothyronine (as  above)
hydrocorti sone 100 mg 6-hourly
IV fluids  and antibiotics
IPPV and active warming.

Hypoparathyroidism
If the parathyroids  are a lso removed this  can cause hypocalcaemia  postoperatively. This  can present with cramps, tetany, s tridor,
paraesthes ia , menta l  confus ion, or convuls ions . Trousseau's  and Chvostek's  s igns  may be el ici ted. A prolonged QT interva l  (>0.44 s ) may lead
to arrhythmias , especia l ly Torsades  de pointes . Treat with ca lcium gluconate (10%) 10–20 ml  IV, s lowly with continual  ECG monitoring (see
parathyroid disease pp. 83–84).
Further reading
Farl ing PA (2000). Thyroid disease. Bri ti sh Journal  of Anaesthes ia , 85, 15–28.
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Parathyroid disorders
The parathyroid glands  are respons ible for mainta ining ca lcium homeostas is  via  the secretion of parathyroid hormone. Parathyroid hormone
acts  on the bones  and kidneys  to increase serum ca lcium and decrease serum phosphate. It s timulates  osteoclasts  di rectly, caus ing the
release of ca lcium and phosphate into the extracel lular fluid and s imultaneous ly increas ing phosphate excretion and ca lcium reabsorption in
the kidney. Over- or undersecretion of parathyroid hormone therefore mainly affects  these electrolytes .
Hyperparathyroidism

Primary-usual ly an adenoma caus ing a  high ca lcium level  and low phosphate level .
Secondary-compl icates  chronic renal  fa i lure. Parathyroid hyperplas ia  causes  a  normal  or low ca lcium level  and a  high phosphate level .
Tertiary-when parathyroid hyperplas ia  progresses  to autonomous  secretion, behaving l ike an adenoma. Excess ive secretion of
parathyroid hormone continues  when the renal  fa i lure i s  corrected.

Diagnos is

Primary hyperparathyroidism is  diagnosed on the bas is  of a  ra ised level  of parathyroid hormone with high ca lcium. Tumours  are very
rarely pa lpable and are loca l i zed at surgery. No other investigations  are required. Methylene blue (up to 1 mg/kg) i s  sometimes  given
immediately preoperatively to help loca l i ze the parathyroid gland.
If hyperca lcaemia  recurs  postoperatively, then formal  sampl ing of venous  dra inage from the thymus  and areas  of the mediastinum is
performed under radiologica l  control . Exploration for recurrent disease may involve s ternotomy or extens ive neck dissection.
Secondary hyperparathyroidism usual ly presents  as  excess ive bone resorption (seen earl ies t in the radia l  aspect of the middle
phalanx of the second digi t) or soft ti s sue ca lci fi cation of the vascular and soft ti s sues  including kidneys , heart, lungs , and skin.
Parathyroid hormone and serum phosphate are ra ised.

Cl inica l  presentation

Often very subtle, with 50% of cases  being asymptomatic.
Anorexia , nausea, vomiting, constipation, and weight loss .
Polyuria , polydips ia , and renal  ca lcul i .
Depress ion, poor memory, drows iness .
A shortened Q-T interva l  on the ECG.

Hyperca lcaemic cri s i s
This  i s  increas ingly common amongst the elderly with undiagnosed hyperparathyroidism and in patients  with mal ignant disease. Treatment
includes :

Rehydration, with 4–6 l i tres  of fluid often required.
Forced sa l ine diures is  us ing sa l ine and furosemide (frusemide) (40 mg, 4-hourly).
P.84
If serum ca lcium is  over 4.5 mmol/l i tre, this  i s  l i fe-threatening and can be rapidly but trans iently lowered by 500 ml  of 0.1 M neutra l
phosphate given over 6–8 h.
Pamidronate 60 mg in 500 ml  sa l ine over 4 hours .
Ca lci tonin, 3–4 uni ts/kg IV fol lowed by 4 uni ts/kg SC 12-hourly.
Dia lys is  i s  reserved for patients  in renal  fa i lure.
Invas ive vascular monitoring should be cons idered as  these patients  are often elderly and LVF can occur.
Steroids  are useful  in patients  with mal ignancy: hydrocorti sone 200–400 mg IV da i ly (can take severa l  days  to work).

Perioperative plan

Patients  are commonly hypovolaemic, therefore restore normal  intravascular volume us ing 0.9% sa l ine.
If the patient has  normal  cardiovascular and renal  systems, a  normal  ECG and a  tota l  serum ca lcium <3 mmol/l i tre, proceed with the
operation.
If the serum ca lcium is  >3 mmol/l i tre or the ECG is  abnormal  or the patient has  cardiovascular or renal  impairment, then they should
be delayed and treated.
Careful  monitoring of neuromuscular blockade should be undertaken i f non-depolarizing muscle relaxants  are used.

Hypoparathyroidism

Parathyroidectomy is  the commonest cause of hypoparathyroidism, but postradiotherapy and idiopathic cases  a lso occur. Patients  with
a  his tory of extens ive neck surgery in the past should have serum ca lcium measured before proceeding with further surgery.
Only ionized serum ca lcium is  phys iologica l ly active. Measurement of ionized ca lcium is  not affected by a lbumen level . However, about
hal f the tota l  ca lcium is  bound to a lbumin and i s  inactive. A low serum a lbumin wi l l  therefore a l ter the tota l  ca lcium measured. A
state of dynamic equi l ibrium between the bound and unbound ca lcium serves  to mainta in a  very s table concentration of ionized
ca lcium.
Ionized ca lcium should be corrected prior to elective surgery. Ca lcium gluconate 10% = 1 g (2.2 mmol) in 10 ml . Give 10 ml  s lowly and
fol low with 40 ml  in 1 l i tre of normal  sa l ine over 8 h.
Low serum magnes ium is  a lso common and can be treated with 1–5 mmol  magnes ium sulphate IV s lowly.
P.85

Acute hypocalcaemia  caus ing tetany can be treated with 10% ca lcium gluconate (10–20 ml) IV.

To find the corrected tota l  serum ca lcium (in mmol/l i tre) add 0.02 mmol  for every 1 g a lbumin below 40 g.
In other words :
(40 - measured a lbumin) × 0.02 + measured serum ca lcium.
Normal  tota l  ca lcium = 2.2–2.5 mmol/l i tre.
Normal  ionized ca lcium = 0.9–1.1 mmol/l i tre.

Further reading
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Addison's  disease
Addison's  disease i s  characterized by decreased or absent glucocorticoid secretion, usual ly combined with minera locorticoid insufficiency. It
can be primary or secondary and may present as  an acute, chronic, or acute-on-chronic i l lness . The most common cause i s  autoimmune.
Cl inica l  features

Postura l  hypotens ion.
Hypoglycaemia.
Nausea, vomiting, diarrhoea, and weight loss .
Decreased body ha i r.
Pigmentation especia l ly in areas  exposed to the sun.
Can be associated with pernicious  anaemia, myasthenia  gravis , and vi ti l igo
May not be cl inica l ly obvious  unti l  a  s igni ficant s tress  occurs , e.g. acute abdomen.

Investigations

Low serum glucose.
Low Na +, ra ised K+ and urea  (i t i s  di ffi cul t to diagnose Addison's  disease with a  normal  plasma urea).
Plasma ACTH-measure s imultaneous ly with plasma corti sol  at 08:00h. Even i f corti sol  i s  normal  the ACTH wi l l  be elevated.
Short Synacthen s timulation test—250 µg of Synacthen dissolved in 1 ml  of s teri le water i s  given intravenous ly. Serum corti sol  i s
measured 30 min later. A serum corti sol  >580 nmol/l i tre excludes  the diagnos is .
Plasma renin activi ty and a ldosterone—plasma renin activi ty i s  usual ly high with a  low a ldosterone.

Treatment

Hydrocorti sone ora l ly: 20 mg in the morning and 10 mg at night.
Fludrocorti sone to replace a ldosterone: 0.1 mg PO dai ly.

Adrenal  cri s i s
Adrenal  cri s i s  can be precipi tated by any s tress  response where the adrenal  glands  are unable to increase glucocorticoid production to meet
demand:

Class ica l ly presents  as  hypotens ion, hyponatraemia, hyperka laemia, and hypoglycaemia.
Characteris tica l ly resembles  hypovolaemic shock, but can a lso mimic septic shock with fever, periphera l  vasodi latation, and a  high
cardiac output.
Patients  with primary adrenal  insufficiency usual ly have a  hypovolaemic picture (due to minera locorticoid deficiency).

Management

Admit to ICU/HDU.
Hydrocorti sone 200 mg IV should be given immediately, then 100 mg 6-hourly IM or 200 mg/24 h IV, unti l  ora l  replacement i s  poss ible.
P.87
Fluid resusci tation with CVP guidance. 0.9% sa l ine i s  an appropriate fluid with 50% dextrose infused i f hypoglycaemia  occurs .
Inotropes  i f hypotens ion pers is ts . The choice of inotrope wi l l  depend on the cl inica l  picture, i .e. noradrenal ine i f the patient has
severe vasodi latation.
Dexamethasone, 4 mg IV, can a lso be used i f the diagnos is  has  not been confi rmed. Hydrocorti sone interferes  with the corti sol  assay
but dexamethasone does  not.

Perioperative management of patients  with long-s tanding Addison's  disease

Give a l l  medication up to the morning of surgery.
25 mg IV hydrocorti sone should be given at induction.
Smal l  or intermediate cases  should be managed as  per perioperative s teroids  (p. 99).
In major cases , hydrocorti sone 200 mg/24 h should be used unti l  the patient can be weaned back onto maintenance therapy.
4-hourly blood glucose and da i ly electrolytes .
Joint care with an endocrinologis t i s  advisable.

Relative adrenal  insufficiency in the cri tica l ly i l l

Relative hypoadrenal i sm in ITU patients  i s  wel l  described.
Occurs  in about 3–52% of septic patients .
An abnormal  response to a  short Synacthen test i s  a  poor prognostic indicator.

Further reading
Mackenzie JS, Burrows  L, Burchard KW (1998). Trans ient hypoadrenal i sm during surgica l  cri ti ca l  i l lness . Archives  of Surgery, 133, 199–204.
Ovid Ful l  Text
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Conn's  syndrome3

A syndrome associated with hypersecretion of a ldosterone. This  can arise from ei ther a  benign adenoma of the adrenal  cortex (75%) or from
bi latera l  adrenal  hyperplas ia  (25%).
Cl inica l  features

Hypertens ion-usual ly mi ld.
Hypokalaemia-often severe and aggravated by patients  having been placed on thiazide diuretics  to treat hypertens ion.
Muscle weakness  or para lys is  especia l ly in ethnic Chinese (secondary to hypokalaemia).
Nephrogenic diabetes  ins ipidus  secondary to renal  tubular damage.
Hypovolaemia.
Metabol ic a lka los is .
Impaired glucose tolerance in about 50% of patients .

Diagnos is

The a ldosterone (pg/ml):renin (ng/ml/h) ratio. This  helps  to overcome the confounding problems of posture, sodium intake and drugs .
If the ratio i s  >400 then diagnose an a ldosterone-secreting tumour. Secondary hypera ldosteronism has  a  ra ised serum a ldosterone
with a  normal  ratio.
Important to dis tinguish between adenoma and hyperplas ia  as  adenoma is  usual ly treated surgica l ly and hyperplas ia  medica l ly.
Arteriography, venous  sampl ing, and MRI are a l l  used

Preoperative assessment

Spironalactone i s  usual ly given to reverse the metabol ic and electrolyte effects . It a l so a l lows  the patient to restore normovolaemia.
Doses  of up to 400 mg/day may be required.
The patient should have normal  serum potass ium and bicarbonate.
Hypertens ion i s  usual ly mi ld and wel l  control led on spi ronolactone, but features  of end organ damage, e.g. LVH, should be excluded.
Uni latera l  adrenalectomy can be done laparoscopica l ly or via  laparotomy and an appropriate method of analges ia  should be
discussed.
Handl ing of the adrenal  gland during surgery can cause cardiovascular instabi l i ty but i s  not as  severe as  with a  phaeochromocytoma.
A short-acting a lpha-blocker should be ava i lable (phentolamine 1 mg boluses  IV).

Management of patients  with Conn's  syndrome for non adrenal  surgery

Such patients  usual ly have bi latera l  glomerulosa  hyperplas ia .
Hypertens ion i s  usual ly more severe and may require additional  therapy (ACE inhibi tors  are useful ).
Ensure a  normal  serum potass ium preoperatively.
Perform cardiovascular assessment as  for any hypertens ive patient.

Footnote
3

Winship SM, Winstanley JH, Hunter JM (1999). Anaesthes ia  for Conn's  syndrome. Anaesthes ia , 54, 564–74.
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Cushing's  syndrome
Cushing's  disease resul ts  from excess  ACTH production by a  pi tui tary adenoma and i s  more correctly ca l led pi tui tary-dependent Cushing's
syndrome. Cushing's  syndrome is  a  col lection of s igns  and symptoms due to an excess ively high plasma corti sol . The most common cause of
Cushing's  syndrome is  treatment with glucocorticoid drugs . Anaesthetis ts  wi l l  see this  syndrome in:

Patients  having pi tui tary or adrenal  surgery to resect tumours  caus ing a  ra ised corti sol .
Patients  with mal ignant tumours . These occas ional ly secrete an ACTH-l ike hormone that causes  profound Cushinoid features . Oat cel l
carcinoma of the lung i s  a  common cause.
Patients  on high-dose s teroid therapy.

Cl inica l  features

Moon face and trunca l  obes i ty.
Proximal  myopathy and osteoporos is .
Easy bruis ing and fragi le skin.
Impaired glucose tolerance, diabetes .
Hypertens ion and left ventricular hypertrophy.
Hypernatraemia  and hypokalaemia.
Gastrointestina l  reflux.
Sleep apnoea.

Diagnos is

Class ica l  cl inica l  features  are often seen but wi l l  not di fferentiate the various  causes  of a  ra ised corti sol  level . Urinary free corti sol  or
lack of diurnal  variation wi l l  confi rm a  pathologica l  cause but wi l l  not define the aetiology.
The ‘short dexamethasone suppress ion test’ (1 mg of dexamethasone i s  given at night and a  corti sol  sample taken in the morning) i s  a
sens i tive test to confi rm abnormal ly ra ised serum corti sol . Serum corti sol  wi l l  be suppressed in the morning i f the HPA axis  i s  working
normal ly.
Serum ACTH levels  wi l l  help determine i f adrenal  or pi tui tary pathology i s  the cause.
Very high ACTH levels  suggest ectopic production, e.g. carcinoma of the lung, and very low levels  suggest adrenal  hypersecretion.
The ‘high dose dexamethasone suppress ion test’ (2 mg i s  given 6-hourly for 48 h and serum corti sol  measured) wi l l  cause a  fa l l  in early
morning and urinary free corti sol  on the second day in pi tui tary-dependent Cushing's  syndrome, but not in ectopic or adrenal  causes .
Inferior petrosa l  venous  s inus  sampl ing fol lowing CRH s timulation i s  the fina l  confi rmatory test for pi tui tary Cushing's  syndrome.
MRI scan of the pi tui tary fossa .

Preoperative assessment

85% of patients  are hypertens ive and are often poorly control led.
P.90
ECG abnormal i ties  (high-vol tage QRS and inverted T waves) can make IHD di ffi cul t to exclude but wi l l  revert to normal  after curative
surgery. These ECG changes  seem to be related to the Cushing's  disease i tsel f.
Sleep apnoea i s  common and patients  should be asked about daytime somnolence and snoring.
60% of patients  have diabetes  or impaired glucose tolerance and a  s l iding sca le should be s tarted before major surgery i f glucose i s
>10 mmol .
Gastro-oesophageal  reflux i s  common and preoperative acid suppress ion therapy and rapid sequence induction should be cons idered.
Venous  access  can be very di ffi cul t.
Patients  can be obese and appropriately s i zed blood pressure cuffs , operating tables , and supports  should be ordered.

Further reading
Sheeran P, O'Leary E (1997). Adrenocortica l  disorders . International  Anesthes iology Cl inics , 35, 85–98.
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Phaeochromocytoma
This  i s  a  rare tumour ari s ing from the chromaffin cel l s  in the adrenal  medul la  or occas ional ly from other gangl ia  of the sympathetic nervous
system. Tumours  can secrete noradrenal ine, adrenal ine, or dopamine and the symptomatology of the patient wi l l  depend on which i s  the
dominant catecholamine. Noradrenal ine-secreting tumours  usual ly present with refractory hypertens ion, whi l s t adrenal ine- or dopamine-
secreting tumours  present with a  variety of episodic s igns  and symptoms, ranging from tachycardia  to panic attacks . 90% occur sporadica l ly but
10% are part of a  fami l ia l  syndrome, e.g. multiple endocrine neoplas ia  (MEN) syndrome.
Cl inica l  presentation

Susta ined hypertens ion i s  the most common presenting feature (85% of cases ).
Nausea, vomiting, headaches , trembl ing, and sweating can a l l  occur.
The overa l l  picture depends  on the type and proportion of catecholamines  that are secreted.
Di lated cardiomyopathy with LVF due to prolonged exposure to catecholamines  i s  wel l  recognized.
Acute pulmonary oedema can occur at any time, especia l ly i f patients  are incorrectly treated with beta-blockers .
Ra ised serum glucose due to increased glycogenolys is  and impaired insul in secretion should be excluded.

Diagnos is

Measurement of free catecholamines  in a  24-h urine col lection to confi rm the diagnos is .
MRI scan to loca l i ze the tumour.
Selective venous  sampl ing.
Recurrent tumours , metastas is , and tumours  in abnormal  s i tes  can be identi fied with meta-iodobenzyl  guanidine (MIBG). The tumour
takes  up this  amine precursor. It i s  poor for loca l i zing intra-adrenal  tumours .

Perioperative management
This  i s  discussed on p. 306
Further reading
Prys -Roberts  C (2000). Phaeochromocytoma-recent progress  in i ts  management. Bri ti sh Journal  of Anaesthes ia , 85, 44–57.
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Apudomas
These are tumours  of amine precursor uptake and decarboxylation (APUD) cel l s . The cel l s  synthes ize and secrete polypeptides  and amines
which may cause systemic dis turbance of, for example, insul in, glucagon, catecholamines , 5-HT, somatostatin, gastrin, and vasoactive peptide.
APUD cel l s  are present in the anterior pi tui tary gland, thyroid, adrenal  medul la , gastrointestina l  tract, pancreatic i s let, carotid bodies , and
lungs . Tumours  of APUD cel l s  include phaeochromocytoma, insul inoma, gastrinoma, carcinoid tumour, and VIPomas  and may occur as  part of
the multiple endocrine neoplas ia  (MEN) syndrome.
Gastrinoma

Excess  production of gastrin by benign adenoma, mal ignancy, or hyperplas ia  of the D cel l s  of the pancreatic i s lets . Leads  to Zol l inger-
El l i son syndrome, severe peptic ulceration, and diarrhoea. May a lso have GI bleeds , perforation, electrolyte dis turbance, and volume
depletion.
Treatment includes  proton pump inhibi tors , e.g. omeprazole, H2 receptor antagonis ts , and octreotide.
May present for surgery related to gastrinoma, e.g. perforation, or tota l ly unrelated pathology.
Antacid prophylaxis  preoperatively and rapid sequence induction.
Invas ive pressure monitoring for major surgery.

VIPoma

Very rare tumour, often smal l  cel l  bronchogenic carcinoma. Secretion of vasoactive intestina l  peptide (VIP) leads  to Verner– Morrison
syndrome characterized by watery diarrhoea, hypokalaemia, achlorhydria , and hypovolaemia.
May present for tumour resection, or more often for unrelated pathology.
Treat hypovolaemia, metabol ic acidos is , and electrolyte imbalance with octreotide and glucocorticoids .
Invas ive pressure monitoring for major surgery.
Frequent measurement of arteria l  blood gases  to check acid base s tatus  and electrolytes .

Insul inoma

Very rare pancreatic i s let cel l  tumour, which secretes  insul in leading to fasting hypoglycaemia.
Patients  often present for surgica l  excis ion of non-mal ignant tumours .
Diazoxide, chlorothiazide, and octreotide may be used to inhibi t insul in secretion.
Prevent intra-operative hypoglycaemia.

Further reading
Owen R (1993). Anaesthetic cons iderations  in endocrine surgery. In Surgica l  endocrinology (eds . J Lynn, SR Bloon), pp. 71–84. Butterworth-
Heinemann, Oxford.
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Carcinoid tumours
Carcinoid tumours  are derived from argentaffin cel l s  and produce peptides  and amines . Most occur in the GI tract (75%), bronchus , pancreas ,
and gonads . Tumours  are mainly benign, and of those that are mal ignant only about a  quarter release vasoactive substances  into the
systemic ci rculation, leading to the carcinoid syndrome. Mediators  are metabol i zed in the l iver, therefore only tumours  with hepatic
metastases  or a  primary tumour with non-porta l  venous  dra inage lead to the carcinoid syndrome. To date about 20 di fferent vasoactive
substances  have been identi fied including serotonin, bradykinin, his tamine, substance P, prostaglandins , and vasoactive intestina l  hormone.
Patients  with an asymptomatic carcinoid tumour have s imple carcinoid disease and do not present particular anaesthetic di ffi cul ties ;
however, patients  with carcinoid syndrome can be extremely di ffi cul t to manage perioperatively.
Carcinoid syndrome
Patients  may have symptoms related to:

The primary tumour caus ing intestina l  obstruction, pulmonary symptoms, e.g. haemoptys is , respi ratory compromise, etc.
Vasoactive peptides  resul ting in flushing (90%) especia l lyof the head, neck, and torso. Diarrhoea (78%) may lead to dehydration and
electrolyte dis turbances . Other symptoms include bronchospasm (20%), hypotens ion, hypertens ion, tachycardia , hyperglycaemia, and
right heart fa i lure (mediators  metabol i zed in the lungs  before reaching the left s ide) secondary to endocardia l  fibros is  a ffecting the
pulmonary and tricuspid va lves .

Patient preparation

Treat symptomatica l ly-antidiarrhoeals , bronchodi lators , correction of dehydration and electrolyte imbalance, and treatment for heart
fa i lure i f required.
Prevent the release of mediators -octreotide 100 µg SC tds  for 2 weeks  prior to surgery and octreotide 100 µg IV s lowly (di luted to 10
µg/ml) at induction.
Avoid factors  which may trigger carcinoid cri ses -catecholamines , anxiety, and drugs  which release his tamine, e.g. morphine.
Perform echocardiography i f cardiac involvement i s  suspected.

Anaesthetic management

Best managed by teams/centres  fami l iar with the di ffi cul ties .
Major compl ications  anticipated in the perioperative period include severe hypotens ion, severe hypertens ion, fluid and electrolyte
shi ft and imbalance, and bronchospasm.
Premedication-anxiolytic (benzodiazepine) and octreotide 100 µg (50–500 µg) SC 1 h preoperatively i f not a l ready treated, otherwise
continue with preoperative regime.
Monitoring-in addition to ECG and pulse oximetry, invas ive blood pressure monitoring (preinduction as  both induction and surgica l
manipulation of the tumour can cause large swings), centra l  venous  pressure monitoring, regular blood sugars , blood gases .
P.94
Use a  pulmonary artery flotation catheter i f indicated due to cardiac compl ications .
Induction-prevent pressor response to intubation (etomidate/ propofol  and fentanyl ). Suxamethonium is  relatively contra indicated, as
i t may increase mediator release with fasciculations .
Maintenance-inhalational  with i soflurane, vecuronium or pancuronium, fentanyl , or low-dose epidura l  (avoiding hypotens ion as  this
may el ici t bradykinergic cri s i s ) for analges ia .
Octreotide IV boluses  10–20 µg to treat severe hypotens ion.
Avoid a l l  his tamine-releas ing drugs  and catecholamines .
Labeta lol , esmolol , or ketanserin can be used i f required for hypertens ion.
Postoperatively, ICU or HDU is  required, patients  may awaken very s lowly (thought to be due to serotonin). Hypotens ive episodes  may
occur, requiring further IV boluses  of octreotide (10–20 µg). Wean octreotide over 7–10 days  fol lowing tumour resection.

Further reading
Veal l  GRQ, Peacock JE, Bax NDS, Rei l ly CS (1994). Review of the anaesthetic management of 21 patients  undergoing laparotomy for carcinoid
syndrome. Bri ti sh Journal  of Anaesthes ia , 72, 335–41.
Library Holdings
Bibl iographic Links
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Porphyria
The porphyrias  are a  group of diseases  in which there i s  an enzyme defect in the synthes is  of the haem moiety leading to an accumulation of
precursors  that are oxidized into porphyrins . There are hepatic and erythropoietic varieties , but only three hepatic forms, inheri ted in an
autosomal  dominant manner (a l though with variable express ion), a ffect the adminis tration of anaesthes ia :

Acute intermittent porphyria  (AIP). Common in Sweden—increased urinary porphobi l inogen and d-aminolaevul inic acid.
Variegate porphyria  (VP). Common in Afrikaners—increased copro-and protoporphyrin in the s tool . Dermal  photosens i tivi ty.
Heredi tary coproporphyria  (HCP). Very rare, increased urinary porphyrins . Dermal  photosens i tivi ty.

Porphyric cri ses

Acute porphyric cri ses  may be precipi tated by drugs , s tress , infection, a lcohol , menstruation, pregnancy, s tarvation, or dehydration.
Symptoms include acute abdominal  pa in, vomiting, motor and sensory periphera l  neuropathy, autonomic dys function, crania l  nerve
pals ies , menta l  dis turbances , coma, convuls ions , pyrexia .

Genera l  principles

Patients  may never have had an attack, therefore a  pos i tive fami ly his tory must be taken serious ly.
Patients  may present with unrelated pathology, e.g. appendici ti s .
Symptoms may mimic surgica l  pathologies , e.g. acute abdominal  pa in, acute neurology.
Any patient giving a  s trong fami ly his tory of porphyria  must be treated as  potentia l ly at ri sk. Latent carriers  may exhibi t no s igns , be
potentia l ly negative to biochemica l  screening, but s ti l l  be at ri sk from acute attacks .

Anaesthetic management
Many commonly used drugs  are thought to have the potentia l  to trigger porphyric cri ses . However, i t i s  di ffi cul t to be defini tive, as  cri ses  can
also be triggered by infection or s tress , which often occur s imultaneous ly. Drugs  which are cons idered to be defini tely unsafe to use, probably
safe, and controvers ia l  are documented in the table below. Up-to-date information i s  ava i lable in the Bri ti sh National  Formulary, the
Committee on the Review of Porphyrinogenici ty (CORP)4 or via  the internet: http://www.leeds .ac.uk/i fcc/SD/porph/
Suggested anaesthetic techniques

Premedication—important to minimize s tress : use temazepam, droperidol , chlora l  hydrate.
P.96
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Regional  anaesthes ia-bupivaca ine i s  cons idered safe for epidura l  anaesthes ia  but in the context of any periphera l  neuropathy,
deta i led preoperative examination and documentation i s  essentia l . In acute porphyric cri ses , regional  anaesthes ia  should be
avoided, as  neuropathy may be rapid in onset and progress ive.
Genera l  anaesthes ia-propofol  i s  the induction agent of choice. Maintenance with ni trous  oxide and/or propofol  infus ion. There are
few data  for i soflurane. Neuromuscular blockade-suxamethonium and vecuronium are cons idered safe (atracurium controvers ia l ).
Fentanyl , morphine, and pethidine a l l  cons idered safe.
Monitoring—invas ive blood pressure during acute cri s i s  as  hypovolaemia  i s  common and autonomic neuropathy may cause labi le
blood pressure. Perform centra l  venous  pressure monitoring i f cl inica l ly indicated.

 Definitely unsafe Probably safe Controversial

Induction agents Barbi turates , etomidate Propofol Ketamine

Inhalational
agents

Enflurane Nitrous  oxide, ether, cyclopropane
Halothane, i soflurane,
sevoflurane, desflurane

Neuromuscular
blocking agents

Alcuronium
Suxamethonium, tubocurarine, ga l lamine,
vecuronium

Pancuronium, atracurium,
rocuronium, mivacurium

Neuromuscular
reversa l  agents

 Atropine, glycopyrrolate, neostigmine  

Analges ics Pentazocine
Al fentani l , aspi rin, buprenorphine, codeine, fentanyl ,
paracetamol , pethidine, morphine, na loxone

Diclofenac, ketorolac,
sufentani l

Loca l
anaesthetics

Mepivica ine, ropivaca ine Bupivaca ine, pri loca ine, proca inamide, proca ine Cocaine, l idoca ine (l ignocaine)

Sedatives Chlordiazepoxide, ni trazepam
Lorazepam, midazolam, temazepam, chlorpromazine,
chlora l  hydrate

Diazepam

Antiemetics  and
H2 antagonis ts Cimetidine, metoclopromide Droperidol , phenothiazines Ondansetron, rani tidine

CVS drugs
Hydra lazine, ni fedipine,
phenoxybenzamine

Adrenal ine, α-agonis ts , β-agonis ts , β-blockers ,
magnes ium, phentolamine, proca inamide

Di l tiazem, dizopyramide,
sodium ni tropruss ide,
verapami l

Others
Aminophyl l ine, ora l  contraceptive
pi l l , phenytoin, sulphonamides

 Steroids

Problems during anaesthes ia

Hypertens ion and tachycardia-treat with beta-blockers  such as  atenolol .
Convuls ions-treat with diazepam, propofol , or magnes ium sulphate (avoid barbi turates  and phenytoin).

Postoperative management

ICU/HDU i f a  cri s i s  i s  suspected.
Remember that the onset of a  porphyric cri s i s  may be delayed for up to 5 days .
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Treatment of acute porphyric cri ses

Reverse factors  which increase ALA synthetase. Give haem arginate 3 mg/kg IV once da i ly for 4 days  (leads  to negative feedback to ALA
synthetase). Treat infection, dehydration, electrolyte imbalance, give glucose (20 g/h).
Withdraw drugs  which may have precipi tated the cri s i s .
Treat symptoms with ‘safe’ drugs .
Monitor the patient appropriately.

Further reading
James  MFM, Hi ft RJ (2000). Porphyrias . Bri ti sh Journal  of Anaesthes ia , 85, 143–53.
Ful l  Text
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Jensen NF, Fiddler DS, StriepeV (1995). Anaesthetic cons iderations  in porphyrias . Anaesthes ia  and Analges ia , 80, 591–9.
4

CORP Secretariat, Lennox Ea les  Porphyria  Laboratories , MRC/UCT Liver Research Centre, Univers i ty of Cape Town Medica l  School , Observatory
7925, South Africa . Fax: 010-27-21-448-6815.



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
The patient on s teroids
Steroids  are used as  replacement therapy in adrenocortica l  insufficiency or to suppress  inflammatory and immunologica l  responses . Patients
on s teroids  requiring surgery may develop compl ications  from their underlying disease, or from a  potentia l ly impaired s tress  response due to
hypothalamic-pi tui tary-adrenal  (HPA) suppress ion. Class ica l ly these patients  were given additional  large doses  of s teroids  perioperatively;
however, recent research suggests  that much more modest phys iologica l  replacement doses  are more than adequate in the majori ty of cases .
Hypothalamic-pi tui tary-adrenal  suppress ion

Endogenous  corti sol  production i s  of the order of 25–30 mg/24 h (fol lowing a  ci rcadian pattern). During s tress  induced by major surgery,
i t i s  in the range 75–100 mg/day. The increase i s  rapid and levels  remain elevated for a  variable period of time (up to 72 h fol lowing
cardiac surgery).
Low-dose s teroid treatment <10 mg prednisolone per day usual ly carries  l i ttle danger of HPA suppress ion.
Treatment with >10 mg prednisolone (or equiva lent) ri sks  HPA suppress ion. This  may occur after treatment via  the ora l , topica l ,
parentera l , nebul i zed, or inhaled routes . These patients  must be assumed to be suffering from an inabi l i ty to mount a  normal
endogenous  s teroid response to s tress  and be supplemented accordingly.
HPA suppress ion can be measured us ing various  methods . In practice the short synacthen test i s  rel iable, cheap, and safe. Patents  are
given 250 µg synacthen (synthetic corticotrophin) IV and serum corti sol  i s  measured at 0, 30, and 60 min. Normal  peak corti sol  levels
range from 420–700 nmol/l i tre and indicate the abi l i ty of the patient to mount a  s tress  response. In patients  where the resul t i s
equivoca l , an insul in tolerance test can be performed under the advice and supervis ion of an endocrinologis t.

Perioperative s teroid replacement therapy

Normal  dose s teroid >10 mg prednisolone/24 h: assume normal  HPA therefore no extra  supplementation required.
Steroids  s topped within las t 3 months : assume sti l l  on previous  dose and treat accordingly.
Cons ider whether the surgery i s  minor, intermediate, or major and supplement accordingly.
High-dose immunosuppress ion: i t i s  imperative that these patients  continue their usual  dose of s teroids , given IV i f required,
otherwise organ fa i lure can ensue.
Prednisolone 5 mg i s  equiva lent to:

hydrocorti sone 20 mg
methylprednisolone 4 mg
betamethasone 750 µg
dexamethasone 750 µg
corti sone acetate 25 mg
prednisone 5 mg
triamcinolone 4 mg.

Patient currently taking regular s teroids

<10 mg
prednisolone/day

Assume normal
hypothalamic–pitui tary axis

No additional  s teroid cover required

>10 mg
prednisolone/day

Minor surgery, e.g. hernia Routine preoperative s teroid or hydrocorti sone 25 mg IV at induction

Intermediate surgery, e.g.
hysterectomy

Routine preoperative s teroid plus  hydrocorti sone 25 mg IV at induction. Postoperative
hydrocorti sone 25 mg 6-hourly for 24 h

Major surgery, e.g. cardiac
Routine preoperative s teroid plus  hydrocorti sone 25 mg IV at induction. Postoperative
hydrocorti sone 25 mg 6-hourly for 48–72 h

High-dose
immunosuppress ion

Should continue usual  immunosuppress ive dose unti l  able to revert to normal  ora l  intake, e.g. 60 mg
prednisolone/24 h = 240 mg hydrocorti sone/24 h

Patient formerly taking regular s teroids

<3 months  s ince
stopped s teroids

Treat as  i f on s teroids  

>3 months  s ince
stopped s teroids

No perioperative s teroids
necessary
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Compl ications  of s teroid therapy
Steroids  have multi systemic adverse effects : diabetes , obes i ty, hypertens ion, and skin mani festations  are particularly important. Also:

CVS—hypertens ion
renal—polyuria , nocturia
CNS—depress ion, euphoria , psychos is , insomnia
GI—peptic ulceration, pancreati ti s
ophthalmic—cataracts
immune—increased susceptibi l i ty to infection
skin—thin, eas i ly bruised, poor heal ing
endocrine—weight ga in, diabetes , adrenal  suppress ion, hypokalaemia
musculoskeleta l—osteoporos is , proximal  myopathy, wasting.

Further reading
Bri ti sh National  Formulary 39, March 2000.
Nicholson G, Burrin JM, Hal l  GM (1998). Perioperative s teroid replacement. Anaesthes ia , 53, 1091–104.
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Potass ium and anaesthes ia
Potass ium (K+) i s  the major intracel lular cation in the human body and plays  a  crucia l  role in the electrophys iology of cel l  membranes .
Imbalances  in potass ium homeostas is  can be of cri ti ca l  importance to the anaesthetis t. Measurements  of plasma potass ium can be sent to
the laboratory (note that a  fa lsely elevated potass ium wi l l  be seen with a  haemolysed sample) or obta ined more rapidly via  a  blood gas
analyser.
Hypokalaemia
Plasma potass ium less  than 3.5 mmol/l i tre. This  may reflect a  tota l  K+ defici t of up to 500 mmol  (i .e. 15–20% of tota l  body K+). An approximation
of the defici t can be ca lculated by assuming that a  decrease in the serum of 0.27 mmol/l i tre i s  equiva lent to a  tota l  defici t of 100 mmol  of
potass ium. Hypokalaemia  can be caused by:

Intercompartmenta l  shi ft of potass ium-alka los is  (0.1 increase in pH decreases  K+ by 0.6 mmol/l i tre), insul in adminis tration, β2

agonis ts , hypothermia.
Increased potass ium loss -diuretics , minera locorticoid activi ty, renal  tubular acidos is , ketoacidos is , i lea l  conduit, diarrhoea/vomiting,
excess  sweating, dia lys is .
Decreased potass ium intake.

Cl inica l  mani festations

ECG changes—T wave flattening and invers ion, prominent U wave, ST segment depress ion, prolonged PR interva l
dysrhythmias , decreased cardiac contracti l i ty
skeleta l  muscle weakness , tetany
i leus , polyuria , impaired renal  concentrating abi l i ty
decreased insul in secretion, growth hormone secretion, and a ldosterone
secretion
negative ni trogen ba lance
encephalopathy in patients  with l iver disease.

Treatment
The ri sks  of replacement are not trivia l , especia l ly via  the intravenous  route. Some estimate of tota l  defici t should be attempted.

Ora l  replacement i s  safest, up to 200 mmol  per day, e.g. potass ium chloride (Sando-K) two tablets  four times  a  day = 96 mmol  K+.
IV replacement:

Essentia l  for patients  with cardiac mani festations  or skeleta l  muscle weakness  from hypokalaemia  or where ora l  replacement
is  not appropriate.
Aim to increase K+ to 4.0 mmol/l i tre i f treating cardiac mani festations .
Maximum concentration for periphera l  adminis tration = 40 mmol/l i tre (greater concentrations  than this  can lead to venous
necros is ).
40 mmol  KCl  can be given in 100 ml  normal  sa l ine over 1 h but only via  an infus ion device, with ECG monitoring, in HDU/
ICU/theatre envi ronment and via  a  centra l  vein.
Plasma K+ should be measured at least hourly during rapid replacement.

P.102
Anaesthetic cons iderations

The principa l  anaesthetic problem is  the ri sk of arrhythmia.
The rate of onset i s  important, chronic mi ld hypokalaemia  i s  less  s igni ficant than that of rapid onset.
Ratio of intracel lular to extracel lular K+ i s  of more importance than i solated plasma levels .
Class ica l ly a  K+ under 3.0 mmol  has  led to postponement of elective procedures  (some controversy exis ts  about this  in the fi t, non-
digi ta l i zed patient who may wel l  tolerate chronica l ly lower K+ levels  down to 2.5 mmol/l i tre without adverse events ).
Patients  must be viewed individual ly and the decis ion to proceed should be based on the chronici ty and level  of hypokalaemia, the
type of surgery, and any other associated pathologies .
For emergency surgery, i f poss ible replace K+ in the 24 h prior to surgery. Aim for levels  of 3.5–4.0 mmol/l i tre. If this  i s  not poss ible use
an IV replacement regime as  documented above intra/perioperatively.
May increase sens i tivi ty to neuromuscular blockade, therefore need to monitor block.
Increased ri sk of digoxin toxici ty at low K+ levels . Aim for K+ of 4.0 mmol  in a  digi ta l i zed patient.

Hyperka laemia
Plasma potass ium greater than 5.0 mmol/l i tre (some laboratories  suggest >5.5 mmol/l i tre). Hyperka laemia  can be caused by:

Intercompartmenta l  shi ft of potass ium—acidos is , rhabdomyolys is , trauma, mal ignant hyperpryrexia , suxamethonium (especia l ly with
burns  and denervation injuries ), fami l ia l  periodic para lys is .
Decreased urinary excretion—renal  fa i lure acute or chronic, adrenocortica l  insufficiency or drugs  (K+ sparing diuretics , ACE inhibi tors ,
ciclosporin etc.).
ncreased intake—IV adminis tration, rapid blood transfus ion.

Cl inica l  mani festations

The most important effects  are on skeleta l  and cardiac muscle.
ECG changes  progress ing through peaked T waves , widened QRS, prolonged PR interva l , loss  of P wave, loss  of R wave ampl i tude, ST
depress ion, ventricular fibri l lation, asystole.
ECG changes  potentiated by low ca lcium, low sodium, and by acidos is .
Muscle weakness  at K+ >8.0 mmol/l i tre.
Nausea, vomiting, diarrhoea.
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Treatment
Treatment should be ini tiated i f K+ >6.5 mmol/l i tre or ECG changes  present. Unl ike hypokalaemia, the incidence of serious  cardiac compromise
is  high and therefore intervention i s  important. Treat the cause i f poss ible.

Insul in 15 uni ts  in 100 ml  20% dextrose IV over 30–60 min.
Ca lcium 5–10 ml  10% ca lcium gluconate or 3–5 ml  10% ca lcium chloride (rapid onset, short l ived).
Bicarbonate 50 mmol  IV (especia l ly with acidos is ).
P.103

Ion Exchange Res in – ca lcium resonium 15 g PO / 30 g PR 8 hourly.
Beta-agonis ts , cons ider sa lbutamol  5 mg nebul i zed.
Dia lys is  or haemofi l tration.

Anaesthetic cons iderations
Do not cons ider elective surgery. If surgery i s  essentia l :

treat hyperka laemia  as  above
ECG monitoring
avoid: suxamethonium, Hartmann's  solution, acidos is , hypothermia
control  venti lation—mild hyperventi lation may be beneficia l
monitor neuromuscular blockade, effects  accentuated
monitor K+ regularly.

Further reading
Gennari  FJ (1998). Hypokalaemia  review article. New England Journal  of Medicine, 339, 451–8.
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Sodium and anaesthes ia
Extracel lular fluid volume is  di rectly proportional  to tota l  body sodium (Na +) content. Renal  sodium excretion ul timately controls  the
extracel lular fluid volume and tota l  body sodium content. Imbalances  in sodium homeostas is  are common, and a l though the underlying
mechanisms  are poorly understood, the cl inica l  mani festations  can have s igni ficant impl ications  for the anaesthetis t.
The plasma sodium level  i s  important, but i t i s  equal ly important to eva luate the patient's  s tate of hydration as  sodium derangement can
lead to hypo-/eu-/hypervolaemic s tates . Therefore, patients  should be assessed cl inica l ly in conjunction with thei r plasma and urinary
sodium levels .
Hyponatraemia
Plasma sodium less  than 135 mmol/l i tre. This  usual ly leads  to a  hypo-osmolar plasma. Hyponatraemia  can be caused by:

Water excess  (hypervolaemic):
Intake greater than required (urinary Na + <10 mmol/l i tre), e.g. TURP syndrome, IV fluids , drinking to excess .
Reduced excretion (urinary Na + >20 mmol/l i tre), e.g. syndrome of inappropriate antidiuretic hormone (SIADH), tumours , CNS
disorders  such as  head injury or CVA, IPPV, pneumonia , post-surgery.
Drugs , e.g. oxytocin.

Water excess  with sodium excess  of a  lesser magnitude (hypervolaemic):
Cardiac and hepatic fa i lure (urinary Na + <10 mmol/l i tre).
Nephrotic syndrome.

Water deficiency with sodium deficiency of a  greater magnitude (hypovolaemic):
Renal  loss  (urinary Na + >20 mmol/l i tre), e.g. diuretics , post rel ief of urinary obstruction, hypoadrenal i sm, renal  tubular acidos is ,
sa l t-los ing nephropathy.
Other loss  (urinary Na + <20 mmol/l i tre), e.g. diarrhoea and vomiting, pancreati ti s .

Redis tribution of sodium and water (euvolaemic):
Sick cel l  syndrome—seen in the terminal ly i l l , Na + redis tributed to the intracel lular compartment, poss ibly secondary to
impaired Na +/K+ cel l  membrane transport.
Hyperglycaemia-leading to intra- to extracel lular water movement.

Cl inica l  mani festations
The genera l  s igns  are those of dehydration and hypovolaemia  in sodium deficiency. Speci fic symptoms include:

The speed of onset of hyponatraemia  i s  much more important in the mani festation of symptoms than the absolute Na+ va lue.
Rare i f Na + >125 mmol/l i tre.
Na + 125–130 mmol/l i tre mostly gastrointestina l  symptoms.
Na + <125 mmol/l i tre-neuropsychiatric symptoms, morta l i ty high i f untreated. Signs  include nausea and vomiting, muscular weakness ,
P.105

headache, lethargy, psychos is , ra ised intracrania l  pressure, seizures , coma, respi ratory depress ion.

Treatment
Treatment depends  on the cl inica l  mani festations  and speed of onset:

Asymptomatic with long-s tanding hyponatraemia. Simple fluid restriction and reversa l  of precipi tating factors .
Asymptomatic with acute onset hyponatraemia—treat as  above.
Symptomatic (usual ly associated with rapid onset hyponatraemia):

Treatment required urgently in consul tation with an endocrinologis t.
Intravenous  sa l ine 0.9%, rate of correction controvers ia l , but rapid correction can lead to centra l  pontine myel inolys is , subdura l
haemorrhage, and cardiac fa i lure. Therefore, a im for 5–10 mmol/l i tre/day. Aim to atta in Na + no greater than 130 mmol/l i tre
ini tia l ly.
Diuretics  may a lso be required, especia l ly i f seizures  and/or cerebra l  oedema are present or i f adminis tration of sa l ine does
not bring about a  spontaneous  diures is . Use mannitol  20% 500 ml  or furosemide (frusemide) 20 mg IV.
SIADH—fluid restriction and demeclocycl idine 300–900 mg da i ly.

Treat any underlying pathology concomitantly.

Anaesthetic impl ications

No elective surgery i f Na + <120 mmol/l i tre or i f the patient shows  s igns  of fluid ba lance dis turbance, decreased levels  of
consciousness , seizures , or foca l  nervous  system defici t.
May need to deal  with problem acutely intra-operatively, e.g. TURP syndrome (p. 628).

Hypernatraemia
Plasma sodium greater than 145 mmol/l i tre. Always  reflects  a  hyperosmolar s tate. Hypernatraemia  can be caused by:

Sodium excess  (hypervolaemic, urinary Na + >20mmol/l i tre)—hypera ldosteronism, Cushing's  syndrome, iatrogenic, e.g. secondary to
hypertonic sa l ine, drugs  such as  sodium bicarbonate, TPN.
Water depletion (euvolaemic urinary Na + variable)—renal , e.g. diabetes  ins ipidus  or other insens ible loss , inadequate water intake,
burns .
Sodium deficiency with an even greater water deficiency (hypovolaemic, urinary Na + >20 mmol/l i tre):

renal  loss , e.g. osmotic diures is  secondary to mannitol , glucose, urea
other (urinary Na + <10 mmol/l i tre), e.g. vomiting, diarrhoea, sweating, wound exudates , adrenocortica l  insufficiency.

Cl inica l  mani festations

May have features  of dehydration.
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The rate of onset i s  important, s low onset i s  much better tolerated
CNS symptoms are prominent because of the hyperosmolar s tate (cel lular dehydration).
Al tered menta l  s tatus , lethargy, i rri tabi l i ty, restlessness .
Seizures , muscle twitching, spastici ty, hyperreflexia .
P.106

Fever, nausea, vomiting, intense thi rs t.
Intracrania l  haemorrhage as  a  resul t of cerebra l  dehydration.
Prerenal  fa i lure secondary to decreased cardiac output.

Treatment
Correction should be achieved s lowly over at least 48 h, as  rapid correction may lead to cerebra l  oedema and convuls ions .

Treat the underlying cause i f poss ible.
Treat with ora l  fluids  (water) i f poss ible.
Sodium excess  (hypervolaemic): diuretics , e.g. furosemide (frusemide) 20 mg IV and 5% dextrose, dia lys is  i f required.
Water depletion (euvolaemia): es timate the tota l  body water defici t, treat with 5% dextrose.
Sodium deficiency (hypovolaemic): 0.9% sa l ine unti l  hypovolaemia  corrected, then cons ider 0.45% sa l ine.
Diabetes  ins ipidus-keep up with urinary fluid losses  and give desmopresss in 1–4 µg da i ly (SC/IM/IV).

Anaesthetic impl ications

No elective surgery i f Na + >155 mmol/l i tre or hypovolaemic.
Urgent surgery—use invas ive centra l  venous  pressure monitoring i f volume s tatus  i s  uncerta in or may change rapidly intra-operatively,
and be aware of dangers  of rapid normal ization of electrolytes .

Further reading
Kumar S, Berl  T (1998). Sodium. The Lancet, 352, 220–8.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
Worthley LIG (1997). Fluid and electrolyte therapy. In Intens ive care manual  (ed. TE Oh), Butterworth-Heinemann, Oxford.
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Obes i ty
Mathieu Ickeringi l

Body mass  index (BMI) = mass  (kg)/[height (m)]2.
Obes i ty i s  defined by a  BMI >28 kg/m2 and morbid obes i ty by BMI >35 kg/m2.
17% of the UK population are obese and approximately 1% morbidly obese.
Obes i ty i s  associated with hypertens ion, i schaemic heart disease, noninsul in-dependent diabetes  mel l i tus , periphera l  vascular
disease, ga l l s tones , and osteoarthri ti s .

Pathophys iology

Obes i ty i s  associated with in increase in absolute blood volume, a l though this  i s  low relative to body mass  (occas ional ly only 45
ml/kg).
Oxygen consumption i s  increased by metabol ica l ly active adipose ti ssue and the workload of supporting muscles .
FRC i s  reduced in the awake obese patient and decreases  s igni ficantly fol lowing induction, which may encroach upon the clos ing
capaci ty.
Oxygen desaturation occurs  rapidly in the obese apnoeic patient.
Pulmonary compl iance i s  decreased by up to 35% (due to heavy chest wal l  and spl inted diaphragm).
Obes i ty hypoventi lation syndrome (OHS) occurs  with progress ive obes i ty caus ing respiratory impairment. Carbon dioxide respiratory
drive i s  los t and hypoxaemia, pulmonary hypertens ion, and polycythaemia  can develop.
Obstructive s leep apnoea (OSA) i s  a l so more common in the obese.
Increased gastric volumes , ra ised intra-abdominal  pressure, and a  higher incidence of hiatus  hernia  pose a  s igni ficant ri sk of
aspiration.
Insul in res is tance may cause perioperative diabetes .
Volume of dis tribution for drugs  i s  a l tered due to a  smal ler proportion of tota l  body water, greater proportion of adipose ti ssue,
increased lean body mass , and increased blood volume and cardiac output.

Conduct of anaesthes ia

Calculate the BMI and assess  venous  access , ri sk of aspi ration, and poss ibi l i ty of a  di ffi cul t intubation/di fficul ty with mask
venti lation. A BMI of 46 i s  associated with a  13% ri sk of di ffi cul t intubation. It i s  useful  to assess  the a i rway in both the erect and
supine pos i tions .
Cons ider asking for ass is tance.
A typica l  operating table wi l l  support 150 kg, but the ti l ting/tipping may not function.
Thromboembol ic events  are twice as  common and so thromboprophylaxis  i s  important.
Premedication with respiratory depressants  should be used with caution. An H2 blocker or proton pump inhibi tor plus  metoclopramide
should be adminis tered on the ward (± 30 ml  sodium ci trate 0.3 M in the anaesthetic room).
P.108
The sphygmomanometer cuff width should be 20% greater than the diameter of the arm. Invas ive blood pressure monitoring may be
required.
Fluid ba lance may be di ffi cul t to assess  cl inica l ly and increased blood loss  i s  common due to di ffi cul t surgica l  conditions .
Ful l  preoxygenation i s  essentia l .
Intubation may be warranted for a l l  but the briefest of procedures  due to the ri sk of aspi ration, and IPPV i s  often necessary because of
the increased work of breathing and tendency to hypoventi lation.
Awake fibreoptic intubation may be indicated, a l though some use topica l  anesthes ia  and di rect laryngoscopy. Traction on the breasts
by an ass is tant or use of a  pol io blade may help.
Reduced FRC can be increased by adminis tering PEEP or large susta ined manual  inflations . Increas ing the I:E ratio may reduce a i rway
pressures .
Aortocaval  compress ion may occur in the supine pos i tion and table ti l t may help. Avoid head-down pos i tioning especia l ly in
spontaneous  venti lation.
Loca l  anaesthetic doses  for spina ls  and epidura ls  should be 75–80% of normal  because engorged extradura l  veins  and fat constrict
these spaces .

Postoperative

Postoperative morta l i ty i s  twice that of the non-obese.
Mobi l i ze as  soon as  practica l -ensure enough s taff are ava i lable.
Pulmonary atelectas is  i s  common and lung capaci ties  remain decreased for at least 5 days  post abdominal  surgery. To optimize the
FRC/clos ing capaci ty ratio the obese patient should be nursed at 30–45 degrees  head-up ti l t for this  period.
Humidi fied oxygen and early, regular phys iotherapy should be adminis tered.
Nocturnal  nasa l  CPAP and continual  pulse oximetry may be cons idered in OSA.
PCA is  more predictable than IM opioids  because injections  are frequently into subcutaneous  fat.
HDU care should be ava i lable for higher-ri sk patients  with pre-exis ting respiratory disease especia l ly those undergoing thoracic or
abdominal  surgery.

Further reading
Dominguez-Cheri t G, Gonza lez R, Borunda D, et a l . (1998). Anesthes ia  for morbidly obese patients . World Journal  of Surgery, 22, 969–73.
Ful l  Text
Library Holdings
Bibl iographic Links
Shenkman Z, Shi r Y, Brodsky J (1993). Perioperative management of the obese patient. Bri ti sh Journal  of Anaesthes ia , 70, 349–59.
Library Holdings
Bibl iographic Links
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Chronic renal  fa i lure
Patients  with chronic renal  fa i lure (CRF) usual ly have complex medica l  his to-ries , take a  multi tude of drugs , and often have severe systemic
compl ications  which increase the ri sk of anaesthes ia  and surgery. The main causes  of CRF include glomerulonephri ti s , diabetes  mel l i tus ,
hypertens ion, cystic disease, and pyelonephri ti s /inters ti tia l  nephri ti s .
Preoperative

Check for hypertens ion, diabetes  mel l i tus , and i schaemic heart disease.
The cause of CRF may have anaesthetic cons iderations .
Check for symptoms and s igns  of fluid overload (dependent oedema, basa l  crepi tations) or hypovolaemia  (s i tting and s tanding BP, JVP,
thi rs t, skin turgor).

Investigations
FBC: usual ly normochromic, normocytic anaemia  due to uraemia  affecting erythropoes is , decreased red cel l  surviva l , and increased bleeding
tendency. Many patients  mainta in a  haemoglobin of 8 g/dl . These patients  should not be transfused and i f symptomatic can be commenced
on erythropoetin therapy. In the past blood transfus ion has  been shown to increase the surviva l  of renal  transplants . Recent surveys , which
show a  genera l  increase in graft surviva l , have demonstrated far less  effect, and therefore a  pol icy of del iberate transfus ion i s  now rarely
used.

Electrolytes : a  recent serum K+ i s  essentia l . If K+ >6.0 mmol/l i tre dia lys is  wi l l  usual ly be required prior to surgery. Na + i s  often
decreased due to increased water retention. Ca lcium is  often decreased due to inadequate vi tamin D.
Coagulation: uraemia  affects  platelet function and leads  to a  prolonged bleeding time. INR and APTT are usual ly normal  (DDAVP 0.3
µg/kg in 50 ml  sa l ine over 30 min may improve platelet function i f necessary, in uncontrol led bleeding).
ECG: may show ischaemic heart disease. Rarely s igns  of hyperka laemia  K+ >6.5 mmol/l i tre (arrhythmias , widened QRS, peaked T waves)
or hypo-ka laemia  K+ <3.0 mmol/l i tre (arrhythmias , U waves , flattened T waves  and A/V block) may be seen. These are metabol ic
emergencies  and need urgent treatment.

Perioperative care

Many patients  with CRF have an upper l imb arteriovenous  shunt for haemodia lys is . Venous/arteria l  cannulation and non-invas ive BP
readings  should be avoided in this  arm for fear of damaging the shunt. Wrap the arm in cotton-wool  as  a  reminder and for protection.
When no other veins  are ava i lable, short-term emergency cannulation of the fi s tula  arm is  acceptable (avoiding the fi s tula).
Patients  with or without a  shunt may need further access  in the future, at which time their surviva l  may depend upon good vascular
access . Avoid cannulation of the forearm and antecubita l  veins . Use veins  in the back of the hand or ulna  aspect of forearm as  these
are rarely used for fi s tulae.
P.111

Arteria l  l ines  should only be used when essentia l  and the radia l  artery i s  preferred.
Fluid and electrolyte ba lance must be careful ly managed. CRF patients  are very susceptible to further renal  damage with dehydration.
Find out thei r normal  da i ly fluid a l lowance and plan accordingly.
Many patients  with some renal  function benefi t from a  preoperative IV sa l ine 0.9% infus ion to mainta in renal  blood flow.
Al l  fluids  conta ining K+ should be avoided—genera l ly use sa l ine.
For patients  with K+ >5.5 mmol/l i tre, suxamethonium and factors  that cause acidos is  (hypoventi lation and respiratory obstruction)
should be avoided due to the ri sks  of increas ing potass ium further.
If large fluid shi fts  are l ikely, CVP monitoring should be performed.
Delayed gastric emptying and increased gastric acidi ty make gastric reflux and aspiration more l ikely. Give H2 antagonis ts/proton
pump inhibi tors  (cimetidine may cause confus ion and should be avoided) and cons ider rapid sequence induction.
Immunity i s  suppressed by uraemia  and this  i s  often exaggerated by immunosuppressants , therefore use s trict aseps is  for any
invas ive procedures .
Universa l  precautions  are particularly important as  hepati ti s  B and C are common.

Postoperative
Ensure careful  fluid ba lance, and avoid nephrotoxic drugs  and accumulation of analges ics .
Drugs  and renal  disease
Most drugs  are excreted by the kidneys . Therefore most drugs  or thei r metabol i tes  have the potentia l  to accumulate in renal  fa i lure. Loading
doses  of drugs  are unchanged but maintenance doses  of drugs  are usual ly reduced. If in doubt refer to the BNF.
Some drugs  are di rectly nephrotoxic and can lead to a  decrease in renal  function. Many anaesthetic drugs  and techniques  can decrease renal
blood flow, glomerular fi l tration rate, and urine output.

 Drugs  safe in CRF Drugs  contra indicated in CRF

Premed Lormetazepam, temezepam, midazolam  

Induction Propofol , thiopenta l , etomidate  

Maintenance Isoflurane, desflurane, ha lothane, propofol Enflurane

Muscle relaxant Atracurium, ci satracurium, Pancuronium

Opioids Al fentani l , remifentani l Pethidine

Loca l  anaesthetics Bupivaca ine, l idoca ine (l ignoca ine)  

Analges ics Paracetamol , codeine NSAIDS

P.112

Specia l  cons iderations

Opioids : a l l  have prolonged action in renal  fa i lure. Morphine and pethidine are both metabol i zed to active metabol i tes  (morphine 6-
glucuronide and norpethidine) by the l iver. Norpethidine can cause convuls ions . Fentanyl  bui lds  up in periphera l  ti s sues  rarely
leading to delayed respiratory depress ion. Morphine and fentanyl  can be used with care. Respiratory rate and pulse oximetry should
be measured postoperatively and continuous  oxygen prescribed. Bui ld-up of metabol i tes  can best be avoided by us ing a  PCA system for

javascript:history.back()


adminis tration, or use of regional  block techniques . Drugs  vary as  to how wel l  they are removed from the blood with dia lys is  and
morphine may take some time to be removed.
Sevoflurane: can be used for induction, but has  been shown to produce inorganic fluoride with prolonged exposure. No evidence of
nephrotoxici ty has  been found, but i soflurane i s  a  safe a l ternative.
Suxamethonium: wi l l  increase serum K+ by 0.5 mmol/l i tre and i s  therefore contra indicated in hyperka laemic patients  but otherwise can
be used.
Vecuronium and rocuronium: can be used with extreme care in renal  fa i lure, but atracurium (or ci satracurium) i s  a  better a l ternative
due to Hofmann el imination.
Loca l  anaesthetic drugs  have a  shorter duration of action, particularly for infi l tration, in the acidic ti s sues  of renal  fa i lure. Therefore
bupivaca ine may have advantages  over l idoca ine (l ignocaine). The increased ri sk of haemorrhage and haematoma formation must be
cons idered before us ing spina l  and epidura l  techniques .
Reversa l  of neuromuscular blockade. The use of a  nerve s timulator i s  recommended. Neostigmine, glycopyrrolate, and atropine can a l l
be used but ha l f-l ives  are l ikely to be doubled.
Antibiotics  are usual ly excreted by the kidney. The usual  advice i s  a  normal  loading dose with a  decreased maintenance but a lways
check with the BNF. Aminoglycos ides  and vancomycin are nephrotoxic (particularly in combination with other ri sk factors , e.g. diuretics ,
dehydration, jaundice, etc.). It i s  best to avoid these antibiotics , i f poss ible, but in severe infection, blood levels  should be closely
monitored.
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Patients  on haemodia lys is

Haemodia lys is  patients  undergo dia lys is  for severa l  hours , three or four times  a  week.
These patients  usual ly have an intravenous  access  catheter (short term) or an arteriovenous  shunt. These shunts  are extremely
important and are at ri sk from accidenta l  damage or clotting (see above).
Haemodia lys is  patients  should be dia lysed a  few hours  before surgery to control  potass ium levels . Fol lowing dia lys is , patients  wi l l  be
relatively hypovolaemic and may have res idual  anticoagulation effects  (heparin used during dia lys is ).
Expect a  degree of vascular instabi l i ty on induction. Intra-operatively use 0.9% sa l ine to achieve normovolaemia  as  this  can be
removed by dia lys is  at a  later date. Give IV fluids  to replace losses , but do not use excess ive fluid. Col loids  such as  modi fied gelatins
can be used as  normal .
Delay haemodia lys is  for 1–2 days  postoperatively i f poss ible, to avoid heparin-induced bleeding.
Remember suxamethonium may increase K+ by 0.5–1 mmol/l i tre.
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Patients  on peri toneal  dia lys is

In peri toneal  dia lys is  a  temporary (hard) or permanent (soft or ‘Tenchkoff’) catheter i s  inserted into the peri toneal  cavi ty. Dia lys is  i s
carried out by the exchange of fluid across  the peri toneal  membrane. As  dia lys is  i s  continuous  these patients  often have a  more
relaxed fluid restriction than haemodia lys is  patients .
Peri toneal  dia lys is  patients  should have their dia lysate dra ined prior to surgery for optimal  respi ratory function. They can often omit
24–48 h of dia lys is  but i f they have bowel  surgery they wi l l  need a  short period of haemodia lys is . It i s  often kinder to the patient to
insert a  venous  dia lys is  catheter under genera l  anaesthes ia .
Take care with the choice of cannulation s i tes  (see above).
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Transplanted patients

These patients  may s ti l l  have a  degree of CRF and a  functioning fi s tula , but i f the transplanted kidney i s  working wel l  fluid ba lance i s
not normal ly a  problem.
Patients  are at particular ri sk of infection as  they are immunosuppressed and therefore s trict aseps is  must be appl ied.
The transplant i s  at ri sk i f immunosuppres ion i s  withdrawn, therefore care must be taken during perioperative fasting.
Long-term steroid treatment may lead to adrenal  suppress ion, osteoporos is , and increased ri sk of GI bleeding. Steroid cover may be
required (p. 98).
Avoid haemodynamic compromise of the transplanted organ and any potentia l ly nephrotoxic drugs . Remember that even i f serum
creatinine i s  normal , creatinine clearance and renal  function may be compromised and therefore NSAIDs  are best avoided.
Beware prone pos i tioning when the transplanted kidney can be damaged by supports .
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Patients  with ra ised creatinine
Creatinine i s  a  breakdown product of skeleta l  muscle metabol i sm. Under normal  ci rcumstances  i t undergoes  minimal  tubular secretion and
its  clearance accurately reflects  the glomerular fi l tration rate (GFR). However, tubular secretion occurs  with increas ing serum creatinine
leading to an overestimate of GFR. The plasma creatinine shows  a  rectangular hyperbol ic relationship with creatinine clearance (see
diagram). This  has  severa l  important ramifications :

View Figure

Figure. No caption ava i lable.

GFR must be reduced by up to 50% before serum creatinine ri ses  above normal  levels .
Smal l  changes  in serum creatinine in the low (normal ) range imply a  large change in GFR, making the test very sens i tive.
Individuals  with di fferent muscle mass  wi l l  have very di fferent curves  and therefore each resul t must be determined in relation to this ,
and trends  are most useful .
The GFR does  not a lways  reflect overa l l  renal  function i f an acute i l lness  has  caused a  recent depress ion in GFR.

Cons ider whether the ra ised creatinine represents  acute renal  impairment (poss ibly revers ible), or CRF. If an acute onset i s  suspected:

Optimize the preoperative metabol ic s tate and cons ider IV sa l ine the night before theatre to avoid dehydration.
Insert a  urinary catheter and monitor urine output hourly peri - and post-operatively (mainta in >1 ml/kg/h).
Have a  low threshold for CVP insertion to monitor fluid ba lance.
Take scrupulous  care with fluid ba lance and blood pressure (avoid hypotens ion relative to the patient's  normal  va lue).
Occas ional ly inotropes  may be required to achieve an adequate BP.
If urine output fa l l s  despi te fluid loading (CVP 10–15 cmH2O), try mannitol  (0.5 g/kg) or furosemide (frusemide) (20–40 mg).
Avoid NSAIDs  and any potentia l ly nephrotoxic drugs .
Take care of arm vessels  in case of future fi s tula .
Contact the ICU or a  renal  phys ician to ascerta in l ikely long-term plans  for renal  management—wi l l  dia lys is  be needed immediately
postoperatively? If so a  venous  dia lys is  catheter can be inserted at the time of the anaesthetic.
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Acute renal  fa i lure
Acute renal  fa i lure (ARF) commonly develops  in the perioperative period and i s  associated with a  high morta l i ty (ol iguric 50–80%, non-ol iguric
10–40%). It i s  eas i ly diagnosed in those with a  ri s ing creatinine, or ol iguria . Occas ional ly, however, ARF may occur with relatively normal
volumes  of urine.
Risk factors  for developing perioperative acute renal  fa i lure include:

seps is  (especia l ly abdominal )
prolonged hypotens ion/hypovolaemia
prolonged preoperative dehydration (orthopaedic/surgica l  patients )
advanced age
nephrotoxins—drugs , myoglobin
diabetes  mel l i tus
renovascular surgery
known chronic renal  fa i lure with ra ised serum creatinine (acute on chronic)
a  his tory of cardiac fa i lure, hypertens ion, diabetes  mel l i tus , rhabdomyolys is  (crush syndrome), aortic surgery, pregnancy-induced
hypertens ion
urinary obstruction
hepatorenal  syndrome (see p. 132).

Nephrotoxic drugs

Analges ics Aspirin, NSAIDs

Antibiotics Aminoglycos ides , amphotericin B, vancomycin

ACE inhibi tors  

Anti -neoplastic Cisplatinum, methotrexate

Immunosuppressants Ciclosporin

Psychiatric Li thium

Radiocontrast agents  

Assessment of renal  function

Assess  volume of urine being produced hourly (remember catheters  can become blocked). Urinary electrolytes  can help di fferentiate
hypoperfus ion (Na+ <20 mmol/l i tre, urine osmola l i ty >500 mosmol/kg) from acute tubular necros is  (ATN) (Na+ >20 mmol/l i tre, urine
osmola l i ty <500 mosmol/kg). Remember that these resul ts  are meaningless  i f diuretics  have been given.
Serum creatinine i s  the main ini tia l  measurement of renal  function (remember i t i s  a ffected by body mass—see earl ier) and increas ing
levels  indicate worsening renal  function. Serum urea  i s  much less  helpful  as  i t a l so increases  in dehydration, GI bleeding, seps is , and
diuretic adminis tration, even with normal  renal  function.
Electrolyte levels  should be checked prior to surgery (exclude high serum K+).
P.118
Creatinine clearance i s  a  useful  marker of renal  function. However, i t needs  a  24-h urine col lection, and i s  rarely performed in the
perioperative period.
Abdominal  ul trasound can be eas i ly performed and wi l l  help di fferentiate chronic causes  (two smal l  kidneys) and obstructive causes .
It can a lso estimate renal  perfus ion.
If further assessment of renal  function i s  required, dynamic renal  scans  examine perfus ion and excretion from the kidney, but
guidance should be sought from a  nephrologis t.

Perioperative cons iderations

The main priori ty i s  the prevention/further deterioration of acute renal  fa i lure, plus  maintenance of an adequate urine output (1–2
ml/kg/h)— ‘non-ol iguric renal  fa i lure’. Urinary catheterization should be cons idered early (i .e. presurgery).
Preoperative rehydration i s  important in preventing ARF. Patients  who are s igni ficantly dehydrated (e.g. bowel  obstruction) need fluid
defici t cor-rected prior to surgery, and this  i s  often best judged by CVP monitoring (mainta in CVP at 10–15 cmH2O).
The response to a  fluid bolus  (250–500 ml) over 10–15 min may help di fferentiate between hypovolaemia  and acute tubular necros is
whi le more invas ive monitoring i s  prepared.
An adequate BP i s  important for renal  perfus ion. A mean arteria l  pressure of >70 mmHg (85 mmHg in hypertens ive patients ) should be
mainta ined (use inotropes  i f necessary).
The outcome from polyuric ARF i s  better than ol iguric ARF, but no patient should be given furosemide (frusemide) unti l  they have an
adequate fi l l ing pressure and systemic arteria l  pressure.
Furosemide (frusemide) i s  given ini tia l ly as  an IV bolus  of 20–40 mg. In patients  with establ i shed renal  insufficiency (i .e. ra ised serum
creatinine) give 250 mg over 1 h as  an infus ion.
Cons ider mannitol  (0.5–1 g/kg IV).
Monitor serum K+ 1–2-hourly i f ra ised (most blood gas  analysers  give accurate levels ).
P.119

In patients  with establ i shed ARF, further acid-base deterioration should be avoided. Plan for perioperative renal  replacement therapy
(see Table).
Any abdominal  surgery or infection contra indicates  peri toneal  dia lys is  and a  dia lys is  catheter should be inserted whi l s t the patient i s
s ti l l  anaesthetized.

Guidelines for renal replacement therapy

 Haemofi l tration Haemodia lys is Peri toneal  dia lys is

Time period Continuous Intermittent Continuous

CVS s tabi l i ty Stable Unstable Stable
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Fluid removal Good Good Poor

Urea removal Reasonable Good Poor

Abdominal  surgery Indicated Indicated Contra indicated

Infection Moderate ri sk Moderate ri sk High ri sk

Bleeding compl ications Moderate Moderate Low

Postoperative care

Avoid NSAIDs  in a l l  patients  at ri sk of renal  fa i lure.
Give appropriate IV fluids  and avoid dehydration (cons ider CVP monitoring i f not insti tuted).
Closely monitor urine output.
If ol iguria  occurs  (<0.5 ml/kg/h) try a  fluid cha l lenge of 250– 500 ml  0.9% sa l ine/gelofus ine, or mannitol  (0.5–1 g/kg IV). Cons ider CVP and
adequate arteria l  pressure as  previous ly.
Intra-abdominal  pressure i f ra ised to more than 20 mmHg can lead to anuria  by di rect compress ion on the renal  pelvises . Ra ised intra-
abdominal  pressure i s  found in up to 30% of emergency surgery cases  and i s  especia l ly common after mass ive intra-abdominal
bleeding such as  a  leaking abdominal  aneurysm repair.
Intra-abdominal  pressure can be measured via  the bladder. Insti l  50 ml  sa l ine into the bladder via  a  s tandard foley catheter, clamp off
the dra inage port, and measure pressure via  a  manometer l ine connected to a  needle inserted into the catheter lumen. Remember
that ra ised intra-abdominal  pressure wi l l  a l so tend to cause fa lsely high reading of CVP pressures  (hence the patient may be
underfi l led despi te apparently adequate CVP).
Bleeding may be a  particular problem due to poor platelet function. Reverse any res idual  heparin (protamine 1 mg/100 uni ts  heparin
s low IV) and con-s ider cryoprecipi tate and DDAVP (0.3 mg/kg IV over 30 min in 50 ml  0.9% sa l ine). Conjugated oestrogen (0.6 mg/kg/day
for 5 days ) may a lso help.

Emergency management of ra ised serum potass ium
Treatment
Treatment should be ini tiated i f K+ >6.5 mmol/l i tre or ECG are changes  pre-sent. Unl ike hypokalaemia, the incidence of serious  cardiac
compromise i s  high and therefore intervention i s  important. Treat the cause i f poss ible.

Insul in 15 uni ts  in 100 ml  20% dextrose IV over 30–60 min.
Ca lcium 5–10 ml  10% ca lcium gluconate or 3–5 ml  10% ca lcium chloride (rapid onset, short l ived).
Bicarbonate 50 mmol  IV (especia l ly with acidos is ).
Ion exchange res in—calcium resonium 15 g PO/30 g PR 8-hourly.
Beta-agonis ts , cons ider sa lbutamol  5 mg nebul i zed.
Dia lys is  or haemofi l tration.

Further reading
Bannis ter KM, Field MF (1996). Cl inica l  phys iology of the kidney: tests  of renal  function and s tructure. In Oxford textbook of medicine (3rd edn),
(eds . Weathera l l , Ledingham, Warrel l ) pp. 3101–15. Oxford Univers i ty Press , Oxford.
Bols in SN (1996). Anaesthes ia  for patients  with renal  disease. In International  practice of anaesthes ia  (eds . C Prys -Roberts , DR Brown), pp.
1781–6. Butterworth-Heinemann, Oxford.
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El  Nahas  AM, Winearls  CG (1996). Chronic renal  fa i lure. In Oxford textbook of medicine (3rd edn) (eds . Weathera l l , Ledingham, Warrel l ), pp.
3294–306. Oxford Univers i ty Press , Oxford.
Malbra in MLNG (1999). Abdominal  pressure in the cri tica l ly i l l : measurement and cl inica l  relevance. Intens ive Care Medicine, 25, 1453–8.
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Thadhani  R, Pascuel  M, Bonventre JV (1996). Acute renal  fa i lure. New England Journal  of Medicine, 334, 1448–60.
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Compl ications  of Liver Disease
There are numerous  causes  of hepatic disease. The most common in the Western world i s  ci rrhos is  secondary to vi ra l  hepati ti s  or a lcohol i sm.
Patients  with underlying hepatic disease often present to the anaesthetis t and surgeon. Problems include:

Bleeding. The l iver i s  respons ible for the production of clotting factors  (a l l  except factor VIII) and the prothrombin time i s  usual ly
prolonged. This  can be improved by da i ly vi tamin K injections  (10 mg IV s lowly). Thrombocytopenia  i s  common, as  i s  defective platelet
function. Bleeding i s  more l ikely to be secondary to thrombocytopenia  than due to clotting factor deficiency. Both duodenal  ulceration
and oesophageal  and gastric varices  are common in patients  with l iver fa i lure and bleeding can be torrentia l . Clotting s tudies  and FBC
must be careful ly checked perioperatively and adequate provis ion must be made for the cross -match of blood, fresh frozen plasma,
and platelets .
Encephalopathy. In severe l iver fa i lure toxic products  bui ld up (particularly ammonia , due to deranged amino acid metabol i sm)
leading to a  progress ive encephalopathy. This  occurs  in hyperacute hepatic fa i lure (within 7 days ), acute (7–28 days), and subacute (28
days  to 6 months). This  class i fi cation replaces  fulminant hepatic fa i lure where encephalopathy developed within 8 weeks  of the
precipi tating i l lness . In ci rrhos is  this  may be precipi tated by sedatives , a  high-protein diet (including GI bleed), infection, surgica l
operations , trauma, hypokalaemia, or constipation. The decreased level  of consciousness  may compromise the a i rway and intubation
may be required i f cerebra l  oedema develops .

Grades of hepatic encephalopathy

Grade 0 Alert and orientated

Grade I Drowsy and orientated

Grade II Drowsy and disorientated

Grade II I Rousable s tupor, restlessness

Grade IV Coma–unrespons ive to deep pa in

Hypoglycaemia. The l iver conta ins  major s tores  of glycogen, a  glucose precursor. Check blood glucose levels  regularly. Give 10%
dextrose infus ions  i f <2mmol/l i tre. Monitor plasma K+.
Asci tes . Fibrotic changes  in the l iver lead to porta l  hypertens ion, and in combination with sa l t and water retention and a  low serum
albumin, fluid accumulates  in the peri toneal  cavi ty. This  can lead to respiratory fa i lure, due to pressure on the diaphragm, and the
asci tes  may need to be dra ined.
Infection. Immune function i s  depressed and infections  of the respiratory and urinary tract are common.
Renal  fa i lure. This  i s  often multi factoria l . Combined l iver and renal  fa i lure may resul t from:

a  common pathomechanism (seps is , toxic, immune, and genetic).
secondary due to decreased ci rculating blood volume or increased renovascular
P.123

res is tance (prerenal ), impaired renal  tubular function, or hepatorenal  fa i lure. Hepatorenal  fa i lure i s  due to intrarenal  arteria l
and arteriolar vasoconstiction and can only be diagnosed after exclus ion of shock, seps is , and nephrotoxic drugs .
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Acute hepatic disease
Previous ly wel l  patients  with acute l iver fa i lure rarely present for anaesthes ia  and surgery (morta l i ty rates  of 10 and 100% have been
described). More commonly, acute fa i lure i s  due to decompensation of chronic l iver disease. Hyperacute hepatic fa i lure (encephalopathy
within 7 days ) paradoxica l ly has  the best prognos is .
Causes  of acute l iver fa i lure

Vira l  hepati ti s : types  A to G, cytomegalovi rus , herpes  s implex vi rus , and Epstein-Barr vi rus .
Drugs : paracetamol  excess , idiosyncratic reactions , ha lothane.
Toxins : carbon tetrachloride, Amanita  phal loides  mushrooms.
Others : acute fatty infi l tration of pregnancy, HELLP syndrome, Wi lson's  disease, Reye's  syndrome.

Patients  with acute l iver disease and encephalopathy have severe coagulopathy and active fibrinolys is , high cardiac output and reduced
systemic vascular res is tance, hypoglycaemia/hypokalaemia, and metabol ic acidos is . They are a lso at ri sk of ra ised intracrania l  pressure. Due
to the high perioperative morta l i ty, patients  should have a l l  anaesthetics  postponed (unless  true emergency) unti l  at least 30 days  after l iver
function tests  have returned to normal . Hepati ti s  B and C are highly contagious  via  parentera l  inoculation to theatre personnel  and universa l
precautions  must be s trictly adhered to.
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Chronic hepatic disease
The commonest cause of chronic l iver disease i s  ci rrhos is , but chronic hepati ti s  i s  a l so widespread. Chronic hepati ti s  i s  any hepati ti s  las ting
longer than 6 months  and ci rrhos is  i s  hepatic fibros is  with regeneration nodules .

Ci rrhos is  can be acquired (a lcohol , vi ra l  hepati ti s , drugs , secondary bi l iary, or veno-occlus ive disease) or inheri ted (primary bi l iary,
haemachromatos is , Wi lson's , ga lactosaemia, s ickle cel l  disease).
Chronic hepati ti s  B develops  in 3% of those infected. It i s  widespread in the Far East and Africa  and infects  300 mi l l ion people
worldwide. Other highrisk groups  include homosexuals , IV drug abusers , haemophi l iacs , haemodia lys is  patients , and those in
insti tutional  care. It may progress  to ci rrhos is  or hepatocel lular carcinoma.
Chronic hepati ti s  C develops  in 75% of those infected. Risk groups  are s imi lar to hepati ti s  B and ci rrhos is  and hepatocel lular
carcinoma can develop. Blood products  were previous ly respons ible for many cases  of hepati ti s  C but now a l l  donors  are screened.
Other causes  of chronic hepati ti s  include a lcohol , autoimmune, metabol ic, and drugs  (i soniazid, methyldopa).
Assessment of ri sk factors  for surgery and anaesthes ia  i s  described by Chi ld's  class i fi cation. Common causes  of morta l i ty in the
perioperative period include seps is , renal  fa i lure, bleeding, and worsening l iver fa i lure with encephalopathy.

Surgical risk assessment: Child's classification as modified by Pugh

 
Mortality

Minimal
(<5%)

Modest
(5–50%)

Marked
(>50%)

Bi l i rubin (µmol/l i tre) <25 25–40 >40

Albumin (g/l i tre) >35 30–35 >30

PT (seconds  prolonged) 1–4 4–6 >6

Asci tes None Moderate Marked

Encephalopathy (p. 122) None Grades  1 and 2 Grades  3 and 4

Nutri tion Excel lent Good Poor

PT = prothrombin time.

Drug metabol i sm and l iver disease

The vast majori ty of drugs , including anaesthetic drugs , are metabol i zed by the l iver.
Most drugs  are ini tia l ly metabol i zed by the cytochrome P450 system. In Phase I  they are ei ther oxidized or reduced and in Phase II  they
are conjugated with a  glucuronide, glycine, or sulphate to enhance water solubi l i ty and excretion in bi le or urine.
In early a lcohol ic l iver disease the cytochrome P450 system is  often induced, leading to rapid metabol i sm of drugs , whereas  this  i s
reversed in end s tage disease.
P.126

The l iver has  a  large functional  reserve and so these functions  are usual ly preserved unti l  end-stage disease.
Pharmacodynamics  and the sens i tivi ty of target organs  for sedatives  and anaesthetics  may be a l tered with coma eas i ly induced in end-
stage l iver disease.

Causes of altered drug pharmacokinetics in liver failure

Liver problem Pharmacological effect

Decreased porta l  blood flow in hepatic fibros is Decreased GI drug clearance

Hypoalbuminaemia Increased free drug in plasma

Asci tes  and sodium and water retention Increased volume of dis tribution

Biotransformation enzymes Activi ty may increase or decrease

Reduced l iver cel l  mass Reduced activi ty

Obstructive jaundice Decreased bi l iary excretion of drugs
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Anaesthetic management of the patient with l iver fa i lure
Preoperative laboratory investigations

Ful l  blood count and clotting s tudies . The prothrombin time i s  a  good marker of l iver function.
Electrolytes  and creatinine. The urea  i s  often fa lsely low due to decreased hepatic production.
Glucose-hepatic s tores  of glycogen and glucose uti l i zation are often affected.
Liver function tests  (see below).
Arteria l  blood gases .
Urina lys is .
Hepati ti s  screening (a l though universa l  precautions  should a lways  be observed).

Assessment of l iver function

Serum l iver function tests  are rarely speci fic but prothrombin time (PT), a lbumin, and bi l i rubin are sens i tive markers  of overa l l  l i ver
function. Seria l  measurements  are useful  and indicate trends . It i s  important to avoid giving FFP, unless  treating active bleeding, to
avoid a l tering the PT time, which i s  an excel lent guide to overa l l  l i ver function.
Liver transaminases  (aspartate ‘AST’, a lanine ‘ALT’) are sens i tive to even mi ld l iver damage and have no role in morta l i ty prediction.
Levels  may decrease in severe disease.
Alka l ine phosphatase i s  ra ised with bi l iary obstruction.
Immunologica l  tests : antinuclear antibody i s  present in 75% of patients  with chronic active hepati ti s  and smooth muscle antibody in
nearly a l l  cases  of primary bi l iary ci rrhos is . α-fetoprotein i s  a  marker of hepatoma.
Imaging techniques : ul trasound i s  the main ini tia l  investigation of obstructive jaundice. Other useful  investigations  include ERCP, CT,
and MRI cholangiograms.
Liver function tests  (LFTs ) must a lways  be interpreted in cons ideration with a  careful  his tory and examination. The l iver has  a  large
reserve function and can often withstand cons iderable damage before LFTs  become deranged.

Perioperative cons iderations

Proton pump inhibi tors  or H2 antagonis ts  should be used preoperatively. Rapid sequence induction wi l l  reduce the ri sks  of gastric
aspiration.
Even in severe l iver disease the problem is  usual ly one of exaggerated effects  of drugs  on the CNS, rather than poor l iver metabol i sm
per se.
Hepatic blood flow is  often a l tered during anaesthes ia  and surgery by anaesthetic drugs  (including α and β agonis ts/antagonis ts ),
pos i tive pressure venti lation, PEEP, and surgica l  technique.
In most cases  anaesthes ia  reduces  l iver blood flow, particularly i f ha lothane i s  used. However, i soflurane actua l ly seems to improve
hepatic blood flow.

Anaesthetic drugs in liver failure

 Drugs safe in liver failure
Drugs to be used with caution (may need reduced
dosage)

Drugs contraindicated in liver
failure

Premedication Lorazepam Midazolam, diazepam  

Induction Propofol , thiopenta l , etomidate   

Maintenance
Desflurane, sevoflurane,
i soflurane

Enflurane Halothane (probably)

Muscle
relaxants

Atracurium, ci satracurium Pancuronium, vecuronium, suxamethonium  

Opioids Remifentani l Fentanyl , a l fentani l , morphine, pethidine  

Analges ics Paracetamol NSAIDS, l idoca ine (l ignoca ine), bupivaca ine  

P.128
P.129

Regional  techniques  can be used as  long as  coagulation i s  not too deranged, and i t should be remembered that a l l  loca l  anaesthetics
are metabol i zed by the l iver.
Isoflurane i s  the preferred volati le agents  as  enflurane, and particularly ha lothane, have marked effects  in decreas ing hepatic blood
flow and inhibi ting drug metabol i sm.

Phys iologica l  cons iderations

Cardiovascular: l i ver disease causes  various  types  of shunt, from cutaneous  spider angioma to portapulmonary A/V shunts . These
shunts  lead to an increase in cardiac output, often by 50%. This  i s  combined with a  reduction in systemic vascular res is tance and an
increase in extracel lular fluid due to an activated renin-angiotens in system. In contrast, some a lcohol ics  may have a  decreased cardiac
output secondary to cardiomyopathy.
Asci tes : a  common mani festation of l iver disease. Water and sodium retention may be treated with potass ium-sparing diuretics , e.g.
spi ronolactone. A careful  check of electrolytes  i s  essentia l . Removal  of asci tes  at operation wi l l  be fol lowed by postoperative re-
forming. This  should be taken into account in fluid ba lance.
Pulmonary: up to 50% of patients  may have intrapulmonary shunting and V/Q mismatch, pleura l  effus ions , and respiratory spl inting of
the diaphragm by asci tes  caus ing a  decrease in PaO2 not improved by increas ing the FiO2. Diuretics  or paracentes is  may improve
asci tes .
Bleeding and clotting problems: both clotting factors  and platelets  are affected quanti tatively and qual i tatively. Coagulation should be
careful ly assessed preoperatively and adequate provis ion made for intra-operative blood products .
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Postoperative l iver dys function
Although postoperative jaundice i s  relatively common, s igni ficant l iver dys function i s  relatively rare. Dys function has  varied aetiology and
often resolves  without treatment. It should be remembered that hepati ti s  due to volati le agents  i s  extremely rare and i s  largely a  diagnos is  of
exclus ion.

Causes of postoperative liver dysfunction or jaundice

Bi l i rubin overload (haemolys is )
Blood transfus ion
Haematoma resorption
Haemolytic anaemia  (s ickle cel l , prosthetic heart va lve, glucose-6-phosphatase deficiency)

Hepatocel lular injury

Exacerbation of pre-exis ting l iver disease
Hepatic i schaemia: hypovolaemia, hypotens ion, cardiac fa i lure
Septicaemia
Drug-induced (antibiotics , ha lothane)
Hypoxia
Vira l  hepati ti s

Cholestas is
Intrahepatic (benign, infection, drug-induced, e.g. cephalosporins , carbamazepine, erythromycin)
Extrahepatic (pancreati ti s , ga l l s tones , bi le duct injury)

Congenita l Gi lbert's  syndrome

Common causes  include hepatic oxygen deprivation from intra- and postoperative hypoxia  and hypotens ion.
Benign postoperative intrahepatic cholestas is  mimics  bi l iary obstruction and usual ly occurs  after major surgery associated with
hypotens ion, hypoxaemia, or multiple transfus ions .
The surgica l  procedure should a lso be cons idered, and s igni ficant haematoma resolution i s  a  common cause.

Halothane hepati ti s

Halothane has  been l inked to postoperative l iver dys function.
Two syndromes  are recognized:

The fi rs t i s  associated with a  trans ient ri se in l iver function tests  and low morbidi ty, often after ini tia l  exposure.
The second i s  thought to occur after repeated exposure and has  an ‘immune’ mechanism with the development of fulminant
hepatic fa i lure (FHF) and high morta l i ty. It i s  rare, with an incidence of 1 in 35 000 anaesthetics .

Antibodies  speci fic to FHF patients  exposed to ha lothane are found in 70% of such patients . It i s  postulated that a  ha lothane oxidative
metabol i te binds  to l iver cytochromes  to form a  hapten and induce a  hypersens i tivi ty reaction.
P.131

Al l  patients  exposed to ha lothane have a l tered l iver proteins  but i t i s  unknown why only a  few develop l iver fa i lure.
There does  appear to be a  genetic susceptibi l i ty as  shown by in vi tro testing.
Halothane has  a lso been shown in severa l  animal  s tudies  to s igni ficantly decrease l iver blood flow, particularly during hypoxia .

Other inhalational  anaesthetic agents

The chance of an ‘immune’ reaction occurring to a  volati le agent i s  thought to relate to the amount i t i s  metabol i zed. Halothane i s  20%
metabol i zed.
Enflurane i s  2% metabol i zed and should therefore cause 10 times  fewer reactions . Products  of enflurane metabol i sm have been shown
to a l ter l iver proteins  and there have been rare case reports  l inking enflurane with l iver damage. There i s  a  theoretica l  bas is  for cross -
reactivi ty with previous  ha lothane exposure.
Isoflurane i s  0.2% metabol i zed. There i s , therefore, a  theoretica l  ri sk of reaction and indeed there have been a  few case reports .
These, however, have been contested and i soflurane i s  cons idered safe for use in patients  at ri sk of hepatic fa i lure.
Sevoflurane and desflurane a lso appear to be safe in l iver fa i lure.
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Renal  fa i lure and the hepatorenal  syndrome
Hepatorenal  syndrome and acute tubular necros is  are common in patients  with l iver disease. Maintenance of an adequate urinary output
with fluids  i s  the mainstay of prevention. Once renal  fa i lure occurs , due to any cause, with a  high creatinine level  in the presence of ci rrhos is ,
morta l i ty i s  usual ly 100%.

The hepatorenal  syndrome is  a  functional  renal  fa i lure which occurs  spontaneous ly or more commonly due to fluid shi fts  particularly
in patients  with obstructive jaundice.
The kidney i s  normal  his tologica l ly and functions  normal ly fol lowing a  l iver transplant or i f transplanted into a  recipient.
Al l  pathophys iologica l  changes  seen in asci tes  (renal  sodium and water retention and plasma expans ion) are present to an extreme
form in the hepatorenal  patient.
Diagnostic cri teria  are:

urinary sodium <10 mmol/l i tre
urine:plasma osmolari ty and creatinine ratios  >1
normal  CVP with no diures is  on centra l  volume expans ion
a patient with chronic l iver disease and asci tes .

Worsening hepatorenal  fa i lure resul ts  in death, despi te haemofi l tration or dia lys is , and can only be corrected by l iver transplantation.

Prevention

Preoperatively an IV infus ion of 0.9% sa l ine should be commenced to avoid hypovolaemia.
Renal  blood flow must be optimized by monitoring CVP and correcting any hypovolaemia.
Remember that tense asci tes  may cause compress ion of the right atrium and fa lsely high CVP measurements .
Mannitol  i s  often used prophylactica l ly to mainta in urine output (0.5 g/kg over 30 min).
Hypotens ion should be avoided intra-operatively and mean BP should be mainta ined within 10–20% of preoperative levels -particularly
in the hypertens ive patient.
An adequate urine output of at least 1 ml/kg/h must be achieved.
Avoid the use of any nephrotoxic drugs  such as  NSAIDs , and gentamicin in repeated doses .
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Porta l  hypertens ion and oesophageal  varices

Porta l  hypertens ion commonly occurs  with ci rrhos is  but can arise in any condition where there i s  dis ruption of pre-, intra-, or
posthepatic blood flow.
Porta l  hypertens ion causes  enlargement of the anastomoses  between the porta l  and systemic ci rculation leading to varices  at the
gastro-oesophageal  junction, haemorrhoids , and di lated abdominal  wal l  veins  (‘caput medusa’).
30% of varices  bleed and present as  haematemes is  or malaena.
Morta l i ty i s  up to 50% for the acute bleed, particularly in patients  with advanced ci rrhos is .

Treatment

Ini tia l  management i s  to correct hypovolaemia, s top the bleeding, and try to avoid compl ications  such as  fluid and electrolyte
imbalance, encephalopathy, and aspiration pneumonia .
Two large-bore IVs  and a  CVP l ine should be inserted.
Drugs  that may cause or exacerbate the bleeding, e.g. aspi rin, should be s topped.
Early endoscopy i s  warranted to confi rm the diagnos is  (remember peptic ulceration and oesophageal  and gastric eros ions  in up to 30%
of cases ) and control  bleeding (band l igation appears  more effective than sclerosant injection). However, 70% of patients  wi l l  rebleed,
most within 6 weeks .
Vasoactive drugs  (terl ipress in 2 mg 6-hourly, vasopress in 0.2–0.4 uni ts/min for 24–48 h) constrict vessels  in the mesenteric beds  but
may cause coronary constriction and angina. GTN patches  or infus ion may help. Terl ipress in causes  less  angina  than vasopress in.
Somatostatin (a  hypothalamic hormone) 250 µg/h and octreotide (an analogue) 50 µg/h for 2 to 5 days  (as  wel l  as
terl ipress in/vasopress in) in combination with endoscopic therapy may be more effective than ei ther a lone and should be s tarted
whi ls t wai ting for an experienced endoscopis t.
Ba l loon tamponade with an oesophageal  and gastric ba l loon can provide temporary haemostas is  but should only be used where
endoscopic and drug treatments  have fa i led. There i s  a  high ri sk of fata l  compl ications  (aspi ration, oesophageal  tear/rupture, and
airway obstruction) and therefore this  should only be used in HDU/ICU.
70% of ci rrhotic patients  who survive thei r fi rs t varicea l  bleed wi l l  rebleed, most within 6 weeks .
Beta-blockade (propranolol  40–160 mg twice da i ly) can decrease porta l  pressure in the chronic s i tuation and may decrease the rebleed
rate from 70 to 50%, but may mask the early s igns  of hypovolaemia  and exacerbate the hypotens ion during rebleeding.
Porta l -systemic shunting i s  now rarely performed as  an emergency due to i ts  high morta l i ty. It can occas ional ly be performed after the
fi rs t bleed, to lower porta l  pressure, but i s  contra indicated i f there i s  any cl inica l  or EEG evidence of encephalopathy.
P.134
A trans jugular intrahepatic portosystemic s tent shunt (TIPSS) achieves  shunting without the need for surgery but has  a  high thrombos is
rate.
Oesophageal  s taple transection can be used i f endoscopic therapy fa i l s  or i s  unavai lable. The effectiveness  and morta l i ty are s imi lar
to sclerotherapy. These patients  are at increased anaesthetic ri sk from hypovolaemia, a  ful l  s tomach, and l iver impairment.

Further reading
Brown BR Jr. (1996). Risk assessment for anaesthes ia  in patients  with l iver disease. In International  practice of anaesthes ia  (eds , C Prys -
Roberts , DR Brown), pp. 1731–9. Butterworth-Heinemann, Oxford.
Clarke P, Bel lamy MC (1999). Anaesthes ia  for patients  with l iver disease The Royal  Col lege of Anaesthetis ts  Bul letin, 4, 158–61.
Early management of bleeding oesophageal  varices  (2000). Drug and Therapeutics  Bul letin, 38, 37–40.
Strunin L (1996). Effects  of anaesthetics  and drugs  on l iver function. In International  practice of anaesthes ia  (eds , C Prys -Roberts , DR Brown),
pp. 1171–15. Butterworth-Heinemann, Oxford.
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Anaemia
Anaemia, defined as  a  haemoglobin concentration below the normal  for the age and sex, i s  common in patients  undergoing surgery: usual ly
due to blood loss  (acute or chronic) but a lso from fa i lure of production or haemolys is . Conventional ly diagnosed when the haemoglobin (Hb)
concentration i s  <13 g/dl  in an adult male and <12 g/dl  in an adult female. Common causes  of anaemia  in the surgica l  patient are:

Blood loss  ei ther acute or chronic.
Bone marrow fa i lure due to infi l tration by tumour or suppress ion by drugs .
Megaloblastic anaemias  due to ei ther folate or vi tamin B12 deficiency.
Complex anaemias  with effects  on production and breakdown, e.g. renal  fa i lure, rheumatoid arthri ti s , and hypothyroidism.
Haemolytic anaemias  are ei ther inheri ted, e.g. the tha lassaemias , s ickle cel l  disease, and spherocytos is  (see references), acquired,
e.g. autoimmune (often drugs  or infections), or phys ica l  (mechanica l  heart va lves , DIC, and jogging).

Cl inica l

Associated with fatigue, dyspnoea, pa lpi tations , headaches , and angina. The severi ty often reflects  the speed of onset more than the
degree of anaemia  because there i s  less  time for adaptation.
Symptoms of the commonest causes  should be el ici ted, including relevant fami ly his tory; a lways  enquire about aspi rin, NSAIDs , and
alcohol .
Respiratory and cardiovascular his tory may be worsened by the anaemia  or make i ts  impact greater.

Investigations
Measure Hb prior to surgery in appropriate patients  p. 7 including a l l  those at ri sk of anaemia  undergoing major surgery and anyone with
other s igni ficant medica l  problems, especia l ly heart or lung disease. Much can be deduced from the Hb and mean corpuscular volume (MCV)
a lone but in many instances  a  blood fi lm gives  additional  useful  information. Confi rmatory tests  such as  ferri tin, B12, and folate levels ,
reticulocyte count, di rect Coombs  test, erythrocyte sedimentation rate, l i ver and renal  function, and bone marrow should be requested as
appropriate.
Preoperative preparation
Ideal ly, patients  scheduled for elective surgery should have their FBC checked in the weeks  approaching the operation so that abnormal i ties
such as  anaemia  can then be investigated and corrected in time. When delay to surgery i s  poss ible i t i s  more appropriate and far safer to
treat the underlying cause and to ra ise the Hb s lowly with s imple, effective measures , e.g. ora l  i ron, B12 injections . Transfus ing a  patient with
pernicious  anaemia  may precipi tate heart fa i lure.
P.137
Perioperative blood transfus ion (see a lso p. 911)
A better appreciation of the potentia l  ri sks  of a l logeneic blood has  led to a  more conservative approach to transfus ion support. Unfortunately,
there are no evidence-based guidel ines  that set clear target levels  for transfus ion. In addition as  Hb decreases  cardiac output increases
(decrease in blood viscos i ty) and oxygen del ivery may be mainta ined.

Al though unsupported by cl inica l  evidence, an Hb of 10 g/dl  (haematocri t of 30%) i s  often quoted as  the lowest acceptable level . This
level  has  been cri tici zed in recent years  and there i s  increas ing evidence that in fi t patients  lowering the transfus ion trigger to 8 g/dl  i s
not associated with increased morbidi ty but may actua l ly improve i t!
Red cel l  transfus ion i s  indicated i f the haemoglobin level  i s  <7 g/dl .
Checking a  HemoCue(r) reading gives  comparable resul ts  to a  Coulter(r) counter and can help to avoid a  transfus ion i f above 8 g/dl .
Each case must be assessed with a  view to coexis tent disease, expected intraoperative blood loss , and whether acute or chronic.
For patients  who may tolerate anaemia  poorly, e.g. patients  over the age of 65 or those with s igni ficant i schaemic heart or respi ratory
disease, cons ider ra is ing the transfus ion threshold to 9–10 g/dl .

Compl ications  of blood transfus ion

Mismatch: most commonly due to giving the wrong blood to the wrong patient. The transfus ion must be immediately s topped, the uni t
returned to transfus ion and ful l  blood, clotting and serum samples  sent. Signs  and symptoms of a  transfus ion reaction should be
sought and a  haematologis t contacted.
Transfus ion reactions : acute a l lergic reactions  with fever, sweating, tachycardia , and urticaria  are not uncommon (2%). Provided there
are no s igns  of a  haemolytic reaction give antipyretics  and antihis tamines  (paracetamol  1 g PO and chlorpheniramine 10 mg IV) and
continue the transfus ion. Haemolytic reactions  are suggested by hypotens ion, back and chest pa ins , ol iguria , and haemoglobinuria
and should be treated as  a  mismatched transfus ion. Anaphylactic shock may develop with hypotens ion, bronchospasm, and urticaria
and should be treated with urgent intravenous  adrenal ine boluses  ti trated to effect (see p. 857).
Metabol ic: acidos is , hyperka laemia, and hypocalcaemia  (from the ci trate anticoagulant).
Hypothermia: particularly in a  large-volume transfus ion unless  the blood i s  adequately warmed (this  can lead to poor platelet
function and can exacerbate bleeding).
Ci rculatory overload: particularly in patients  with cardiac fa i lure.
Di lutional  coagulopathy: clotting factors  and platelets  only survive a  few days  in s tored blood.
Cross -infection: the blood-borne vi ruses , e.g. HIV, hepati ti s  B and C (a l though screened, donors  may donate prior to seroconvers ion),
but a lso bacteria  and malaria .
Mass ive transfus ion exacerbates  a l l  these problems but can a lso lead to acute lung injury after severa l  days .
Mass ive transfus ion exacerbates  a l l  these problems but can a lso lead to acute lung injury after severa l  days .

P.138

Group and save or cross -match?

Once grouped and saved, blood can usual ly be cross -matched within ha l f an hour.
Patients  who should be cross -matched include those patients  who have a  decreased preoperative Hb and those operations  with a
high chance of intra-operative blood loss .
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Coagulation disorders
Abnormal i ties  of coagulation are common in patients  presenting for anaesthes ia .

Congenita l  disorders  may not present unti l  cha l lenged by trauma or surgery in adult l i fe.
Acquired disorders  are due to lack of synthes is  of coagulation factors , increased loss  due to consumption (such as  disseminated
intravascular coagulation) or mass ive blood loss , or the production of substances  that interfere with thei r function.
A fami ly his tory may be el ici ted (haemophi l ia  A and B-sex l inked recess ives ; von Wi l lebrand's  disease-autosomal  dominant with
variable penetrance) but cannot be rel ied upon (absent in 30% of haemophi l iacs ).
Response to previous  haemostatic cha l lenges  (tons i l lectomy, denta l  extractions) may indicate the severi ty of the coagulopathy, e.g. in
severe haemophi l ia  A (factor VIII  <2%) bleeding occurs  spontaneous ly; in mi ld haemophi l ia  (factor VIII  5–30%) bleeding occurs  only
after trauma.
Concurrent and past medica l  problems such as  l iver disease, malabsorption (vi tamin K deficiency), infection, mal ignancy (DIC),
autoimmune disease (systemic lupus  erythematosus , rheumatoid arthri ti s ) as  wel l  as  medications  (anticoagulants , aspi rin, and
NSAIDs) may be relevant.

Laboratory investigations
The usual  screening tests  of bleeding include a  platelet count, prothrombin time/international  normal ized ratio (PT/INR), activated partia l
thromboplastin time (APTT), thrombin time (TT) and fibrinogen. Speci fic factor assays  are dictated by the pattern of abnormal i ties  in the ini tia l
screen and usual ly fol low discuss ion with a  haematologis t. Ci rculating anticoagulants , e.g. antibodies  to factor VIII  or von Wi l lebrand's  factor,
are often secondary to systemic lupus  erythematosus , rheumatoid arthri ti s  or mal ignancy. Management i s  di ffi cul t and surgery should be
avoided i f at a l l  poss ible. Lupus  anticoagulants  are not uncommon, are often not associated with systemic lupus  erythematosus , and may be
of no cl inica l  s igni ficance i f trans ient, e.g. fol lowing vi ra l  infections .
Preoperative preparation

An unexpected abnormal i ty in the coagulation screen should be investigated before surgery by seeking advice from a  haematologis t.
Anticoagulation guidel ines-see p. 142.
Previous ly untreated mi ld haemophi l ia  requires  s trenuous  efforts  at avoiding blood products  (use DDAVP or tranexamic acid instead, i f
appropriate), but i f factor concentrates  are necessary the treatment of choice i s  now recombinant materia l  in accordance with
establ i shed guidel ines . Always  involve a  haemophi l ia  specia l i s t.
Abnormal i ties  due to l iver disease or vi tamin K deficiency-give da i ly vi tamin K (phytomenadione) 10 mg s lowly IV. FFP (15 ml/kg) may be
needed in addition i f the presenting symptom is  bleeding.

Disorder Platelet count INR APTT TT Fibrinogen Other

Haemophi l ia  A Normal Normal ↑ Normal Normal ↓VIII

Haemophi l ia  B Normal Normal ↑ Normal Normal ↓IX

von Wi l lebrand's  disease Normal  (usual ly) Normal ↑ Normal Normal ↓VIII, vWF, ↑bleeding time

Liver disease Normal  or ↓ ↑ ↑ Normal Normal  or ↓ ↓V

Vitamin K deficiency Normal ↑ ↑ Normal Normal ↓II, VII, IX, X

DIC Normal  or ↓ ↑ ↑ ↑ Normal  or ↓ ↑FDPs, d-dimers , ↓II, V, VIII

Mass ive transfus ion ↓ ↑ ↑ Normal  or ↑ Normal  or ↓ Normal  FDPs

Heparin (unfractionated) Normal  (rarely ↓) Normal  or ↑ ↑ ↑ Normal ↑anti -Xa

Heparin (LMWH) Normal  (rarely ↓) Normal Normal Normal Normal ↑anti -Xa

Warfarin Normal ↑ ↑ Normal Normal ↓II, VII, IX, X

Lupus  anticoagulant Normal Normal  or ↑ ↑ Normal Normal DRVVT +ve, cardiol ipin antibody

Abbreviations : INR = international  normal ized ratio. APTT = activated partia l  thromboplastin time. TT = thrombin time. vWF = von
Wi l lebrand's  factor. DIC = disseminated intravascular coagulation. LMWH = low-molecular-weight heparin. FDPs  = fibrin degradation
products . DRVVT = di lute Russel l 's  viper venom time.

P.140
P.141

Perioperative management of coagulation fa i lure
Acute DIC i s  probably the commonest cause of a  s igni ficant coagulation abnormal i ty in the surgica l  setting especia l ly in the peri - and
postoperative phase. It i s  associated with infections  (especia l ly Gram-negative bacteraemia), placenta l  abruption, amniotic fluid embol ism,
major trauma, burns , hypoxia , hypovolaemia, and severe l iver disease. Haemorrhage, thrombos is , or both may occur. Chronic DIC i s  associated
with aneurysms, haemangiomas , and carcinomatos is . The laboratory abnormal i ties  are variable, depending on the severi ty of the DIC, and
reflect both consumption of platelets  and coagulation factors  as  wel l  as  hyperplasminaemia  and fibrinolys is .

Treatment should be a imed primari ly at removal  or control  of the underlying cause whi l s t support i s  given to mainta in ti s sue perfus ion
and oxygenation.
Abnormal  coagulation parameters  in the presence of bleeding or the need for an invas ive procedure are indications  for haemostatic
support. Transfus ion of platelets  (for advice see under thrombocytopenia , p. 145) and FFP (15 ml/kg ini tia l ly or 4 uni ts  in an average
adult) should help restore platelets , coagulation factors , and the natura l  anticoagulants , anti thrombin-II I  and protein C.
Cryoprecipi tate (10 uni ts  ini tia l ly) may a lso be necessary i f the fibrinogen level  cannot be ra ised above 1 g/l i tre by FFP a lone.
The indications  for heparin and concentrates  of anti thrombin and protein C are not establ i shed. Anti fibrinolytics  such as  tranexamic
acid are genera l ly contra indicated in DIC. Intramuscular injections , aspi rin, and NSAIDs  should be avoided in any patient at ri sk of
bleeding; the intravenous  and subcutaneous  routes  are acceptable.
Mass ive transfus ion of s tored blood perioperatively may cause s igni ficant coagulation disorders  due to the lack of factors  V, VIII , and
XI. DIC, which can be precipi tated by shock, i s  often a lso present. In addition thrombocytopenia  i s  a  frequent occurrence. Therapy
cons is ts  of replacement FFP and platelets  as  guided by coagulation tests .

Guidel ines  for fresh frozen plasma adminis tration (see p. 920)
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The usual  dose i s  12–15 ml/kg which ra ises  the coagulation levels  by 12–15%.
FFP takes  20 min to thaw. The infus ion should be commenced within 2 h of thawing and be complete within 4 h of thawing.
Defini te indications  for use are l i fe-threatening haemorrhage with overdose of coumarin anticoagulants  or vi tamin K deficiency and
acute DIC.
Conditional  indications  include mass ive blood transfus ion (bleeding i s  usual ly secondary to thrombocytopenia) and l iver disease.
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Anticoagulants
The main indications  for anticoagulation are:

To prevent s troke in atria l  fibri l lation.
To prevent s troke with mechanica l  heart va lves .
For the treatment and prevention of venous  thrombos is  and pulmonary embol i .

Warfarin

An ora l  anticoagulant that resul ts  in the l iver synthes izing non-functional  coagulation factors  I I , VII , IX, and X as  wel l  as  proteins  C and
S, by interfering with vi tamin K metabol i sm. Prolongs  the prothrombin time and monitoring i s  achieved by comparing this  with a
control -as  the international  normal ized ratio (INR).
It i s  recommended that the INR be between 2 and 3 for most indications . However, in mechanica l  heart va lves , or for the recurrence of
thrombos is  or pulmonary embol i , an INR of 2.5–3.5 i s  required (see a lso p. 1088).
Reversa l  of a  high INR can be achieved in severa l  ways  depending on the ci rcumstances . In the absence of bleeding, omitting a  dose i s
usual ly sufficient. If there i s  minor bleeding or a  gross ly ra ised INR give a  smal l  intravenous  dose of vi tamin K (2–5 mg). Li fe-
threatening bleeding requires  s low intravenous  vi tamin K (10 mg) and ei ther coagulation factor concentrate or FFP. The las t two cases
must be discussed with a  haematologis t.
It should be remembered that warfarin pharmacokinetics  and dynamics  can be affected by a  multi tude of other drugs  and the reader i s
referred to the references  and the BNF for a  ful ler discuss ion. The important anaesthetic interactions  include:
Potentiation (by inhibi tion of metabol i sm): Alcohol , amiodarone, cimetidine, ciprofloxaci l l in, cotrimoxazole, erythromycin,
indometacin, metronidazole, omeprazole, paracetamol .
Inhibi tion (by induction of metabol i sm): barbi turates , carbamazepine.
In addition drugs  that affect platelet function can increase the ri sk of warfarin-associated bleeding, e.g. aspi rin and NSAIDs .

Heparin

A parentera l ly active anticoagulant that acts  by potentiating anti thrombin; can be used for both prophylaxis  and treatment of
thromboembol ism.
Unfractionated heparin i s  given by IV bolus  or infus ion, and SC for prophylaxis . It i s  monitored by the prolongation of the APTT.
It has  a  narrow therapeutic window with complex pharmacokinetics  and great interpatient variation in dose requirements .
Protamine sulphate can counteract heparin (1 mg IV neutra l i zes  100 uni ts  of heparin). It should be given s lowly to avoid hypotens ion to
a  maximum of 50 mg-a  higher dose i s  i tsel f anticoagulant.
LMWH has  recently been introduced. It i s  replacing unfractionated heparin for both prophylaxis  and treatment of thromboembol ism.
Adminis tered once da i ly by subcutaneous  injection i t needs  no monitoring.
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Anticoagulation in the perioperative period
Patients  on warfarin are at increased ri sk of perioperative thromboembol ism i f the drug i s  s topped and are at increased ri sk of bleeding i f the
drug i s  continued. Therefore a  ba lance must be achieved between these two confl i cting approaches . The ri sks  of each wi l l  vary depending on
the underlying reason for anticoagulation, the ri sks  of bleeding postoperatively, the period of immobi l i ty, and the use of other prophylaxis
such as  compress ion s tockings  and foot pumps. There are no randomized control led tria ls  to compare di fferent regimes  so the fol lowing i s  a
suggested regime based on current evidence. The fol lowing points  should be cons idered:

Some minor surgery including skin, denta l , and ocular surgery can be performed without s topping warfarin.
It takes  4 days  from stopping warfarin for the INR to reduce below 1.5 (the level  thought to be safe for surgery).
After warfarin therapy i s  restarted i t takes  about 3 days  for the INR to reach 2.0.
Al though there i s  good evidence that surgery increases  the ri sk of venous  thromboembol ism there i s  no evidence for increased ri sk of
arteria l  embol ism with atria l  fibri l lation or mechanica l  heart va lves .
Additional  methods  of prevention of venous  thromboembol ism include graduated compress ion s tockings  and intermittent pneumatic
compress ion devices .
For recommendations  for regional  anaesthes ia  (spina l  and epidura l  anaesthes ia) during anticoagulation see p. 998.

Recommendations  for preoperative and postoperative anticoagulation after s topping warfarin

Warfarin should be s topped 4 days  prior to surgery to a l low the INR to decrease below 1.5. This  i s  i f the INR i s  normal ly between 2 and
3. It may take longer i f the INR i s  higher.
The INR should be checked the day prior to surgery and once the INR i s  <2 a l ternative pre- and postoperative prophylaxis  should be
cons idered, and continued postoperatively unti l  the INR i s  >2, according to the fol lowing table:

Indication Preoperative Postoperative

Acute venous  thromboembol ism

 Month 1 IV heparin IV heparin

 Months  2 and 3 Nothing extra IV heparin

 >Month 3 Nothing extra SC heparin

Recurrent venous  thromboembol ism Nothing extra Nothing extra

Acute arteria l  thromboembol ism

 Month 1 IV heparin IV heparin*

Mechanica l  heart va lves Nothing extra SC heparin

Non-va lvular atria l  fibri l lation Nothing extra SC heparin

* Only i f the ri sks  of bleeding are low.

P.144
In patients  at high ri sk for thromboembol ism a  continuous  IV infus ion of unfractionated heparin should be s tarted at 1000 uni ts/h and
adjusted to keep the APTT between 1.5 and 2.5. This  should be s topped 6 h prior to surgery and restarted 12 h afterwards . This  should
be continued unti l  warfarin therapy i s  restarted and the INR >2.0.
For many patients  in whom the ri sk of postoperative thromboembol ism is  not high enough to warrant IV heparin (and i ts  increased ri sk
of bleeding) the use of SC LMWH is  recommended. Again this  should be continued unti l  warfarin i s  restarted and the INR >2.0.
In emergency surgery there i s  too l i ttle time to withdraw warfarin and specia l i s t haematologica l  advice should be sought. Fresh frozen
plasma (10–15 ml/kg) and vi tamin K 1–2 mg IV s lowly can be given, but this  may lead to di ffi cul ty in rega ining anticoagulant control
postoperatively.

Aspirin

Long-term, low-dose aspi rin i s  a  mainstay of secondary prevention in patients  with thromboembol ic disease.
If aspi rin i s  to be s topped i t takes  7–9 days  for platelet function to return to normal .
There are few publ i shed tria ls  looking at perioperative bleeding.
In coronary artery bypass  grafting aspi rin increases  perioperative bleeding but increases  graft patency.
In transurethra l  prostatectomy aspirin cons iderably increases  perioperative bleeding.
Minor surgery to skin or cataract surgery does  not require aspi rin to be s topped.

In conclus ion, aspi rin should be s topped for at least 7 days  prior to surgery, when the ri sks  of perioperative bleeding are high (major surgery)
or where the ri sks  of even minor bleeding are s igni ficant (retina l  and intracrania l  surgery). This  ri sk of bleeding aga in must be ba lanced
against the poss ibi l i ty of precipi tating a  thromboembol ic event, particularly in patients  with unstable angina.
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Thrombocytopenia
Thrombocytopenia  may be due to:

Fa i lure of platelet production, ei ther selectively (heredi tary, drugs , a lcohol , vi ra l  infection) or as  part of genera l  marrow fa i lure
(aplas ia , cytotoxics , radiotherapy, infi l tration, fibros is , myelodysplas ia , megaloblastic anaemia).
Increased platelet consumption, with an immune bas is  (ITP, drugs , vi ra l  infections , systemic lupus  erythematosus , lymphoprol i ferative
disorders ) or without an immune bas is  (DIC, TTP, cardiopulmonary bypass ).
Di lution, fol lowing mass ive transfus ion of s tored blood to bleeding patients .
Splenic pool ing (hypersplenism).

Note that platelet function can be impaired by renal  fa i lure and aspirin.
Laboratory features
Unexpected thrombocytopenia  should a lways  be confi rmed with another sample and a  blood fi lm.

The blood fi lm wi l l  exclude pseudothrombocytopenia  due to platelet clumping (caused by EDTA anticoagulant with a  preva lence of
0.1%) and may provide diagnostic clues  such as  leukaemic cel l s , leucoerythroblastic picture, giant platelets  (e.g. May-Heggl in
anomaly), large platelets  (e.g. ITP), smal l  platelets  (e.g. Wiskott-Aldrich syndrome), red cel l  fragmentation (DIC, TTP).
Abnormal  coagulation associated with thrombocytopenia  suggests  the poss ibi l i ty of DIC or l iver disease or rarely von Wi l lebrand's
disease type IIB.
The bone marrow wi l l  dis tinguish marrow fa i lure from other causes  of thrombocytopenia .
Platelet antibody tests  have not been shown to be important for routine diagnos is  and management, but may be useful  in specia l
ci rcumstances , e.g. anti -HPA-1A in neonata l  a l loimmune thrombocytopenia .

Cl inica l  features
Spontaneous  bleeding i s  rare above a  platelet count of 50×109/l i tre. Minor bleeding (purpura, epis taxis ) may occur below this  level . Serious
spontaneous  haemorrhage (GI bleeding, haematuria , cerebra l  haemorrhage) i s  unl ikely above a  count of 10×109/l i tre unless  there i s
concurrent coagulopathy or infection. For a  given degree of thrombocytopenia  the ri sk of bleeding i s  lower in ITP than in marrow fa i lure,
probably because young platelets  in ITP are larger.
Preoperative preparation

Unexpla ined thrombocytopenia  should be investigated before elective surgery, as  the appropriate precautions  wi l l  be determined by
the underlying cause.
Minor procedures  such as  bone marrow biopsy may be performed without platelet support provided adequate pressure i s  appl ied to
the wound.
For procedures  such as  insertion of centra l  l ines , transbronchia l  biopsy, l i ver biopsy or laparotomy, the platelet count should be ra ised
to at least 50×109/l i tre.
P.146
For lumbar puncture, epidura l  anaesthes ia , and operations  in cri ti ca l  s i tes  such as  the bra in or eyes , the platelet count should be
ra ised to 100×109/l i tre.
In ITP, platelet transfus ions  should be reserved for major haemorrhage. Preparation for surgery enta i l s  the use of s teroids  or high-dose
immunoglobul ins  ini tia l ly.

Platelet transfus ions
A s tandard adult therapeutic dose of 6 uni ts  conta ins  <240×109/l i tre of platelets  and wi l l  on average ra ise the platelet count by (20–
40)×109/l i tre in an adult, providing there are no compl icating ri sk factors  such as  seps is  or splenomegaly. Platelets  must be given ei ther
through a  fresh blood-giving set or through a  specia l  platelet-giving set (usual ly sent with them).
Perioperative and postoperative management

Efforts  di rected at minimizing trauma and achieving surgica l  haemostas is  pay dividends .
Monitor platelet count and give platelets  as  necessary to mainta in a  safe level  unti l  wound heal ing i s  wel l  advanced.
If microvascular bleeding continues  despi te a  platelet count of <50×109/l i tre suspect DIC. If confi rmed by coagulation tests  give FFP and
cryoprecipi tate as  appropriate.
Intramuscular injections  and analges ics  conta ining aspi rin or NSAIDs  should be avoided.
Remember that with renal  fa i lure and aspirin abnormal  platelet function may cause bleeding with normal  platelet counts . DDAVP 40
µg in 50 ml  0.9% sa l ine over 30 min may improve platelet function in renal  fa i lure.
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Sickle cel l  disease
The term s ickle cel l  disease (SCD) refers  to the group of cl inica l ly s igni ficant haemoglobinopathies  which have in common the inheri tance of
s ickle haemoglobin, ei ther in the homozygous  s tate (HbSS, s ickle cel l  anaemia) or in combination with another haemoglobin βchain
abnormal i ty such as  haemoglobin C (HbSC disease), haemoglobin D (HbSD disease) or β-tha lassaemia  (HbS/ β-tha l ). It i s  es timated that there
are now over 10 000 patients  with SCD in Bri ta in. SCD i s  endemic in parts  of Africa , the Mediterranean, the Middle East, and India . The highest
incidence i s  from equatoria l  Africa , therefore a l l  black patients  should have a  s ickle test preoperatively. Susceptibi l i ty to s ickl ing i s
proportional  to the concentration of HbS. In the heterozygous  s tate (s ickle cel l  tra i t) s ickl ing i s  uncommon as  the HbS concentration i s  <50%.
HbC and HbD in association with HbS enhance the s ickl ing process  whi le HbF impedes  i t. Hypoxia , hypothermia, pyrexia , acidos is , and
dehydration (often associated with infection) are known to precipi tate s ickle cri ses . The pathology of SCD is  primari ly a  resul t of vaso-
occlus ion by s ickled red cel l s  leading to haemolys is  and ti ssue infarction.
Cl inica l  features

The mani festations  of SCD do not become apparent before 3–4 months  of age when the main switch from foeta l  to adult haemoglobin
occurs .
There i s  great variabi l i ty, not only between patients , but a lso within individual  patients  at di fferent periods  of l i fe. Many remain wel l
most of the time.
Vaso-occlus ive cri ses  are the most common cause of morbidi ty and morta l i ty. The presentation may be dramatic with acute abdomen,
‘acute chest syndrome’, s troke, priapism, and pa inful  dactyl i ti s . By the time patients  reach adulthood most wi l l  have smal l , fibrotic
spleens . A less  acute compl ication i s  prol i ferative retinopathy due to retina l  vessel  occlus ion and neovascularization (more common
in HbSC disease).
Aplastic cri ses  are characterized by temporary shutdown of the marrow mani fested by a  precipi tous  fa l l  in the Hb and an absence of
reticulocytes . Infection with parvovirus  B19 and/or folate deficiency are often respons ible.
Sequestration cri ses  occur mainly in chi ldren. Sudden mass ive pool ing of red cel l s  in the spleen can cause hypotens ion and severe
exacerbation of anaemia  with fata l  consequences  unless  transfus ion i s  given in time.
Haemolytic cri ses , mani fest by a  fa l l  in Hb and ri se in reticulocytes  and bi l i rubin, usual ly accompany vaso-occlus ive cri ses . Chronic
haemolys is  leads  to ga l l s tones  in vi rtua l ly a l l  patients  with SCD though many remain asymptomatic.

Laboratory features

The Hb i s  usual ly 6–9 g/dl , much lower than symptoms suggest. Reticulocytes  are a lmost a lways  increased and the fi lm shows  s ickled
cel l s  and target cel l s . Howel l -Jol ly bodies  are present i f the spleen i s  atrophic. Leucocytos is  and thrombocytos is  are common reactive
features . In s ickle cel l  tra i t the Hb and fi lm are normal .
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Screening tests  for s ickl ing which rely on deoxygenation of HbS are pos i tive in both HbSS and HbAS.
Hb electrophores is  dis tinguishes  SS, AS, and other haemoglobinopathies . Quanti tation of the HbS level  i s  important in certa in cl inica l
s i tuations  (e.g. cri ses ) where a  level  of <30% is  a imed for. It i s  not necessary to wait for the resul ts  of electrophores is  before
embarking on emergency surgery; a  pos i tive s ickle test and the blood picture usual ly a l low dis tinction between SCD and s ickle cel l
tra i t. A mixed race patient a lways  has  s ickle cel l  tra i t.

Management

As  no effective routine treatment exis ts  for SCD, care i s  di rected toward prophylaxis , support, and treatment of compl ications . Fol ic acid
supplements , pneumococca l/HIB vaccinations  and penici l l in prophylaxis  are recommended from an early age, preferably within a
comprehens ive care programme.
For cri ses -rest, rehydration with ora l/IV fluids , antibiotics  i f infection i s  suspected, mainta in PaO2, keep warm, prompt and effective
analges ia .
Blood transfus ions  may be l i fe saving, but the indications  are l imited. Exchange transfus ions  have a  l imited role in some vaso-
occlus ive cri ses  (acute chest syndrome, s troke). Always  discuss  with a  haematologis t. Recent s tudies  comparing preoperative exchange
transfus ions  to achieve an HbS level  of <30% with a  conservative regime of a  preoperative Hb between 9 and 11 g/dl  have found no
increase in compl ications .

Preoperative preparation
Always  seek expert advice from a  haematologis t wel l  before surgery. A sample for group and antibody screening should be sent wel l  in
advance as  previous ly transfused s ickle cel l  patients  often have red cel l  antibodies .
Perioperative and postoperative care
Specia l  attention must be given to the potentia l  problems of hypoxia ; dehydration, infection, acidos is , hypothermia, and pa in associated with
anaesthes ia  and surgery in both SCD and s ickle cel l  tra i t patients . These cons iderations  must be continued wel l  into the postoperative
period.

Dehydration must be avoided by a l lowing ora l  fluids  as  late as  poss ible and giving pre- and postoperative IV fluids .
Hypoxia  can be avoided by measuring pulse oximetry and giving prophylactic oxygen.
Prophylactic antibiotic cover should be cons idered.
Pos i tive pressure venti lation may be required to achieve normocarbia  and avoid acidos is .
Hypothermia  should be avoided by warming the operating room, us ing a  fluid warmer, and the use of a  Ba i r Hugger(r). Core
temperature should be monitored.
Regional  anaesthes ia  i s  not contra indicated and tourniquets  can be used i f l imbs  are meticulous ly exsanguinated prior to inflation.
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Haemoglobin SC disease

Resul ts  from double heterozygos i ty for HbS and HbC.
Affects  0.1% of American blacks .
Intermediate in severi ty between s ickle cel l  disease and tra i t.
Patients  develop anaemia, splenomegaly, jaundice, aseptic necros is  of the femoral  head, hepatic disease, retina l  disease, and bone
marrow and splenic infarcts .
Myocardia l  necros is  has  been described after genera l  anaesthes ia .
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Management principles  are as  for s ickle cel l  disease.



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Rare blood disorders
Hereditary spherocytos is

An autosomal  dominant condition in which erythrocytes  have a  smal ler surface to volume ratio and are abnormal ly permeable to
sodium.
The inflexible red cel l s  are phagocytized in the spleen resul ting in a  microspherocytic anaemia  with marked reticulocytos is . The cel l s '
increased osmotic fragi l i ty i s  diagnostic.
Splenomegaly i s  common. Splenectomy leads  to a  50–70% increase in red cel l  surviva l .
Splenectomy should not be performed in chi ldren under 10 years  of age, and should be fol lowed by pneumococca l , meningococca l , and
HIB vaccine and l i felong ora l  penici l l in, to help avoid infection.
There are no particular anaesthetic cons iderations .

Glucose-6-phosphate dehydrogenase (G6PD) deficiency

X-l inked tra i t with variable penetrance in American blacks  and people from the Mediterranean.
The disease may afford some protection aga inst malaria  and i s  preva lent in endemic areas .
The G6PD enzyme is  respons ible for the production of NADPH, which i s  involved in the cel l 's  defence aga inst oxidative s tresses  such as
infections  (usual ly vi ra l , but a lso septicaemia, malaria , and pneumonia) or oxidative drugs  (aspi rin, quinolones , chloramphenicol ,
i soniazid, probenacid, primaquine, quinine, sulphonamides , naphthalene, and vi tamin K).
Additional ly, drugs  producing methaemoglobinaemia, such as  ni tropruss ide and pri loca ine, are contra indicated, as  patients  are
unable to reduce methaemoglobin, thereby diminishing oxygen-carrying capaci ty.
Class ica l ly, ingestion of broad (fava) beans  resul ts  in haemolys is  (favism).
Usual ly the haemolys is  of red cel l s  occurs  2 to 5 days  after exposure, caus ing anaemia, haemoglobinaemia, abdominal  pa in,
haemoglobinuria , and jaundice.
Diagnos is  i s  made by demonstration of Heinz bodies  and red cel l  G6PD assay.
Treatment includes  discontinuation of the offending agent and transfus ion may be required.

Thalassaemias
Thalassaemias  are due to absent or deficient synthes is  of α- or β-globin cha ins  of haemoglobin. The severi ty of these disorders  i s  related to
the degree of impaired globin synthes is .

The ha l lmark of the disease i s  anaemia  of variable degree.
Diagnos is  i s  confi rmed by haemoglobin electrophores is  and/or globin cha in analys is .
The disease i s  preva lent in peoples  of Mediterranean (mainly β), African (α and β) and As ian (mainly α) extraction.
Patients  with α-tha lassaemia  have mi ld or moderate anaemia.
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Those with severe β-tha lassaemia, a lso ca l led tha lassaemia  major, are transfus ion dependent.
Since there i s  no i ron excreting mechanism, i ron from transfused blood bui lds  up in the reticuloendothel ia l  sys tem, unti l  i t i s
saturated, when i ron i s  depos i ted in parenchymal  ti s sues , principa l ly the l iver, pancreas , and heart.
Preoperative preparation should include assessment of the degree of major organ impairment (heart, l i ver, pancreas) secondary to
i ron overload.
High-output congestive cardiac fa i lure with intravascular volume overload i s  common in severe anaemia  and should be treated
preoperatively by transfus ion.
Previous  transfus ion exposure may cause antibody production and therefore cross -matching may be prolonged.
The exceedingly hyperplastic bone marrow of the major tha lassaemias  may cause overgrowth and deformity of the facia l  bones
leading to a i rway problems and making intubation di ffi cul t.
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Hypercoagulabi l i ty syndromes
Polycythaemia
Refers  to a  pattern of red blood cel l  changes  that usual ly resul ts  in a  haemoglobin <17.5 g/dl  in males  and <15.5 g/dl  in females  (this  i s
accompanied by a  corresponding increase in the red cel l  count 6.0 and 5.5×1012/l i tre and a  haematocri t of 55% and 47% respectively).

Causes of polycythaemia

Primary Polycythaemia  vera

Secondary

Due to compensatory erythropoietin increase: high a l ti tude, cardiovascular diseases , especia l ly congenita l  cyanotic respi ratory
disease and a lveolar hypoventi lation, heavy smoking, methaemoglobinaemia
Due to inappropriate erythropoietin increase: renal  diseases  (hydronephros is , cysts , carcinoma), mass ive uterine fibromyomata,
hepatocel lular carcinoma, cerebel lar haemangioblastoma

Relative ‘Stress ’ or ‘spurious ’ polycythaemia. Dehydration or vomiting. Plasma loss : burns , enteropathy

Polycythaemia  vera

Presenting features  include headaches , dyspnoea, chest pa in, vertigo, pruri ti s , epigastric pa in, hypertens ion, gout, and thrombotic
episodes  (particularly retina l ).
The spleen i s  often enlarged.
The platelet count i s  ra ised in 50% of cases .
Di fferentia l  diagnos is  i s  with other causes  of polycythaemia. These can be excluded by his tory, examination and blood tests  including
bone marrow aspiration, arteria l  blood gases , and erythropoetin levels .
Therapy i s  a imed at mainta ining a  normal  blood count by venesection and myelosuppress ion with drugs .
Thrombos is  and haemorrhage are a  frequent cause of death and 30% develop myelofibros is  and 15% acute leukaemia.

Essentia l  thrombocythaemia

Megakaryocyte prol i feration and overproduction of platelets  are the dominant features  with a  susta ined platelet count above
1000×109/l i tre.
Closely related to polycythaemia  vera  with recurrent haemorrhage and thrombos is .
Recurrent haemorrhage and thrombos is  are the principa l  cl inica l  features .
Abnormal  large platelets  or megakaryocyte fragments  may be seen on a  blood fi lm.
Di fferentia l  diagnos is  i s  from other causes  of a  ra ised platelet count.
Platelet function tests  are cons is tently abnormal .
Radioactive phosphate or a lkylating agents  are used to keep platelet counts  down.

Causes of a raised platelet count

Reactive

Haemorrhage, trauma, postoperative
Chronic infection
Mal ignancy
Chronic i ron deficiency
Connective ti ssue diseases , e.g. rheumatoid arthri ti s
Postsplenectomy with continuing haemolytic anaemia

Endogenous
Essentia l  thrombocythaemia
Polycythaemia  vera , myeloscleros is , or chronic granulocytic leukaemia
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Antiphosphol ipid syndrome
This  i s  a  rare, but increas ingly recognized syndrome, when arteria l  or venous  thrombos is  or recurrent miscarriage occurs  with pos i tive
laboratory tests  for antiphosphol ipid antibody and/or lupus  anticoagulant (LA). This  syndrome may present with another autoimmune disease
such as  systemic lupus  erythematosus  (secondary) or as  a  primary disease. The main feature of the disease i s  thrombos is , wi th a  spectrum
from subacute migra ine and visua l  dis turbances  to accelerated cardiac fa i lure and major s troke. Arteria l  thrombos is  helps  dis tinguish this
from other hypercoagulable s tates .
Diagnos is
Paradoxica l ly the LA leads  to a  prolongation of coagulation tests  such as  the APTT but deta i led testing i s  needed before the diagnos is  can be
confi rmed.
Perioperative cons iderations
Patients  may present for surgery because of thei r compl ications  (miscarriage, thrombos is ) or for incidenta l  procedures . Ini tia l ly patients  are
started on aspirin but after a  confi rmed episode of thrombos is , they usual ly remain on l i felong warfarin. The high ri sk of thrombos is  in these
patients  means  that i f warfarin needs  to be s topped for surgery, intravenous  heparin should be commenced both pre- and postoperatively.
Anaesthes ia  and surgery in the hypercoagulable patient

There are no publ i shed guldel ines , but i t seems prudent that elective patients  who are polycythaemic should be venesected to a
normal  blood count to decrease the ri sk of perioperative thrombos is .
Anti thrombotic s tockings  and intermittent compress ion devices  should be used with SC heparin.
Haematologica l  advice may be required.

Porphyria
See p. 95.
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Further reading
Davies  SC, Roberts -Harewood M (1997). Blood transfus ion in s ickle cel l  disease. Blood Review, 11, 57–71.
Guidel ines  for the cl inica l  use of red cel l  transfus ions  (2001). Bri ti sh Journal  of Haematology, 113, 24–31.
Guidel ines  on ora l  anticoagulation: thi rd edi tion. (1998). Bri ti sh Journal  of Haematology, 101, 374–87.
Guidel ines  on therapeutic products  to treat haemophi l ia  and other heredi tary coagulation disorders . (1997). Haemophi l ia , 3, 63–77.
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Jehovah's  Witnesses
Richard Tel ford
The Jehovah's  Witness  rel igious  movement i s  120 years  old. There are an estimated 6 mi l l ion Jehovah's  Witnesses  worldwide. Most Jehovah's
Witnesses  wi l l  not accept a  transfus ion of blood nor i ts  derivatives . This  includes  fresh frozen plasma (FFP), packed cel l s , white blood cel l s ,
and platelets . This  pol icy was  introduced in 1945, and s ince 1961 members  who accept prohibi ted blood components  have been expel led.
However, in June 2000 a  di rective was  i ssued s tating that the organization would no longer expel  individuals  who did not comply with the
pol icy of refusa l  of blood. Absolute rules  regarding speci fic blood products  do not exis t. Individual  Witnesses  may accept the use of certa in
blood components  (e.g. a lbumin, immunoglobul ins , haemophi l iac preparations) on a  personal  bas is . Cardiac bypass  may be accepted
provided that the extracorporeal  ci rcui t i s  primed with crysta l loid and the patient's  blood i s  not s tored as  a  part of the procedure.
Perioperative cel l  sa lvage i s  acceptable to many Jehovah's  Witnesses  provided the equipment i s  arranged in a  closed ci rcui t that i s  constantly
l inked to the ci rculation and there i s  no s torage of the patient's  blood. Some Jehovah's  Witnesses  permit removal  of blood in the anaesthetic
room with reinfus ion when surgica l  blood loss  has  ended (acute normovolaemic haemodi lution), provided the blood remains  in contact with
the patient's  ci rculation. Adminis tration of blood or blood products  to a  competent patient who has  refused blood transfus ion aga inst thei r
wishes  i s  unlawful  and may lead to criminal  and/or civi l  proceedings  for assaul t aga inst the doctor. In emergency s i tuations  when the doctor
has  not been able to ascerta in the s tatus  of the patient with regard to blood transfus ion the doctor has  an obl igation to act in the best
interests  of the patient. This  may include the adminis tration of blood or blood products . The doctor must make a  deta i led entry in the case
notes  as  to what has  been sa id and get the next-of-kin to counters ign the entry. It i s  preferable that the consul tant makes  these decis ions . If
time permits , opinions  of relatives  or associates  that the patient would not accept a  blood transfus ion must be veri fied i f poss ible. Evidence
of an advance di rective should be sought. Contact with the patient's  GP may be worthwhi le as  some Witnesses  may leave a  copy of thei r
advance di rective with him or her. The care of chi ldren of Jehovah's  Witnesses  (aged less  than 16 years ) may present particular di ffi cul ty. If the
parents  refuse permiss ion for blood transfus ion i t may be necessary to apply for a  lega l  ‘Speci fic Is sue Order’ via  the High Court (in Scotland
the Sheri ff's  Court) in order to adminis ter a  blood transfus ion without parenta l  consent. In England and Wales  there i s  a  judge who i s  a lways
on ca l l  in London. The Senior Manager on ca l l  for the hospi ta l  should know how to contact him. A s tatement wi l l  be prepared for the judge and
faxed to the court. It needs  to be proven that the chi ld's  need for treatment i s  so overwhelming for his/her wel fare that the parents ’ wishes
must be overridden. In an emergency s i tuation, when there i s  not time to proceed via  the court, blood should be transfused. Courts  are l ikely
to uphold this  medica l  decis ion. Anaesthetis ts  have the right to refuse to anaesthetize Jehovah's  Witnesses  for elective surgery. However, the
anaesthetis t i s  obl iged to provide care in emergency cases , and must respect the patient's  wishes .
P.156
Cl inica l  management

Early communication with the anaesthetic department i s  essentia l . Apart from minor surgery a  consul tant anaesthetis t should be
avai lable who i s  prepared to manage the patient.
Meet the patient as  early as  poss ible preoperatively with the resul ts  of relevant investigations  to ascerta in the degree of l imitation of
normal  routine management.
There i s  a  speci fic consent form that Jehovah's  Witnesses  must s ign.
At the preoperative vis i t es tabl i sh which treatments  are acceptable. Many Jehovah's  Witnesses  have s igned an ‘advance di rective’
which s tipulates  which treatments  they wi l l  accept. Make the patient aware of the ri sks  of non-acceptance of blood and blood
products .
Speci fica l ly discuss  and document:
whether acute normovolaemic haemodi lution i s  acceptable
i f perioperative cel l  sa lvage may be used.
Involve the loca l  Hospi ta l  Lia ison Committee in the discuss ions . Representatives  can help avoid confrontation and ass is t the
understanding of both parties . The address  of the loca l  committee may be obta ined by contacting Hospi ta l  Information Services
(Bri ta in): Tel .: 0208 906 2211; Fax: 0208 343 0201; E mai l : his@wbts .org.uk
Preoperative anaemia  should be investigated and treated. Ora l  i ron supplements  can be used to improve i ron s tores  (ferrous  sulphate
200 mg twice da i ly). The use of recombinant erythropoetin β has  been described (ini tia l  dose 20 uni ts/kg SC three times  per week).
Remember that the cl inica l  response takes  up to a  month. Discuss ion of an individual  case with a  haematologis t may be useful .
Major operations  can sometimes  be s taged to l imit acute blood loss .
Choice of anaesthetic and operative technique should be chosen to minimize blood loss  (e.g. regional  anaesthes ia  and the use of
tourniquets ).

Intra-operative management

Minimize bleeding by careful  patient pos i tioning to avoid venous  congestion, tourniquets  where appropriate, meticulous
haemostas is , and the use of control led hypotens ive anaesthes ia  where appropriate.
Cons ider the use of invas ive monitoring, even when the medica l  condition of the patient or the nature of the operation would not
usual ly warrant i t– in patients  who are very anaemic i t i s  very important to mainta in cardiac output to maximize oxygen del ivery.
Cons ider the use of systems for intra-operative cel l  sa lvage i f the operative field i s  not contaminated by bacteria  or mal ignant cel l s .
Use of cel l  sa lvage in l i fe-threatening obstetric haemorrhage i s  controvers ia l  because of the concern of precipi tating disseminated
intravascular coagulation. Its  use has  been advocated in l i fe-threatening obstetric haemorrhage in Jehovah's  Witnesses .
Drugs  such as  tranexamic acid (1 g three or four times  a  day) and aprotinin have been used to reduce fibrinolys is  and increase
coagulabi l i ty. Desmopress in (0.3–0.4 µg/kg) has  been recommended to boost factor VIII  levels .
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Postoperative care

Have a  low threshold for admiss ion to HDU/ICU.
Treat postoperative oozing aggress ively. Remember s imple measures  such as  di rect compress ion. Early re-exploration i s  mandatory.
Fol lowing mass ive blood loss  patients  should be electively venti lated to reduce oxygen demand. Augment oxygen del ivery with
inotropes  i f indicated. Cons ider intravenous  i ron sucrose (Venofer(r) 100–200 mg IV) three times  per week, fol inic acid (15 mg/day),
recombinant erythropoetin
(20 uni ts/kg SC three times  per week) and parentera l  nutri tion.
Surface cool ing has  been advocated to reduce oxygen consumption and increase oxygen del ivery as  the amount of dissolved oxygen in
the plasma increases  with decreas ing temperature. However, hypothermia  impairs  haemostas is , which may be disadvantageous .
Hyperbaric oxygen therapy has  been described. Referra l  may be cons idered i f an appropriate faci l i ty i s  ava i lable. However, few
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hyperbaric chambers  can take a  venti lated intens ive care patient.

Further reading
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Rheumatoid arthri ti s
Rheumatoid arthri ti s  (RA) i s  a  multi system disorder mainly involving joints . It a ffects  up to 3% of females  and 1% of males . Patients  are
frequently fra i l , in chronic pa in, and taking medication with adverse effects . Disease-modi fying anti rheumatic drugs  may have
immunosuppressant effects . Ai rway problems are common.
Preoperative assessment
Articular

Temperomandibular. Assess  mouth opening as  i t may be l imited.
Cricoarytenoid. Fixation of the cricoarytenoid joints  may lead to voice changes , hoarseness , or even rarely to s tridor from glottic
s tenos is . Minimal  oedema may lead to a i rway obstruction postoperatively.
Atlantoaxia l  subluxation (AAS) occurs  in approximately 25% of severe rheumatoids , but of these only a  quarter wi l l  have neurologica l
s igns  or symptoms. Enquire about tingl ing hands  or feet, neck pa in, and assess  the range of neck movement. Excess ive movement
during anaesthes ia  can lead to cervica l  cord compress ion.

Anterior AAS. Comprises  80% of a l l  AAS. C1 forward on C2 from destruction of transverse l igament. Signi ficant i f there i s  a  gap of
>3 mm between the odontoid and the arch of the atlas  in latera l  flexion radiographs . Atlantoaxia l  flexion i s  potentia l ly
hazardous .
Posterior AAS. This  i s  rare. C1 backward on C2 resul ting from destruction of the odontoid peg. Can be seen on latera l  extens ion
radiographs . Atlantoaxia l  extens ion (e.g. from direct laryngoscopy) i s  potentia l ly hazardous .
Vertica l  AAS. Arises  from destruction of latera l  masses  of C1. The odontoid moves  upwards  through foramen magnum to
compress  cervicomedul lary junction.
Latera l  AAS. Uncommon. Arises  from involvement of the C1/C2 facet joints . More than 2 mm di fference in latera l  a l ignment i s
s igni ficant. Requires  a  fronta l  open mouth odontoid view to assess .

Subaxia l  subluxation:
More than 2 mm loss  of a l ignment i s  s igni ficant.
Look for this  particularly i f patient has  undergone previous  fus ion at a  higher level .

Other joints . Assess  joint deformities  with a  view to pos i tioning and poss ible anaesthetic technique (i f planning an axi l lary block can
the patient abduct thei r arm?). Manual  dexteri ty may be important i f planning to use s tandard PCA apparatus  after surgery. Specia l
adaptations  are ava i lable, e.g. trigger by blowing.

Non-articular

Cardiovascular. Asymptomatic pericardia l  effus ion i s  relatively common. Myocardia l  and va lvular involvement are rare.
Respiratory. Pulmonary fibros is  (methotrexate may contribute). Pleura l  involvement i s  usual ly asymptomatic. Pulmonary nodules  can
occur.
P.161
Anaemia-usual ly normochromic anaemia  of chronic disease, drugassociated bone marrow depress ion, and NSAID-associated blood
loss .
Renal . Amyloid or inters ti tia l  nephri ti s  may occur. Asymptomatic renal  impairment i s  common. Drug effects  may contribute.
Nervous  system. Periphera l  neuropathy. This  may be aggravated by pressure effects  when pos i tioned on the operating table.
Neurologica l  symptoms and s igns  may arise from cord or root compress ion in the neck.
The skin and veins  are fragi le.

Investigations

Al l  patients  should have FBC, creatinine and electrolytes , ECG, and chest radiograph.
Cervica l  spine radiographs . The role of preoperative cervica l  spine flexion/extens ion views  i s  controvers ia l  and interpretation i s
di ffi cul t. The automatic reordering of radiographs  in a l l  patients  seems unnecessary, particularly i f i t wi l l  not a l ter management.
Flexion/extens ion views  are mandatory in a l l  patients  with neurologica l  symptoms or s igns , and in those with pers is tent neck pa in.
Stabi l i zation surgery may be necessary before other elective surgery i s  undertaken. Preoperative cervica l  spine radiographs  may help
determine management in some patients  with severe disease requiring intubation but only after review of previous  radiographs , case
notes , and anaesthetic charts . Specia l i s t radiologica l  advice may be required. Unless  i t i s  certa in that the cervica l  spine i s  s table,
therefore, a l l  rheumatoid patients  should be treated as  i f they might have an unstable spine. This  may involve awake fibreoptic
intubation or manual  in-l ine s tabi l i zation when undertaking di rect laryngoscopy or LMA insertion.
Pulmonary function tests  should be carried out for patients  with unexpla ined dyspnoea or radiologica l  abnormal i ties .
An ENT opinion should be sought and nasendoscopy performed i f there i s  hoarseness  or symptoms and s igns  of respi ratory
obstruction.
Echocardiography i s  needed i f there i s  va lvular or pericardia l  involvement and in symptomatic cardiac disease.

Drugs  in the perioperative period

Cons ider s teroid supplementation (p. 98).
NSAIDs . Aspirin has  i rrevers ible effects  on platelet function and should be s topped 10 days  prior to surgery. Other NSAIDs  should
usual ly be continued to enable early mobi l i zation, but should be s topped i f there i s  excess ive bleeding, shock, or deterioration in
renal  function.
Disease-modi fying anti rheumatoid drugs  (DMARDs). These drugs  include gold, penici l lamine, and immunusuppressant drugs  such as
methotrexate and azathioprine. Leflunomide i s  a  recently introduced DMARD with an improved safety profi le. The potentia l  for these
drugs  to contribute to increased infection and reduction in wound heal ing has  to be ba lanced aga inst the l ikel ihood of flare-ups  of
the disease and delayed mobi l i zation i f the drugs  are with-drawn before surgery. In practice these drugs  are commonly only omitted
for a  day or two fol lowing surgery as  there i s  l i ttle evidence that omitting them preoperatively reduces  postoperative compl ications
and in particular wound infections . However, i f there i s  leucopenia
P.162

(e.g. with azathioprine) withdrawal  of the drugs  for 2-3 weeks  before surgery may be advisable (consul t with rheumatologis t).
DVT prophylaxis  (see p. 11). Early mobi l i zation.
Gastrointestina l  agents . Patients  on H2 antagonis ts , e.g. rani tidine and prostaglandin analogues , should continue prior to and after
surgery.

javascript:history.back()
javascript:void(0)
javascript:void(0)


Anaesthes ia

Take care of the neck and mainta in i t in a  neutra l  pos i tion at a l l  times  when the patient i s  anaesthetized, especia l ly on transfer and
turning. Use manual  in-l ine s tabi l i zation during a i rway manipulation whi l s t the patient i s  unconscious  (unless  i t i s  certa in that the
spine i s  s table). If intubation i s  necessary cons ider fibreoptic intubation (p. 882), particularly i f there i s  posterior AAS (rare) and/or
predicted di ffi cul ty 866. If di rect laryngoscopy i s  undertaken together with manual  in-l ine s tabi l i zation use a  gum elastic bougie
ini tia l ly. If this  i s  di ffi cul t have a  low threshold for converting to awake fibreoptic intubation early on.
Ensure careful  pos i tioning and padding/protection of vulnerable areas  on the operating table. Note the pos i tion before induction,
then try to mainta in this  during surgery.
Regional  techniques  may be di ffi cul t. Patient discomfort from prolonged immobi l i zation may favour genera l  anaesthes ia  perhaps  in
combination with regional  catheter techniques .
Normothermia  i s  especia l ly important, as  hypothermia  may increase the ri sk of wound infections .

Postoperative

Adequate pa in control  a l lows  early mobi l i zation. PCA i s  often impractica l  due to impaired hand function.
Continue NSAIDs  unless  contra indicated.
Phys iotherapy and mobi l i zation are important.
Continue DVT prophylaxis  unti l  the patient i s  ful ly mobi le.
Mainta in fluid intake and monitor renal  function.
Restart DMARDs  to avoid exacerbation of joint immobi l i ty.

Further reading
Campbel l  RSD, Wou P, Watt I  (1995). A continuing role for pre-operative cervica l  spine radiography in rheumatoid arthri ti s? Cl inica l  Radiology,
50, 157–9.
Macarthur A, Kleiman S (1993). Rheumatoid cervica l  joint disease-a  cha l lenge to the anaesthetis t. Canadian Journal  of Anaesthes ia , 40, 154–9.
Library Holdings
Bibl iographic Links
Matti  MV, Sharrock NE (1998). Anesthes ia  in the rheumatoid patient. Rheumatic Diseases  Cl inics  of North America , 24, 19–34.
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Ankylos ing spondyl i ti s
Inflammatory arthri ti s  of the sacroi l iac joints  and spine, leading to ankylos is  and ‘bamboo spine’. It i s  associated with HLA B27 in more than
90% of cases . The male to female ratio i s  about 4:1. Important anaesthetic impl ications  are both articular and non-articular.
Articular

Progress ive kyphos is  and fixation of the spine may preclude an intubating pos i tion. Severe cases  wi l l  be imposs ible to intubate us ing
conventional  means  and tracheostomy may a lso be imposs ible. Atlantoaxia l  subluxation and myelopathy can occur rarely. There may
be l imited mouth opening from temperomandibular involvement. Cons ider awake fibreoptic intubation.
Axia l  skeleta l  involvement may make centroneuraxis  block di ffi cul t or imposs ible. Spina l  anaesthes ia  us ing a  paramedian approach
appears  to be the most practica l  technique for neuraxia l  block. There may be an increased ri sk of epidura l  haematoma in patients
with ankylos ing spondyl i ti s  poss ibly as  a  resul t of associated trauma in attempts  to place a  catheter.
Limited chest expans ion may lead to postoperative pulmonary compl ications . Effective external  cardiac massage may be imposs ible.
Deformity leads  to di ffi cul ty with pos i tioning, particularly i f a  prone pos i tion required.

Non-articular

Fibros ing a lveol i ti s  may occur, exacerbating postoperative hypoxia .
Aortic regurgi tation i s  present in 4% of cases . Mitra l  va lve involvement and conduction defects  are rare.
Amyloid may cause renal  involvement.

Further reading
Schelew BL, Vaghadia  H (1996). Ankylos ing spondyl i ti s  and neuraxia l  anaesthes ia-a  10 year review. Canadian Journal  of Anaesthes ia , 43, 65–8.
Library Holdings
Bibl iographic Links
Sincla i r JR, Mason RA (1984). Ankylos ing spondyl i ti s . The case for awake intubation. Anaesthes ia , 39, 3–11.
Library Holdings
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Systemic lupus  erythematosus
This  i s  a  chronic multi system disease commonest in young females , especia l ly in pregnancy. It i s  characterized by the presence of numerous
antibodies  including antinuclear antibody and immune mediated ti ssue damage. Al though joints  may be affected there i s  no deformity or
bony eros ion and no speci fic a i rway impl ications . The main anaesthetic impl ications  are cardiovascular disease, renal  disease, and
coagulation s tatus .
Preoperative assessment

Skin and joint involvement are common.
Cardiovascular problems are relatively common and include myocardi ti s  (15%), pericardi ti s  (60%), and non-bacteria l  endocardi ti s
affecting the mitra l  and aortic va lves .
Raynaud's  phenomenon i s  common.
Respiratory system: patchy atelectas is , pleurisy, and fibros ing a lveol i ti s  may occur.
Neurologica l : crania l  and periphera l  nerve les ions  may occur, secondary to arteri ti s  and i schaemia. Depress ion, psychos is , and fi ts .
Renal  involvement occurs  in 60% of patients  usual ly in the form of nephrotic syndrome. Progress ive renal  fa i lure and hypertens ion may
also occur.
Haematologica l : clotting disorders  or hypercoagulable s tates  can occur. Patients  with systemic lupus  erythematosus  should have both
ful l  blood count and clotting s tatus  checked. Immune thrombocytopenia  or ci rculating anticoagulants  (e.g. antibodies  to factor VIII)
may be present. Up to a  thi rd of patients  with systemic lupus  erythematosus  may demonstrate features  of antiphosphol ipid syndrome.
This  i s  a  hypercoagulable s tate which paradoxica l ly may be associated with the presence of lupus  anticoagulant and a  prolonged
APTT. Since a  prolonged APTT may indicate ei ther a  clotting disorder or a  hypercoagulable s tate further haematologica l  advice should
be sought. The anaemia  of chronic disease i s  common and may be aggravated by blood loss  (see p. 152).
Ora l  and pharyngeal  ulceration are common.
Drugs ; s teroids  and other immunosuppressant drugs  are used.

Anaesthes ia

There may be absolute or relative contra indications  to neuraxia l  blocks  in patients  taking anticoagulants  or in patients  with
coagulopathy associated with systemic lupus  erythematosus . Cases  should be cons idered individual ly. Contra indications  include
platelets  <100 000×109/l i tre or INR >1.5 (see p. 998). The presence of a  periphera l  nerve les ion may be a  relative contra indication to
neuraxia l  block.
Maintenance of normothermia  may reduce the ri sk of infection as  wel l  as  lessening the impact of Raynaud's  phenomenon i f present.
If there i s  cardiac or renal  involvement cons ider hourly urine output and invas ive monitoring.
Steroid supplementation (p. 98).

P.165
Further reading
Davies  SR (1991). Systemic lupus  erythematosus  and the obstetrica l  patient— impl ications  for the anaesthetis t. Canadian Journal  of
Anaesthes ia , 38, 790–5.
Library Holdings
Bibl iographic Links
Madan R, Khoursheed M, Kukla  R, a l -Mazidi  M, Behbehani  A (1997). The anaesthetis t and the antiphosphol ipid syndrome. Anaesthes ia , 52, 72–
6.
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Scol ios is
Progress ive latera l  curvature of the spine with added rotation. Scol ios is  may be idiopathic (about 75%) or secondary to other conditions  with
anaesthetic impl ications , for example

Muscular dystrophies
Pol iomyel i ti s
Cerebra l  Pa lsy
Friedrich's  Ataxia

Preoperative Assessment
Scol ios is  may be progress ive and lead to an increas ing restrictive venti latory defect which in turn leads  to hypoxia , hypercarbia  and pulmonary
hypertens ion. Corrective surgery may be carried out in the teens  to arrest these changes , or the surgery may be non spina l .

Formal  respi ratory function tests  including vi ta l  capaci ty and oxygen saturation on a i r are mandatory in severe cases  (>65 degree
curvature).
Look for evidence of pulmonary hypertens ion and right heart fa i lure. Some muscular dystrophies  may be associated with primary
cardiac abnormal i ties . Cons ider echocardiography.
Avoid sedative premedication in patients  with poor respiratory reserve.
Plan for high dependency or intens ive care in complex cases .

Anaesthes ia

Regional  catheter techniques  where poss ible (usual ly in combination with genera l  anaesthes ia) may reduce postoperative opioid
requirements .
Monitor neuromuscular function.
Patients  with muscular dystrophies  may be susceptible to MH (see p. 199). Avoid suxamethonium and known triggers .

Further reading
Gibbons  PA, Lee IS (1985). Scol ios is  and anesthes ia . International  Anesthes iology Cl inics , 23, 149–61.
Library Holdings
Reprints/Rights
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Achondroplas ia
The commonest form of dwarfi sm is  caused by premature oss i fi cation of bones  combined with normal  periostea l  bone formation giving a
characteris tic appearance of short l imbs  and a  relatively normal  cranium. The fol lowing should be noted:

The larynx may be smal l  and intubation i s  occas ional ly di ffi cul t. Have a  range of tube s izes  and a  di ffi cul t intubation trol ley ava i lable.
Foramen magnum stenos is  i s  common. Avoid hyperextens ion during intubation.
Centra l  and periphera l  venous  access  i s  often di ffi cul t. Cons ider femoral  vein cannulation.
Use an appropriately s i zed blood pressure cuff.
Obstructive s leep apnoea i s  common.
Restrictive venti latory defects  may occur and can lead to pulmonary hypertens ion.
Regional  techniques  may be di ffi cul t.
The back may be normal . The epidura l  space i s  often narrowed.
The volume of loca l  anaesthetic needed for an epidura l  i s  reduced. It i s  di ffi cul t to predict the volume needed for a  one-shot spina l .
Use an incrementa l  spina l  or epidura l  catheter technique.
The patient i s  of normal  intel l igence. Take care to treat on age rather than s ize.

Further reading
Berkowitz ID, Ra ja  SN, Bender KS, Kopits  SE (1990). Dwarfs : pathophys iology and anesthetic impl ications . Anesthes iology, 73, 739–59.
Library Holdings
Bibl iographic Links
Morrow MJ, Black IH (1998). Epidura l  anaesthes ia  for Caesarian section in an achondroplastic dwarf. Bri ti sh Journal  of Anaesthes ia , 81, 619–21.
Library Holdings
Bibl iographic Links
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Epi lepsy
Surgery and anaesthes ia  in epi lepsy
The a im is  avoidance of perioperative seizure by avoiding interference with drug therapy (mainta ining GI function) and avoiding metabol ic
dis turbance (mainta ining hydration, glucose, and electrolyte ba lance). Prolonged s tarvation should be avoided and the anaesthetic technique
should seek to minimize surgica l  s tress  and gastrointestina l  dys function.
Preoperative assessment

The nature, timing, and frequency of any seizure should be recorded pre-operatively. The effect of the condition on l i fes tyle and on
abi l i ty to hold a  driving l i cence should be recorded.
A ful l  drug his tory should be taken. The effect of dose timing and a  missed dose should be recorded.
If prolonged postoperative GI dys function i s  anticipated, formulate a  plan for nasogastric or parentera l  anticonvulsant therapy.
A plan for postoperative analges ia  should be formulated with the patient.

Conduct of anaesthes ia

Avoid prolonged preoperative s tarvation.
Sedative premedication, i f necessary, may be achieved with benzodiazepines . Long-acting drugs  such as  diazepam (10 mg PO) or
lorazepam (2–4 mg PO) are useful .
Mainta in antiepi leptic therapy up to the point of surgery.
Al l  commonly used anaesthetic agents  are anticonvulsant in conventional  dosage (see table)—whi ls t a l l  have been used in epi leptics
without i l l  effect, i t i s  prudent to use actively anticonvulsant drugs  to avoid the adverse phys iologica l  and socia l  consequences  of a  fi t
in a  previous ly wel l  control led patient.
Thiopenta l  i s  powerful ly anticonvulsant in the therapeutic range.
Muscle relaxation i s  best achieved by drugs  without a  s teroid nucleus  (e.g. atracurium, ci satracurium) s ince enzyme induction by a l l
commonly used antiepi leptic agents  (especia l ly phenytoin, barbi turates , and carbamazepine) may lead to reduced activi ty and shorter
action of agents  such as  pancuronium and vecuronium.
Avoidance of hyperventi lation (and consequent hypocarbia) i s  essentia l  s ince hypocarbia  reduces  cerebra l  blood flow and worsens
pre-exis ting abnormal  EEG activi ty.
Regional  anaesthes ia  i s  useful  s ince earl ier return to ora l  intake i s  poss ible. Maximum loca l  anaesthetic doses  should be kept in
mind.
Antiemetic medication should be with agents  unl ikely to cause dystonia  (e.g. domperidone 30–60 mg PR, cyl i zine 50 mg IV/IM,
ondansetron 4 mg IV).
Any epi lepti form activi ty in the recovery period should be described and recorded. The misdiagnos is  of postoperative shivering or
confus ion as  epi lepsy may have profound impl ications  for the patient s ince driving privi leges  may be withdrawn.

P.171
Drug i ssues
The fol lowing anaesthetic and a l l ied drugs  should be used with caution in epi leptics :

Drug Notes

Methohexi tone
Reported to produce seizures  in chi ldren. Increased EEG evidence of
spike activi ty during adminis tration. No longer marketed in the UK

Ketamine
Avoided because of cerebra l  exci tatory effects  a l though has  been
used without incident in many epi leptics

Etomidate
Associated with a  high incidence of myoclonus  (not centra l ly
mediated). May be confused with epi leptic activi ty

Antiemetics : phenothiazines  (e.g. prochlorperazine), centra l  dopamine
antagonis ts  (e.g. metoclopramide), butyrophenones  (e.g. droperidol )

High incidence of dystonic reactions  may lead to confus ion with
epi leptic activi ty

Inhalational  agents : enflurane
Associated with abnormal  EEG activi ty after adminis tration—
especia l ly in presence of hyperventi lation

Neuromuscular blockers : s teroid based (e.g. vecuronium, pancuronium) Pharmacodynamic res is tance due to enzyme activation

Propofol
Propofol  i s  reported to be associated with abnormal  movements  both during induction and emergence from anaesthes ia . Al though in most
cases  this  i s  unl ikely to represent true seizure activi ty (EEG s tudies  fa i l  to demonstrate epi lepti form activi ty during these episodes), i t i s  a l so
l ikely that patients  with control led epi lepsy or previous ly undetected seizure foci  may be prone to seizure during the rapid emergence from
propofol  anaesthes ia . Propofol  i s  widely used for sedation during ‘awake’ craniotomy for epi lepsy surgery. Profound suppress ion of abnormal
EEG activi ty i s  usual ly noted during i ts  infus ion. It has  a lso been reported to be useful  in s tatus  epi lepticus  in ITU.
Caution i s  advised in the adminis tration of propofol  to epi leptics  (particularly those holding driving l i cences) unless  there i s  overwhelming
cl inica l  need for i ts  adminis tration. Co-induction with benzodiazepine (e.g. midazolam 2 mg IV) may reduce i ts  potentia l  to produce abnormal
movements  and reduce the potentia l  for postoperative seizure.
Day case anaesthes ia
Al l  epi leptics  should be warned of the poss ibi l i ty of perioperative convuls ions  no matter how minor the procedure to be undertaken. Loca l
and regional  techniques  should be used where poss ible. In genera l , those with wel l -control led epi lepsy (seizure free for over 1 year or
nocturnal  fi ts  only) can be cons idered for day case anaesthes ia .
P.172

Driving and epi lepsy
At present, United Kingdom law mandates  the withdrawal  of a  driving l i cence from an epi leptic unti l  12 months  from the las t seizure. The
impl ications  of a  s ingle fi t in the postoperative period on a  previous ly wel l -control led epi leptic cannot be overstated. Up-to-date advice on
fi tness  to drive i s  ava i lable from the DVLA (Driver and Vehicle Licens ing Agency: http://www.dvla .gov.uk).
What i f ora l  or nasogastric therapy i s  not poss ible?
The fol lowing drugs  are ava i lable in parentera l  or recta l  formulations . In genera l , intramuscular adminis tration of antiepi leptic medication
should be avoided because of unpredictable absorption postoperatively and the i rri tant nature of the formulations .
Drug levels  should be measured during parentera l  therapy or after changing the route of adminis tration.
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Drug Notes

Carbamazepine 125 mg recta l , equiva lent to 100 mg ora l . Maximum 1 g da i ly in four divided doses

Phenobarbi ta l
200 mg IM repeated 6-hourly. Chi ld 15 mg/kg. Intravenous  adminis tration associated with sedation. Slow infus ion of di lute
preparation recommended

Phenytoin
Loading dose 15 mg/kg IV at rate of no greater than 50 mg/min. Maintenance dose (same intravenous  as  ora l ) twice da i ly.
Infus ion usual ly under ECG and BP control

Sodium
valproate

Intravenous  dose same as  ora l  dose, twice da i ly. Dose to be injected intravenous ly over 3–5 min

Fosphenytoin
A prodrug of phenytoin. Less  i rri tation and cardiovascular instabi l i ty on injection. Absorbed very s lowly after IM injection
al though non-i rri tant. Dose—same dose and frequency as  ora l  phenytoin

Clonazepam
Intravenous  infus ion in high-dependency area  only—faci l i ties  for a i rway control  ava i lable. Chi ld (any age) 500 µg. Adult 1
mg
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Cerebrovascular disease
Cerebrovascular disease i s  mani fest by ei ther global  cerebra l  dys function (multi -infarct dementia) or foca l  i schaemic disorder ranging from
trans ient i schaemic attack to major s troke. Stroke i s  the thi rd leading cause of death in the industria l i zed world (after heart disease and
cancer).
Cerebrovascular disease i s  associated with hypertens ion, diabetes , obes i ty, and smoking. The incidence ri ses  with age. Medica l  treatment
revolves  around the treatment of the underlying disorder, cessation of smoking, and antiplatelet/anticoagulant therapy. The use of low-dose
aspirin prophylaxis  i s  ga ining wide acceptance and populari ty.
Assessment of the patient with cerebrovascular disease

Measure blood pressure (both arms) and test blood glucose. The therapeutic a ims  are for normotens ion and normoglycemia.
Take a  ful l  drug his tory.
Antihypertens ive drugs  can as  a  rule continue to the time of operation.
Warfarin should be discontinued and substi tuted with heparin i f necessary.
Aspirin i s  only discontinued i f the consequences  of haemorrhage are great (e.g. tons i l lectomy, neurosurgery, etc.).
Document the nature of any i schaemic events  and any res idual  neurologica l  defici t. These may range from trans ient bl indness
(amauros is  fugax) to dense hemiplegia . This  wi l l  help in di fferentiating new les ions  from pre-exis ting defici ts  that may require urgent
therapy.
Ask about precipi tating events . Vertebrobas i lar insufficiency i s  most l ikely to be precipi tated by postura l  changes  and neck
pos i tioning. Avoidance of precipi tating neck pos i tions  i s  mandatory.

Trans ient i schaemic attacks  (TIA)

These are defined as  foca l  neurologica l  defici ts  that occur suddenly and las t for severa l  minutes  to hours  but never more than 24 h.
Res idual  neurologica l  defici t does  not occur.
They are thought to be related to embol ism of platelet and fibrin aggregates  released from areas  of atherosclerotic plaque. The ri sk of
s troke in untreated patients  i s  sa id to be around 5% per annum with a  morta l i ty of around 30% per episode.
Patients  with a  his tory of TIA should be investigated and assessed by a  specia l i s t vascular service i f practica l . Doppler flow s tudies ,
with or without angiography, are indicated in a l l  cases .
Delay of a l l  but emergency surgery i s  warranted unti l  Doppler s tudies  are performed. If surgery has  to be undertaken, the principles  of
anaesthes ia  should be fol lowed as  outl ined below.

Who needs  carotid endarterectomy?

At present only those with his tory of TIA with good recovery and a  surgica l ly access ible les ion of ei ther greater than 80% stenos is  or
‘ragged’ plaque are routinely cons idered for surgery. Crescendo TIA i s  cons idered by some as  an indication for urgent surgery.
P.174
Consensus  opinion at present i s  aga inst surgery in those with asympto-matic carotid brui t.

Cerebrovascular event (CVE or s troke)

This  may be caused by:
cerebra l  thrombos is
cerebra l  embol ism
intracrania l  haemorrhage.

The underlying cause i s  usual ly related to cerebrovascular disease secondary to advanced age, smoking, diabetes , and hypertens ion.
10% of s troke in the industria l i zed world i s  due to intracrania l  haemorrhage.
Haemorrhage may occur into a  tumour or vascular mal formation.
Embol ization may originate from the heart or extracrania l  vessels .
Al l  may lead to defici ts  ranging from minor l imb weakness  to complete hemiplegia  and death.
Therapeutic goals  and anaesthetic management are shared with those of TIA.

When to operate

Operation within 6 weeks  of a  cerebra l  event i s  associated with an up to 20-fold increase in ri sk of postoperative s troke.
Hemiplegia  of less  than 6–9 months ' duration i s  associated with exaggerated hyperka laemic response to suxamethonium.
It therefore seems prudent to delay a l l  but l i fe-saving surgery for at least 6 weeks  fol lowing a  cerebra l  event and preferably to wait at
least 6 months  before cons idering elective surgery.

Anaesthetic management of patients  with cerebrovascular disease

Ensure that antihypertens ive medication (with the poss ible exception of ACE inhibi tors ) i s  continued to the time of operation.
ACE inhibi ters  are associated with non-speci fic kininase inhibi tion and may predispose to profound, res is tant hypotention under
anaesthes ia .
Thromboprophylaxis  i s  advisable unless  contra indicated (e.g. low-dose unfractionated heparin).
Ensure that pressor and depressor agents  are ava i lable prior to induction to treat unwanted changes  in blood pressure. Use agents
with which you are fami l iar. Mainta in blood pressure as  close as  practica l  to preoperative levels  to mainta in cerebra l  blood flow:

useful  pressors  are ephedrine/metaraminol
useful  depressors  are labeta lol , esmolol , GTN.

Blood pressure may ‘swing’ excess ively during surgery. This  i s  due to a  relatively rigid vascular system and relative hypovolaemia  due
to antihypertens ive therapy. Intravenous  fluid replacement should be proactive rather than reactive, with large-bore IV access  and
invas ive centra l  pressure monitoring i f large fluid shi fts  are expected.
Ensure that neck pos i tioning i s  neutra l  and avoids  movements  associated with syncope (ga ined from the his tory).
P.175

Induction of anaesthes ia  may resul t in dangerous  hypotens ion fol lowed by extreme hypertens ion on intubation. Gentle intravenous
induction i s  indicated. Cover for intubation may be provided by:

opioid (e.g. a l fentani l  500–1000 µg IV)
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beta-blocker (e.g. labeta lol  50 mg s low IV)
l idoca ine (l ignoca ine) 1–1.5 mg/kg IV.

Avoid hyperventi lation. Hypocapnia  i s  associated with reduced cerebra l  blood flow and therefore cerebra l  i schaemia. Normocarbia
should be the goal  of intra-operative venti lation.
Examine the patient early in the postoperative period to determine any change in neurologica l  s tatus . New neurologica l  s igns  wi l l
require urgent referra l  to a  neurologis t/vascular surgeon and urgent treatment i f poss ible.
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Parkinson's  disease
Parkinsonism is  a  syndrome characterized by: tremor, akines ia , rigidi ty, and postura l  ins tabi l i ty. The aetiology of Parkinson's  disease i s
unknown, but Parkinsonism may be precipi tated by drugs  (especia l ly neuroleptic agents ), or be post-traumatic/postencephal i ti c.
Pathophys iology
Parkinsonism is  due to an imbalance of the mutual ly antagonis tic dopaminergic and chol inergic systems of the basa l  gangl ia . Pigmented cel l s
in the substantia  nigra  are lost, leading to reduced dopaminergic activi ty. There i s  no reduction in chol inergic activi ty. Drug therapy of
Parkinsonism is  a imed at restoring this  ba lance by ei ther increas ing dopamine or dopamine-l ike activi ty or reducing chol inergic activi ty within
the bra in.
Medica l  treatment
Drug therapy in Parkinsonism is  l imited by severe s ide-effects  (nausea and confus ion), especia l ly in the elderly. Up to 20% of patients  wi l l
remain unrespons ive to drug therapy.
Dopaminergic drugs

l -dopa i s  an inactive form of dopamine, which needs  convers ion by decarboxylases  to dopamine within the bra in to be effective. It i s
the therapy of fi rs t choice in idiopathic Parkinsonism. It i s  more useful  in patients  with bradykines ia  and rigidi ty than tremor, and i s
usual ly adminis tered with decarboxylase inhibi tors  (e.g. benserazide, carbidopa) that do not cross  into the bra in, reducing periphera l
convers ion of dopamine and thus  reducing dose and s ide-effects .
Monoamine oxidase B inhibi tors  (MAO-B inhibi tors ; e.g. selegi l ine) act by reducing centra l  breakdown of dopamine. Selegi l ine has
fewer drug interactions  than the non-speci fic MAO inhibi tors , but may cause a  hypertens ive response to pethidine and dangerous  CNS
exci tabi l i ty with SSRI and tricycl ic antidepressants  (see p. 207).
Ergot derivatives  such as  bromocriptine, cabergol ine, l i suride, and pergol ide act by di rect s timulation of dopamine receptors . They are
usual ly reserved for adjuvant therapy in those a l ready on l -dopa or those intolerant of the s ide-effects  of l -dopa.
Entacapone i s  an adjuvant agent capable of reducing the dose of l -dopa and increas ing the duration of i ts  effect. It i s  usual ly reserved
for those experiencing ‘end of dose’ deterioration after long-term dopaminergic therapy.
Other adjuvant dopaminergic agents  are ropini role, pramipexole, amantadine, apomorphine, and tolcapone.
There are no parentera l  dopaminergic agents  currently ava i lable for use in Parkinsonism.

Antichol inergic (antimuscarinic) drugs

The most commonly used agents  in this  group are benztropine, procycl idine, benzhexol , and orphenadrine. These agents  are indicated
as  fi rs t-l ine therapy only when symptoms are mi ld and tremor predominates . Rigidi ty
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and s ia lorrhoea may be improved by these agents  but bradykines ia  wi l l  not be affected. This  class  of drugs  i s  useful  for drug-induced
Parkinsonism but not in tardive dyskines ia .
Parentera l  formulations  exis t for procycl idine and benztropine, making these useful  for acute drug induced dystonias .

Surgica l  therapy
Surgery for treatment of Parkinson's  induced disabi l i ty i s  increas ing in populari ty. It i s  normal ly performed in the awake patient us ing
stereotactic guided probes :

Thalamotomy is  used in those with tremor as  the predominant disabi l i ty, especia l ly i f the tremor i s  uni latera l . Anterior tha lamotomy
is  sometimes  used for rigidi ty.
Pa l l idotomy is  primari ly for those with rigidi ty and bradykines ia , a l though the tremor (i f present) may a lso be reduced.

Drug i ssues
Most patients  with severe disease are on severa l  maintenance drugs  and drug interactions  are a  potentia l  hazard (see p. 178).
Anaesthetic cons iderations
Ideal ly, patients  with severe disease should be under the care of a  phys ician with a  specia l  interest in Parkinson's  disease and the
perioperative care should involve them.
The fol lowing assessment i s  of particular interest:

A his tory of dysphagia  or excess ive sa l ivation (s ia lorrhoea) i s  evidence of increased ri sk of aspi ration and poss ible fa i lure to mainta in
an a i rway in the perioperative period. Gastro-oesophageal  reflux i s  common in this  group of patients .
Postura l  hypotens ion may be evidence of both dysautonomia  and drug-induced hypovolaemia  and should warn of poss ible
hypotens ion on induction of anaesthes ia  or pos i tion changes  during surgery.
Drug-induced arrhythmias , especia l ly ventricular premature beats , are common a l though they are usual ly not cl inica l ly s igni ficant.
Respiratory function may be compromised by bradykines ia  and muscle rigidi ty as  wel l  as  by sputum retention. Chest radiograph, lung
function tests , and blood gases  may be indicated.
Di fficul ty in voiding may necess i tate urinary catheterization. Postoperative urinary retention may be a  potent cause of postoperative
confus ion.
The severi ty of the underlying disease should be determined and other l ikely problems anticipated, e.g. akines ia , muscle rigidi ty,
tremor, confus ion, depress ion, ha l lucinations , and speech impairment.

Conduct of anaesthes ia

Treatment for Parkinsonism should be continued up to the s tart of anaesthes ia . Dis tress ing symptoms may develop as  l i ttle as  3 h
after a  missed dose.
Premedication i s  usual ly unnecessary unless  dis tress ing s ia lorrhoea i s  present. Antis ia logogue treatments  include atropine (10 µg/kg
IM up to 1 mg) or glycopyrrolate (200–400 µg IM).

Drug interactions in Parkinsonism

Class of drug Interaction Notes

Analges ics : pethidine synthetic
opiates  e.g. fentanyl , a l fentani l

Hypertens ion and muscle rigidi ty with selegi l ine
Muscle rigidi ty

May resemble mal ignant hyperpyrexia
More apparent in high doses
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Inhalational  agents Potentiates  l -dopa induced arrhythmias Avoid use of ha lothane i f ventricular
arrhythmia  present on preop. ECG

Antiemetics : e.g.
metoclopramide, droperidol .
prochlorperazine

May produce extrapyramidal  s ide effects  or worsen
Parkinson symptoms

For management of PONV see p. 179.
Metoclopramide may increase plasma
concentration of l -dopa

Antipsychotics : e.g.
phenothiazines ,
butyrophenones , piperazine
derivatives

May produce extrapyramidal  s ide-effects  or worsen
Parkinson symptoms

Better to use ‘atypica l  antipsychotics ’ such
as  sulpi ride, clozapine, ri speridone, etc.

Antidepressants : tricycl ics  (e.g.
amitriptylene) Potentiate l -dopa induced arrhythmias  (tricycl ics  only)

 

serotonin reuptake inhibi tors
(e.g. fluoxetine)

Hypertens ive cri ses  and cerebra l  exci tation with
selegi l ine (tricycl ics  and SSRIs )

 

Antihypertens ives  (a l l  classes )
Marked antihypertens ive effect in treated and untreated
Parkinsonism. Related to postura l  hypotens ion and
relative hypovolaemia

Most marked with clonidine and reserpine
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The presence of preoperative s ia lorrhoea or dysphagia  i s  a  s ign of gastro-intestina l  dys function. Ai rway control  with intubation by
rapid sequence induction may be indicated.
Mainta in normothermia  to avoid shivering.
There i s  no evidence that any anaesthetic technique i s  superior to any other.
Analges ia : intravenous  morphine i s  useful  i f regional  or loca l  ana lges ia  i s  not poss ible (PCA may prove di ffi cul t for the patient). Ora l
analges ia  may be di ffi cul t to adminis ter with coexis ting dysphagia  (a  nasogastric tube may be necessary).

Postoperative cons iderations

In principle, the more disabled the patient preoperatively, the greater the need for postoperative high-dependency and respiratory
care.
Postoperative phys iotherapy should be arranged i f rigidi ty i s  disabl ing.
Nasogastric tube insertion may be needed i f GI dys function i s  present to a l low early return of ora l  medication.
Prolonged GI dys function postoperatively may lead to severe disabi l i ty s ince no parentera l  dopaminergic therapy i s  currently ava i lable.

Antiemetics

Domperidone (10–20 mg 4–6-hourly PO or 30–60 mg 4–6-hourly PR). The drug of fi rs t choice for PONV in Parkinson patients . It does  not
cross  the blood-bra in barrier to a  s igni ficant degree and i s  thus  not associated with s igni ficant extrapyramidal  effects .
Serotonin antagonis ts  ondansetron 4 mg IV or granisetron 1 mg IV s lowly, may be useful  rescue agents  in PONV i f domperidone a lone
is  ineffective.
Antihis tamine derivatives  (e.g. cycl i zine 50 mg IV/IM).

Further reading
Anesthes ia  and Parkinson's  disease (1996). International  Anesthes iology Cl inics , 34, 133–50.
Severn AM, Parkinsonism and the anaesthetis t (1988). Bri ti sh Journal  of Anaesthes ia , 61, 761–70.
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Anaesthes ia  in spina l  cord les ions
There are approximately 40 000 patients  in the United Kingdom with spina l  cord injuries . Most are young adults  who may present for a  variety
of surgica l  interventions . Ferti l i ty in affected females  approaches  that of the non-injured population and obstetric services  are regularly
required.
Pathophys iology of spina l  cord injury
Spina l  shock can be divided into three dis tinct phases :

The ini tia l  phase: very short (minutes ) period of intense neuronal  discharge caused by di rect cord s timulation. This  leads  to extreme
hypertens ion and arrhythmias , with ri sk of left ventricular fa i lure, myocardia l  infarction, and pulmonary oedema. Early treatment with
steroids  during this  phase may improve neurologica l  outcome (refer to section on trauma management).
Spina l  shock: fol lows  rapidly from the ini tia l  phase and i s  characterized by hypotens ion and bradycardia  due to loss  of sympathetic
tone as  wel l  as  probable myocardia l  dys function. It i s  most common after high cord les ions  (above T7). There i s  associated loss  of
muscle tone and reflexes  below the level  of the les ion. Vagal  parasympathetic tone continues  unopposed, leading to a  tendency to
profound bradycardia  and even asystole with tracheal  suctioning or intubation. This  phase may las t from 3 days  to 8 weeks . Para lytic
i leus  i s  common during this  phase.
Reflex phase: as  neuronal  ‘rewiring’ occurs  dis ta l  to the cord les ion, efferent sympathetic discharge returns , a long with muscle tone
and reflexes .

Autonomic dysreflexia
This  i s  characterized by a  mass ive, disordered autonomic response to s timulation below the level  of the cord les ion. It i s  rare in les ions  lower
than T7. The incidence increases  with higher les ions  and i s  most common in those with cervica l  les ions . It may occur within 3 weeks  of the
origina l  injury but i s  unl ikely to be a  problem after 9 months . The dysreflexia  and i ts  effects  are thought to ari se because of a  loss  of
descending inhibi tory control  on regenerating presynaptic fibres  and interneurons , leading to chaotic reflex action and mass ive release of
catecholamines , especia l ly noradrenal ine.
Hypertens ion i s  the most common feature of this  reflex disorder but i s  by no means  universa l . Features  include headache, flushing, pa l lor
(may be mani fest above the level  of les ion), nausea, anxiety, hypertens ion, sweating, bradycardia , and peni le erection. Less  commonly
pupi l lary changes  or Horner's  syndrome occur. Dysreflexia  may be compl icated by seizures , pulmonary oedema, coma, or death and should be
treated as  a  medica l  emergency. The s timulus  required to precipi tate the condition varies  but i s  most commonly:

urologica l—bladder dis tens ion, urinary tract infection, catheter insertion, etc.
obstetric—labour, cervica l  di lation, etc.
bowel  obstruction/faeca l  impaction
acute abdomen
fractures
rarely minor trauma to skin, cutaneous  infection (bedsores).
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Management

Discover the cause i f poss ible and treat.
If no apparent cause, examine careful ly for unrevealed trauma or infection, catheterize and check for faeca l  impaction.

If s imple measures  fa i l  to control  hypertens ion then treatment options  include:

Ni fedipine 10–20 mg SL
Phentolamine 2–10 mg IV repeated i f necessary
Transdermal  GTN
Clonidine (150–300 µg by s low IV infus ion) i s  useful  i f there i s  associated hypertens ion and spastici ty.
Beta-blockers  are indicated only i f there i s  associated tachycardia  (bradycardia  i s  more common—see above). A useful  drug i s  esmolol
(10 mg IV repeated unti l  symptoms are control led) but beware of reflex bradycardia .

Systemic compl ications  of spina l  cord les ions

Reduced blood volume (up to 60 ml/kg, a  reduction of approximately 20%).
Abnormal  response to the Valsa lva  manoeuvre with continued drop in blood pressure (no plateau) and no overshoot with release of
pressure.
Profound postura l  hypotens ion with gradual  improvement after ini tia l  injury (never to normal ). Changes  in cerebra l  autoregulation
reduce i ts  effect on CBF and consciousness  in the non-anaesthetized patient.
Les ions  above C3—apnoea.
Les ions  at C3/4/5—poss ible diaphragmatic sparing, some respiratory capaci ty. Ini tia l  les ions  may progress  in height with shock and
oedema, with recovery as  the oedema improves , leading to a  marked improvement in respi ratory capaci ty.
Below C5—phrenic sparing, intercosta l  para lys is . Recrui tment of accessory muscles  i s  necessary to improve respiratory capaci ty (this
may take up to 6 months).
Para lys is  of abdominal  muscles  severely affects  the abi l i ty to force expiration, reducing the abi l i ty to cough.
The FVC i s  better in the horizonta l  or s l ight head-down pos i tion due to increased diaphragmatic excurs ion. Abdominal  contents  push
the diaphragm higher in this  pos i tion leading to improved muscle contraction (Starl ing's  law).
Bronchia l  hypersecretion may occur immediately after high les ions  with resolution after severa l  weeks .
Poor thermoregulation due to i solation of centra l  regulatory centres  from information pathways , inabi l i ty to use muscle to generate
heat and a l tered periphera l  blood flow. This  may lead most commonly to hypothermia  but occas ional ly to hyperthermia  in hot cl imatic
conditions .
Muscle spasms and spastici ty occur due to intact reflexes  below the level  of the les ion. They are caused by even minor s timul i  such as
l ight touch. They may be violent enough to injure the patient and may be severe enough to interfere with surgery and phys iotherapy.
Baclofen and diazepam may be necessary, the former increas ingly via  epidura l  infus ion.
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Reduced bone dens i ty leading to increased ri sk of fractures . There i s  heterotopic ca lci fi cation around the joints  in up to 20% of
patients .
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Poor periphera l  perfus ion leading to pressure sores  and di ffi cul t venous  access .
Anaemia, usual ly mi ld unless  associated with chronic i l lness  such as  decubitus  ulcers .
There i s  a  tendency to thrombos is  and therefore pulmonary embol ism. Some centres  warfarinize tetraplegics  5 days  after ini tia l
presentation.
There i s  delayed gastric emptying in tetraplegics—up to five times  longer.

Suxamethonium in chronic spina l  cord les ions

After upper motor neuron denervation, the motor endplate effectively extends  to cover the enti re muscle cel l  membrane. With
adminis tration of suxamethonium, depolarization occurs  over this  extended endplate, leading to mass ive potass ium efflux and
potentia l  cardiac arrest.
Recommendations  vary as  to the period of potentia l  ri sk of this  phenomenon. It would be prudent to avoid use of suxamethonium from
72 h fol lowing the ini tia l  injury. There are no reports  of cl inica l ly s igni ficant hyperka laemia  with suxamethonium after 9 months .
If rapid sequence induction with suxamethonium is  cons idered essentia l  during the high-ri sk phase then potass ium flux may be
reduced by precurarization (e.g. 5–10 mg atracurium) and methods  of treating hyperka laemia  should be ava i lable (ca lcium,
bicarbonate, insul in/dextrose).

Conduct of anaesthes ia
Spina l  shock phase
Surgery during this  phase i s  usual ly confined to the management of l i fe-threatening emergencies  and coexis ting injury. Anaesthes ia  should
reflect this .

Severe bradycardia  or even asystole may compl icate intubation. Atropine (300 µg IV) or glycopyrrolate (200 µg IV) prior to intubation
should prevent this .
Extreme care should be taken i f cervica l  spine injury i s  suspected.
Preloading with fluid (500–1000 ml  crysta l loid) wi l l  reduce hypotens ion on induction.
Centra l  l ine insertion may be necessary to manage fluid ba lance and guide appropriate inotrope therapy.

Reflex phase
Previous  anaesthetic his tory i s  vi ta l—many procedures  in these patients  are multiple and repeated. Pay close attention to the fol lowing:

Is  there a  sensory level  and i s  i t complete? (Risk of autonomic dysreflexia)
If complete, i s  the proposed surgery below the sensory level? (Is  anaesthes ia  necessary?)
Has  there been spina l  ins trumentation? (Potentia l  problems with spina l/epidura l )
Is  the cervica l  spine s table/fused/instrumented? (Potentia l  intubation di ffi cul ty)
Is  postura l  hypotens ion present? (Likely to be worsened by anaesthes ia)
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Is  there a  his tory of autonomic dysreflexia  (paroxysmal  sweating and/or headache) and i f so, what precipi tated i t?
In cervica l  les ions , what degree of respi ratory support i s  necessary?
Are there contractures , pressure sores? (Care with pos i tioning and pressure areas)

Investigations

FBC—potentia l  anaemia.
Urea and electrolytes—potentia l  renal  impairment.
Liver functions—poss ible impairment with chronic seps is .
Lung function tests  (FVC)—mandatory with a l l  cervica l  les ions  due to potentia l  respi ratory fa i lure.

Is  anaesthes ia  necessary?
In principle, i f the planned procedure would require anaesthes ia  in a  normal  patient, i t wi l l  be required for a  cord-injured patient.

Minor periphera l  surgery below a  complete sensory level  i s  l i kely to be safe without anaesthes ia .
Even with minor periphera l  surgery, minimal  s timulation may provoke muscular spasm that may require anaesthes ia  to resolve. Loca l
anaesthetic infi l tration may prevent i ts  occurrence.
Care should be taken in those with high les ions  (T5 and above) undergoing urologica l  procedures  or with a  his tory of autonomic
dysreflexia .
If the decis ion i s  made to proceed without anaesthes ia , intravenous  access  i s  mandatory and ECG, NIBP, and pulse oximeter should be
appl ied.
An anaesthetis t should be present on ‘s tandby’ for such procedures .

Genera l  anaesthes ia

Monitoring should be appl ied prior to induction and blood pressure measured before and after every pos i tion change. Invas ive
monitoring should be performed with the same cons iderations  as  for the non-cord injured patient.
Despi te theoretica l  ri sk of gastro-oesophageal  reflux there appears  to be no increased ri sk of aspi ration. If intubation i s  necessary for
the des i red procedure, antichol inergic pretreatment i s  recommended.
Those with cervica l  cord les ions  are l ikely to require ass is tance with venti lation under genera l  anaesthes ia . If IPPV i s  performed in
tetraplegics , blood pressure may drop precipi tous ly. Fluid preloading and vasopressors  (ephedrine) may be required.
With the exception of para lys is  to faci l i tate intubation, neuromuscular blockade i s  unl ikely to be necessary i f the surgery i s  below
sensory level  unless  troublesome muscular spasm is  present.
Care should be taken to preserve body temperature (wrapping or forced a i r warming blankets ). Pos i tion with respect to pressure areas .
Fluid management may be di ffi cul t as  blood volume is  usual ly low, and with high cord les ions , reflex compensation for blood loss  i s
absent. Fluid preloading coupled with aggress ive replacement of blood losses  with warmed fluid i s  recommended.
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Regional  anaesthes ia
Advantages

Prevents  autonomic dysreflexia .



Unl ikely to cause cardiovascular instabi l i ty s ince sympathetic tone i s  a l ready low prior to blockade.
No reported effect of spina l  injection of loca l  anaesthetics  or opioids  on neurologica l  outcome.
Avoids  ri sks  of genera l  anaesthes ia .
In genera l , spina l  anaesthes ia  i s  performed more commonly than epidura l  anaesthes ia  as  i t i s  technica l ly eas ier and more rel iable in
prevention of autonomic dysreflexia . Use s tandard doses  of loca l  anaesthetic agents  (bupivaca ine ‘heavy’ or pla in). Intratheca l
opiates  appear to confer no advantage.

Disadvantages

May be technica l ly di ffi cul t to perform. Spina l  anaesthes ia  i s  usual ly poss ible but epidura l  techniques  are l ikely to fa i l  in the
presence of spina l  ins tru-mentation or previous  spina l  surgery due to obl i teration of the epidura l  space.
There i s  di ffi cul ty in determining the success  or level  of blockade in complete les ions . Incomplete les ions  are tested in the same way
as  for normal  patients  and i t i s  theoretica l ly poss ible to test the level  by testing abol i tion of spasms provoked by ethyl  chloride spray
or by observation of relaxation of spastici ty.

Postoperative care

Tetraplegics  are best nursed supine or only s l ightly head up due to improved venti latory function in this  pos i tion.
Temperature should be closely monitored and hypothermia  actively treated.
Analges ia  should be provided by conventional  means  according to the type and level  of surgery.
Dysreflexia  may occur and require drug treatment after removal  of precipi tating causes  (such as  pa in and urinary retention)—for
treatment, refer to the section above.

Obstetric anaesthes ia
Effect of pregnancy on spina l  cord injury

Exaggerated postura l  hypotens ion and worsened response to cava l  occlus ion.
Reduced respiratory reserve with increased ri sk of respi ratory fa i lure and pneumonia . Increased oxygen demand.
Worsening of pre-exis ting anaemia  due to haemodi lution.
Labour i s  a  potent cause of autonomic dysreflexia  in those with les ions  above T5 (dysreflexia  may be the fi rs t s ign of labour in such
patients ).
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Effect of spina l  injury on pregnancy

Increased ri sk of infection (urinary and pressure sores ).
Increased ri sk of premature labour (increas ing ri sk with higher level  injury).
Increased ri sk of thromboembol ic compl ications .
Labour pa ins  wi l l  not be fel t in complete les ions  above T5.
Les ions  between T5 and T10 wi l l  be aware of some contractions .

Management of labour

Al l  cord-injured patients  should be reviewed early in pregnancy and a  plan formulated for the l ikely need for analges ia . The relative
risks  and di ffi cul ties  of epidura l  catheter insertion should be predicted and discussed with the patient. A plan for anaesthes ia  in the
event of Caesarean section should a lso be formulated and recorded in the patient notes .
Epidura l  ana lges ia  i s  usual ly poss ible in those with high cord les ions  with-out vertebra l  ins trumentation at the level  of catheter
insertion.
Spina l  anaesthes ia  i s  usual ly poss ible for elective Caesarean section and may be achievable with both s ingle-shot or microcatheter
techniques , i rrespective of the presence of spina l  ins trumentation.
Genera l  anaesthes ia  may proceed with the precautions  outl ined above.

Epidura l  ana lges ia  in labour

The most effective preventive measure for autonomic dysreflexia  i s  adequate epidura l  ana lges ia . Those with high les ions  may have an
epidura l  commenced prior to induction of labour.
Hypotens ion i s  not usual ly a  problem after adequate fluid preloading (at least a  l i tre of crysta l loid or col loid). However, hypotens ion
from any cause should be treated aggress ively in those with high les ions  due to the lack of compensatory mechanisms  and a  tendency
to progress ive hypotens ion.
Aortocaval  compress ion should be avoided by careful  pos i tioning for the same reasons .
Autonomic dysreflexia  has  been reported up to 48 h after del ivery. If success ful  block i s  achieved i t would appear prudent to leave the
epidura l  in s i tu for this  time to restart analges ia  i f required.
Fa i lure to establ i sh adequate epidura l  blockade may necess i tate drug treat-ment of autonomic dysreflexia  (see above).

Further reading
Hambly PR, Martin B (1998). Anaesthes ia  for chronic spina l  cord les ions  Anaesthes ia , 53, 273–89.
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Myasthenia  gravis
Myasthenia  gravis  i s  caused by autoimmune dis ruption of postsynaptic acetylchol ine receptors  at the neuromuscular junction. In symptomatic
patients  up to 80% of functional  receptors  are lost, leading to weakness  and marked fatigabi l i ty. The disease may occur at any age but i s  most
common in young adult women. It may be associated with thymus  hyperplas ia  with approximately 15% of affected patients  having thymomas.
Cl inica l ly important mani festations  of the disease range from mi ld ptos is  to bulbar pa lsy and respiratory insufficiency. Patients  are usual ly
mainta ined on antichol inesterase medication (pyridostigmine) and occas ional ly s teroids . Other treatments  include immunosuppressants ,
thymectomy, and plasma-pheres is  in patients  with res is tant or l i fe-threatening weakness .
Al l  patients  with myasthenia  are exquis i tely sens i tive to the effects  of non-depolarizing neuromuscular blocking agents :

Non-depolarizing drugs  should be used sparingly. Monitor the response with a  nerve s timulator. Ini tia l  doses  of around 10–20% of the
normal  dose are usual ly adequate.
Newer short- and intermediate-acting non-depolarizing drugs  such as  atracurium, mivacurium, or vecuronium are preferable to the
longer-acting drugs .
Plasmapheres is  depletes  plasma esterase levels , thus  prolonging the effect of drugs  el iminated by these enzyme systems
(suxamethonium, mivacurium, ester-l inked loca l  anaesthetics ).
Suxamethonium may have an a l tered effect and patients  may be res is tant to depolarization due to reduced receptor activi ty, requiring
increased dose. This , in conjunction with treatment-induced plasma esterase deficiency, leads  to an increased ri sk of non-
depolarizing (Phase II) block.

Preoperative assessment

Assess  the degree of weakness  and the duration of symptoms. Those with i solated ocular symptoms of long s tanding are unl ikely to
have progress ive disease. Those with poorly control led symptoms should have their condition optimized unless  this  i s  precluded by
surgica l  urgency.
Any degree of bulbar pa lsy i s  predictive of the need for both intra- and postoperative a i rway protection.
Perform lung function tests—FVC <50% predicted (or <2.9 l i tres ) or those who have coexis ting respiratory disease are more l ikely to
require postoperative venti lation.
Take a  ful l  drug his tory and determine the effect that a  missed dose of antichol inesterase has  on the patient. Those with severe
disease may undergo rapid deterioration fol lowing a  s ingle missed dose.
Mainta in antichol inesterase therapy up to the time of induction. Al though theoretica l  inhibi tion of neuromuscular blockade i s
poss ible, this  has  never been reported.
Premedication should be minimal .
Faci l i ties  for postoperative venti lation should be ava i lable.
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Rapid sequence induction

Suxamethonium may be used i f indicated—doses  of 1.5 mg/kg are usual ly effective.
If doubt exis ts  as  to the di ffi cul ty of intubation, awake techniques  may be useful .
If suxamethonium is  used, do not use any neuromuscular blockade drug unti l  muscle activi ty has  returned and no fade i s  present.

Perioperative cons iderations

Al l  but short, minimal ly invas ive procedures  wi l l  require venti lation as  the respiratory depressant effects  of a l l  drugs  may be
accentuated.
Avoid any neuromuscular blockade i f poss ible. Intubation and venti lation may be performed us ing non-para lys ing techniques .
If muscle relaxants  are necessary use reduced doses  (10% normal ) under nerve s timulator control  (placed and tested before blockade).
Careful  ti tration of dose to effect i s  necessary.
Reversa l  of neuromuscular blocking drugs  should be achievable with s tan-dard doses  of neostigmine i f preoperative symptom control
has  been good (see below). Avoidance of reversa l  i s  preferred s ince further doses  of antichol inesterase may introduce the ri sk of
overdose (chol inergic cri s i s ). Drugs  with spontaneous  reversa l  such as  atracurium are optimal .
Cons ider inserting a  nasogastric tube for postoperative antichol inesterase therapy i f early return to ora l  intake i s  not predicted.
Extubation should only be performed when ful l  return of muscular activi ty and consciousness  a l lows . The best predictive test for safe
extuba-tion i s  a  susta ined head l i ft of >5 s . Those with bulbar pa lsy need specia l  care and may require a i rway protection unti l  the
return of bulbar function.

Postoperative cons iderations

Postoperative venti lation i s  l ikely to be required fol lowing major body cavi ty surgery.
Analges ia  may be provided by any appropriate means . Regional  techniques  are especia l ly useful .
Rapid return of therapy i s  mandatory—via  nasogastric tube i f necessary.
In the event of gastrointestina l  fa i lure and inabi l i ty to provide ora l  or naso-gastric antichol inesterase therapy, parentera l  therapy i s
indicated (see p. 188).

Preoperative predictors  of postoperative need for venti lation

Duration of disease of greater than 6 years .
A his tory of coexis ting chronic respi ratory disease.
Dose requirements  of pyridostigmine >750 mg/day less  than 48 h prior to surgery.
A preoperative vi ta l  capaci ty of less  than 2.9 l i tres .

Signs of impending respiratory failure
Stridor (may be due to voca l  cord adductor weakness )
Inabi l i ty to cough (voca l  cord weakness  and reduced vi ta l  capaci ty)
Genera l i zed muscle weakness  (inabi l i ty to susta in hand grip or head l i ft)
The best monitors  of postoperative respiratory capaci ty are: repeated peak flow measurement (cheap, easy, and rel iable i f used as  trend)
and vi ta l  capaci ty measurement (requires  specia l  equipment and tra ining). These are best done regularly (hourly ini tia l ly) and interpreted
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according to trend
Blood gases  and periphera l  saturation may remain normal  up to the point of respi ratory fa i lure and are thus  not rel iable monitors  of
postoperative respiratory capaci ty

P.188

Antichol inesterase therapy
An easy convers ion for ora l  pyridostigmine to parentera l  (IV, IM, or SC) neostigmine i s  to equate every 30 mg of ora l  pyridostigmine to 1 mg of
parentera l  neostigmine. If ora l  therapy i s  contra indicated for a  prolonged period, convers ion to a  subcutaneous  or intramuscular neostigmine
regime is  indicated. For doses  see below.
Principles  of perioperative chol inesterase management

Mainta in ora l  chol inesterase therapy up to the point of surgery.
Reversa l  of neuromuscular blockade i s  poss ible with neostigmine i f indicated by nerve s timulator—in genera l , no twitches  on tra in of
four means  no reversa l  poss ible.
Dosage of neostigmine should be used under nerve s timulator control , s tarting with a  2.5–5 mg bolus  and increas ing i f necessary with
a  1 mg bolus  every 2–3 min to a  maximum equiva lent dose to the ora l  pyridostigmine dose (1:30). For example, i f the pyridostigmine
dose i s  120 mg 3–4-hourly, then the maximum neostigmine dose should be 4 mg (to be repeated after 2–4 h i f necessary).
Resume ora l  antichol inesterase therapy as  soon as  practica l .
If ora l  therapy i s  not poss ible, commence parentera l  neostigmine in the doses  outl ined above.

Thymectomy
Consensus  now favours  thymectomy in a l l  adul ts  with genera l i zed myasthenia  gravis . Remiss ion rates  are high and improvement of symptoms
is  a lmost universa l ly atta inable (96% ga in benefi t regardless  of preoperative characteris tics ). The best resul ts  are achieved in those with
normal  or hyperplastic thymus, a l though those with thymoma (benign or loca l ly invas ive) a lso derive major benefi t
The approach most used i s  trans-s ternal , a l lowing best access  to perform the required anterior mediastina l  exenteration. Transcervica l
approaches  provide less  sati s factory access  for surgery. Thoracoscopic thymectomy is  ga ining acceptance, a l though i ts  reputed benefi t of
reduced compl ications  and need for postoperative venti lation i s  yet to be proven.
Anaesthetic management fol lows  the same genera l  principles  outl ined in this  chapter, a l though a l l  patients  need postoperative care in HDU
or require
P.189
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venti lation for a  short period in the early postoperative period. Fewer than 8% of s ternotomies  for thymectomy require venti lation for more
than 3 h post-operatively. Almost a l l  patients  wi l l  require a  degree of muscle relaxation i f preoperative preparation has  been optimal  and
postoperative analges ia  can be achieved satis factori ly with epidura l  or PCA.

Specific drugs of interest in myasthenia gravis

Drug Interaction Notes

Non-
depolarizing
neuromuscular
blocking agents

Marked sens i tivi ty
Avoid use i f poss ible. Start with 10% normal  dosage. Always  monitor
neuromuscular function. Use short- and intermediate-acting agents  only

Suxamethonium
Res is tance to depolarization and delayed
onset of action

No reported cl inica l  i l l  effects  of us ing 1.5 mg/kg. Delayed recovery in
patients  with induced esterase deficiency (plasmapheres is ,
antichol inesterase treatment). Fol low with non-depolarizing agents  only
when ful l  recovery of neuromuscular function i s  noted

Inhalational
anaesthetic
agents

Al l  inhalational  agents  reduce
neuromuscular transmiss ion by up to 50% in
myasthenia

May be useful  by avoiding neuromuscular blocking agents

Intravenous
anaesthetic
agents

No discernible cl inica l  effect on
neuromuscular transmiss ion

Tota l  intravenous  anaesthes ia  with propofol  may be useful  i f
neuromuscular function i s  precarious  prior to surgery

Loca l
anaesthetic
agents

Prolonged action and increased toxici ty in
ester-l inked agents  with antichol inesterase
therapy and plasmapheres is . Exacerbation of
myasthenia  reported

Use minimum dosage required for adequate block. Monitor respi ratory
function as  with genera l  anaesthes ia

Drugs
dependent on
esterases  for
el imination

Prolonged effect and increased toxici ty i f
patient on plasmapheres is  or (theoretica l ly)
antichol inesterase therapy

Suxamethonium, remifentani l , mivacurium, ester-l inked loca l  anaesthetics ,
esmolol  etc.

Antibiotics
Neuromuscular blocking effects  may become
cl inica l ly important

Avoid use of aminoglycos ides  (e.g. gentamicin). Simi lar effects  reported with
erythromycin and ciprofloxacin

Miscel laneous

Al l  the fol lowing agents  have a  reported
effect on neuromuscular transmiss ion:
proca inamide, beta-blockers  —especia l ly
propranolol , phenytoin

 

Pyridostigmine

Adult: 30–120 mg at sui table interva l  (usual ly
4–6-hourly). Do not exceed tota l  da i ly dose of
720 mg
Chi ld: <6 years  ini tia l  dose 30 mg; 6–12 years
ini tia l  dose 60 mg. Tota l  da i ly dose 30–360
mg
Neonate: 5–10 mg every 4 h, 30–60 min before

Useful  duration of action. No parentera l  preparation ava i lable. Less
powerful  and s lower onset than neostigmine



feeds

Neostigmine (by
mouth)

Adult: 15–30 mg PO at sui table interva ls  (up
to 2-hourly). Tota l  da i ly dose 75–300 mg
Chi ld: <6 years  ini tia l  dose 7.5 mg PO; 6–12
years  ini tia l  dose 15 mg PO. Tota l  da i ly dose
15–90 mg
Neonate: 1–5mg PO 4hrly, 30 minutes  before
feeds

More marked GI effects  than pyridostigmine. Useful  i f parentera l  therapy
indicated but more l ikely to require antimuscarinic (atropine or
glycopyrrolate) cover i f used by this  route

Neostigmine (by
subcutaneous  or
intramuscular
injection)

Adult: 1–2.5 mg at sui table interva l  (usual ly
2–4-hourly) Tota l  da i ly dose 5–20 mg
Chi ld: 200–500 µg as  required
Neonate: 50–250 µg 4-hourly 30 min before
feeds

 

Edrophonium

Adult: 2 mg by intravenous  injection fol lowed
after 30 s  by 8 mg i f no adverse reaction
Chi ld: 20 µg/kg IV fol lowed by 80 µg/kg after
30 s  i f no adverse reaction

Usage l imited by ul tra  short duration of action and cost to diagnos is  of
myasthenia  and di fferentiation of myasthenic and chol inergic cri ses

Dis tigmine
Adult: 5 mg da i ly ha l f an hour before
breakfast. Maximum 20 mg da i ly

Very long acting with ri sk of chol inergic cri s i s  due to dosage accumulation.
Not recommended in smal l  chi ldren or neonates

Eaton–Lambert syndrome
Eaton–Lambert syndrome (myasthenic syndrome) i s  a  proximal  muscle weakness  associated with cancer (most often smal l  cel l  carcinoma of
the lung).

The condition i s  thought to be due to a  reduction in the release of acetylchol ine (prejunctional  fa i lure).
It i s  not reversed by antichol inestrase therapy and muscle weakness  i s  improved by exercise.
Associated dysautonomia  may be mani fest as  dry mouth, impaired accommodation, urinary hes i tance, and constipation.

Anaesthetic impl ications
Unl ike myasthenia  gravis , patients  with myasthenic syndrome are sens i tive to both depolarizing and non-depolarizing neuromuscular agents .
Reduced doses  should be used i f the disease i s  suspected. Mainta in a  high index of suspicion in those undergoing procedures  related to
diagnos is  and management of carcinoma of the lung.
Further reading
Baraka  A (1992). Anaesthes ia  and myasthenia  gravis . Canadian Journal  of Anaesthes ia , 39, 476–86.
Library Holdings
Bibl iographic Links
Krucylak PE, Naunheim KS (1999). Preoperative preparation and anesthetic management of patients  with myasthenia  gravis . Seminars  in
Thoracic and Cardiovascular Surgery, 11, 47–53.
Library Holdings
Bibl iographic Links
Wainwright AP, Brodrick PM (1987). Suxamethonium in myasthenia  gravis . Anaesthes ia , 42, 950–7.
Library Holdings
Bibl iographic Links
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Dystrophia  myotonica 1

Dystrophia  myotonica  (myotonic dystrophy, myotonia  atrophica) i s  the most common of the dystonias  (1 in 20 000), the others  being myotonia
congenita  and paramyotonia . It i s  an autosomal  dominant tra i t, presenting in the second or thi rd decade of l i fe.
The disease leads  to a  pers is tent contraction of skeleta l  muscle fol lowing s timulation and i s  characterized by prefronta l  ba lding and
cataracts . The main cl inica l  features  are related to muscular atrophy, especia l ly of facia l , s ternomastoid, and periphera l  muscles .
Cl inica l  features

Muscle contraction i s  not affected by neuromuscular blocking agents  (with the exception of suxamethonium—see below) or regional
anaesthes ia .
Progress ive deterioration/atrophy of skeleta l , cardiac, and smooth muscle over time leads  to a  deterioration in cardiorespiratory
function and a  poss ibly severe cardiomyopathy.
Further respiratory deterioration occurs  due to degeneration of the centra l  nervous  system, leading to centra l  respi ratory drive
depress ion.
Progress ive bulbar pa lsy, leading to di ffi cul ty in swal lowing/clearing secretions  and a  proneness  to aspi ration.
Degeneration of the cardiac conduction system causes  dysrhythmia  and atrioventricular block.
There i s  mitra l  va lve prolapse in approximately 20% of patients .
Menta l  deterioration after the second decade.
Endocrine dys function leading to diabetes  mel l i tus , hypothyroidism, adrenal  insufficiency, and gonadal  atrophy.
Death usual ly occurs  in the fi fth or s ixth decade.
Pregnancy may aggravate the disease and Caesarean section i s  more common due to uterine muscle dys function.
Therapy i s  supportive with the use of antimyotonic medications  such as  proca inamide, phenytoin, quinine, and mexi letine.

Conduct of anaesthes ia
Preoperative eva luation

Respiratory: cl inica l  examination supplemented by spi rometry and blood gases  i f indicated.
Cardiac: s igns  of heart fa i lure and check ECG for conduction problems. Some patients  may have a  cardiomyopathy that improves  with
exercise.
Presence of bulbar pa lsy indicated by di ffi cul ty in swal lowing or clearing secretions .
Inabi l i ty to cough may necess i tate postoperative venti lation or tracheostomy.
Gastric emptying may be delayed—premedication with an antacid (rani tidine 150–300 mg PO) or a  prokinetic (metoclopramide 10 mg
PO) may be indicated.
There i s  a  weak association between myotonic dystrophy and mal ignant hyperpyrexia  (see p. 199).

P.193
Perioperative

Suxamethonium produces  prolonged muscle contraction (and potass ium release) and should be avoided. The contraction may make
intubation, venti lation, and surgery di ffi cul t.
Non-depolarizing drugs  are safe to use, but do not a lways  cause muscle relaxation. Use of a  nerve s timulator may provoke muscle
contraction, leading to misdiagnos is  of tetany.
Reversa l  with neostigmine may a lso provoke contraction. Non-depolarizing agents  with short action and spontaneous  reversa l
(atracurium, mivacurium) are preferred.
Intubation and maintenance of anaesthes ia  can often be achieved without the use of any muscle relaxant.
Invas ive arteria l  monitoring i s  indicated for s igni ficant cardiovascular impairment.
Even smal l  doses  of induction agents  can produce profound cardiorespiratory depress ion.
Bulbar pa lsy mandates  intubation under genera l  anaesthes ia .
Regional  anaesthes ia  does  not prevent muscle contraction. Troublesome spasm may be helped by infi l tration of loca l  anaesthetic
di rectly into the affected muscle. Quinine (600 mg IV) or phenytoin (3–5 mg/kg IV s lowly) have been effective in some cases .
High concentrations  of inhaled anaesthetics  should be avoided because of thei r effect on myocardia l  contraction and conduction.
Patient warmth must be mainta ined. Postoperative shivering may provoke myotonia .

Postoperative care

High-dependency care i s  indicated after anything but minor periphera l  surgery. Discharge to low-dependency areas  should only be
cons idered i f the patient i s  able to cough adequately and mainta in oxygenation on a i r or s imple supplementa l  oxygen.
Analges ia  i s  best provided, i f poss ible, by regional  or loca l  block to avoid the systemic depressant effects  of opiates .

Myotonia  congenita
This  develops  in infancy and early chi ldhood and i s  characterized by pharyngeal  muscle spasm leading to di ffi cul ty in swal lowing. It improves
with age and patients  have a  normal  l i fe expectancy.
Paramyotonia
This  i s  extremely rare. It i s  characterized by cold-induced contraction, only rel ieved by warming the affected muscle. Anaesthetic management
is  the same as  for myotonic dystrophy. Patient warmth i s  paramount.
Footnote
1

Imison AR (2001) Anaesthes ia  and myotonia  – an Austra l ian experience. Anaesthes ia  and Intens ive Care 29, 34–7.
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Multiple scleros is
Multiple scleros is  i s  an acquired disease of the centra l  nervous  system characterized by demyel inated plaques  within the bra in and spina l
cord. The onset of symptoms usual ly occurs  in early adul thood with 20–30% fol lowing a  benign course and 5% a  rapid deterioration. It i s  most
common in geographica l  clusters  within Europe, North America , and New Zealand.
Symptoms range from isolated visua l  dis turbance and nystagmus  to l imb weakness  and para lys is . Respiratory fa i lure due to both respiratory
muscle fa i lure and bulbar pa lsy may be a  feature in end-stage disease. Symptoms are characterized by symptomatic episodes  of variable
severi ty with periods  of remiss ion for severa l  years . Permanent weakness  and symptoms develop in some patients , leading to increas ingly
severe disabi l i ty.
The disease i s  incurable, but s teroids  and interferon have been associated with improved symptom-free interva ls . Most patients  suffer from
associated depress ion. Baclofen and dantrolene are useful  for pa inful  muscle spasm.
Demyel inated nerve fibres  are sens i tive to heat. A temperature ri se of 0.5 °C may cause a  marked deterioration in symptoms.
Conduct of anaesthes ia

Preoperative eva luation must include a  his tory of the type of symptoms suffered and a  deta i led neurologica l  examination. This  wi l l
a l low comparison with postoperative s tate to elucidate any new les ions .
Respiratory function may be compromised. Bulbar pa lsy wi l l  lead to increased ri sk of aspi ration and reduced a i rway reflexes  in the
post-anaesthetic period.
Genera l  anaesthes ia  does  not affect the course of multiple scleros is .
Regional  anaesthes ia  does  not affect neurologica l  symptoms, but i t may be medicolega l ly prudent to avoid nerve blockade in a  l imb
susceptible to symptoms.
Centra l  neuraxia l  blockade has  been associated with recurrence of symptoms. However, this  i s  reduced by use of minimal
concentrations  of loca l  anaesthetic/opioid in combination. Epidura l  ana lges ia  for labour i s  not contra indicated as  long as  loca l
anaesthetic concentration i s  kept to a  minimum.
Suxamethonium is  associated with a  large efflux of potass ium in debi l i tated patients  and should be avoided.
Response to non-depolarizing drugs  i s  normal  a l though caution and reduced dosages  are indicated in those with severe disabi l i ty.
Careful  cardiovascular monitoring i s  essentia l  s ince autonomic instabi l i ty leads  to marked hypotens ive responses  to drugs  and
sens i tivi ty to hypovolaemia  under anaesthes ia .
Temperature homeostas is  i s  important and should be monitored in a l l  patients . Pyrexia  must be avoided and should be treated
aggress ively with antipyretics  (paracetamol  1g PR/PO), tepid sponging, and forced a i r blowers . Hypothermia  may delay recovery from
anaesthes ia .
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Muscular dystrophy
The muscular dystrophies  comprise a  range of congenita l  muscular disorders  characterized by progress ive weakness  of a ffected muscle
groups . They can be class i fied according to inheri tance:

X-l inked:
Duchenne's
Becker's .

Autosomal  recess ive:
l imb-gi rdle
chi ldhood
congenita l .

Autosomal  dominant:
facioscapulohumeral
oculopharyngeal .

Duchenne's  muscular dystrophy
This  i s  the most common and the most severe form.
Cl inica l  features

Sex-l inked recess ive tra i t, cl inica l ly apparent in males .
Onset of symptoms of muscle weakness  at ages  2–5 years .
The patient i s  usual ly confined to a  wheelchair by 12 years .
Death usual ly by 25 years  due to progress ive cardiac fa i lure or pneumonia .
Cardiac: myocardia l  degeneration leading to heart fa i lure and poss ible mitra l  va lve prolapse. Evidence of heart fa i lure i s  often
apparent by 6 years  (reduced R wave ampl i tude and wal l  motion abnormal i ties ). Isolated degeneration of the left ventricle may lead
to right outflow obstruction and right heart fa i lure.
Respiratory: progress ive respiratory muscle weakness , leading to a  restrictive venti lation pattern, inadequate cough, and eventual
respiratory infection and fa i lure.
Axia l  muscle weakness  leads  to severe kyphoscol ios is .
Disease progress ion may be tracked by serum creatinine kinase levels . These are elevated early in the disease but reduce to below
normal  as  muscles  atrophy.

Other muscular dystrophies  (Becker's , facioscapulohumeral , and l imb gi rdle dystrophy) are less  severe than Duchenneapos ;s  dystrophy, with
onset at a  later age and s lower progress ion of the disease. Isolated ocular dystrophy i s  associated with a  normal  l i fespan.
Conduct of anaesthes ia

Evidence of cardiac and respiratory disease should be sought.
Reduced gut muscle tone leads  to delayed gastric emptying and increased ri sk of aspi ration.
P.196
Antacid premedication (H2 receptor blocker or proton pump inhibi tor) with a  prokinetic such as  metoclopramide may be useful  to
reduce ri sk of aspi ration.
An antis ia logogue such as  glycopyrrolate 4.5 µg/kg IV may be needed i f secretions  are a  problem.
Careful  intravenous  induction of anaesthes ia  with ba lanced opioid/ induction agent.
Potent inhalational  anaesthetics  should be used cautious ly in these patients  because of the ri sk of myocardia l  depress ion.
Suxamethonium should be avoided because of potass ium efflux and potentia l  cardiac arrest.
Non-depolarizing neuromuscular blockers  are safe a l though reduced doses  are required. Nerve s timulator monitoring should be used.
Mal ignant hyperpyrexia  has  been associated with muscular dystrophy. The association appears  to be weak a l though a  high index of
suspicion should be mainta ined at a l l  times .
Respiratory depressant effects  of a l l  anaesthetic drugs  are enhanced and postoperative respiratory function should be monitored
careful ly. Those with pre-exis ting sputum retention and inadequate cough are at high ri sk of postoperative respiratory fa i lure and may
need prolonged venti latory support.
Regional  analges ia  i s  useful  to avoid opiate use and potentia l  respi ratory depress ion after pa inful  surgery. Caudal  epidura l  may be
technica l ly eas ier to perform than lumbar epidura l  in those with kyphoscol ios is .
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Gui l la in Barré syndrome
Gui l la in Barre syndrome is  an immune-mediated progress ive demyel ination disorder characterized by acute or subacute proximal  skeleta l
muscle para lys is . The syndrome is  often preceded by l imb paraesthes ia/back pa in and in more than ha l f of a ffected patients  by a  vi ra l
i l lness . No s ingle vi ra l  agent has  been impl icated. One-thi rd of patients  wi l l  require venti latory support. The more rapid the onset of
symptoms, the more l ikely the progress ion to respiratory fa i lure. Impending respiratory fa i lure may be evidenced by di ffi cul ty in swal lowing
and phonation due to pharyngeal  muscle weakness . Inabi l i ty to cough i s  a  terminal  s ign. Autonomic dys function i s  common.
More than 85% of patients  achieve a  ful l  recovery, a l though this  may take severa l  months . The use of s teroids  in the management of this
condition remains  controvers ia l .
Conduct of anaesthes ia

Respiratory support i s  l ikely to be necessary, both during surgery and in the postoperative period.
Autonomic dys function leads  to potentia l  severe hypotens ion during induction of anaesthes ia , ini tiation of pos i tive pressure
venti lation, and postura l  changes  under anaesthes ia  or recovery. Hydration should be mainta ined with wide-bore intravenous  access
and pressor agents  (ephedrine 3 mg bolus  IV) prepared prior to induction. Tachycardia  due to surgica l  s timulus  may be extreme and
atropine may el ici t a  paradoxica l  bradycardia .
Suxamethonium should be avoided due to potentia l  catastrophic potass ium efflux. The ri sk of hyperka laemia  may pers is t for severa l
months  after cl inica l  recovery.
Non-depolarizing muscle relaxants  may not be needed, and should be used cautious ly.
Epidura l  ana lges ia  i s  useful  and may avoid the need for systemic narcotic analges ia . Epidura l  opioids  have been used to manage
dis tress ing paraesthes ias  in these patients .
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Motor neurone disease (amyotrophic latera l  scleros is )
This  i s  a  degenerative disorder of upper and lower motor neurones  in the spina l  cord. It mani fests  ini tia l ly with weakness , atrophy, and
fasciculation of periphera l  muscles  (usual ly those of the hand) and progresses  to axia l  and bulbar weakness . Progress ion i s  relentless , with
death from respiratory fa i lure usual ly occurring within 3 years  of diagnos is .
Patients  remain menta l ly competent up to the point of terminal  respi ratory fa i lure, leading to ethica l  and mora l  di ffi cul ty in the provis ion of
long-term venti lation.
Conduct of anaesthes ia

Bulbar pa lsy increases  the ri sk of sputum retention and aspiration. Intubation may be necessary. Many patients  with advanced
disease wi l l  have a  long-term tracheostomy for a i rway protection and episodes  of mechanica l  venti lation.
Respiratory support i s  l ikely to be necessary, both during surgery and in the postoperative period.
Autonomic dys function leads  to potentia l ly severe hypotens ion during induction of anaesthes ia , ini tiation of pos i tive pressure
venti lation, and postura l  changes  under anaesthes ia  or recovery. Hydration should be mainta ined with wide-bore intravenous  access
i f necessary and pressor agents  (e.g. ephedrine 3 mg bolus  IV) prepared prior to induction.
Suxamethonium should be avoided due to potentia l  catastrophic potass ium efflux.
Non-depolarizing agents  should be used in reduced dosage i f necessary and their action monitored with a  nerve s timulator.
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Mal ignant hyperthermia
Jane Halsa l l
Aetiology
Mal ignant hyperthermia  (MH) i s  a  disorder of skeleta l  muscle, inheri ted as  an autosomal  dominant condition. It i s  associated with loss  of
normal  Ca 2+ homeostas is  at some point in the exci tation-contraction coupl ing system. An abnormal i ty anywhere a long this  complex process
can cause the cl inica l  features  seen in MH. This  expla ins  why di ffering chemica l  agents  trigger MH and a lso the heterogeneity seen in DNA
studies .
Worldwide about 50% of MH fami l ies  have been shown to be l inked to the ryanodine receptor (RYR1) on chromosome 19q. This  i s  a  Ca 2+ efflux
channel  on the sarcoplasmic reticulum. Fi fteen causative RYR1 mutations  have been found to date. Three other probable s i tes  on
chromosomes  1, 3, and 7 have a lso been l inked to MH.
Epidemiology

Incidence i s  about 1 in 10–15 000 of the genera l  population, a l though i t i s  di ffi cul t to estimate. Al l  races  are affected.
Previous ly morta l i ty figures  were very high (70–80%). Now they are very low (2–3%) due to better monitoring and awareness  of MH as
wel l  as  the ava i labi l i ty of dantrolene.
New MH susceptible cases  (probands) continue to occur, about 20 per year in the United Kingdom, a l though there i s  an increase in the
number of negative probands  due to the increased index of suspicion.
More commonly seen in young adults , especia l ly males  (maybe l i fes tyle rather than true sex di fference).
Occurs  more frequently in minor surgica l  procedures , e.g. denta l/ENT, when suxamethonium and inhalational  agents  are regularly
used.
Previous  uneventful  anaesthes ia  does  not preclude MH, even when triggering agents  must have been used. 75% of MH probands  have
had previous  anaesthes ia  prior to the MH cris i s .

Cl inica l  presentation
The presentation of MH varies  cons iderably and no one s ign i s  unique to MH. The cl inica l  diagnos is  i s  therefore often di ffi cul t. It can be a
florid dramatic l i fe-threatening event or have an ins idious  onset.

The cl inica l  s igns  fa l l  into two groups :
muscle: including muscle rigidi ty, hyperka laemia, high CK, myoglobinuria
increased metabol i sm: including tachycardia , increased CO2 production, metabol ic acidos is . Often described as  a  ‘metabol ic
s torm’.

The two most important early s igns  are an unexpla ined increas ing ETCO2 and a  concomitant tachycardia .
It i s  important to exclude other more common causes , e.g. ‘l ight anaesthes ia ’, respi ratory/venti latory problems.
If there i s  unexpla ined, unexpected increas ing ETCO2 together with a  tachycardia  then suspect MH and proceed to ‘Treatment of a
cri s i s ’.
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Masseter muscle spasm (MMS) i s  a lso an early warning s ign (see below).
Increase in temperature i s  a  late s ign of MH.
Rarely MH patients  may present 2–3 days  postoperatively with mass ive myoglobinuria  leading to renal  fa i lure due to severe muscle
damage.

Treatment of a  cri s i s
See p. 855.
Masseter muscle spasm (MMS)

MMS occurs  during induction of anaesthes ia  after the adminis tration of depolarizing muscle relaxants , e.g. suxamethonium.
Inhalational  agents  are unl ikely to cause MMS at induction but may produce MMS as  part genera l i zed muscle rigidi ty during the course
of anaesthes ia .
MMS is  a  subjective s ign, di ffi cul t to define, and often not ful ly investigated. MMS may be the only s ign of MH even with continued
exposure to inhalational  agents .
Suspect MMS i f jaw s ti ffness  occurs  at a  time when relaxation would have been expected to occur. Signi ficant MMS wi l l  be severe
enough to hinder intubation and pers is ts  for at least 2 min. Suxamethonium can produce short-l ived MMS in normal  patients .
If s igni ficant MMS occurs  treat as  potentia l ly MH.
If poss ible abandon surgery, i f not convert to ‘MH safe’ technique (volati le free), a l low approximately 15 min to ensure that the patient
is  s tabi l i zed. Monitor ETCO2, temperature, and cons ider an arteria l  l ine.
Investigations  that are particularly useful  are the ini tia l  and 24-h creatine kinase (CK) and examination of the fi rs t voided specimen for
myoglobinuria , indicating evidence of muscle damage.
Prolonged severe muscle s ti ffness  greatly in excess  of the ‘normal  scol ine pa ins ’ may occur.
About 30% of patients  who have MMS apparently as  the sole s ign are MH susceptible but other s igns  may have been present but not
recorded (have usual ly been missed rather than absent).
Additional  MH s igns  increase the l ikel ihood of MH s igni ficantly: 50–60% i f metabol ic s igns  present, 70–80% i f muscle s igns  present.
MMS maybe the fi rs t indication of a  previous ly unsuspected muscle disease, particularly the myotonic conditions . Perform resting CK
and EMG. Cons ider neurologica l  opinion.

Diagnos is  of MH susceptibi l i ty

When the cl inica l  diagnos is  i s  suspected refer the patient to an MH unit with a l l  the cl inica l  deta i l s /anaesthetic chart/laboratory
resul ts . The timing of the various  events  i s  important.
The patient and the fami ly should be warned of the potentia l  impl ications  of MH in the meantime.
Unless  MH can be clearly excluded on cl inica l  grounds  the patient wi l l  be offered muscle biopsy (in vi tro contracture testing) to confi rm
or refute the diagnos is .
MH is  not a  diagnos is  to be made without fol low-up arrangements  and explanations  to the patient.
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Guidel ines  for diagnostic DNA testing for MH have been publ i shed. A new proband wi l l  be screened by muscle biopsy and DNA. If a
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causative mutation i s  found in the confi rmed MH proband, the fami ly may then be offered DNA screening, otherwise routine muscle
biopsy wi l l  be offered. Fami ly members  not showing the causative mutation in the proband wi l l  s ti l l  need a  muscle biopsy. It i s  hoped
that MH centres  wi l l  manage this  process , so that an up to date centra l i zed regis ter about the best way to screen each fami ly can be
mainta ined.

Diagnostic muscle biopsy

In vi tro contracture testing (IVCT) i s  the s tandard diagnostic screening test, us ing the European MH Group protocol . Living muscle
samples  are exposed to ha lothane and caffeine separately under preset conditions . This  i s  an open invas ive procedure usual ly
performed under a  3 in 1 femoral  nerve block or occas ional ly genera l  anaesthes ia  (propofol/fentanyl/ni trous  oxide/oxygen) in which
eight muscle fibres  about 3–4 cm long are removed from the vastus  media l i s . The patient needs  to travel  to the MH centre for this  to be
done.
The diagnos is  i s  cons idered pos i tive i f the muscle produces  a  contracture in response to ha lothane and/or caffeine.
The most important diagnos is  for the patient i s  the MH-negative one. It i s  accepted that in order to ensure the accuracy of the MH-
negative diagnos is  there i s  the potentia l  for ‘fa lse pos i tive’ resul ts . Combined resul ts  from European MH centres  indicate the IVCT has
a  99% sens i tivi ty and 93.6% speci fici ty.
Once the cl inica l  diagnos is  has  been confi rmed in the proband the fami ly i s  then offered screening. The purpose of fami ly screening i s
to identi fy the smal l  number of MH-susceptible patients  in the fami ly rather than label  the whole fami ly. Only a  smal l  proportion of
the fami ly wi l l  need to be screened.
Fami ly screening i s  organized on the bas is  of the autosomal  dominant inheri tance, so that relatives  with a  50% chance, i .e. parents ,
chi ldren, and s ibl ings , are offered screening in the fi rs t ins tance.
Chi ldren are not screened unti l  they are 10–12 years  old.
The MH centre can provide wri tten information, warning cards , and discs  for susceptible patients .

Anaesthes ia  for a  known or suspected MH-susceptible patient

MH patients  can only be identi fied from their his tory. Preoperative questioning about thei r personal  and fami ly anaesthetic his tory i s
therefore essentia l .
MH-susceptible patients  should not be denied necessary surgery on the grounds  of MH a lone.
The extra  ri sk of avoiding suxamethonium and the anaesthetic vapours  needs  to be eva luated for each particular patient and
ci rcumstance. In most cases  this  would not pose any additional  ri sk but wi l l  do so in patients  with a i rway problems, e.g. rapid
sequence induction, when inhalational  induction would be the usual  technique of choice, and the prevention of awareness .
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It i s  not absolutely essentia l  to screen suspected patients  beforehand, providing that proper individual  assessment has  been made of
the ri sks  involved, as  fami ly screening can take some cons iderable time to organize. For uncompl icated elective surgery, i t i s  probably
wise to screen the patient fi rs t, for thei r own long-term benefi t and that of thei r descendants .
Genera l  anaesthes ia  must be performed in a  main hospi ta l  s i te not in the denta l  surgery or smal l  outlying hospi ta l .
Loca l  anaesthetics  are safe for MH patients , so can be used in denta l  surgeries  etc.
Regional  techniques  are the method of choice i f appropriate, with or without sedation (benzodiazepines , low-dose propofol ).
Genera l  anaesthes ia  can be undertaken us ing propofol  infus ion, opioids , or regional  blockade, spontaneous  venti lation or IPPV us ing
non-depolarizing neuromuscular blocking agents .
The MH centre can a lways  be contacted for confi rmation of his tory, biopsy resul ts , advice etc.

MH ‘triggering’ agents

Agents  that are absolutely contra indicated are suxamethonium and a l l  the anaesthetic vapours .
Phenothiazines  have been impl icated in the past, as  have drugs  which increase catecholamine levels , e.g. antidepressants . No patient
has  ever been referred to the Leeds  Unit because of an MH cris i s  in response to these agents . They can be used with caution.

Anaesthesia for the MH susceptible patient

MH
‘triggering’
agents

Avoid suxamethonium and a l l  the anaesthetic vapours

MH ‘safe’
agents

Al l  induction agents  including ketamine, a l l  ana lges ics , a l l  non-depolarizing agents , a l l  loca l  anaesthetics  (preferably pla in
solutions). Atropine/gylcopyrrolate/neostigmine. Ephedrine and other vasopressors . Metoclopramide/droperidol . Ni trous
oxide, benzodiazepines

Monitoring ECG, NIBP, ETCO2, core temperature. Check temp 2 h preop. to establ i sh the basel ine and 4–6 h postop.

Anaesthetic
equipment

If no vapour-free machine i s  ava i lable, remove the vaporizers  and blow both the anaesthetic machine and the venti lator with
oxygen for 20–30 min. Use fresh clean tubing/masks/ET tubes , etc. If poss ible select a  venti lator with l i ttle inner tubing, e.g.
Nuffield Penlon

Dantrolene
This  i s  not required prophylactica l ly, as  no reaction should occur. It i s  unpleasant for the patient and markedly prolongs  the
action of non-depolarizing muscle relaxants . However, i t should be readi ly ava i lable
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Patient with a  known fami ly his tory of MH

Establ i sh fami ly his tory and the relationship of your patient to the proband or other tested fami ly members , together with thei r names.
The MH centre wi l l  then be able to identi fy the correct fami ly and advise on the individual 's  ri sk of MH, whether i t i s  appropriate to be
tested, etc. Depending on the fami ly, i t may not be appropriate to screen your patient fi rs t but rather a  relation nearest to a  known MH
individual . This  may exclude the ri sk of MH in your patient without further need of testing.
If anaesthes ia  needs  to be conducted urgently and the fami ly information cannot be confi rmed, treat as  potentia l ly MH susceptible.

Suspicious  previous  anaesthetic his tory

Postoperative pyrexia . If the intra-operative and immediate recovery period were uneventful  MH is  not impl icated. If the timing of
pyrexia  cannot be establ i shed, treat as  potentia l ly MH.
Unexpla ined/unexpected cardiac arrest/death during anaesthes ia  has  a  50% chance of being due to MH.
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Postoperative severe myoglobinuria  (red/black urine), which may even present as  renal  fa i lure in a  fi t hea l thy patient, could be due to
MH or a  muscle problem.
Take a  thorough his tory of the event, i f poss ible obta in the records  even i f at another hospi ta l . If surgery i s  urgent treat as  MH
susceptible and resolve the problem afterwards  otherwise seek further advice from the MH centre.

Obstetric patients
Mother MH susceptible
Discuss  options  with the obstetric anaesthetis t prior to the estimated date of del ivery to formulate plans  in case of emergency. Treat with MH
safe agents . Regional  techniques  are preferable for both labour and instrumenta l  del iveries . Ephedrine can be used to mainta in blood
pressure. Syntocinon and ergometrine can be used. Should genera l  anaesthes ia  be essentia l  a  rapid-onset non-depolarizing muscle relaxant
should be used (e.g. rocuronium) and genera l  anaesthes ia  mainta ined with a  propofol  infus ion. It i s  essentia l  to anticipate a i rway problems
and cons ider other options , e.g. awake intubation.
Father MH susceptible
The mother should not be given MH triggering agents  which can cross  the placenta. Avoid inhalational  agents  unti l  a fter del ivery of the baby.
Suxamethonium can be used as  i t i s  highly charged and does  not cross  the placenta  to any great extent.
The baby should be treated as  potentia l ly MH susceptible i f i t requires  surgery as  i t has  a  50% chance of being affected.
Associated conditions

Centra l  core disease (CCD) i s  a  non-progress ive inheri ted condition caus ing periphera l  muscle weakness  and occas ional ly
musculoskeleta l  and cardiac problems. It i s  the only condition known to be associated with MH, but this  i s  not invariable. CCD patients
should be treated as  potentia l ly MH susceptible but offered screening because of the discordant association.
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Other muscle diseases  are not thought to be related to MH but clearly cause anaesthetic problems in thei r own right.
Heat s troke and King–Denborough syndrome remain controvers ia l .
Neurolept mal ignant syndrome and sudden infant death syndrome are not associated with MH.

MH Centres  and the Bri ti sh MH Association (BMHA)

There i s  only one MH centre in the United Kingdom: Dr P. J. Ha lsa l l , MH Investigation Unit, Cl inica l  Sciences  Bui lding, St James 's
Univers i ty Hospi ta l , Leeds  LS9 7TF. Tel : 0113 2065274; Fax: 0113 2064140; Hotl ine: 07947 609601 (usual ly ava i lable for medica l
emergencies  only).
The Bri ti sh MH Association (BMHA) i s  a  chari table patient support group which provides  the ‘hotl ine’, warning cards/discs  and
trans lations  for travel  abroad, news letters , as  wel l  as  fundra is ing for research. Secretary Mrs  A. Winks , 11 Gorse Close, Newthorpe,
Nottingham NG16 2BZ. Tel : 01773 717901.
There are 22 MH centres  in Europe. Contact the European MH Group Secretary Dr P. J. Ha lsa l l  (address  above) for further deta i l s  or the
EMHG webs i te: http://www.emhg.org.
For USA and Canada contact MHAUS 39 East State St, PO Box 1069, Sherburne, NY 13460, USA. Tel : in North America , 1–800-MH-Hyper,
outs ide North America , 1-315-464-7079; http://www.mhaus .org. Hotl ine: 1-800-98-MHAUS.
For Austra l ia  contact Dr Nei l  Street, Anaesthetic Dept, The New Chi ldren's  Hospi ta l , Westmead, NSW, PO Box 3515 Parramatta  2124. Tel :
(02)9845 0000; Fax: (02) 9845 3489.
For New Zealand contact Dr Nei l  Pol lock, Anaesthetic Dept, Pa lmerston North Hospi ta l , Mid Centra l  Heal th, Pa lmerston North, NZ. Tel :
(06) 3569169; Fax: (06) 3508566.

Further reading
El l i s  FR, Halsa l l  PJ, Chris tian AS (1990). Cl inica l  presentation of suspected mal igant hyperthermia  during anaesthes ia  in 402 probands .
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Genera l  cons iderations
Approximately 20% of people in the United Kingdom suffer from psychiatric i l l  hea l th and approximately 1% wi l l  have a  major disorder. Many
of these people may present for surgery, ei ther for coexis ting disease or as  a  resul t of del iberate sel f-harm. Psychiatric disorders  often coexis t
with a lcohol  or drug abuse (see pp. 220, 222). His tory taking may be di ffi cul t and relatives  or carers  may need to be present for the
preoperative assessment. Consent to surgery or anaesthes ia  can only be given by a  competent adult (see p. 4). The majori ty of patients  with
psychiatric disorders  can give consent normal ly.
Psychiatric patients  are often surpris ingly s trong and i f confused by unfami l iar faces  or surroundings  may become aggress ive. Sedative
premedication should be cons idered and adequate personnel  should a lways  be present for induction and emergence in patients  at ri sk.
Many patients  wi l l  be on long-term medication and this  should be continued throughout the perioperative period whenever poss ible. Many
psychiatric drugs  have the potentia l  to interact with anaesthetic agents .
Schizophrenia
Preva lence 2–4 per 1000. The presence of any one of Schneider's  ‘fi rs t-rank symptoms’ in the absence of phys ica l  disease. Fi rs t-rank symptoms
include auditory ha l lucinations , thought withdrawal , insertion or broadcasting, delus ional  perceptions , somatic pass ivi ty and feel ings .
Chronic schizophrenia  i s  characterized by ‘negative symptoms’ such as  withdrawal , catatonic dis turbances , and lack of emotion. It commonly
begins  in late adolescence in ei ther sex and any socia l  group. In the acute phase patients  may be highly delus ional  and/or aggress ive and
may not be able to give informed consent. Control led schizophrenics  may be completely lucid and rational  but care must be taken to ensure
that thei r medication i s  continued where poss ible. Some chronic schizophrenics  have predominantly negative symptoms and may be
withdrawn and di ffi cul t to communicate with.
Manic-depress ive disorders
An abnormal i ty of mood. Can be bipolar (mania  and depress ion) or unipolar. In the depress ive phase verbal  memory may be impaired and
communication di ffi cul t. When in the manic phase there may be dis inhibi tion, fl ight of ideas , delus ions  of power, and memory dis tubances .
There i s  a  wide spectrum of disease ranging from severe depress ion through normal  s table mood to severe mania .
Neuroses  and personal i ty disorders
These represent the largest proportion of psychiatric disorders  attending psychiatric outpatients  (75%). Includes  anxiety, obsess ion, hysteria ,
and hypochondriaca l  neuroses . The anxiety or obsess ion can impede normal  functioning and cause cons iderable dis tress . Catecholamine
levels  may be very high or the patient may suffer from hyperventi lation. These patients  require a  great deal  of reassurance and premedication
is  often required to smooth induction.
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Tricycl ic antidepressants

Used for treating severe or endogenous  depress ion. May a lso be used to treat panic disorders , neura lgia , and nocturnal  enures is  in
chi ldren.
Properties  include a lpha 1 antagonis t, antichol inergic, antidopaminergic, and antihis taminic effects .
Side-effects  include antimuscarinic (dry mouth, blurred vis ion, constipation, tachycardia), a lpha 1 blockade (hypotens ion), plus  other
effects  such as  hyponatraemia  (poss ibly due to secretion of antidiuretic hormone), ECG changes , arrhythmias , and blood dyscras ias .
Characteris tic ECG changes  include increased P-R interva l , wide QRS complexes , and decreased T wave ampl i tude.
Interactions  with anaesthetic drugs  are common, but genera l ly predictable. Increased catecholamine concentration at centra l  s i tes
may lead to increased anaesthetic requirements  and exaggerated response to endogenous  and exogenous  catecholamines . The
threshold for ventricular dysrhythmias  may be lowered. Where poss ible, catecholamine adminis tration and drugs  caus ing
catecholamine release (e.g. ephedrine) should be avoided. If augmentation of blood pressure i s  necessary, di rect-acting agents  such
as  methoxamine may be used with caution. If hypertens ive episodes  occur, a lpha-blockers  such as  phentolamine may be used.
Antichol inergic drugs  that cross  the blood-bra in barrier such as  atropine should be avoided as  these may precipi tate confus ional
s tates  postoperatively.
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Li thium
Lithium carbonate i s  used for the treatment of bipolar depress ion. It resembles  sodium, wi l l  permeate vol tage-sens i tive ion channels , and
may accumulate ins ide cel l s  caus ing partia l  depolarization. It may interact with anaesthetic agents  that have their effects  on sodium
channels . Where levels  are above the therapeutic range there may be prolonged recovery from barbi turates  and an increased duration of
action of non-depolarizing muscle relaxants . Levels  should be monitored and mainta ined between 0.4 and 1 mmol/l i tre. Toxici ty i s  associated
with tremor, convuls ions , and renal  impairment and made worse by sodium depletion and dehydration.
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Selective serotonin reuptake inhibi tors  (SSRI)

Introduced in 1987 these are now the most commonly prescribed antidepressant drugs .
They are highly selective for inhibi tors  of serotonin reuptake and are cons iderably less  toxic than tricycl ics .
Cardiovascular s ide-effects  are rare. Bradycardias  have occas ional ly been reported and, in patients  with coronary artery disease, SSRIs
may precipi tate coronary artery vasoconstriction.
Inappropriate ADH secretion has  been reported in elderly patients  and may present with severe hyponatraemia.
Nausea, vomiting, and diarrhoea are common s ide-effects  due to inhibi tion of serotonin in the GI tract.
Platelet aggregation may occas ional ly be impaired.
The ‘serotonin syndrome’ resul ts  from increased synaptic levels  of serotonin in the bra instem and spina l  cord. It presents  as
confus ion, agi tation,
P.208

coma, rigidi ty, myoclonus , autonomic instabi l i ty, fevers , DIC, renal  fa i lure, and arrythmias . It may be precipi tated by the addition of
drugs  such as  monoamine oxidase inhibi tors , tricycl ic antidepressants , pethidine, or pentazocine. Avoidance of these drugs  i s
recommended. Treatment i s  supportive. SSRIs  are metabol i zed by the cytochrome P-450 system and so may interact with other drugs
metabol i zed by the same system, e.g. warfarin (increased bleeding time). Interactions  with the benzodiazepines  (increased sedation)
have a lso been reported.
Acute withdrawal  may precipi tate a  syndrome of anxiety, agi tation, and increased sweating.
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Monoamine oxidase inhibi tors  (MAOI)

Used for refractory depress ion.
These drugs  inhibi t the oxidative metabol i sm of catecholamines  at centra l  s i tes . Older MAOIs  were non-selective (inhibi ting both
MAO-A and MAOB oxidase enzymes) and i rrevers ible. Newer types  are selective for the MAO-A enzyme and cause revers ible inhibi tion
(revers ible inhibi tor of monoamine oxidase A or ‘RIMA’).

MAO-A preferentia l ly deaminates  serotonin, noradrenal ine, and adrenal ine.
MAO-B deaminates  a l l  non-polar aromatic amines  such as  phenylethylamine.
Tryamine and dopamine are metabol i zed by both forms  of the enzyme.
Both enzymes  are present in neura l  and non-neura l  ti s sue with a  preponderance of type A in the bra in and type B in the l iver
and lungs .

Non-selective MAOIs  have antichol inergic effects , may cause postura l  hypotens ion, and are associated with a  number of serious  s ide-
effects :

Inhibi tion of non-neura l  MAO is  respons ible for the ‘cheese’ reaction-a  hypertens ive cri s i s  induced by eating foods  rich in
tyramine. Indi rectly acting sympathomimetics  such as  ephedrine and metaraminol  can be
P.209

potentiated in the same way and should be avoided. Hypertens ive cri ses  can be treated with a lpha-blocking agents  (e.g.
phentolamine) or di rectly acting vasodi lators . Noradrenal ine or methoxamine are the vasopressors  of choice.

Drug interactions with MAOIs (current therapy or cessation within past 2 weeks)

Drugs to be avoided Reason Suitable alternative treatment

Pethidine Hyperpyrexia , hypotens ion/hypertens ion Morphine, fentanyl

Ephedrine, metaraminol Hypertens ion Phenylephrine, noradrenal ine

Pancuronium Releases  s tored noradrenal ine Vecuronim, atracurium

Suxamethonium Phenelzine only, due to decreased pseudochol inesterase activi ty Mivacurium, rocuronium

Tricycl ic antidepressants Hypertens ive episodes Atypica l  antidepressants

Generic and proprietory names of common psychiatric drugs

Generic name Proprietory name

Tricyclic antidepressants  

Amitriptyl ine Lentizol , Tryptizol , Triptafen

Amoxapine Asendis

Clomipramine Anafrani l

Dothiepin Prothieden

Doxepin Sinequan

Imipramine Tofrani l

Lofepramine Gamani l

Nortriptyl ine Al legron, Motipress , Motiva l

Protrypti l ine Concordin

Trimipramine Surmonti l

SSRIs

Fluoxi tine Prozac

Fluvoxamine Faverin

Ci ta lopran Ciprami l

Paroxetine Seroxat

Sertra l ine Lustra l

MAOI non-selective

Phenelzine Nardi l

Isocarboxazid Isocarboxazid

Tranylcypromine Parnate

MAOI-A (RIMA)

Moclobemide Manerix

MAOI-B

Selegi l ine Eldepryl , Zelapar

An adverse interaction i s  a lso seen with pethidine, secondary to blockade of 5-HT uptake. This  reaction i s  potentia l ly fata l  and
mani fests  i tsel f as  agi tation, hypertens ion, hyperthermia, convuls ions , and coma. Other opiates  have been safely used
including morphine, fentanyl , a l fentani l , and remifentani l .
Pancuronium should be avoided as  i t releases  s tored adrenal ine.
Interactions  pers is t for up to 2 weeks  after cessation of therapy.
Tranylcypromine i s  the most hazardous  due to s timulant action.
Phenelzine has  been shown to decrease pseudochol inesterase concentration and there have been i solated reports  of a
prolonged action of suxamethonium. This  appears  to be unique to phenelzine.
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It i s  no longer recommended that these drugs  be s topped preoperatively due to ri sks  associated with recurrence of depress ion,
but care should be taken to avoid interactions  with the anaesthetic drugs  l i s ted above.
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The new generation of selective MAO-A inhibi tors  (revers ible inhibi tion of monoamine oxidase type A, RIMAs) are being
increas ingly used. They have a  short ha l f-l i fe, are wel l  tolerated, have no antichol inergic effects , and do not cause postura l
hypotens ion. They have no centra l  exci tatory s ideeffects , no interactions  with tricycl ics , and a  cl inica l ly ins igni ficant response
to ingested tyramine. They may s ti l l  cause an exci tatory response to pethidine so i t should be avoided. Indi rectly acting
sympathomimetics  (e.g. ephedrine, metaraminol ) should a lso not be used.
Selegi l ine i s  a  selective MAO-B inhibi tor used in the treatment of Parkinson's  disease. Interactions  are fewer than with the
MAO-A inhibi tors , but pethidine i s  best avoided and vasopressors  used with care.

Further reading
Kam P, Chang G (1997). Selective serotonin reuptake inhibi tors . Pharmacologiy and cl inica l  impl ications  in anaesthes ia  and cri tica l  care
medicine. Anaesthes ia , 52, 982–8.
Ovid Ful l  Text
Ful l  Text
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Stack CG, Rogers  P, Linter S (1988). Monoamine oxidase inhibi tors  and anaesthes ia-a  review. Bri ti sh Journal  of Anaesthes ia , 60, 222–7.
Library Holdings
Bibl iographic Links
Ure D, Gi l l ies  M, James  K (2000). Safe use of remifentani l  in a  patient treated with the monoamine oxidase inhibi tor phenelzine. Bri ti sh
Journal  of Anaesthes ia , 84, 414–16.
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Down's  syndrome
Brendan Carva lho
Down's  syndrome (tri somy 21) i s  the commonest congenita l  abnormal i ty, with an incidence of 1.6 per 1000 bi rths . Anaesthes ia  and surgery
carry a  higher morbidi ty and morta l i ty than in the genera l  population.
Genera l  cons iderations
In addition to the characteris tic dysmorphic features  and impaired global  development, Down's  syndrome is  associated with disorders  of
many organ systems:

Congenita l  cardiac defects  (in up to 40%)—predominantly endocardia l  cushion defects  and ventricular septa l  defects .
Eisenmenger's  syndrome (pulmonary hypertens ion with right-to-left shunt) may compl icate the perioperative management of the older
chi ld particularly i f there i s  associated obstructive s leep apnoea.
Recurrent respiratory tract infection due to relative immune deficiency and a  degree of upper a i rway obstruction (tons i l lar/adenoida l
hypertrophy).
Atlantoaxia l  ins tabi l i ty (in up to 30% of individuals )—subluxation/dis location tendency due to bony abnormal i ty of the atlas  and axis
and laxi ty of the transverse atlanta l  l igament.
Epi lepsy (in up to 10% of individuals ).
Obes i ty and potentia l ly di ffi cul t venous  access .

Preoperative assessment

Careful  a i rway assessment for potentia l  di ffi cul t a i rway maintenance and intubation (relatively large tongue, crowding of midfacia l
s tructures , high arched narrow palate, micrognathia , short broad neck).
Cardiorespiratory assessment for s igns  and symptoms of congenita l  cardiac defects , pulmonary hypertens ion, and chest infections .
Symptoms of atlantoaxia l  ins tabi l i ty (abnormal  ga i t, clums iness , hyperreflexia , clonus , hemi/quadripares is , extensor plantars ,
neurogenic bladder, ataxia , and sensory loss ), a l though atlantoaxia l  ins tabi l i ty i s  frequently asymptomatic.

Investigations
Patients  have usual ly been ful ly investigated by the paediatric team:

Ful l  blood count (incidence of polycythaemia  and leukaemia  i s  20 times  that seen in the genera l  population). Urea  and electrolytes
and thyroid function tests  (hypothyroidism in up to 40%).
Preoperative investigations  as  per cl inica l  findings  and surgica l  procedure planned:
ECG as  routine.
Chest radiograph i f there are cardiorespiratory problems.
Echocardiography i f s igns  or symptoms are suspicious  of a  cardiac defect.
Latera l  cervica l  spine radiographs  are indicated only i f there are neurologica l  s igns  or symptoms, and current opinion would suggest
that routine screening i s  inappropriate.
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Preparation

Optimize cardiac and respiratory function.
Reduced threshold for arranging HDU/ICU for postoperative care due to the high incidence of perioperative compl ications .
Patients  are often uncooperative and a  sedative premedication to prevent s truggl ing during induction i s  often helpful , e.g. ora l
midazolam (0.5 mg/ kg) or temazepam (0.5 mg/kg) in the older age group. Exercise caution i f problems with a i rway obstruction exis t.
Establ i sh rapport with parents  and carers .
EMLA/Ametop cream should be appl ied i f intravenous  induction i s  planned.
Inhalational  induction with sevoflurane/halothane i s  useful , especia l ly in uncooperative patients  with di ffi cul t intravenous  access . IM
ketamine (5–10 mg/kg) i s  a l so an option.
Drying agents  may be useful  i f hypersa l ivation i s  problematic. Caution should be exercised when giving atropine as  exaggerated
sens i tivi ty to both mydriatic and cardiac effects  have been reported. Cons ider a  reduced dosage or us ing an a l ternative agents , e.g.
glycopyrrolate.
There i s  a  high incidence of gastro-oesophageal  reflux. Give reflux prophylaxis  (rani tidine) i f symptomatic.

Perioperative cons iderations

Potentia l  di ffi cul t a i rway maintenance and intubation.
Take care to avoid excess ive movements  of the neck, especia l ly during laryngoscopy and pos i tioning for surgery.
There i s  increased incidence of subglottic s tenos is  in chi ldren with Down's  syndrome—a smal ler tracheal  tube than would have been
predicted by age i s  frequently required.
No abnormal  responses  to anesthetic drugs  have been substantiated.
Prone to hypoventi lation—IPPV often preferable to spontaneous  venti lation.
Prophylactic antibiotics  for cardiac defects  should be given prior to predictable bacteraemic events .
Strict aseps is -relative immune deficiency and increased susceptibi l i ty to infections .
Universa l  precautions—increased incidence of hepati ti s  B and C.
Postoperative pa in management may be problematic. Cons ider regional  blocks  wherever poss ible. PCA can be used success ful ly in
appropriate patients .

Postoperative cons iderations

Patients  who are compromised and those undergoing major surgery should be managed on HDU/ICU postoperatively.
Parents/carers  are indispensable in the recovery period as  Down's  syndrome patients  are often agi tated postoperatively and may be
very di ffi cul t to manage.
P.214

Associated hypotonia  (up to 75%) may affect the abi l i ty to mainta in an adequate a i rway fol lowing anaesthes ia  and patients  should be
careful ly observed.
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Patients  are prone to atelectas is  and respiratory tract infections  especia l ly fol lowing abdominal  and thoracic surgery-humidi fied
oxygen, regular phys iotherapy, adequate analges ia , and close monitoring are required.
The duration of postoperative venti lation, intens ive care, and hospi ta l  s tay a l l  tend to be longer than the genera l  population.

Further reading
Mitchel l  V, Howard R, Facer E (1995). Cl inica l  review: Down's  syndrome and anaesthes ia . Paediatric Anaesthes ia , 5, 379–84.
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Anaesthes ia  for the elderly
Fiona Kel ly
Anaesthes ia  and surgery in the elderly population are associated with increased morbidi ty and morta l i ty. Speci fic factors  to cons ider include:

Degenerative disease of a l l  types  i s  commoner in geriatric patients . His tory may be unrel iable and hospi ta l  notes  occas ional ly
formidable.
Cardiovascular: i schaemic heart disease i s  common, with reduced ventricular compl iance, contracti l i ty, and reduced cardiac output.
Blood flow to the kidneys  and bra in may be reduced, with impaired autoregulation. Atheroscleros is  may be widespread, resul ting in a
less  compl iant arteria l  tree and systemic hypertens ion. The phys iologica l  response to cardiovascular dis turbance may be blunted, due
to reduced baroreceptor sens i tivi ty and impaired autonomic function. Atria l  fibri l lation i s  common.
Respiratory: pulmonary elastici ty, lung and chest wal l  compl iance, TLC, FVC, FEV1, VC, and inspi ratory reserve are a l l  reduced, with an
increase in res idual  volume. Al though FRC i s  unchanged, clos ing capaci ty fa l l s  progress ively with age, leading to a i rway col lapse, VQ
mismatch, and hypoxaemia. Atelectas is , pulmonary embol ism, and chest infection are a l l  more common in elderly patients , the latter
in part due to ineffective mucoci l iary activi ty. PAO2 and PAO2 decrease with age (PAO2 = 13.3 - age/30 kPa, or PAO2 = 100 - age/ 4 mmHg).
Renal  system: glomerular fi l tration i s  reduced. Muscle bulk decreases  with age resul ting in reduced creatinine production, hence even
a modest ri se in serum creatinine may represent s igni ficant renal  impairment. Tubular function i s  a lso impaired, with reduced renal
concentrating abi l i ty and reduced free water clearance. Fluid ba lance i s  more cri tica l , as  responses  to both fluid loading and
dehydration are impaired.
Pharmacology: pharmacokinetics  are a l tered, with reduced hepatic and renal  blood flow and a  reduction in tota l  body water.
Pharmacodynamics  may a lso be a l tered, with increased sens i tivi ty to many agents , especia l ly CNS depressants . MAC decreases
steadi ly with age (4–5% per decade after 40 years—for example, the MAC of i soflurane i s  approximately 0.92 at 80 years  of age). Plasma
proteins  are often reduced, resul ting in reduced protein binding of drugs  and metabol i tes , thereby increas ing free drug levels  and
poss ible toxic effects .
Nervous  system: in addition to autonomic dys function, cerebrovascular disease i s  common, and hearing, vi s ion, and memory may be
impaired. Confus ion i s  more l ikely, both pre- and postoperatively.
Nutri tion: malnutri tion i s  common in the elderly, and i s  associated with increased morbidi ty and morta l i ty. Tria ls  of nutri tional
supplementation show reduced length of hospi ta l  s tay and reduced minor postoperative compl ications , but without a  decrease in
morta l i ty. Cons ider ora l  protein supplementation, nocturnal  nasogastric feeding, or even TPN in those with s igni ficant malnutri tion.

Preoperative cons iderations

Ful l  and thorough assessment—signi ficant cardiac, respi ratory, and renal  disease may have been previous ly undetected. An ECG is
required for a l l  patients . Note cognitive function and the level  of socia l  support.
P.216
In patients  who have susta ined a  fracture, actively seek an underlying medica l  cause for a  fa l l , e.g. arrhythmias , myocardia l  infarction,
trans ient i schaemic attack, CVE, pulmonary embolus , GI bleed.
Assessment of exercise tolerance and functional  abi l i ty i s  important. This  may be mis leading, however, as  patients  tend to l ive within
their functional  reserve.
Dehydration i s  common. Many patients  do not drink adequately when confined to bed. Cons ider prescribing preoperative IV fluids .

Perioperative cons iderations

Arm-bra in ci rculation time i s  increased, and dose requirements  for induction agents  are drastica l ly reduced. Ti trate drugs  s lowly
against effect, and inject into a  running IV infus ion.
Use fluid warmers/body warming devices  whenever poss ible. Elderly patients  have a  reduced basa l  metabol ic rate and are
susceptible to heat loss  as  a  resul t of impaired thermoregulation.
Regional  anaesthes ia  may have some advantages  over genera l  anaesthes ia , including fewer thromboembol ic compl ications ,
confus ion, and respiratory upset postoperatively. However, hypotens ion i s  more commonly seen in elderly patients  undergoing
spina l/epidura l  anaesthes ia  due to impaired autonomic function and reduced compl iance of the arteria l  tree. Genera l  anaesthes ia
may be best for those who require precise control  of thei r blood pressure. Regional  anaesthes ia  for hip fractures  may reduce morta l i ty
at 1 month, but regional  and genera l  anaesthes ia  appear to produce comparable resul ts  for longer-term morta l i ty.
Careful  perioperative fluid ba lance. Cons ider measuring the CVP when large fluid shi fts  are expected. Patients  are more often
‘underfi l led’ than ‘overloaded’. Regular review is  essentia l  fol lowing major surgery.

Postoperative cons iderations

Prescribe postoperative oxygen therapy fol lowing abdominal  or thoracic surgery, in the presence of cardiovascular or respi ratory
disease, in s i tuations  when there has  been s igni ficant blood loss , and when opioid analges ia  has  been prescribed. Nasa l  cannulae
are often better tolerated.
Postoperative analges ia : cons ider prescribing a  regular s imple analges ic such as  paracetamol , and use NSAIDs  with caution (the
compl ications  of NSAID use are more preva lent in the elderly). Intramuscular and subcutaneous  opioids  may be unrel iably absorbed
due to variable ti s sue perfus ion, and an elderly confused patient may have di ffi cul ty us ing a  PCA. Regional  techniques  or an IV opioid
infus ion (with appropriate supervis ion) may be the most appropriate method of pa in rel ief.
Early and frequent phys iotherapy and mobi l i zation are extremely important.

Further reading
Dickson RE, Patey RE (1999). Perioperative management of the elderly trauma patient. Hospi ta l  Medicine, 60, 425–9.
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Parker MJ, Urwin SC, Handol l  HHG, Gri ffi ths  R (2000). Genera l  versus  spina l/ epidura l  anaesthes ia  for surgery for hip fractures  in adults
(Cochrane Review). The Cochrane Library, i s sue 3.
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Latex a l lergy
Michael  Richards
Background
Latex i s  the sap of Hevea bras i l iens is  (the rubber tree). It i s  a  complex mixture of polyisoprene particles  in a  phosphol ipoprotein envelope
and a  serum conta ining sugars , l ipids , nucleic acids , minera ls , and proteins . Latex i s  made heat s table and elastic by vulcanization (heating
in the presence of sulphur). Chemica ls  such as  accelerators  and antioxidants  are a lso added to enhance s trength, s tretch, and durabi l i ty.
Latex i s  found in many of the products  used in the operating envi ronment, including gloves , urinary catheters , syringes , drug via l  s toppers ,
intravenous  giving sets , intravenous  cannulas , injection ports , masks , a i rways , endotracheal  tubes , rebreathing bags , bel lows , and ci rcui ts .
Many pieces  of surgica l  equipment a lso conta in latex, including dra ins , bulb i rrigation syringes , vascular tags , and rubber shod clamps.
Epidemiology
Development of latex sens i tivi ty i s  dependent on previous  exposure. There are certa in groups  at particular ri sk of developing latex sens i tivi ty:

Heal th care workers : es timates  have put the ri sk of developing latex sens i tivi ty at between 5 and 17%, depending on the degree and
nature of exposure; the actua l  figure may wel l  prove to be much higher (up to 50%).
Rubber industry workers : there i s  an increased incidence of pos i tive skinprick tests  to latex, and chronic respi ratory symptoms
associated with eos inophi l ia  in this  population.
Neura l  tube defects  (including spina  bi fida): the reported incidence of latex sens i tivi ty due to recurrent bladder catheterizations  i s
estimated at between 20 and 65%.
Frui t a l lergy: an association between latex and frui t a l lergy has  been described, and cross -reactivi ty demonstrated with certa in frui t
a l lergens  (banana, avocado, pass ion frui t, tomato, grape, celery, kiwi  frui t, chestnut).

Spectrum

Irri tant contact dermati ti s : non-a l lergic i rri tant contact dermati ti s  occurs  due to damage of the skin from i rri tation of an exogenous
substance.
Contact dermati ti s : a  type IV (delayed) hypersens i tivi ty reaction based on a l lergic sens i ti zation. Presents  with an eczematous  eruption,
which can then progress  to l i cheni ficaton and sca l ing on chronic exposure. Mediated by T lymphocytes  exposed to chemica ls  added in
the vulcanizing process  such as  the accelerators  (thiurams and thioureas) and antioxidants  (benzothiazoles ).
Type I  hypersens i tivi ty: IgE-mediated type I  hypersens i tivi ty has  been attributed to water-soluble proteins  in latex and s tarch powder-
bound proteins . Cl inica l  mani festations  may resul t from exposure to latex via  a  variety of routes  including skin, mucous  membranes ,
inhalation, and intravenous . The three main presentations  are:

Contact urticaria : particularly in heal th care workers , typica l ly 10–15 min fol lowing, and usual ly at the s i te of, exposure. This  may
be the ini tia l  s tep in the progress ion to more severe reactions .
P.218
Asthma and rhini ti s : characterized by bronchia l  obstruction and secretions . Starch powder used as  a  lubricant for gloves  has
been impl icated here.
Anaphylaxis , vascular col lapse, and shock: this  i s  most commonly encountered intra-operatively and a l though intravenous  and
mucus  membrane inoculation are the most common triggers , anaphylaxis  has  been described with donning of gloves  and
indirect contact with individuals  who use latex gloves .

Cl inica l  features  of latex anaphylaxis
A careful  his tory with particular reference to ri sk factors  i s  important preoperatively to give an indication of potentia l  problems. Onset i s
normal ly delayed by 20–60 min fol lowing exposure to the antigen and progress ively worsens  over 5–10 min. The reaction presents  with
hypotens ion, rash, and bronchospasm (rash may be absent). It may be di ffi cul t to exclude anaphylaxis  from anaesthetic drugs  s ince this
presents  in a  s imi lar manner and i s  treated in the same way (see p. 857). Subsequent analys is  of serum mast cel l  tryptase confi rms
anaphylaxis  and skin-prick testing wi l l  determine the causative factor.
Management of elective surgery

The prophylactic use of antihis tamines  and corticosteriods  has  not been establ i shed.
The patient should be scheduled fi rs t on the operating l i s t (latex can remain in the a i r).
Items  to be particularly careful  of include BP cuff, gloves , urinary catheters , anaesthetic reservoir bag/face masks , syringes , elastic in
disposable hats/TEDS/underpants , IV giving sets , drug via ls  with latex s toppers .
Many companies  are now moving towards  latex-free equipment, but each theatre sui te should have a  l i s t deta i l ing which equipment
is  guaranteed latex free.
The LMA (Intavent) i s  latex free.
If uncerta in about the BP cuff, wrap plastic sheeting around the arm prior to placement.
Most ETTs  and a i rways  are latex free.

Every department should have a  latex-free trol ley conta ining the fol lowing:

Non-latex gloves . Note that ‘hypoal lergenic’ gloves  are non-standardized and are often made from latex. Gloves  used in patients
a l lergic to latex should be made of synthetic rubber such as  neoprene or polyvinyl  chloride, e.g. ‘Derma Prene’ Ansel l  Medica l  or
‘Neotech’ Biogel .
Latex-free equipment including masks  and a i rways  (plastic), endotracheal  tubes  (PVC), reservoir bags  (neoprene), va lves  (s i l i con), IVI
tubing, bel lows , and ci rcui ts .
Latex-free (or glass ) syringes .
Latex-free (or Teflon) intravenous  cannulas .
Barrier protection for placement between latex-conta ining i tems  and the patient's  skin (e.g. Webri l ).
Drugs  for treatment of anaphylaxis  and latex-free resusci tation equipment.

P.219

Further reading
Kam PC, Lee MS (1997). Latex a l lergy: an emerging cl inica l  and occupational  hea l th problem. Anaesthes ia , 52, 570–5.
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Anaesthes ia  for drug misus ing patients
Col in Berry
Genera l  points

In the United Kingdom around 1 in 4 of the population aged over 16 has  taken an i l lega l  drug at some s tage (10 mi l l ion people).
Misuse of s treet drugs  i s  not i solated to inner ci ties  and areas  of socia l  deprivation.
Cons ider drug misuse in a l l  patients  requiring emergency surgery and anaesthes ia . An accurate drug his tory i s  unl ikely to be
forthcoming.
Drug misuse may contribute to a  reduced conscious  level  even i f other causes  are present (especia l ly trauma).
Drug addicts  are exposed to high ri sks  of infective compl ications  associated with intravenous  drug abuse. HIV (6% in London) and vi ra l
hepati ti s  (up to 60%) are commonest. Bacteria l  endocardi ti s  i s  rare but serious , and associated with pulmonary abscesses , embol ic
phenomena from vegetations , and vascul i ti s .
Drugs  in common use fa l l  into four groups  (see table). Combinations  of drugs  are common, often with a lcohol .

Street drugs in common use

Drug Clinical signs

Cannabis
Tachycardia , abnormal  affect (e.g. euphoria , anxiety, panic or psychos is ), poor memory and fatigue (chronic
use)

Stimulants—cocaine,
amphetamines , ecstasy

Tachycardia , labi le blood pressure, exci tement, del i rium, ha l lucinations , hyperreflexia , tremors , convuls ions ,
mydrias is , sweating, hyperpyrexia  exhaustion, coma

Hal lucinogens—LSD,
phencycl idine, ketamine

Sympathomimetic, weakly analges ic, a l tered judgement and perceptions , toxic psychos is , dissociative
anaesthes ia

Opioids—morphine, heroin,
opium

Euphoria , respi ratory depress ion, hypotens ion, bradycardia  constipation pinpoint pupi l s , coma

Anaesthes ia

High index of suspicion—especia l ly in trauma.
Di fficul t venous  access—intravenous  drug users  may be able to di rect you to a  patent vein. May need centra l  venous  cannulation or cut-
down for relatively minor procedures . Cons ider gas  induction.
Take ful l  precautions  aga inst infection ri sk.
Plan postoperative analges ia  with patient preoperatively—see below.
Res is tance to opioids .

P.221
Opioid misus ing patient

Patients  who are misus ing opioids  should expect the same qual i ty of analges ia  as  other patients . Combinations  of regional  nerve
blocks  and NSAIDs  may avoid the need for opioids .
If opioids  are the only method of providing analges ia  they should be adminis tered in the same way as  for normal  patients  with doses
ti trated to effect (see p. 988 for a  sui table dos ing regime).
A smal l  group of ‘ex-addicts ’ wi l l  have great fears  about being prescribed opioids  i f they have been ‘cured’ of thei r addiction. This
should not become an obstacle to treating postoperative pa in, but opioids  should clearly not be given without fi rs t obta ining consent.
Do not attempt detoxi fication perioperatively! Opioid addicted surgica l  patients  should be supported by specia l i s t addiction services
during the perioperative period (usual ly contactable via  the loca l  psychiatric services ).

Coca ine and crack coca ine

Cocaine toxici ty i s  mediated by centra l  and periphera l  adrenergic s timulation. Presenting symptoms include tachycardia , hypertens ion,
aortic dissection, arrhythmias , accelerated coronary artery disease, coronary spasm, infarction, and sudden death. Intracerebra l
vasospasm can lead to s troke, rigidi ty, hyperreflexia , and hyperthermia. Inhalation of coca ine can cause a lveolar haemorrhage or
pulmonary oedema.
Psychiatric symptoms range from a  feel ing of elation and enhanced phys ica l  s trength to ful l  toxic paranoid psychos is .
Patients  needing surgery fol lowing ingestion of coca ine may need intens ive care management whi l s t they are s tabi l i zed. Most of the
l i fe-threatening s ide-effects  of coca ine are due to vasospasm and can be reversed us ing combinations  of vasodi lators , antiarrhythmic
agents  and a lpha/beta-blockers  ti trated aga inst effect us ing ful l  invas ive monitoring.
Combination loca l  anaesthetic/vasoconstrictors  (or any vasopressor) should be avoided. Tachycardia  or hypertens ive cri s i s  may resul t.
If vasopressors  are required in theatre use very smal l  doses  and ti trate aga inst response.
Intra-arteria l  injections  of coca ine have lead to cri ti ca l  l imb and organ i schaemia. Success ful  treatment has  included regional  plexus
blockade, intravenous  heparin, s tel late gangl ion block, intra-arteria l  vasodi lators  or urokinase, and early fasciotomy.

Ecstasy (3, 4, methylenedioxymethamphetamine (MDMA))

Approximately 20 people die from taking ecstasy annual ly in the United Kingdom.
Hyperthermia  (>39 °C), disseminated intravascular coagulation, and dehydration are common features .
Hyperthermia  has  been l inked to a  combination of dehydration and hyperactivi ty. Excess ive ADH release may a lso cause
hyponatraemia  leading to coma. Treatment involves  careful ly monitored fluid and electrolyte replacement.

Further reading
Cheng DCH (1994). The perioperative care of coca ine abus ing patients . Canadian Journal  of Anaesthes ia , 41, 883–7.
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Anaesthes ia  and chronic a lcohol  abuse
Col in Berry
Anaesthetis ts  may ass is t in the management of patients  who have ingested a lcohol  acutely or chronica l ly:

trauma (vehicle related, violence, domestic accidents , chi ld abuse)
compl ications  of drinking (coma, GI bleeding, porta l  hypertens ion, pancreati ti s )
unrelated surgica l  procedures  in a lcohol ics .

Phys ica l  compl ications  of a lcohol  abuse

Acute intoxication and coma. Blood a lcohol  concentration >400 mg/ 100 ml  ri sks  respi ratory arrest and carries  a  5% morta l i ty.
Alcohol ic l iver disease. Earl ies t form is  revers ible fatty l iver progress ing to a lcohol ic hepati ti s , characterized by abdominal  pa in,
weight loss , jaundice, and fever. His tologica l  changes  can be reversed by abstinence. Alcohol ic ci rrhos is  i s  characterized by jaundice,
asci tes , porta l  hypertens ion, and hepatic fa i lure. Ci rrhos is  i s  i rrevers ible but abstinence may resul t in s tabi l i zation and increased l i fe
expectancy.
Pancreati ti s .
Upper gastrointestina l  bleeding—gastri ti s , eros ive gastric ulcers , and Mal lory-Weiss  oesophageal  tears . Oesophageal  varices  in those
with severe l iver disease and porta l  hypertens ion.
Cardiac arrhythmias  including atria l  fibri l lation (may compl icate binge drinking and chronic misuse). Ventricular arrhythmias .
Ischaemic heart disease and hypertens ion. Modest a lcohol  intake may offer cardioprotection. Alcohol ic cardiomyopathy i s
characterized by a  di lated hypokinetic left ventricle with a  decreased ejection fraction. Patients  may present with congestive cardiac
fa i lure and oedema, exacerbated by low serum a lbumin. Cardiac fa i lure i s  a  feature of heavy a lcohol  ingestion.
Hypoglycaemia  may compl icate acute a lcohol  intoxication, a lcohol ic l iver disease, and pancreatic disease. More common in chi ldren
and adolescents .
Ketoacidos is  may present after binge drinking in association with vomiting and fasting. Blood a lcohol  concentrations  may not be
elevated at the time.
Convuls ions  are most commonly seen 7–48 h after cessation of drinking. Typica l ly tonic-clonic with loss  of consciousness . Severa l  fi ts
over a  period of a  few days  are common. Normal ly sel f-l imiting unless  associated with trauma or susta ined unconsciousness .
Hypokalaemia  and hypomagnesaemia  predispose to convuls ions . Exclude other causes  such as  intracrania l  bleeds , tumours , or
abscesses .
Anaemia  (macrocytic—direct toxic a lcohol  effect; megaloblastic—folate deficiency; i ron deficiency—poor diet, upper GI blood loss ).
Neutropenia  (due to marrow toxici ty or folate deficiency). Thrombocytopenia .
Immunodeficiency with increased preva lence of respi ratory infections  (including TB).
Skin diseases : psorias is , eczema, rosacea, fungal  infections , and acne are commoner in heavy drinkers .
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Pharmacologica l  cons iderations
Patients  with acute a lcohol  ingestion are partia l ly anaesthetized and reduced concentrations  of volati le agents  are required to produce
anaesthes ia  (and respiratory and cardiac s ide-effects ). Chronic exposure to a lcohol  induces  tolerance to some anaesthetic agents . Serious
l iver pathology may resul t in depressed metabol i sm and drug clearance, which increases  drug ha l f-l i fe (see l iver fa i lure p. 127).
Preoperative assessment

Quanti fy excess ive drinking and l i fes tyle. His tory of other drug misuse.
Ask about weight loss  and his tory of GI bleeding.
Recurrent chest infections  (smoking, repeated pulmonary aspi ration, reduced ci l iary activi ty).
Examine for hypertens ion, cardiac fa i lure, arrhythmias , fetor, spider naevi , asci tes , jaundice, bruis ing, malnutri tion, neglect, tremor,
periphera l  neuropathy, psychos is , encephalopathy, convuls ions  (withdrawal ).

Investigations

FBC (increased MCV, i ron deficiency, bone marrow depress ion).
Blood a lcohol  concentration.
Glucose and electrolytes  (hypokalaemia, hypernatraemia, and hypomagnesaemia).
Liver enzymes: ra ised γ-glutamyl -transpeptidase and aminotransferases . Albumin i s  often reduced.
Coagulation may be abnormal  due to clotting factor deficiency (reduced synthes is  of factors  I I , V, VII, X, and XIII).
ECG: conduction defects , bi fid T wave, ST changes  (s imi lar to digoxin changes), arrhythmias  (commonly AF).
Echocardiogram i f suspicion of a lcohol ic cardiomyopathy: di lated LV, decreased ejection fraction, reduced LV function.
Chest radiograph may show aspiration pneumonia , TB, or lung cancer.

Preoperative management

Avoid non-emergency surgery in the presence of acute a lcohol  toxici ty.
If emergency surgica l  intervention i s  unavoidable, ensure adequate rehydration with careful  attention to electrolyte and blood glucose
dis turbances . Give intravenous  vi tamins  (e.g. Pabrinex s low IV twice da i ly for up to 7 days ).
Correct clotting abnormal i ties . Treat anaemia  with appropriate transfus ion.
Patients  with l iver fa i lure require intens ive care i f surgery i s  planned.

Anaesthetic management

Patients  with GI bleeding and ci rrhos is  are in danger of developing hepatic fa i lure. Insert a  gastric tube (with care in the presence of
varices ) to s top digestion of blood.
Regional  anaesthes ia  may avoid the need for large doses  of sedative opioids  (see below).
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Postoperative management
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Anticipate a lcohol  withdrawal  symptoms. Most patients  can tolerate 24–48 h abstinence perioperatively. With major surgery i t i s  often
eas iest not to compl icate management by attempting a lcohol  withdrawal  perioperatively.
If problems occur, an infus ion of ethanol  5% (add 50 g ethanol  to 1 l i tre 0.9% sa l ine or 5% dextrose) can be used to prevent a lcohol
withdrawal  in the immediate perioperative period. Al ternatively, ora l  or nasogastric adminis tration of a lcohol ic drinks  may be
appropriate (within l imits )!
Al ternatively treat with chlordiazepoxide (10–50 mg four times  a  day) i f the patient can take ora l  medication or chlormethiazole i f
intravenous  therapy i s  required. An infus ion of chlormethiazole 0.8% (8 mg/ml) i s  ini tia l ly given at 3–7.5 ml  (24–60 mg)/min unti l  the
patient i s  l ightly s leeping, and then reduced to 0.5–1 ml  (4–8 mg)/min to mainta in sedation. Overdosage with chlormethiazole can
cause profound respiratory depress ion and should be used with great care i f other sedatives/opioids  are being used. Manage these
patients  in HDU. This  should not be a  reason to provide inadequate analges ia .

Further reading
Chick J (1993). Alcohol  problems in the genera l  hospi ta l . Bri ti sh Medica l  Bul letin, 50, 200–10.
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Rare syndromes
Aaskog-Scott syndrome
Characteris tics : Cervica l  spine hypermobi l i ty/odontoid anomaly, mi ld/ moderate short s tature, cleft l ip/palate, skin and skeleta l
anomal ies/laxi ty, inters ti tia l  pulmonary disease.
Key points : Intubation may be di ffi cul t.
Reference:
Teebi  AS et a l . (1993). Aarskog syndrome: report of a  fami ly with review and discuss ion of nosology. American Joournal  of Medica l  Genetics , 46,
501–9.
Achalas ia  of the cardia
Characteris tics : Motor disorder of the dis ta l  two-thi rds  of the oesophagus , fa i lure of relaxation, dysphagia  and regurgi tation, ri sk of mal ignant
change.
Key points : Increased ri sk of gastric reflux.
Achondroplas ia  (see a lso p. 167)
Characteris tics : Dwarfi sm, normal  s i ze trunk, short l imbs , disproportionately large head, flat face, poss ible smal l  larynx, bulging skul l  vaul t
and kyphoscol ios is , spina l  s tenoses  in the canal  and foramen magnum can occur.
See Dwarfi sm.
Key points : Poss ible di ffi cul t intubation, care on neck flexion (cord compress ion), centra l  neura l  blocks  may have unpredictable spread (use
smal ler amounts ), increased ri sk of obstructive s leep apnoea.
Reference:
Ka l la  GN et a l . (1986). Anaesthetic management of achondroplas ia . Bri ti sh Journal  of Anaesthes ia , 58, 117–19.
Library Holdings
Bibl iographic Links
Reference:
Wardal l  GJ, Frame WT (1990). Extradura l  anaesthes ia  for caesarian section in achondroplas ia . Bri ti sh Journal  of Anaesthes ia , 64, 367–70.
Library Holdings
Bibl iographic Links
Acromegaly (see a lso p. 78)
Characteris tics : Enlarged jaw/tongue/larynx, may have nerve entrapment syndromes, respi ratory obstruction including s leep apnoea, diabetes
mel l i tus , hypertens ion, cardiac fa i lure, thyroid, and renal  impairment.
Key points : Di ffi cul t intubation and maintenance of the a i rway, narrow cricoid ring may be present, associated organ dys function,
perioperative glucose intolerance.
Reference:
Seidman PA et a l . (2000). Anaesthetic compl ications  of acromegaly. Bri ti sh Journal  of Anaesthes ia , 84, 179–82.
Library Holdings
Bibl iographic Links
Albers -Schonberg disease (marble bones)
See Osteopetros is .
Alagi l le's  syndrome (syndromic bi le duct pauci ty)
Characteris tics : Pauci ty of interlobular bi le ducts , chronic cholestas is , cardiac/ musculoskeleta l/ocular/facia l  abnormal i ties .
Key points : Coagulopathy, pathologica l  fractures , retinopathy, neuropathies  (vi tamin deficiencies ). Pretreat with vi tamin K. Splenomegaly may
cause thrombocytopenia . Ful l  CVS assessment (s tenos is/ hypoplas ia  common). Sagi tta l  spina l  cleft, cerebel lar ataxia , document pre-exis ting
periphera l  neuropathy, gastric reflux ri sk (abdominal  dis tens ion).
Reference:
Choudhry DK et a l . (1998). The Alagi l le's  syndrome and i ts  anaesthetic cons iderations . Paediatric Anaesthes ia , 8, 79–82.
Ful l  Text
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Albright's  osteodystrophy (pseudohypoparathyroidism)
Characteris tics : Res is tance of target ti s sues  to parathyroid hormone. Short
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stature, round face, short neck, diabetes  mel l i tus , hypocalcaemia.
Key points : Neuromuscular i rri tabi l i ty and convuls ions  can occur.
Albright's  syndrome
Characteris tics : Defective regulation of cAMP, multiple uni latera l  bone les ions , skin pigmentation, sexual  precoci ty in females , bony deformity
(including skul l ) and fractures , spina l  cord compress ion. Acromegaly, thyrotoxicos is , Cushing's  syndrome may coexis t. See Acromegaly.
Key points : Identi fy endocrine abnormal i ties , may need larger than expected ETT. Cardiac arrhythmias  may occur, bony deformity may
compl icate regional  blocks .
Reference:
Langer RA et a l . (1995). Anesthetic cons iderations  in McCune-Albright syndrome: case report with l i terature review. Anesthes ia  and Analges ia ,
80, 1236–9.
Ovid Ful l  Text
Ful l  Text
Library Holdings
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Alport syndrome
Characteris tics : Heredi tary nephropathy, predominantly affecting males , characterized by nephri ti s  progress ing to renal  fa i lure. Other features
include sensorineura l  deafness , myopia , and thrombocytopenia  with giant forms  of platelets .
Key points : Check renal  function and clotting, hypertens ion.
Reference:
Kashtan CE et a l . (1999). Alport syndrome: an inheri ted disorder of renal , ocular, and cochlear basement membranes . Medicine, 78, 338–60.
Ovid Ful l  Text
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Alstrom syndrome
Characteris tics : Obes i ty from infancy, nystagmus, sens i tivi ty to l ight, progress ive visua l  impairment with bl indness  by age 7, sensorineura l
hearing loss , diabetes  mel l i tus  and renal  fa i lure in early adul t l i fe, cardiac disease.
Key points : Problems associated with obes i ty/organ dys function.
Reference:
Russel l -Eggi tt LM et a l . (1998). Als trom syndrome: report of 22 cases  and l i terature review. Ophthalmology, 105, 1274–80.
Ful l  Text
Library Holdings
Bibl iographic Links
Alveolar hypoventi lation
Characteris tics : Centra l  hypoventi lation due to midbra in les ion or severance of the spina l  tracts  from the midbra in (Ondine's  curse). Periods  of
prolonged apnoea, hypoxia , hypercarbia  (see p. 000 on s leep apnoea, etc.).
Key points : Abnormal  respi ratory drive, care with O2 supplements  i f relying on hypoxic drive, re-establ i shing spontaneous  venti lation may be
di fficul t. Cons ider regional  techniques , postoperative respiratory fa i lure, cor pulmonale, polycythaemia, autonomic dys function.
Reference:
Wiesel  S, Fox GS (1990). Anaesthes ia  for the patient with centra l  a lveolar hypoventi lation syndrome. Canadian Journal  of Anaesthes ia , 37, 122–
6.
Library Holdings
Bibl iographic Links
Reference:
Strauser LM et a l . (1999). Anesthetic care for the chi ld with congenita l  centra l  a lveolar hypoventi lation syndrome (Ondine's  curse). Journal  of
Cl inica l  Anesthes ia , 11, 431–7.
Ful l  Text
Library Holdings
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Amyloidos is
Characteris tics : Abnormal  depos i tion of hya l ine materia l  in ti s sues . Macrogloss ia , unexpected cardiac or renal  fa i lure can occur, associated
with other pathologies .
Key points : Assess  to detect systems affected. Risk of postoperative organ fa i lure.
Reference:
Welch DB (1982). Anaesthes ia  and amyloidos is . Anaesthes ia , 37, 63–6.
Library Holdings
Bibl iographic Links
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Amyotonia  congenita
See Spina l  muscular atrophy.
Amyotrophic latera l  scleros is  (see a lso p. 198)
Characteris tics : Progress ive degeneration of lower motor neurons , motor nuclei  of the bra instem, descending pathway of the upper motor
neurons . Atrophy and weakness  involving most of the skeleta l  muscles  including tongue, pharynx, larynx, and chest wal l  muscles .
Fasciculation occurs . Sensation normal .
Key points : Impaired venti lation, a l tered response to muscle relaxants , aspi ration ri sk (laryngeal  incompetence), sens i tive to respiratory
depressants .
Reference:
Rowland LP, Schneider NA (2001). Amyotrophic latera l  scleros is . New England Journal  of Medicine, 344, 1688–700.
Ovid Ful l  Text
Ful l  Text
Library Holdings
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Analbuminaemia
Characteris tics : Deficiency of a lbumin.
Key points : Sens i tivi ty to a l l  protein-bound drugs . Ti trate drugs  careful ly.
Reference:
Dammacco F et a l . (1980). Analbuminemia: report of a  case and review of the l i terature. Vox Sang, 39, 153–61.
Library Holdings
Bibl iographic Links
Andersen's  disease
See Glycogen s torage disease IV.
Andersen's  syndrome
Characteris tics : Triad of potass ium-sens i tive periodic para lys is , ventricular arrhythmias , and dysmorphic features .
Key points : Long QT, spontaneous  attacks  of para lys is  with acute changes  in K+, basel ine level  may be hypokalaemia/normokalaemia/
hyperka laemia.
Reference:
Sansone V et a l . (1997). Andersen's  syndrome: a  dis tinct periodic para lys is . Annals  of Neurology, 42, 305–12.
Ful l  Text
Library Holdings
Bibl iographic Links
Anhidrotic/hypohydrotic ectodermal  dysplas ia  (Chris t-Siemens-Toura ine syndrome)
Characteris tics : Characterized by hypodontia , hypotricos is , and hypohidros is .
Key points : Di ffi cul t intubation, heat intolerance, recurrent cheat infections  (poor mucus  formation).
Reference:
Sugi  Y et a l . (1999). Anesthetic management of a  patient with hypohidrotic ectodermal  dysplas ia  Masui , 48, 888–90.
Library Holdings
Bibl iographic Links
Ankylos ing spondyl i ti s  (see a lso p. 163)
Characteris tics : Asymmetric ol igoarthropathy, tota l  vertebra l  involvement, cardiomegaly, aortic regurgi tation, cardiac conduction abnormal i ties ,
pulmonary fibros is . Bamboo spine.
Key points : Di ffi cul t a i rway and centra l  neura l  blockade.
Reference:
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Schelew BL, Vaghadia  H (1996). Ankylos ing spondyl i ti s  and neuraxia l  anaesthes ia—a 10-year review. Canadian Journal  of Anaesthes ia , 43, 65–
8.
Library Holdings
Bibl iographic Links
Reference:
Wittmann FW, Ring PA (1986). Anaesthes ia  for hip replacement in ankylos ing spondyl i ti s . Journal  of the Royal  Society of Medicine, 79, 457–9.
Library Holdings
Bibl iographic Links
Antley-Bixler syndrome
Characteris tics : Autosomal  recess ive disorder, multiple bone and carti laginous  abnormal i ties . Signi ficant craniosynostos is , midface
hypoplas ia ,
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choanal  s tenos is  or atres ia , femoral  bowing, radiohumeral  synostos is , multiple joint contractures . CVS, renal , and GI mal formations  have a lso
been described.
Key points : Potentia l  di ffi cul t a i rway, extremity deformities  may compl icate vascular access  and pos i tioning.
Reference:
LeBard SE, Thiemann LJ (1998). Antley-Bixer syndrome: a  case report and discuss ion. Paediatric Anaesthes ia , 8, 89–91.
Ful l  Text
Library Holdings
Bibl iographic Links
Apert's  syndrome
Characteris tics : Craniosynostos is , high forehead, maxi l lary hypoplas ia , relative mandibular prognathism, cervica l  synostos is , vi scera l
mal formations , congentia l  heart anomal ies .
Key points : Ai rway di ffi cul ties , assess  for other organ involvement and ra ised ICP.
Reference:
Ciceri  G et a l . (1997). Anesthes ia  in Apert syndrome. Minerva  Anestes iol ., 63, 167–9.
Reference:
Nargozian C (1991). Apert syndrome. Anesthetic management. Cl inics  in Plastic Surgery, 18, 227–30.
Library Holdings
Bibl iographic Links
Arnold-Chiari  mal formation
Characteris tics : Group of congenita l  hindbra in anomal ies  caus ing downward displacement of pons  and medul la  with variable neurologica l
sequelae.
Key points : Preoperative assessment of CNS function and response to neck movement and ICP. Careful  neuroanaesthetic (usual  potentia l
problems).
Reference:
Semple DA, McClure JH (1996). Arnold-Chiari  mal formation in pregnancy. Anaesthes ia , 51, 580–2.
Ovid Ful l  Text
Library Holdings
Bibl iographic Links
Arthrogrypos is  (congenita l  contractures )
Characteris tics : Skin and subcutaneous  ti ssue abnormal i ties , contracture deformities , micrognathia , cervica l  spine and jaw s ti ffness . 10% have
associated congenita l  heart disease.
Key points : Di ffi cul t a i rway and venous  access , sens i tive to thiopenta l , hypermetabol ic response i s  probably not MH.
Reference:
Hopkins  PM et a l . (1991). Hypermetabol i sm in arthrogrypos is  multiplex congenita . Anaesthes ia , 46, 374–5.
Library Holdings
Bibl iographic Links
Reference:
Nguyen NH et a l . (2000). Anaesthetic management for patients  with arthrgrypos is  multiplex congenita  and severe micrognathia . Journal  of
Cl inica l  Anesthes ia , 12, 227–30.
Ful l  Text
Library Holdings
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Asplenia  syndrome
Characteris tics : Complex congenita l  heart defects , asplenia , and viscera l  anomal ies .
Key points : Cardiac fa i lure, frequently hiatus  hernia  and reflux, recurrent pneumonias .
Reference:
Uchida  K et a l . (1992). Anesthetic management of an infant with a  s ingle ventricle (asplenia  syndrome) for non-cardiac surgery. Masui , 41,
1793–7.
Library Holdings
Bibl iographic Links
Ataxia-telangiectas ia
Characteris tics : Progress ive cerebel lar ataxia , conjunctiva l  telangiectases , progress ive neurologica l  degeneration. Recurrent chest and s inus
infections , mal ignancies  (leukaemias), sens i tive to X-rays/radiotherapy (cel lular damage), premature aging.
Key points : Recurrent chest infections , bronchiectas is .
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Reference:
Gatti  RA et a l . (1991). Ataxia-telangiectas ia : an interdiscipl inary approach to pathogenes is . Medicine, 70, 99–117.
Library Holdings
Reprints/Rights
Bibl iographic Links
Axenfeld-Reiger syndrome
Characteris tics : Ocular and denta l  defects , maxi l lary hypoplas ia , heart defects , short s tature, menta l  deficiency
Key points : Potentia l  a i rway problems.
Reference:
Asa i  T et a l . (1998). Di ffi cul t a i rway management in a  baby with Axenfeld-Reiger syndrome [letter]. Paediatric Anaesthes ia , 8, 444.
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Bartter syndrome
Characteris tics : Growth retardation, hypertrophy and hyperplas ia  of the juxtaglomerular apparatus , ADH antagonism by protaglandins ,
hypera ldosteronism, hypokalaemic a lka los is , normal  BP, diminished response to vasopressors , platelet abnormal i ties .
Key points : Mainta in CVS s tabi l i ty, control  serum K+, meticulous  fluid ba lance, caution with renal ly excreted drugs . Centra l  neura l  anaesthes ia
may be hazardous  (s tature, clotting, pressor response).
Reference:
Abston PA, Priano LL (1981). Bartter's  syndrome: anesthetic impl ications  based on pathophys iology and treatment. Anesthes ia  and Analges ia ,
60, 764–6.
Library Holdings
Bibl iographic Links
Behçet's  syndrome
Characteris tics : Chronic multi system vascul i ti s  of unknown aetiology. Diagnosed by triad of recurring i ri ti s , mouth ulceration, geni ta l
ulceration. Vascul i ti s  may involve other organ systems.
Key points : Poss ible a l tered fibrinolys is , previous  ora l  ulceration/ scarring may compl icate a i rway management, ful l  assessment of other
organ function, minimize needle punctures  (di ffuse inflammatory skin reaction), autonomic hyper-reflexia  may occur with spina l  cord
involvement.
Reference:
Lee LA (2001). Behcet disease. Seminars  in Cutaneous  Medicine and Surgery, 20, 53–7.
Library Holdings
Bibl iographic Links
Reference:
Turner ME (1972). Anaesthetic di ffi cul ties  associated with Bechet's  syndrome. Bri ti sh Journal  of Anaesthes ia , 44, 100.
Library Holdings
Bibl iographic Links
Beckwith-Wiedemann syndrome (infanti le gigantism)
Characteris tics : Macrogloss ia , microcephaly, omphalocele, perinata l/postnata l  gigantism, neonata l  hypoglycaemia  (hyperinsul inism),
poss ible congenita l  heart disease (ASD/VSD/PDA/ hypoplastic LV).
Key points : Abnormal  a i rway anatomy, congenita l  heart disease, and severe hypoglycaemia. Extubate awake.
Reference:
Suan C et a l . (1996). Anaesthes ia  and the Beckwith-Wiedemann syndrome. Paediatric Anaesthia , 6, 231–3.
Reference:
Gurkowski  MA, Rasch DK (1989). Anesthetic cons iderations  for Beckwith-Wiedemann syndrome. Anesthes iology, 70, 711–12.
Library Holdings
Bibl iographic Links
Bernard-Soul ier syndrome (giant platelet syndrome)
Characteris tics : Congenita l  lack of membrane glycoprotein GP1b, reduced numbers  of huge platelets , prolonged bleeding time.
Key points : Severe bleeding tendency, poss ibly improves  with age, platelet infus ions  may be needed.
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Blackfan-Diamond syndrome (congenita l  red-cel l  aplas ia)
Characteris tics : Congenita l  hypolastic anaemia, growth retardation, congestive cardiac fa i lure.
Key points : Hepatosplenomegaly (may reduce FRC), hypersplenism, thrombocytopenia .
Reference:
Wi l l ig TN et a l . (2000). Diamond-Blackfan anemia. Current Opinion in Haematology, 7, 85–94.
Bland-White-Garland syndrome
Characteris tics : Anomalous  origin of left coronary artery from the pulmonary trunk, chronic myocardia l  i schaemia, subendocardia l  fibros is , LV
di latation, va lvular insufficiency (papi l lary muscle damage), congestive cardiac fa i lure.
Key points : Perioperative myocardia l  fa i lure, often di ffi cul t to wean from venti lation.
Reference:
Kleinschmidt S et a l . (1996). The Bland-White-Garland syndrome. Cl inica l  picture and anaesthes iologica l  management. Paediatric
Anaesthes ia , 6, 65–8.
Library Holdings
Bibl iographic Links
Bloom's  syndrome
Characteris tics : Rare autosomal  recess ive disorder due to chromosome breakage and recombination, short s tature, photosens i tive, facia l
telangiectas ic erythema, predispos i tion to mal ignant diseases .
Key points : Potentia l  di ffi cul ties  with mask fi t and laryngoscopy, l imit X-rays  to minimum (may damage cel l s ).
Reference:
Aono J et a l . (1992). Anesthes ia  for a  patient with Bloom's  syndrome. Masui , 41, 255–7.
Library Holdings
Bibl iographic Links
Buerger's  disease (thromboangi i ti s  obl i terans)
Characteris tics : Periphera l  vascular disease with ulceration, Raynaud's  phenomenon, hyperhidros is , bronchi ti s  and emphysema.
Key points : Non-invas ive BP may over-read.
Bul lous  cystic lung disease
Characteris tics : Non-communicating lung cysts  may be more compl iant than normal  lung.
Key points : Risk of rupture with IPPV caus ing pneumothorax. Avoid N2O. High-frequency jet venti lation has  been used success ful ly.
Reference:
Normandale JP, Feneck RO (1985). Bul lous  cystic lung disease. Anaesthes ia , 40, 1182–5.
Library Holdings
Bibl iographic Links
Burki tt's  lymphoma
Characteris tics : Undi fferentiated lymphoblastic lymphoma most commonly affecting the jaw (a lso abdominal  organs , breasts , testes ).
Key points : May be di ffi cul t intubation.
Reference:
Pa lmer CD et a l . (1998). Anaesthetic management of a  chi ld with Burki tt's  lymphoma of the larynx. Paediatric Anaesthes ia , 8, 506–9.
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Cantrel l 's  penta logy
Characteris tics : Defect of the supraumbi l ica l  abdominal  wal l , agenes is  of the lower part of the s ternum and anterior portion of the
diaphragm, absence of diaphragmatic part pericardium, cardiac mal formation (VSD/ASD).
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Key points : Check for right to left shunting, avoid pressure to lower thorax/abdomen, lungs  may be hypoplastic.
Reference:
La loyaux P et a l . (1998). Anaesthetic management of a  prematurely born infant with Cantrel l 's  penta logy. Paediatric Anaesthes ia , 8, 163–6.
Ful l  Text
Library Holdings
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Carpenter's  syndrome
Characteris tics : Crania l  synostos is  with smal l  mandible, congenita l  heart disease (PDA/VSD), obes i ty, umbi l i ca l  hernia  and menta l
retardation, cerebrospina l  mal formations  (narrowed foramen magnum, hypoplastic posterior fossa , kinked spina l  cord).
Key points : Di ffi cul t intubation and system anomal ies .
Reference:
Is lek I  et a l . (1998). Carpenter syndrome: report of two s ibl ings . Cl inica l  Dysmorphology, 7, 185–9.
Library Holdings
Reprints/Rights
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Centra l  core myopathy
See Congenita l  myopathy.
Cerebrocostomandibular syndrome
Characteris tics : Micrognathia , cleft pa late, rib defects/microthorax, menta l  deficiency, early death from respiratory compl ications .
Key points : Di ffi cul t intubation, tracheal  anomal ies .
Reference:
Smith KG, Sekar KC (1985). Cerebrocostomandibular syndrome. Case report and l i terature review. Cl inica l  Pediatrics , 24, 223–5.
Library Holdings
Bibl iographic Links
Chagas ' disease (American trypanosomias is )
Characteris tics : Many assymptomatic cases , mala ise, anorexia , fever, uni latera l  oedema, hepatomegaly, cardiac fa i lure, chronic myocardi ti s ,
megacolon/megaoesophagus .
Key points : Gastric reflux ri sk and associated organ dys function.
Reference:
Sara iva  RA et a l . (1980). Cardiovascular response to anaesthes ia  in Chagas ' disease. Tropica l  Doctor, 10, 62–5.
Library Holdings
Bibl iographic Links
Charcot-Marie-Tooth disease (peroneal  muscular atrophy)
Characteris tics : Chronic periphera l  neuromuscular denervation with subsequent atrophy, spina l  and lower l imb deformities , hyperka laemia,
may affect respi ratory muscles  (restrictive pattern).
Key points : Evidence suggests  MH risk i s  low, suxamethonium should probably be avoided, pulmonary compl ications .
Reference:
Antognini  JF (1992). Anaesthes ia  for Charcot-Marie-Tooth disease: a  review of 86 cases . Canadian Journal  of Anaesthes ia , 39, 398–400.
Library Holdings
Bibl iographic Links
CHARGE association
Characteris tics : Coloboma, Heart anomaly, choanal  Atres ia , Retardation, Genita l , and Ear anomal ies .
Key points : Di ffi cul t intubation (micrognathia), look for congenita l  heart anomaly.
Reference:
Davenport SLH et a l . (1986). The spectrum of cl inica l  features  in CHARGE syndrome. Cl inica l  Genetics , 29, 298–310.
Library Holdings
Bibl iographic Links
Chediak-Higashi  syndrome (immunodeficiency, with some a lbinism)
Characteris tics : Autosomal  a lbinism, photophobia , nystagmus, weakness , tremor, thrombocytopenia .
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Key points : Susceptible to infection, bleeding potentia l .
Reference:
Ulsoy H et a l . (1995). Anesthes ia  in Che'diak-Higashi  syndrome—case report. Middle East Journal  of Anesthes iology, 13, 101–5.
Library Holdings
Bibl iographic Links
Cherubism
Characteris tics : Tumourous  mandibular and maxi l lary les ions , intraora l  masses .
Key points : Di ffi cul t intubation, profuse bleeding, can get acute respiratory dis tress , tracheostomy may be needed.
Reference:
Maydew RP, Berry FA (1985). Cherubism with di ffi cul t laryngoscopy and tracheal  intubation. Anesthes iology, 62, 810–12.
Library Holdings
Bibl iographic Links
Chronic granulomatous  disease
Characteris tics : Rare genetica l ly transmitted disorder, recurrent l i fethreatening infections  with cata lase-pos i tive micro-organisms, excess ive
inflammatory reactions  lead to granuloma formation, multiple organ system involvement including pulmonary granulomata.
Key points : Regurgi tation and aspiration ri sk (GI granulomata), long-term prophylactic antibiotics .
Reference:
Wal l  RT et a l . (1990). Anesthetic cons iderations  in patients  with chronic granulomatous  disease. Journal  of Cl inica l  Anesthes ia , 2, 306–11.
Ful l  Text
Library Holdings
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Cockayne's  syndrome
Characteris tics : Rare autosomal  recess ive condition, fa i lure of DNA repair, dysmorphic dwarf, menta l ly retarded infant/chi ld. (See Dwarf.)
Key points : Problems with a i rway management, increased ri sk of gastric aspi ration, hypertens ion, hepatic deficiencies , osteoporos is ,
deafness , bl indness , and other effects  of premature ageing (see Progeria) may be encountered.
Reference:
Wooldridge WJ et a l . (1996). Anaesthes ia  for Cockayne syndrome. Three case reports . Anaesthes ia , 51, 478–81.
Ovid Ful l  Text
Library Holdings
Bibl iographic Links
Congenita l  adrenal  hyperplas ia  (adrenogenita l  syndrome)
Characteris tics : Congenita l  disorders  leading to defects  in corti sol  biosynthes is , increased ACTH and disordered androgens ,
minera locorticoids .
Key points : May mimic pyloric s tenos is  in neonate, electrolyte abnormal i ties , adequate perioperative fluid and s teroid therapy.
Congenita l  ana lges ia
Characteris tics : Rare heredi tary disorder leading to sel f-muti lation, defective thermoregulation.
Key points : Careful  pos i tioning, vasomotor control  and poss ible sens i tivi ty to anaesthetic drugs .
Reference:
Layman PR (1986). Anaesthes ia  for congenita l  ana lges ia . A case report. Anaesthes ia , 41, 395–7.
Library Holdings
Bibl iographic Links
Congenita l  myopathy (centra l  core disease) (see a lso p. 203)
Characteris tics : Non-progress ive extremity weakness  (lower > upper), di ffi cul ty ri s ing from s i tting, increased lumbar lordos is , most test
pos i tive for MH in vi tro, ptos is .
Key points : Avoid MH trigger factors . Venti latory weakness , sens i tive to muscle relaxants .
Reference:
Shuaib A et a l . (1987). Centra l  core disease. Medicine, 66, 389.
Library Holdings
Reprints/Rights
Bibl iographic Links
P.234

Conradi -Hunermann syndrome (chondrodysplas ia  punctata)
Characteris tics : Epiphyseal  ca lci fi cations , short s tature, hypertelorism, saddle nose, short neck, tracheal  s tenos is  and scol ios is , renal  and
congenita l  heart disease.
Key points : Venti latory fa i lure due to a i rway and thoracic deformities , renal  impairment, skin protection (use patient's  creams/ padding),
attention to thermoregulation (lose heat quicker).
Reference:
Yorozu T et a l . (1989). Anaesthetic management of a  patient with Conradi 's  syndrome (chondrodysplas ia  punctata). A case report. Masui , 38,
1092–5.
Library Holdings
Bibl iographic Links
Core syndrome
See Congenita l  myopathy.
Cornel ia  de Lange syndrome
Characteris tics : Dupl ication/partia l  tri somy chromosome 3, psychomotor retardation, skeleta l  craniofacia l  deformities , VSD, GI anomal ies .
Key points : Cardiorespiratory function, poss ible di ffi cul t a i rway, gastric reflux ri sk, susceptible to infections , poss ible increased MH risk.
Reference:
Cors ini  LM et a l . (1998). Anaesthetic impl ications  of Cornel ia  de Lange syndrome. Paediatric Anaesthes ia , 8, 159–61.
Ful l  Text
Library Holdings
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Costel lo syndrome
Characteris tics : Menta l  and growth retardation, cardiac arrhythmias , cardiomyopathy, ta l ipes , scol ios is . (See Cutis  laxa .)
Key points : Gastric reflux, arrhythmias .
Reference:
Dearlove O, Harper N (1997). Costel lo syndrome [letter]. Paediatric Anaesthes ia , 7, 476–7.
Ful l  Text
Library Holdings
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CREST syndrome
Characteris tics : Form of scleroderma, widespread necrotizing angi i ti s  with granulomas , Ca lcinos is , Raynaud's  phenomenon, oesophageal
dys function, Sclerodactyly, Telangiectas is .
Key points : Multiple organ involvement, a i rway di ffi cul ties , gastric reflux ri sk, arrhythmias , nerve compress ion syndromes, contractures ,
pulmonary fibros is .
Cretinism
Characteris tics : Congenita l  hypothyroidism, neurologica l  and intel lectua l  damage, muscle weakness , cardiomyopathy.
Key points : Intubation problems (macrogloss ia), sens i tive to anaesthetic drugs , respi ratory compl ications , s teroid cover, glucose and
electrolyte abnormal i ties .
Creutzfeldt-Jacob disease (CJD) (see a lso p. 518)
Characteris tics : Progress ively fata l  encephalopathy of infective origin, seizures , variable neurologica l  s igns , multiple bra in cavi ties  (s tatus
spongios is ). (See a lso New variant Creutzfeldt-Jacob disease.)
Key points : Muscular incoordination, malnutri tion
Reference:
MacMurdo SD et a l . (1984). Precautions  in the anesthetic management of a  patient with Creutzfield-Jacob disease. Anesthes iology, 60, 590–2.
Library Holdings
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Cri -du-chat syndrome
Characteris tics : Inheri ted disease resul ting in menta l  retardation, abnormal  cry (due to abnormal  larynx), laryngomalacia , microcephaly,
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micrognathia , macrogloss ia , spastici ty, congenita l  heart disease (30%).
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Key points : Potentia l  a i rway problems, long curved epiglotti s , narrow diamond shaped epiglotti s , hypotonia  (poss ible a i rway obstruction by
soft ti s sues), temperature instabi l i ty.
Reference:
Bris l in RP et a l . (1995). Anaesthetic cons iderations  for the patient with cri  du chat syndrome. Paediatric Anaesthes ia , 5, 139–41.
Library Holdings
Bibl iographic Links
Crouzon's  disease
Characteris tics : Craniosynostos is , hydrocephalus , ra ised ICP, maxi l lary hypoplas ia , mandibular prognathism, prominent nose, coarctation can
occur.
Key points : Ai rway di ffi cul ties , postoperative respiratory obstruction. Assess  for other organ involvement and ICP. Correction procedures  can
bleed profusely.
Reference:
Payne JF, Cranston AJ (1995). Postoperative a i rway problems in a  chi ld with Crouzon's  syndrome. Paediatric Anaesthes ia , 5, 331–3.
Library Holdings
Bibl iographic Links
Cutis  laxa  (elastic degeneration)
Characteris tics : Defective elastin cross l inking probably related to copper deficiency, extreme laxi ty of facia l  and trunk skin, no retraction after
s tretching, fragi le skin and blood vessels .
Key points : Pendulous  pharyngeal/laryngeal  mucosa  may obstruct a i rway, respi ratory infections  and emphysema common, careful  pos i tioning.
Cystic hygroma
Characteris tics : Benign multi locular lymphatic tumour of neck/ora l  cavi ty/ tongue caus ing loca l  pressure symptoms, including a i rway
compromise.
Key points : Potentia l  a i rway problems. Partia l ly obstructed a i rway in awake patient may tota l ly obstruct on induction, ora l  intubation often
imposs ible (enlarged tongue), tracheostomy may be compl icated with submandibular involvement.
Reference:
Sharma S et a l . (1994). Cystic hygroma: anaesthetic cons iderations  and review. Singapore Medica l  Journal , 35, 529–31.
Library Holdings
Bibl iographic Links
Dandy-Walker syndrome
Characteris tics : Congenita l  obstruction to foraminae of Luschka/ Magendi . Progress ive head enlargement, hydocephalus , craniofacia l
abnormal i ties , cardiac, renal , skeleta l  mal formations , a l tered medul lary respiratory control .
Key points : Usual ly require CSF shunt, control  ICP, ri sk of respi ratory fa i lure, postoperatively cons ider ICU (recurrent apnoea).
Reference:
Ewart MC, Oh TE (1990). The Dandy-Walker syndrome. Relevance to anaesthes ia  and intens ive care. Anaesthes ia , 45, 646–8.
Library Holdings
Bibl iographic Links
Del leman syndrome (oculocerebrocutaneous  syndrome)
Characteris tics : Somatic mutation of autosomal  dominant gene only compatible with l i fe in mosaic form. Multiple bra in, skin, eye, bony
abnormal i ties .
Key points : Determine severi ty of abnormal i ties , seizures  can occur under genera l  anaesthetic (cons ider i f there are unexpla ined autonomic
changes), aspi ration pneumoniti s , hydrocephalus , vertebra l  anomal ies , poss ible di ffi cul t intubation, postoperative apnoea monitoring.
Reference:
Sadhas ivam S, Subramaniam R (1998). Del leman syndrome: anesthetic impl ications . Anesthes ia  and Analges ia , 87, 553–5.
Ovid Ful l  Text
Library Holdings
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Dermatomyos i ti s  (polymyos i ti s )
Characteris tics : Inflammatory myopathy, skeleta l  muscle weakness  may
P.236

resul t in dysphagia/aspiration/recurrent pneumonia , myocardi ti s  and occul t cancer occur.
Key points : Restricted mouth opening, enhanced/delayed effect of muscle relaxant, pulmonary compl ications  (aspi ration pneumonia  and lung
fibros is ), cardiomyopathy (arrhythmias  and cardiac fa i lure), anaemia, s teroid supplementation.
Reference:
Ganta  R et a l . (1988). Anaesthes ia  and acute dermatomyos i ti s / polymyos i ti s . Bri ti sh Journal  of Anaesthes ia , 60, 854–8.
Library Holdings
Bibl iographic Links
DiGeorge syndrome (velocardiofacia l  syndrome ‘CATCH 22’ syndrome)
Characteris tics : Cardiac abnormal i ties , Abnormal  facies , Thymic hypoplas ia , Cleft pa late, Hypocalcaemia, 22affected chromosome.
Key points : Immune deficiency, recurrent chest infections , upper a i rway problems/stridor, gastro-oesophageal  reflux, hypo-tonia , obstructive
apnoea, hyperventi lation induced seizures  (low ca lcium).
Reference:
Flashburg MH et a l . (1983). Anesthes ia  for surgery in an infant with DiGeorge syndrome. Anesthes iology, 58, 479–81.
Library Holdings
Bibl iographic Links
Reference:
Pike AC, Super M (1997). Velocardiofacia l  syndrome. Postgraduate Medica l  Journal , 73, 771–5.
Library Holdings
Bibl iographic Links
Dubowitz' syndrome
Characteris tics : Retarded growth, microcephaly, craniofacia l  deformations  and dysmorphia  of the extremities . Psychomotor development varies
between normal  and retarded, thin ha i r, cryptorchism, hyperactivi ty.
Key points : Poss ible di ffi cul t intubation, thorough assessment s ince the condition may involve the cutaneous , ocular, denta l , digestive,
musculoskeleta l , urogenita l , cardiovascular, neurologica l , haematologica l , and immune systems.
Reference:
Gomirato G (1992). Dubowitz' syndrome with specia l  characteris tics . Panminerva  Medica , 34, 141–4.



Library Holdings
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Reference:
Tsukahara  M, Opitz JM (1996). Dubowitz syndrome: review of 141 cases  including 36 previous ly unreported patients . American Journal  of
Medica l  Genetics , 63, 277–89.
Ful l  Text
Library Holdings
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Dwarfi sm
Characteris tics : Mani festation of over 55 syndromes. Disproportionate short s tature (cf. ‘midgets ’-proportionate). Atlantoaxia l  ins tabi l i ty,
spina l  s tenos is  and/or compress ion, di ffi cul t a i rway management, thoracic dystrophy (venti latory problems and frequent pneumonias ),
scol ios is  and kyphoscol ios is , congenita l  cardiac disease.
Key points : Eva luate and protect the cervica l  spine, document any pre-exis ting neurologica l  defici t i f centra l  blockade cons idered, di ffi cul t
a i rway, venti latory di ffi cul ty and weaning.
Reference:
Walts  LF et a l . (1975). Anaesthes ia  for dwarfs  and other patients  of pathologica l  smal l  s tature. Canadian Anaesthes ia  Society Journal , 22, 703.
Dygue-Melchior-Clausen's  syndrome
Characteris tics : Autosomal  recess ive, menta l  retardation, smal l  s tature (short vertebra l  column) with thoracic kyphos is , protruding s ternum,
reduced articular mobi l i ty, microcephaly.
Key points : Di ffi cul t intubation.
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Reference:
Schlaepfer R (1981). Dyggve-Melchior-Clausen syndrome. Case report and review of the l i terature Helvetica  Paediatrica  Acta , 36, 543–59.
Dysautonomia  (Ri ley-Day syndrome)
Characteris tics : Inheri ted disease, abnormal ly active parasympathetic nervous  system with sporadic sympathetic s torms, highly emotional ,
bouts  of sweating, unexpla ined fluctuations  in BP.
Key points : Autonomic instabi l i ty, sa l ivation, poor thermoregulation, regurgi tation. Sens i tivi ty to respiratory depressants  with reduced
hypercapnic drive (need IPPV). Reduced pa in sens i tivi ty. Volati le agents  can cause hypotens ion and bradycardia .
Reference:
Axelrod FB et a l . (1988). Anesthes ia  in fami l ia l  dysautonomia. Anaesthes iology, 68, 631–5.
Library Holdings
Bibl iographic Links
Reference:
Chal lands  JF, Facer EK (1998). Epidura l  anaesthes ia  and fami l ia l  dysautonomia  (the Ri ley-Day syndrome). Three case reports . Paediatric
Anaesthes ia , 8, 83–8.
Ful l  Text
Library Holdings
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Eaton-Lambert syndrome
See Myasthenic syndrome.
Ebstein's  abnormal i ty (tricuspid va lve disease)
Characteris tics : Congenita l  heart defect, downward displacement of deformed tricuspid va lve, atria l i zation of RV, may be no obvious  cl inica l
s igns .
Key points : Risk of SVT during induction.
Reference:
Takahashi  K et a l . (1992). Anesthes ia  for cesarean section in a  patient with Ebstein's  anomaly. Masui , 41, 1163–7.
Library Holdings
Bibl iographic Links
Edward's  syndrome (tri somy 18)
Characteris tics : Craniofacia l  anomal ies , congenita l  heart disease, menta l/ phys ica l  delays , only less  severe cases  survive.
Reference:
Bai ley C, Chung R (1992). Use of the laryngeal  mask a i rway in a  patient with Edward's  syndrome [letter]. Anaesthes ia , 47, 713.
Library Holdings
Bibl iographic Links
Reference:
Mi l ler C, Mayhew JF (1998). Edward's  syndrome (tri somy 18) [letter]. Paediatric Anaesthes ia , 8, 441–2.
Ful l  Text
Library Holdings
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Ehlers -Danlos  syndrome
Characteris tics : Group of conditions  ari s ing from defective cross -l inking of col lagen. Variable features  depending upon the ti ssue dis tribution
of di fferent col lagens , extens ible fragi le skin, joint laxi ty and hypermobi l i ty, recurrent dis locations , prolonged or spontaneous  bleeding,
rupture of cerebra l  and other vessels , bowel  perforation, ocular abnormal i ties , kyphoscol ios is , spontaneous  pneumothorax.
Key points : Careful  pos i tioning and padding, beware of undiagnosed pneumothorax, intubation may cause severe tracheal  bruis ing.
Reference:
Dolan P et a l . (1980). Anesthetic cons iderations  for Ehlers -Danlos  syndrome. Anesthes iology, 52, 266–9.
Library Holdings
Bibl iographic Links
Reference:
Vicente Gui l len R et a l . (1986). Anesthes ia  in Ehlers -Danlos  syndrome. Rev. Esp. Anestes iol . Reanim., 33, 446–7.
Eisenmenger's  syndrome (pulmonary hypertens ion, VSD, right ventricular fa i lure)
Characteris tics : Cyanotic congenita l  heart disease, usual ly uncorrectable, pulmonary hypertens ion/VSD/RV fa i lure, medica l  therapy may
prolong l i fe
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(thi rties ), high morta l i l ty in pregnant patients  due to reductions  in SVR and increased shunt (termination has  been advocated).
Key points : Prevent increases  in R to L shunt (caused by e.g. increased PVR/reduced SVR such as  from volati les , his tamine release, etc.), avoid
dehydration, cons ider pancuronium (sympathetic s timulation beneficia l ), a i r from infus ions/syringes  can cross  VSD, ri sk of asystole under GA,



s low equi l ibration of inhaled gases .
Reference:
Foster JM, Jones  RM (1984). The anaesthetic management of the Eisenmenger syndrome. Annals  of the Royal  Col lege of Surgeons  of England,
66, 353–5.
Library Holdings
Bibl iographic Links
El l i s -Van Creveld disease (chondroectodermal  dysplas ia)
Characteris tics : Dwarfi sm, pulmonary/cardiac (ASD/VSD/s ingle atrium) abnormal i ties , polydactyly. (See Dwarfi sm.)
Key points : Underlying anomal ies , respi ratory fa i lure.
Reference:
Wu CL, Li tman RS (1994). Anaesthetic management for a  chi ld with the El l i s -van Creveld syndrome. A case report. Paediatric Anaesthes ia , 4,
335–7.
Library Holdings
Bibl iographic Links
Epidermolys is  bul losa
Characteris tics : Rare autosomal  recess ive disease. Extreme bul lae formation of skin and mucosa, typica l  dystrophic na i l s  and flexion
contractures  of the joints  lead to deformities . Carious  teeth and smal l  mouth caused by scarred contractures  of the l ips  are characteris tic.
Key points : Avoid trauma to skin and mucous  membranes  (e.g. care with pos i tioning, electrodes , tape, padding below BP cuff, longest
acceptable inflation interva l ), keep upper a i rway manipulations  to a  minimum, cons ider postoperative ICU.
Reference:
Hagen R, Langenberg C (1988). Anaesthetic management in patients  with epidermolys is  bul losa  dystrophica . Anaesthes ia , 43, 482–5.
Library Holdings
Bibl iographic Links
Reference:
Yasui  Y et a l . (1995). Anesthes ia  in a  patient with epidermolys is  bul losa . Masui , 44, 260–2.
Library Holdings
Bibl iographic Links
Erythema multi forme
Characteris tics : Acute sel f-l imiting condition of skin and mucous  membranes , concentric rings  of erythematous  papules/bul lae (epidermal
necros is ); severe cases  (Stevens-Johnson syndrome) can be fata l .
Key points : Beware postintubation laryngeal  oedema, cons ider whether the cause i s  drug related.
Fabry's  syndrome
Characteris tics : Alpha-ga lactos idase deficiency leading to depos i tion of glycosphingol ipid in many organs , i schaemic heart disease,
neurologica l  disorder, renal  fa i lure, hypohidros is .
Key points : Assess  CVS, CNS, and renal  condition. Document exis ting neurologica l  defici t prior to regional  techniques . Monitor and control  core
temperature.
Reference:
Watanabe H (1995). The anesthetic management of a  patient with Fabry's  disease. Masui , 44, 1258–60.
Library Holdings
Bibl iographic Links
Factor V Leiden mutation
Characteris tics : Res is tance to anticoagulant effect of protein C.
Key points : High ri sk of PE, careful  control  of anticoagulation.
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Fami l ia l  dysautonomia
See Dysautonomia.
Fami l ia l  periodic para lys is
Characteris tics : Muscular weakness  related to K+ changes  (absolute K+ va lue i s  not important).
Key points : See Hypokalaemic fami l ia l  periodic para lys is .
Reference:
Ahlawat SK, Sachdev A (1999). Hypokalaemic para lys is . Postgraduate Medica l  Journal , 75, 193–7.
Library Holdings
Bibl iographic Links
Fanconi 's  anaemia
Characteris tics : Congenita l  aplastic anaemia, defective DNA regeneration.
Key points : Sens i tive to X-rays , l imit exposure.
Fanconi  syndrome (renal  tubular acidos is )
Characteris tics : Genera l i zed defect in proximal  tubular function resul ting in phosphate wasting, glycosuria , aminoaciduria , bicarbonate
wasting, excess  potass ium loss , polydips ia , polyuria , muscle weakness  and acidos is , dwarfing, and osteomalacia . Usual ly secondary to other
disease.
Key points : Correct and mainta in careful  fluid/electrolyte ba lance.
Reference:
Joel  M, Rosa les  JK (1981). Fanconi  syndrome and anesthes ia . Anesthes iology, 55, 455–6.
Library Holdings
Bibl iographic Links
Farber's  disease (l ipogranulomatos is )
Characteris tics : Ceramidase deficiency, hoarse cry, pa inful  swol len joints , periarticular nodules , pulmonary infi l trates , menta l  handicap,
thickened heart va lves , cardiomyopathy, renal/hepatic fa i lure, usual ly die by 2 years  (a i rway problems).
Key points : Di ffi cul t intubation, laryngeal  granulomata  may compl icate intubation, postextubation laryngeal  oedema/bleeding, ri sk of
postoperative renal/hepatic fa i lure. Anatomica l  neck deformity may compl icate urgent tracheostomy.
Reference:
Asada A et a l . (1994). The anesthetic impl ications  of a  patient with Farber's  l ipogranulomatos is . Anesthes iology, 80, 206–9.
Library Holdings
Bibl iographic Links
Fel ty's  syndrome
Characteris tics : Hypersplenism in rheumatoid arthri ti s .
Key points : Pancytopenia , haemolys is  due to red cel l  sequestration, increased plasma volume.
Fibrodysplas ia  oss i fi cans  (myos i ti s  oss i fi cans)



Characteris tics : Progress ive bony infi l tration of tendons/muscles/ fascia/ aponeuroses  leading to joint ankylos is  throughout the body.
Permanent ankylos is  of the jaw may be precipi tated by minimal  soft ti s sue trauma.
Key points : Di ffi cul ties  with intubation, poss ibi l i ty of atlantoaxia l  subluxation, restrictive pulmonary disease, cardiac conduction
abnormal i ties .
Reference:
Newton MC et a l . (1990). Fibrodysplas ia  oss i fi cans  progress iva . Bri ti sh Journal  of Anaesthes ia , 64, 246–50.
Library Holdings
Bibl iographic Links
Reference:
Nussbaum BL et a l . (1996). Fibrodysplas ia  oss i fi cans  progress iva: report of a  case with guidel ines  for pediatric denta l  and anesthetic
management. ASDC J. Dent. Chi ld., 63, 448–50.
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Fibromatos is  (including juveni le and hya l ine forms)
Characteris tics : Large cutaneous  nodules  (especia l ly head/neck/l ips ), joint contractures , gingiva l  hypertrophy, osteolytic les ions .
Key points : Potentia l  a i rway problems.
Reference:
Norman B et a l . (1996). Anaesthes ia  and juveni le hya l ine fibromatos is . Bri ti sh Journal  of Anaesthes ia , 76, 163–6.
Library Holdings
Bibl iographic Links
Fraser syndrome (cryptophthalmos-‘hidden eye’)
Characteris tics : Cryptophthalmos , laryngeal  atres ia/hypoplas ia , fi xed posterior arytenoids , geni tourinary abnormal i ties , cleft l ip and pa late,
poss ible association with congenita l  heart disease/neurologica l  abnormal i ties .
Key points : Ai rway problems, underlying cardiac/renal  disease.
Reference:
Jagtap SR et a l . (1995). Anaesthetic cons iderations  in a  patient with Fraser syndrome Anaesthes ia , 50, 39–41.
Freeman-Sheldon (craniocarpotara l  dysplas ia  or ‘whis tl ing face’) syndrome
Characteris tics : Progress ive congenita l  myopathy, multiple deformities  of face, hands , and feet, microstomia  with pursed l ips .
Key points : Di ffi cul t intubation (micrognathia/neck rigidi ty/anterior larynx), postoperative respiratory compl ications , di ffi cul t venous  access ,
poss ible MH risk.
Reference:
Munro HM et a l . (1997). Freeman-Sheldon (whis tl ing face) syndrome. Anaesthetic and a i rway management. Paediatric Anaesthes ia , 7, 345–8.
Ful l  Text
Library Holdings
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Reference:
Vas  L, Naregal  P (1998). Anaesthetic management of a  patient with Freeman Sheldon syndrome. Paediatric Anaesthes ia , 8, 175–7.
Ful l  Text
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Friedreich's  ataxia
Characteris tics : Autosomal  recess ive progress ive ataxia  with additional  myopathy. Myocardia l  degeneration with fa i lure and arrhythmias ,
respiratory fa i lure, diabetes , periphera l  neuropathy.
Key points : Previous ly quoted to be sens i tive to suxamethonium a l though recent evidence does  not support this .
Reference:
Bel l  CF et a l . (1986). Anaesthes ia  for Friedreich's  ataxia . Case report and review of the l i terature. Anaesthes ia , 41, 296–301.
Library Holdings
Bibl iographic Links
Gaisbock's  syndrome
Characteris tics : Relative polycythaemia  due to decreased plasma volume, middle-aged obese smoking hypertens ive men.
Key points : Risk of arteria l  thrombotic episodes , myocardia l/cerebra l  i schaemia, cons ider venesection to normal  haematocri t.
Gardner's  sydrome (multiple polypos is )
Characteris tics : Multiple colonic polyps  (ri sk of mal ignant change), soft ti s sue tumours , osseous  neoplasms.
Key points : Laryngeal  polyps  may be present.
Gaucher's  disease
Characteris tics : Autosomal  recess ive disorder of l ipid catabol i sm, glycosphingol ipids  accumulate, leading to end-organ dys function, three
variants
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di ffer in onset and CNS involvement.
Key points : CNS dys function, seizures , gastro-oesophageal  reflux, chronic aspi ration, poss ible upper a i rway obstruction (bulbar
involvement/infi l tration of the upper a i rway), hypersplenism, thrombocytopenia  and anaemia.
Reference:
Ki ta  T et a l . (1998). Anesthetic management involving di ffi cul t intubation in a  chi ld with Gaucher disease. Masui , 47, 69–73.
Library Holdings
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Reference:
Tobias  JD et a l . (1993). Anesthetic cons iderations  in the chi ld with Gaucher disease. Journal  of Cl inica l  Anesthes ia , 5, 150–3.
Ful l  Text
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Gi lbert's  disease
Characteris tics : Asymptomatic fami l ia l  unconjugated non-haemolytic hyperbi l i rubinaemia.
Key points : Perioperative jaundice may be precipi tated by s tress/ surgery/ s tarvation.
Reference:
Taylor S (1984). Gi lbert's  syndrome as  a  cause of postoperative jaundice. Anaesthes ia , 39, 1222–4.
Library Holdings
Bibl iographic Links
Glanzmann's  disease (thrombasthenia)



Characteris tics : Lack of membrane protein GPIIb and GPIIIa , normal  number and s ized platelets , defective aggregation, no clot retraction.
Key points : Moderately severe bleeding diathes is , platelet transfus ions  sometimes  ineffective.
Glomus  jugulare tumours
Characteris tics : Highly vascular benign tumour of glomus  body. Invades  loca l ly, may affect crania l  nerves , caus ing progress ive deafness  and
tinni tus .
Key points : Sudden severe haemorrhage during excis ion (?hypotens ive technique), may need to sacri fi ce loca l  s tructures  (carotid etc.).
Cons ider cerebra l  protection measures .
Reference:
Braude BM et a l . (1986). Management of a  glomus  jugulare tumour with internal  carotid artery involvement Anaesthes ia , 41, 861–5.
Reference:
Mather SP, Webster NR (1986). Tumours  of the glomus  jugulare. Case report and anaesthetic management for the combined two-stage
operation. Anaesthes ia , 41, 856–60.
Library Holdings
Bibl iographic Links
Glucagonoma
Characteris tics : Rare tumour of a lpha cel l s  of pancreatic i s lets . Marked increases  of blood glucagon and glucose levels , potentia l  for
s igni ficant metabol ic and myocardia l  dys function.
Key points : Control  of blood glucose-large amounts  of glucagon can be released during tumour handl ing, careful  eva luation of nutri tion, fluid
and electrolytes . Thromboembol ic prophylaxis .
Reference:
Nicol l  JMV, Catl ing SJ (1985). Anaesthetic management of glucagonoma. Anaesthes ia , 40, 152–7.
Library Holdings
Bibl iographic Links
Reference:
Sanders  WC, Wolpert LA (1991). Anesthes ia  for glucagonoma resection. Journal  of Cl inica l  Anesthes ia , 3, 48–52.
Ful l  Text
Library Holdings
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Glucose-6-phosphate-dehydrogenase deficiency (see a lso p. 50)
Characteris tics : Predominantly males , attacks  of haemolytic anaemia  precipi tated by infections  and some drugs  (including aspi rin, vi tamin K,
chloramphenicol ).
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Key points : Chronic anaemia  (increased 2,3-DPG) of 5–10 g/dl , may benefi t from splenectomy.
Glycogenoses  (glycogen s torage diseases)
Type I  (Von Gierke's  disease)
Characteris tics : Menta l  retardation, hepatosplenomegaly, renal  enlargement, s tomati ti s , hypoglycaemic convuls ions , bleeding diathes is ,
lactic acidos is  and leucopenia .
Key points : Tendency to hypoglycaemia  during fasting, cautious  attention to the metabol ic and homeostatic derangements , abdominal
dis tens ion may affect venti lation.
Reference:
Shenkman Z et a l . (1996). Anaesthetic management of a  patient with glycogen s torage disease type 1b. Canadian Journal  of Anaesthes ia , 43,
467–70.
Library Holdings
Bibl iographic Links
Type II  (Pompe's  disease)
Characteris tics : Wide spectrum of severi ty from neonata l  acyanotic cardiac death to normal  l i fe expectancy. Features  include cardiomegaly,
progress ive cardiac fa i lure, outflow obstruction, genera l i zed hypotonia , neurologica l  defici ts , macrogloss ia , normal  glucose tolerance.
Key points : Macrogloss ia , cardiomyopathy, postoperative respiratory insufficiency, potentia l  exaggerated hyperka laemic response to
suxamethonium.
Reference:
McFarlane HJ, Soni  N (1986). Pompe's  disease and anaesthes ia . Anaesthes ia , 41, 1219–24.
Library Holdings
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Type II I  (Forbes ' disease)
Key points : Perioperative hypoglycaemia.
Type IV (Andersen's  disease)
Characteris tics : Hepatosplenomegaly, muscular hypotonia , severe growth retardation, ci rrhos is  and death before 3 years .
Key points : Hepatic dys function, muscle relaxants  genera l ly unnecessary, reduced doses  of intravenous  drugs , prone to heat loss  and
perioperative hypoglycaemia.
Type V (McArdle's  disease)
Key points : Muscle weakness , cardiac fa i lure.
Goldenhar syndrome (oculoauriculovertebra l  syndrome, hemifacia l  microsomia)
Characteris tics : Eye and ear abnormal i ties , micrognathia , maxi l lary hypoplas ia , cleft/high arched pa late, cervica l  synostos is , congenita l  heart
anomal ies  (Fa l lot/VSD).
Key points : Di ffi cul t intubation, cardiorespiratory and craniovertebra l  anomal ies , atropine-res is tant bradycardia .
Reference:
Madan R et a l . (1990). Goldenhar's  syndrome: an analys is  of anaesthetic management. A retrospective s tudy of seventeen cases . Anaesthes ia ,
45, 49–52.
Library Holdings
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Golz-Gorl in syndrome (foca l  dermal  hypoplas ia)
Characteris tics : Denta l/facia l  asymmetry, s ti ff neck, hypertens ion.
Key points : Di ffi cul t a i rway.
Reference:
Ezri  T et a l . (1994). Anaesthes ia  for Golz-Gorl in syndrome [letter]. Anaesthes ia , 49, 833.
Library Holdings
Bibl iographic Links
Reference:
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Holzman RS (1991). Ai rway involvement and anesthetic management in Goltz's  syndrome. Journal  of Cl inica l  Anesthes ia , 3, 422–5, discuss ion
426.
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Goodpasture's  syndrome
Characteris tics : Severe repeated intrapulmonary haemorrhages  with fibros is , hypertens ion, anaemia, renal  fa i lure.
Key points : Restrictive lung defect, renal  fa i lure.
Gorham syndrome (‘disappearing bone disease’)
Characteris tics : Mass ive osteolys is -replacement of bone by fibrovascular ti s sue, pathologica l  fractures , lymphangiomatos is , respi ratory and
neurologica l  defici ts , relaps ing pleura l  effus ions , chylothorax/pericardium. Poor prognos is . Most common in second/thi rd decade but can
occur at any age.
Key points : Respiratory function assessment, check cervica l  spine (often involved), avoid suxamethonium (may cause/worsen pathologica l
fractures ). Cons ider ICU respiratory support postoperatively.
Reference:
Szabo C, Habre W (2000). Gorham syndrome: anaesthetic management. Anaesthes ia , 55, 157–9.
Ovid Ful l  Text
Ful l  Text
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Groenblad-Strandberg disease
See Pseudoxanthoma elasticum.
Haemochromatos is  (bronze diabetes  and haemos ideros is )
Characteris tics : Iron depos i ts  in l iver, pancreas , joints , skin, and heart.
Key points : Ci rrhos is , diabetes , arthri ti s , late cardiac fa i lure, may be having weekly venesections .
Haemolytic uraemic syndrome
Characteris tics : Typica l  triad of renal  fa i lure, haemolytic anaemia  and thrombocytopenia . Multi system disorder may a lso involve CVS,
respiratory, CNS, and hepatic systems.
Reference:
Johnson GD, Rosa les  JK (1987). The haemolytic uraemic syndrome and anaesthes ia . Canadian Journal  of Anaesthes ia , 34, 196–9.
Library Holdings
Bibl iographic Links
Haemorrhagic telangiectas ia  (Os ler-Weber-Rendu syndrome)
Characteris tics : Fami l ia l  telangiectas ia  of mucous  membranes  (nose/ oropharynx/viscera/skin), repeated haemorrhages , may have pulmonary
AV fi s tulae, GI bleeding.
Key points : Avoid trauma to mucous  membranes , bleeding di ffi cul t to control , IV access  and l ine compl icated (poor ti s sues).
Reference:
Waring PH et a l . (1990). Anesthetic management of a  parturient with Os ler-Weber-Rendu syndrome and rheumatic heart disease. Anesthes ia
and Analges ia , 71, 96–9.
Library Holdings
Bibl iographic Links
Hal lermann-Strei ff syndrome
Characteris tics : Oculomandibulodyscephaly and dwarfi sm. (See Dwarfi sm.)
Key points : Di rect laryngoscopy may be di ffi cul t and hazardous  (bri ttle teeth, temperomandibular joint dis location).
Hal lervorden-Spatz disease
Characteris tics : Rare progress ive disorder of basa l  gangl ia , myotonia  and dystonic posturing, scol ios is , dementia , tri smus .
Key points : Di ffi cul t intubation, volati le agents  rel ieve the posturing (returns  after discontinuation).
Reference:
Roy C et a l . (1983). Anesthetic management of a  patient with Hal lervorden-Spatz disease. Anesthes iology, 58, 382–4.
Library Holdings
Bibl iographic Links
Reference:
Keegan MT et a l . (2000). Anesthetic management for two-stage computer-ass is ted, s tereotactic tha lamotomy in a  chi ld with Hal lervorden-Spatz
disease. Journal  of Neurosurgica l  Anesthes iology, 12, 107–11.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Reprints/Rights
Bibl iographic Links
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Hand-Schul ler-Chris tian disease (his tiocytic granulomata)
Characteris tics : Diabetes  ins ipidus , hepatic fa i lure, pancytopenia , respi ratory fa i lure.
Key points : Intubation di ffi cul ties , smal l  larynx, electrolyte problems, may be on s teroids .
Hartnup's  disease
Characteris tics : Defective tubular/jejunal  reabsorption of most neutra l  amino acids  leading to tryptophan malabsorption and nicotinamide
deficiency, pel lagra , psychiatric disorders .
Key points : Cerebel lar ataxia
Hay-Wel ls  syndrome
Characteris tics : Maxi l lary hypoplas ia .
Key points : Di ffi cul t intubation.
Hecht-Beals  syndrome (tri smus  pseudocamptodactyly or Dutch-Kennedy syndrome)
Characteris tics : Aracnodactyly, kyphoscol ios is , restricted mandible, multiple joint contractures , crumpled ears .
Key points : Ai rway di ffi cul ties  (LMA beneficia l ), venti latory defect, mitra l  va lve prolapse, aortic root di latation.
Reference:
Nagata  O et a l . (1999). Anaesthetic management of two paediatric patients  with Hecht-Beals  syndrome. Paediatric Anaesthes ia , 9, 444–7.
Ful l  Text
Library Holdings
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Vaghadia  H, Blackstocki  D (1988). Anaesthetic impl ications  in tri smus  psuedocamtodactyly (Dutch-Kennedy or Hecht-Beals ) syndrome.
Canadian Journal  of Anaesthes ia , 35, 80–5.
Library Holdings
Bibl iographic Links
Henoch-Schonlein purpura
Characteris tics : Abnormal  vascular reaction, normal  platelets , nephri ti s  (30%).
Key points : Haemorrhagic ri sk, renal  fa i lure.
Hepatolenticular degeneration (Kinnier-Wi lson disease)
Characteris tics : Defective copper metabol i sm, hepatic fa i lure, epi lepsy, tri smus , weakness .
Key points : Sens i tive to muscle relaxants .
Holt-Oram syndrome (hand-heart syndrome)
Characteris tics : Rare disorder combining congenita l  anomal ies  of heart and upper l imbs . Hypoplastic thumbs, hypoplastic clavicles , cardiac
anomal ies  (ASD/VSD/occas ional ly others ), hypoplastic vasculature, arrhythmias  and sudden death.
Key points : Potentia l ly di ffi cul t venous  access  (especia l ly centra l ), arrhythmias  frequent even with normal  anatomy, often previous  cardiac
surgery.
Reference:
Shono S et a l . (1998). Hol t-Oram syndrome. Bri ti sh Journal  of Anaesthes ia , 80, 856–7.
Library Holdings
Bibl iographic Links
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Homocystinuria
Characteris tics : Homocystine excreted in urine, menta l  handicap, Marfanl ike syndrome. (See Marfan's  syndrome.)
Key points : Venous/arteria l  thrombotic episodes , pulmonary embol isms  (requiring heparinisation), hypoglycaemia, renal  fa i lure.
Reference:
van den Berg M, Boers  GHJ (1996). Homocystinuria : what about mi ld hyperhomocystinaemia? Postgraduate Medica l  Journal , 72, 513–18.
Hunter syndrome (mucopolysaccharidos is  I I)
Characteris tics : Widespread accumulation of mucopolysaccharides  in ti s sues .
Key points : Ai rway problems, may need smal ler ETT.
Reference: See Further reading.
Huntington's  chorea/juveni le Huntington's  disease
Characteris tics : Simi lar conditions , progress ive degenerative involuntary movement disorder, choreoathetoid movements , dysphagia ,
depress ion and apathy lead to cachexia .
Key points : Risk of regurgi tation and pulmonary aspi ration, poss ible associated autonomic neuropathy, poor respiratory function, avoidance of
precipi tating convuls ions  and clonic spasms, malnourishment, exaggerated response to thiopentone and suxamethonium.
Reference:
Cangemi  CF, Mi l ler RJ (1998). Huntington's  disease: review and anesthetic case management. Anesthes ia  Progress , 45, 150–3.
Library Holdings
Bibl iographic Links
Reference:
Gupta  K, Leng CP (2000). Anaesthes ia  and juveni le Huntington's  disease. Paediatric Anaesthes ia , 10, 107–9.
Ful l  Text
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Hurler syndrome (gargoyl i sm, mucopolysaccharidos is  I)
Characteris tics : Most severe of the mucopolysaccaridoses , death at early age. Al l  have s imi lar appearance (gargoyl i sm), short s tature, typica l
facies , short neck, chest deformity and protruberant abdomen, increased muscle tone. Cardiac involvement (aortic and mitra l  incompetence).
Key points : Di ffi cul t intubation due to macrogloss ia  and increased secretions . Prone to chest infections , genera l ly die from pneumonia  or
cardiac compl ications .
Reference: See Further reading.
Hutchinson-Gui l ford syndrome (premature ageing syndrome)
See Progeria .
Hyperviscos i ty syndrome (Waldenstom's  macroglobul inaemia, multiple myeloma)
Key points : Thrombotic ri sk, preop plasmapheres is  may be needed.
Hypokalaemic fami l ia l  periodic para lys is
Characteris tics : Attacks  of severe muscle weakness  and flaccid muscle para lys is  with low serum K+.
Key points : Perioperative attack may compromise spontaneous  venti lation, avoid drugs  known to cause K+ shi fts  (e.g. beta-agonis ts ), ri sk of
arrhythmias , sens i tive to muscle relaxants .
Reference:
Ahlawat SK, Sachdev A (1999). Hypokalaemic para lys is . Postgraduate Medica l  Journal , 75, 193–7.
Library Holdings
Bibl iographic Links
Reference:
Viscomi  CM et a l . (1999). Anesthetic management of fami l ia l  hypokalemic periodic para lys is  during parturi tion. Anesthes ia  and Analges ia , 88,
1081–2.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
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Hypoplastic left heart syndrome
Characteris tics : LV hypoplas ia , mitra l  va lve hypoplas ia , aortic va lve atres ia , hypoplas ia  of ascending aorta . Previous ly 100% morta l i ty.
Key points : Surviva l  depends  upon PDA, ba lance of PVR and SVR (both ci rculations  in para l lel  suppl ied by s ingle ventricle), control  of
pulmonary blood flow, VF may occur with surgica l  manipulation.
Reference:
Hansen DD, Hickey PR (1986). Anesthes ia  for hypoplastic left heart syndrome: use of high-dose fentanyl  in 30 neonates . Anesthes ia  and
Analges ia , 65, 127–32.
Library Holdings



Bibl iographic Links
Ichthyos is
Characteris tics : Hyperkeratotic plates  of flaky/fi ssured skin.
Key points : Di ffi cul ty placing and securing catheters/cannulas/ electrodes  (cons ider bandaging).
Reference:
Smart G, Bradshaw EG (1984). Extradura l  ana lges ia  and ichthyos is . Anaesthes ia , 39, 161–2.
Library Holdings
Bibl iographic Links
Idiopathic thrombocytopenic purpura
Characteris tics : Thrombocytopenia  <50 000 cel l s /mm3, petechiae.
Key points : Avoid heparin or aspi rin. May be on s teroids , cons ider platelet infus ions , beware rebound thrombos is  a fter splenectomy, minimize
a i rway trauma, avoid regional  blocks .
Isaacs ' syndrome (continuous  muscle fibre activi ty syndrome, neuromyotonia , quanta l  squander)
Characteris tics : Autoimmune condition, continuous  involuntary muscle fibre activi ty, delayed relaxation, fasciculation, ataxia , incoordination.
Key points : Anticonvulsants  effective, regional  blocks  acceptable, probable exaggerated response to muscle relaxants .
Reference:
Morgan PJ (1997). Peripartum management of a  patient with Isaacs ' syndrome. Canadian Journal  of Anaesthes ia , 44, 1174–7.
Library Holdings
Bibl iographic Links
Ivemark syndrome
Characteris tics : Asplenia , complex cardiac pathology, abnormal  abdominal  vi scera .
Key points : CVS assessment.
Jervel l -Lange-Nielsen syndrome
Characteris tics : Congenita l ly prolonged QT interva l  and enlarged T wave, deafness , prone to ventricular arrhythmias/cardiac arrest.
Key points : Select drugs  and techniques  known to minimize catecholamine levels , cons ider pacemaker insertion/beta-block (for CVS s tabi l i ty).
Reference:
Ryan H (1988). Anaesthes ia  for caesarean section in a  patient with Jervel l -Lange-Nielsen syndrome. Canadian Journal  of Anaesthes ia , 35, 422–
4.
Library Holdings
Bibl iographic Links
Jeune's  syndrome (asphyxiating thoracic dystrophy)
Characteris tics : Pulmonary hypoplas ia , severe thoracic defect preventing normal  intercosta l  function, renal  dys function, myocardia l  dys function
in older patients .
Key points : CVS, respi ratory and renal  dys function. Minimize venti lator pressures .
Reference:
Borland LM (1987). Anesthes ia  for chi ldren with Jeune's  syndrome (asphyxiating thoracic dystrophy). Anesthes iology, 66, 86.
Library Holdings
Bibl iographic Links
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Joubert syndrome
Characteris tics : Abnormal i ty of respi ratory control  (bra instem/ cerebel lar hypoplas ia), hypotonia , ataxia , menta l  retardation.
Key points : Sens i tive to respiratory depressant effects  of anaesthetic agents  (including. N2O), spontaneous ly breathing genera l  anaesthetic
problematic, avoid opioids , close postoperative observation.
Reference:
Habre W et a l . (1997). Anaesthetic management of chi ldren with Joubert syndrome. Paediatric Anaesthes ia , 7, 251–3.
Ful l  Text
Library Holdings
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Reference:
Matthews  NC (1989). Anaesthes ia  in an infant with Joubert's  syndrome. Anaesthes ia , 44, 920–1.
Library Holdings
Bibl iographic Links
Kartagener's  syndrome
Characteris tics : Si tus  inversus , s inus i ti s , brochiectas is  (defective ci l ia ), immunoincompetence.
Key points : Dextrocardia  (reverse ECG lead pos i tion/defibri l lator paddles  etc.). CVS and RS function. Preoperative phys iotherapy, humidi fy
gases , right latera l  displacement (obstetrics ).
Reference:
Ho AM, Friedland MJ (1992). Kartagener's  syndrome: anesthetic cons iderations . Anesthes iology, 77, 386–8.
Library Holdings
Bibl iographic Links
Kawasaki  disease (mucocutaneous  lymph node syndrome)
Characteris tics : Acute chi ldhood (<5 years ) febri le i l lness , coronary arteri ti s  associated with aneurysms/thrombotic occlus ions/IHD/ sudden
death.
Key points : Depend upon s tage of i l lness , degree of CVS dys function determines  technique, invas ive l ines  have a  higher incidence of
compl ications , accelerated atheroscleros is .
Reference:
Waldron RJ et a l . (1993). Kawasaki  disease and anaesthes ia . Anaesthes ia  and Intens ive Care, 21, 213–17.
Library Holdings
Bibl iographic Links
Kearns-Sayer syndrome
Characteris tics : Extremely rare mitochondria l  myopathy, ophthalmic compl ications , cardiac conduction abnormal i ties  common (range from
bundle branch block to thi rd degree AV block), genera l i zed CNS degeneration. (See Progress ive external  ophthalmoplegia .)
Key points : Sens i tive to induction agents  and muscle relaxants . Inhalation induction + deep intubation has  been recommended. Risk of
complete heart block. Depressed respiratory drive (care with opioids  etc.).
Reference:
Lauwers  MH et a l . (1994). Inhalation anaesthes ia  and the Kearns-Sayre syndrome. Anaesthes ia , 49, 876–8.
Library Holdings
Bibl iographic Links



Kel ly-Paterson syndrome
See Plummer-Vinson syndrome.
Kenny-Caffey syndrome
Characteris tics : Proportional  dwarfi sm, macrocephaly, eye anomal ies , dysmorphic facies , mandibular hypoplas ia , episodic hypocalcaemic
tetany, may be associated with Mournier-Kuhn syndrome.
Key points : Di ffi cul t a i rway (i f mandibular hypoplas ia), hypocalcaemia, anaemia, thoracic and skeleta l  abnormal i ties .
Reference:
Janke EL et a l . (1996). Anaesthetic management of the Kenny-Caffey syndrome us ing the laryngeal  mask. Paediatric Anaesthes ia , 6, 235–8.
Library Holdings
Bibl iographic Links
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King Denborough disease
Characteris tics : Slowly progress ive myopathy, short s tature, kyphoscol ios is , pectus  carinatum, cryptorchidism, characteris tic facia l  appearance.
Key points : Mal ignant hyperpyrexia  ri sk.
Reference:
Watsubo T et a l . (2001). Anesthetic management of the King-Denborough syndrome. Masui , 50, 390–3.
Library Holdings
Bibl iographic Links
Kl inefel ter syndrome
Characteris tics : Chromosomal  abnormal i ty 47XXY. Poor sexual  development, ta l l  s tature, reduced intel l igence, vertebra l  col lapse from
osteoporos is .
Key points : May have reduced muscle bulk and power. Care during pos i tioning.
Kl ippel -Fei l  syndrome
Characteris tics : Three main types  which di ffer in severi ty. Congenita l  fus ion of cervica l  and/or thoracic vertebrae. Short neck, l imited range of
motion, poss ible cervica l  cord compress ion, syncope on sudden rotation of head, kyphoscol ios is , cardiac, respi ratory, and geni tourinary
anomal ies .
Key points : Skeleta l/organ anomal ies , di ffi cul t intubation, keep neck in neutra l  axis  (bas i lar insufficiency).
Reference:
Dresner MR, Maclean AR (1995). Anaesthes ia  for caesarean section in a  patient with Kl ippel -Fei l  syndrome. The use of a  microspina l  catheter.
Anaesthes ia , 50, 807–9.
Library Holdings
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Reference:
Hunter J, Lee C (1995). Emergency anaesthes ia  in a  patient with Kl ippel -Fei l  syndrome. Bri ti sh Journal  of Hospi ta l  Medicine, 54, 273–4.
Library Holdings
Bibl iographic Links
Kl ippel -Trenaunay syndrome (angio-osteohypertrophy)
Characteris tics : Genera l i zed haemangiomas , soft ti s sue hypertrophy, bone overgrowth and/or arteriovenous  mal formations . (See Proteus
syndrome.)
Key points : Poss ible a i rway/respiratory problems, high output cardiac fa i lure, consumptive coagulopathy, pulse oximeter may under-read i f
placed on a  l imb with large A-V fi s tula  (pulsati le venous  flow).
Reference:
Chris tie IW et a l . (1998). Centra l  regional  anaesthes ia  in a  patient with Kl ippel -Trenaunay syndrome. Anaesthes ia  for Intens ive Care, 26, 319–
21.
Library Holdings
Bibl iographic Links
Reference:
Ezri  T et a l . (1996). Anaesthetic management for Kl ippel -Trenaunay-Weber syndrome. Paediatric Anaesthes ia , 6, 81.
Library Holdings
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Kneis t's  syndrome
Key points : Di ffi cul t intubation due to s ti ff neck.
Reference:
Fel ius  GM et a l . (1985). Kniest syndrome and anesthes ia . Rev. Esp. Anestes iol . Reanim., 32, 127–9.
Kugelberg Welander syndrome (spina l  muscular atrophy type II I)
See Spina l  muscular atrophy.
Larsen's  syndrome
Characteris tics : Multiple congenita l  dis locations , flattened face, prominent forehead.
Key points : Subglottic s tenos is , unstable cervica l  spine, di ffi cul t intubation, chronic respi ratory disease from kypho-scol ios is .
Reference:
Lauder GR, Sumner E (1995). Larsen's  syndrome: anaesthetic impl ications . Six case reports . Paediatric Anaesthes ia , 5, 133–8.
Library Holdings
Bibl iographic Links
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Laurence-Moon-Biedl  syndrome
Characteris tics : Obes i ty, polydactyly, menta l  retardation, parapares is , renal  anomal ies .
Key points : Renal  fa i lure, CVS assessment, diabetes  ins ipidus .
Leber's  disease
Key points : Idiopathic hypoventi lation, sens i tive to sedatives/analges ics . (See Alveolar hypoventi lation.)
Reference:
Hunter AR (1984). Idiopathic a lveolar hypoventi lation in Leber's  disease. Anaesthes ia , 39, 781–3.
Library Holdings
Bibl iographic Links
Leigh's  syndrome
Characteris tics : Necrotizing encephalomyelopathy in chi ldren.
Key points : Hypotonia , seizures , aspi ration.
Reference:



Ward DS (1981). Anesthes ia  for a  chi ld with Leigh's  syndrome. Anesthes iology, 55, 80–1.
Library Holdings
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Leopard syndrome
Characteris tics : Rare inheri ted progress ive disorder, s imi lar to Noonan syndrome, Lentigines , ECG abnormal i ties , Ocular hypertelorism,
obstructive cardiomyopathy, Pulmonary va lve s tenos is , Abnormal  male geni ta l ia , Retarded growth, Deafness .
Key points : CVS assessment wi l l  determine technique, cardiomyopathy may be occul t.
Reference:
Rodrigo MR et a l . (1990). ‘Leopard syndrome’. Anaesthes ia , 45, 30–3.
Library Holdings
Bibl iographic Links
Leprechaunism
Characteris tics : ‘Gnome’ facies , cutis  laxa , adipose ti ssue atrophy, dwarfi sm, extreme wasting, dysphagia  requiring parentera l  feeding,
abnormal  endocrine s tate, menta l ly defective. (See Dwarfi sm and Cutis  laxa .)
Key points : Mainta in blood sugar during s tarvation (hyperinsul inism).
Reference:
Cantani  A (1987). A rare polydysmorphic syndrome: leprechaunism. Review of 49 cases  reported in the l i terature. Annals  of Genetics , 30, 221–7.
Lesch-Nyhan syndrome (hyperuricaemia)
Characteris tics : Disorder of purine metabol i sm, hyperuricemia, spastici ty, choreoathetos is , dystonia , sel f-injurious  behaviour, aggress ion,
normal  cogni tive function, poss ible atlantoaxia l  ins tabi l i ty.
Key points : Sudden unexpla ined death, seizures , abnormal i ties  in respi ration, apnoea, absent adrenergic pressor response-severe
bradycardia , caution with exogenous  catecholamines , increased incidence of vomiting/regurgi tation, chronic pulmonary aspi ration.
Reference:
Larson LO, Wi lkins  RG (1985). Anesthes ia  and the Lesch-Nyhan syndrome. Anesthes iology, 63, 197–9.
Library Holdings
Bibl iographic Links
Letterer-Siwe disease (his tiocytos is -X)
Characteris tics : His tiocytic granulomata  in viscera/bones , s imi lar cl inica l  course to acute leukaemia.
Key points : Pancytopenia , anaemia, purpura, haemorrhage, pulmonary infi l tration, hepatic involvement, tooth loss .
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Lipodystrophy (tota l  l ipoatrophy)
Characteris tics : Genera l i zed loss  of body fat, fatty fibrotic l iver, porta l  hypertens ion/ splenomegaly, nephropathy, diabetes  mel l i tus .
Key points : Hepatic fa i lure, hypersplenism, anaemia, thrombocytopenia  and poss ible renal  fa i lure.
Lowe syndrome (oculocerebrorenal  syndrome)
Characteris tics : Metabol ic acidos is  due to renal -tubular dys function, menta l  retardation, convuls ions , glaucoma/cataracts , abnormal  skul l
shape, bone fragi l i ty.
Key points : Renal  fa i lure, hypotonia , hypocalcaemia.
Reference:
Watoh Y (1992). A series  of anesthes ia  for a  chi ld with Lowe's  syndrome. Masui , 41, 1004–7.
Library Holdings
Bibl iographic Links
Mafucci  syndrome
Characteris tics : Progress ive condition, enchondromatos is  and multiple soft ti s sue haemangiomata  (including a i rway/cervica l  spine),
increased ri sk of mal ignancy, intracrania l  les ions .
Key points : Anaemia, coagulopathy, increased ri sk of epidura l  haematoma (spina l  les ions), assess  for ra ised ICP, pathologica l  fractures , GI
bleeding. May be sens i tive to vasodi lating drugs .
Reference:
Chan SK et a l . (1998). Anaesthetic impl ications  of Maffucci 's  syndrome. Anaesthes ia  and Intens ive Care, 26, 586–9.
Library Holdings
Bibl iographic Links
Mandibulofacia l  dysostos is  (Treacher-Col l ins  syndrome)
Characteris tics : Mandibulofacia l  dysostos is  characterized by deafness , hypoplas ia  of facia l  bones  (mandible, maxi l la , and cheek bone),
antimongoloid s lant of pa lpebra l  fi s sures , coloboma of the lower l id and bi latera l  anomal ies  of auricle. May be associated with other
cardiovascular mal formations .
Key points : Potentia l  di ffi cul t a i rway, postoperative pharyngeal/ laryngeal  oedema may develop. Sleep apnoea, respi ratory dis tress , and
sudden death a l l  reported.
Reference:
Rasch DK et a l . (1986). Anaesthes ia  for Treacher-Col l ins  and Pierre-Robin syndromes: a  report of three cases . Canadian Anaesthes ia  Society
Journal , 33, 364–70.
Maple syrup urine disease
Characteris tics : Branched chain ketoacid decarboxylase deficiency, fa i lure to thrive, fi ts , cerebra l  degeneration, neonata l  acidos is .
Marchiafava-Michael i  syndrome
Key points : Autoimmune haemolytic anaemia, paroxysmal  nocturnal  dyspnoea, venous  thromboembol ism.
Marfan's  syndrome
Characteris tics : Inheri ted disorder of connective ti ssue metabol i sm. Ta l l  wi th long/thin fingers , easy joint dis location, high arched pa late,
emphysema, pectus  excavatum, cataracts  and retina l  detachment, spontaneous  pneumothorax, coronary thrombos is , dissecting aneurysms,
aortic/mitra l  regurgi tation, kyphoscol ios is .
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Key points : Associated abnormal i ties , minimize laryngoscopic response, control  BP, centra l  blocks  acceptable.
Reference:
Gordon CF, Johnson MD (1993). Anesthetic management of the pregnant patient with Marfan syndrome. Journal  of Cl inica l  Anesthes ia , 5, 248–
51.
Ful l  Text
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Maroteaux-Lamy syndrome (mucopolysaccharidos is  IV)
Characteris tics : Kyphoscol ios is , hepatosplenomegaly, recurrent chest infections , myocardia l  involvement.



Key points : Cardiac fa i lure by 20 years , chronic respiratory infection, poor lung reserve, hypersplenism, anaemia, thrombocytopenia .
Reference: See Further reading.
Marshal l -Smith syndrome
Characteris tics : Accelerated bone maturation, dysmorphic facia l  features , a i rway abnormal i ties , death in early infancy from respiratory
compl ications , genera l ly die in infancy.
Key points : Ai rway di ffi cul ties  including poss ible atlantoaxia l  ins tabi l i ty/ laryngomalacia/tracheomalacia . Facemask venti lation may be
imposs ible, mainta in spontaneous  breathing i f poss ible, cons ider elective use of nasopharyngeal  a i rway during induction/ emergence.
Reference:
Anti la  H et a l . (1998). Di ffi cul t a i rway in a  patient with Marshal l -Smith syndrome. Paediatric Anaesthes ia , 8, 429–32.
Ful l  Text
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Reference:
Dernedde G (1998). Anaesthetic management of a  chi ld with Marshal l -Smith syndrome. Canadian Journal  of Anaesthes ia , 45, 660–3.
Library Holdings
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Meckel 's  syndrome (Mekel -Gruber syndrome)
Characteris tics : Microcephaly, micrognathia , congenita l  cardiac disease, polycystic kidneys .
Key points : Di ffi cul t intubation, may have cleft epiglotti s , renal  fa i lure, encephalocele/cleft pa late may be present.
Meig's  syndrome
Characteris tics : Large ovarian cyst in peri toneal  space, respi ratory dis tress , and poor nutri tion.
Key points : Pleura l  effus ion dra inage, intravascular volume correction.
Reference:
Hirota  M et a l . (1995). Perioperative management of patients  with Meigs  syndrome. Masui , 44, 874–9.
Library Holdings
Bibl iographic Links
Menkes ' disease
Characteris tics : Suppress ion of copper-dependent enzymes  resul ting from copper deficiency, kinky ha i r, convuls ions , menta l  retardation, bone
and connective ti ssue les ions , and hypothermia.
Key points : Seizures , gastro-oesophageal  reflux, a i rway compl ications  (poor pharyngeal  motor tone).
Reference:
Tobias  JD (1992). Anaesthetic cons iderations  in the chi ld with Menkes ' syndrome. Canadian Journal  of Anaesthes ia , 39, 712–15.
Library Holdings
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Merrf syndrome
Characteris tics : Mitochondria l  encephalomyopathy, mixed seizures , myoclonus , progress ive ataxia , spastici ty, mi ld myopathy, growth
retardation, deafness , dementia .
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Mikul icz's  syndrome
Characteris tics : Sa l ivary and lachrymal  gland enlargement.
Key points : Glandular ti s sue may compl icate a i rway management, antichol inergics  probably best avoided.
Mi l ler-Fisher syndrome
Characteris tics : Variant of Gui l la in Barre syndrome (p. 197).
Mi l lers  syndrome
Characteris tics : Rare congenita l  disorder with facia l  features  s imi lar to Treacher-Col l ins  syndrome. Limb abnormal i ties , congenita l  heart
disease (ASD/VSD/PDA).
Key points : As  for Mandibulofacia l  dysostos is . Cons ider early tracheostomy for a i rway maintenance (especia l ly i f repeated procedures
planned), di ffi cul t venous  access , gastric reflux.
Reference:
Stevenson GW (1991). Anaesthetic management of Mi l ler's  syndrome. Canadian Journal  of Anaesthes ia , 38, 1046–9.
Library Holdings
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Moebius  syndrome
Characteris tics : Multiple crania l  nerve pa ls ies , orofacia l  mal formations , l imb anomal ies , and a  high incidence of other anomal ies , including
congenita l  cardiac disease, spina l  anomal ies , corneal  abras ions , and periphera l  neuropathies .
Key points : Di ffi cul t or fa i led intubation, potentia l  for problems with aspi ration of ora l  secretions  due to sa l ivary drool ing (cons ider
antis ia logogue premedication).
Reference:
Ferguson S (1996). Moebius  syndrome: a  review of the anaesthetic impl ications . Paediatric Anaesthes ia , 6, 51–6.
Library Holdings
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Morquio syndrome (mucopolysaccharidos is  IV)
Characteris tics : Short s tature, short neck, hypoplastic odontoid leads  to atlantoaxia l  ins tabi l i ty (compress ion of long tracts  and paraplegia  can
occur), prominent s ternum, loss  of muscle tone, hypermobi l i ty and loose skin, aortic incompetence.
Key points : Di ffi cul t a i rway due to short neck and instabi l i ty, potentia l  narrowed lumen (infi l tration), respi ratory and cardiac fa i lure in early
adult l i fe, end organ dys function, s leep apnoea.
Reference:
Tobias  JD (1999). Anesthetic care for the chi ld with Morquio syndrome: genera l  versus  regional  anesthes ia . Journal  of Cl inica l  Anesthes ia , 11,
242–6. (See Further reading.)
Moschkowitz disease (thrombotic thrombocytopenic purpura)
Characteris tics : Haemolytic anaemia, thrombocytopenia , smal l  vessel  disease, neurologica l  symptoms, renal  disease.
Key points : Assess  renal  function, bleeding ri sk.
Mournier-Kuhn syndrome
Characteris tics : Di ffuse tracheobronchomegaly, communicating paratracheal  cysts .
Key points : Intubate trachea and pack pharynx i f mechanica l  venti lation needed.
Reference:
Sane AC et a l . (1992). Tracheobronchiomegaly. The Mournier-Kuhn syndrome in a  patient with Kenny-Caffey syndrome. Chest, 102, 618–19.
Library Holdings
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Moya-moya disease (in the German l i terature ‘Nishimoto-Takeuchi -Kudo-Suzuki 's  disease’)
Characteris tics : Severe s tenos is  of internal  carotid arteries , fine network of vessels  around basa l  gangl ia .
Key points : Neurologica l  deterioration can fol low genera l  anaesthetic—optimize cerebra l  perfus ion (control  of BP, CO2 etc.).
Reference:
Bingham RM, Wi lkinson DJ (1985). Anaesthetic management in Moya-moya disease. Anaesthes ia , 40, 1198–202.
Library Holdings
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Mucopolysaccharidoses
Characteris tics : Metabol ic disease characterized by abnormal  accumulation and excretion of mucopolysaccharides , see individual  syndromes
(Hunter, Hurler, Morquio, Maroteaux-Lamy, and Scheie syndromes) for ful l  deta i l s .
Reference:
Moores  C et a l . (1996). Anaesthes ia  for chi ldren with mucopolysaccharidoses . Anaesthes ia  and Intens ive Care, 24, 459–63.
Library Holdings
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Multiple myelomatos is
Characteris tics : Neoplastic prol i feration of plasma cel l s  characterized by immunoglobul in disorders .
Key points : Renal  fa i lure, haemorrhagic tendency, increased susceptibi l i ty to infections , pathologica l  fractures  (care pos i tioning),
hyperviscos i ty syndrome, anaemia, and hyperca lcemia.
Reference:
Wake M (1995). Anesthetic experiences  in 3 patients  with multiple myeloma. Masui , 44, 1282–4.
Library Holdings
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Myasthenic syndrome (see a lso p. 191)
Characteris tics : Paraneoplastic condition caus ing defective acetylchol ine release at neuromuscular junctions , proximal  muscle weakness  in
ocular and/or bulbar muscles , post tetanic faci l i tation.
Key points : Muscle weakness , sens i tive to muscle relaxants , ri sk of respi ratory compl ications , autonomic dys function, impaired oesophageal
moti l i ty.
Reference:
Seneviratne U, deSi lva  R (1999). Lambert-Eaton myasthenic syndrome. Postgraduate Medica l  Journal , 75, 516–20.
Reference:
Tel ford RJ, Hol loway TE (1990). The myasthenic syndrome: anaesthes ia  in a  patient treated with 3, 4 diaminopyridine. Bri ti sh Journal  of
Anaesthes ia , 64, 363.
Library Holdings
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Myos i ti s  oss i fi cans
Characteris tics : Bony infi l tration of tendons , facia , muscle, aponeuroses .
Key points : Ai rway problems i f neck involved. Thoracic involvement reduces  compl iance, asphyxia  and aspi ration.
Myotonia  congenita  (Thomsen's  disease) (see a lso p. 192)
Characteris tics : Muscular disorder, widespread dystrophy and/or hypertrophy, more myotonia  than other muscle diseases , pa latopharyngeal
dys function, cardiomyopathy.
Key points : Aspiration ri sk, s trong association with MH, myotonia  not respons ive to muscle relaxants . Can be precipi tated by cold, surgery,
diathermy, antichol inesterases . Suxamethonium may cause myotonia  with di ffi cul t intubation/venti lation.
Reference: See Further reading.
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Nance Ins ley syndrome (otospondylomegaepiphyseal  dysplas ia  ‘OSMED’)
Characteris tics : Dis rupted carti laginous  growth leading to midface hypoplas ia , disproportionate short s tature and short l imbs . Progress ive
sensorineura l  deafness , cleft pa late, micrognathia , joint contractures , vertebra l  abnormal i ties .
Key points : Poss ible di ffi cul t a i rway.
Reference:
Denton R (1996). Anaesthetic problems in the Nance Ins ley syndrome. Anaesthes ia , 51, 100–1.
Ovid Ful l  Text
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Nemal ine myopathy
Characteris tics : Congenita l  myopathy, non-progress ive hypotonia  and symmetrica l  muscle weakness  (including skeleta l  and diaphragm but
sparing cardiac and smooth), skeleta l  deformities , facia l  dysmorphism.
Key points : Ai rway di ffi cul ties , poor respi ratory function (restrictive), chronic aspi ration, abnormal  drug responses  (including relaxants ), rarely
cardiomyopathy, MH not described.
Reference:
Cunl i ffe M, Burrows  FA (1985). Anaesthetic impl ications  of nemal ine rod myopathy. Canadian Anaesthes ia  Society Journal , 32, 543–7.
Reference:
Stackhouse R (1994). Anesthetic compl ications  in a  pregnant patient with nemal ine myopathy. Anesthes ia  and Analges ia , 79, 1195–7.
Library Holdings
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Nes idioblastos is
Characteris tics : Autonomous  insul in secretion unaffected by blood glucose. Neonata l/infanti le apnoea, hypoglycaemia, hypotonia , seizures .
Key points : Tota l  pancreatectomy needed, monitor perioperative blood glucose.
Reference:
Bel lwoar C et a l . (1996). Anaesthetic management of a  neonate with nes idoblastos is . Paediatric Anaesthes ia , 6, 61–3.
Library Holdings
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Neurofibromatos is
Characteris tics : Café au la i t spots , as trocytomas , seizures , kyphoscol ios is .
Key points : Potentia l  di ffi cul t a i rway and pos i tioning, avoid proconvulsants , occul t phaeochromocytoma in 5%.
Reference: See Further reading.
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New variant Creutzfeldt-Jacob disease (nvCJD) (see a lso p. 518)
Characteris tics : Psychiatric symptoms occur early. Progress ive neurologica l  s igns  including ataxia , involuntary movements  and cognitive
impairment develop. Simi lar to CJD.
Reference:
Weihl  CC, Roos  RP (1999). Creutzfeldt-Jakob disease, new variant Creutzfeldt-Jakob disease, and bovine spongi form encephalopathy. Neurology
Cl inics , 17, 835–59.
Niemann-Pick disease
Characteris tics : Accumulation of sphingomyel in in reticuloendothel ia l  macrophages  of many organs  (l iver/spleen/bone marrow),
hepatosplenomegaly, menta l  retardation.
Key points : Anaemia, thrombocytopenia  and respiratory fa i lure.
Noonan's  syndrome
Characteris tics : Short s tature, menta l  retardation, cardiac defects  (pulmonary s tenos is , VSD, hypertrophic cardiomyopathy), micrognathia , short
webbed neck, pectus  excavatum, vertebra l  anomal ies , renal  fa i lure, lymphoedema.
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Key points : Poss ible di ffi cul t intubation, cardiac dys function, platelet and coagulation defects , check renal  function.
Reference:
Grange CS (1998). Anaesthes ia  in a  parturient with Noonan's  syndrome. Canadian Journal  of Anaesthes ia , 45, 332–6.
Library Holdings
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Reference:
McLure HA, Yentis  SM (1996). Genera l  anaesthes ia  for caesarean section in a  parturient with Noonan's  syndrome. Bri ti sh Journal  of
Anaesthes ia , 77, 665–8.
Library Holdings
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Ondine's  curse
See Alveolar hypoventi lation.
Opitz-Fra is  syndrome (hypospadias  dysphagia  syndrome)
Key points : Recurrent pulmonary aspi ration of intestina l  contents , achalas ia  of the oesophagus , subglottic s tenos is , hypertelorism,
micrognathia , high arched pa late.
Reference:
Bols in SN, Gi l lbe C (1985). Opitz-Frias  syndrome. A case with potentia l ly hazardous  anaesthetic impl ications . Anaesthes ia , 40, 1189–93.
Library Holdings
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Os ler-Weber-Rendu syndrome
See Haemorrhagic telangiectas ia .
Osteogenes is  imperfecta  (fragi l i tas  oss ium)
Characteris tics : Inheri ted connective ti ssue disorder, bone fragi l i ty, frequent fractures  and/or deformities , blue sclera .
Key points : Teeth eas i ly damaged, excess ive bleeding, tendency to hyperthermia—probably not MH.
Reference:
Cho E et a l . (1992). Anaesthes ia  in a  parturient with osteogenes is  imperfecta . Bri ti sh Journal  of Anaesthes ia , 68, 422–3.
Library Holdings
Bibl iographic Links
Osteopetros is  (Albers -Schonberg disease)
Characteris tics : Group of disorders  characterized by increased bone in the skeleton associated with changes  in model l ing with overgrowth.
Range of severi ty, bri ttle bones , nerve compress ion syndromes, hearing loss , menta l  retardation, bone marrow involvement leads  to
leucoerythroblastic anaemia.
Key points : Ai rway/venti lation problems, cervicomedul lary s tenos is  (cord trauma during intubation), thrombocytopenia , hepatosplenomegaly
(reduced FRC), reduced myocardia l  contracti l i ty (hypocalcaemia). Careful  moving and pos i tioning—risk of fractures , head and mandibular
involvement may compl icate intubation.
Reference:
Burt N et a l . (1999). Patients  with mal ignant osteopetros is  are at high ri sk of anesthetic morbidi ty and morta l i ty. Anesthes ia  and Analges ia , 88,
1292–7.
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Paramyotonia  congenita  (Eulenberg's  disease)
Characteris tics : Variant of Hyperka laemic periodic para lys is , cold induced myotonia , flaccid para lys is , worsened by exercise.
Key points : Assess  sens i tivi ty to cold and frequency of myotonic episodes . Warm theatre/fluids/patient. Normal  response to non-depolarizing
muscle relaxants . Avoid suxamethonium. Centra l  neura l  blocks  safe. No MH tendancy.
Reference:
Grace RF, Roach VJ (1999). Caesarean section in a  patient with paramyotonia  congenita . Anaesthes ia  and Intens ive Care, 27, 534–7.
Library Holdings
Bibl iographic Links
Patau's  syndrome (tri somy 13)
Characteris tics : Multiple craniofacia l , cardiac, neurologica l , and renal  anomal ies . ‘Rockerbottom feet’.
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Key points : Di ffi cul t a i rway, thoracic kyphoscol ios is , ineffective cough, postoperative respiratory problems, apnoeic episodes , ful l  cardiac
assessment (80% have severe mal formations), impaired renal  function, polycythaemia  and platelet dys function.
Reference:
Martlew RA, Sharples  A (1995). Anaesthes ia  in a  chi ld with Patau's  syndrome. Anaesthes ia , 50, 980–2.
Library Holdings
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Reference:
Pol lard RC, Beas ley JM (1996). Anaesthes ia  for patients  with tri somy 13 (Patau's  syndrome). Paediatric Anaesthes ia , 6, 151–3.
Library Holdings
Bibl iographic Links
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Pemphigus  vulgaris
Characteris tics : Autoimmune disease caus ing impaired cel l  adhes ion within the epidermis . Bul lous  eruptions  of skin and mucous
membranes .
Key points : Avoid friction (monitors , l ines , a i rway manipulation, pos i tioning, etc.). Poss ible ulceration/bul lae/oedema of glotti s  a fter
intubation (lubricate everything wel l ), careful  fluid/electrolyte ba lance (include losses  from bul lae). Perioperative s teroids  to reduce
exacerbation, regional/genera l  anaesthetic acceptable.
Reference:
Mahal ingham TG et a l . (2000). Anaesthetic management of a  patient with pemphigus  vulgaris  for emergency laparotomy. Anaesthes ia , 55, 160–
2.
Ovid Ful l  Text
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Reference:
Vatashsky E, Aronson HB (1982). Pemphigus  vulgaris : anaesthes ia  in the traumatised patient. Anaesthes ia , 37, 1195–7.
Library Holdings
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Pendred's  syndrome
Characteris tics : Genetic defect in thyroid hormone synthes is , hypothyroidism, goi tre, deafness .
Key points : As  for Hypothyroidism.
Reference:
Reardon W (1999). Preva lence, age of onset, and natura l  his tory of thyroid disease in Pendred syndrome. Journal  of Medica l  Genetics , 36, 595–
8.
Library Holdings
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Pfei ffer's  syndrome (acrocephalosyndactyly type V)
Characteris tics : Growth and developmenta l  retardation, sagi tta l  craniosynostos is , hypertelorism, low set ears , micrognathia  with mandibular
ankylos is , congenita l  heart defects , and geni ta l  anomal ies .
Key points : Sol id carti laginous  trachea lacking rings  may be present.
Reference:
Moore MH et a l . (1995). Pfei ffer syndrome: a  cl inica l  review. Cleft Pa late and Craniofacia l  Journal , 32, 62–70.
Pharyngeal  pouch
Characteris tics : Epi thel ia l  l ined diverticulum above the upper oesophageal  sphincter, often asymptomatic, sometimes  associated with
dysphagia .
Key points : Tracheal  soi l ing not prevented by cricoid pressure. Empty pouch manual ly (by patient) prior to induction or with large bore
nasopharyngeal  tube. Cons ider intubation in head down pos i tion or under loca l  anaesthetic.
Phenylketonuria
Characteris tics : Defective phenyla lanine-4-hydroxylase, cerebra l  damage, menta l  retardation, epi lepsy.
Key points : Sens i tive to opioids/barbi turates , cons ider inhalation induction, monitor blood glucose.
Reference:
Cel iker V et a l . (1993). Anesthetic management of a  patient with heredi tary fructose intolerance and phenylketonuria . Turkish Journal  of
Pediatrics , 35, 127–30.
Library Holdings
Bibl iographic Links
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Pickwickian syndrome
Characteris tics : Morbid obes i ty, episodic somnolence, hypoventi lation.
Key points : Hypoxaemia, polycythaemia, pulmonary hypertens ion, cardiac fa i lure, di ffi cul t access/pos i tioning, prone to wound infection,
DVT/PE ri sk. Sens i tive to respiratory depressants , regional  anaesthes ia  idea l  for periphera l  surgery. Alert ICU fol lowing major surgery, CPAP
beneficia l . (See p. 67.)
Reference:
Neuman GG et a l . (1986). Perioperative management of a  430-ki logram (946-pound) patient with Pickwickian syndrome. Anesthes ia  and
Analges ia , 65, 985–7.
Library Holdings
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Pierre-Robin syndrome
Characteris tics : Cleft pa late, micrognathia , mandibular hypoplas ia , congenita l  heart disease.
Key points : Di ffi cul t a i rway, receeding mandible fa i l s  to hold tongue forward in normal  pos i tion-fa l l s  aga inst posterior pharyngeal  wal l ,
assess  for heart anomal ies .
Reference:
Rasch DK et a l . (1986). Anaesthes ia  for Treacher-Col l ins  and Pierre-Robin syndromes: a  report of three cases . Canadian Anaesthes ia  Society
Journal , 33, 364–70.
Plott's  syndrome
Characteris tics : Laryngeal -abductor para lys is , psychomotor retardation and s ixth nerve pa lsy.
Key points : Stridor at rest, cyanos is  during crying/exertion, postoperative upper a i rway control .
Reference:
McDonald D (1998). Anaesthetic management of a  patient with Plott's  syndrome. Paediatric Anaesthes ia , 8, 155–7.
Ful l  Text
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Plummer-Vinson syndrome (Patterson-Brown-Kel ly syndrome)
Characteris tics : Upper oesophageal  web, dysphagia , i ron-deficiency anaemia, gloss i ti s , angular s tomati ti s , increased ri sk of postcricoid
carcinoma.
Key points : Regurgi tation ri sk, anaemia.
Reference:
Hoffman RM, Jaffe PE (1995). Plummer-Vinson syndrome. A case report and l i terature review. Archives  of Internal  Medicine, 155, 2008–11.
Ovid Ful l  Text
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Pneumatos is  cystoides  intestina l i s
Characteris tics : Multiple intramural  gas -fi l led cysts  in the gastrointestina l  tract, dis turbed bowel  function, may be associated with systemic
scleros is .
Key points : Avoid ni trous  oxide.
Reference:
Sutton DN, Poski tt KR (1984). Pneumatos is  cystoides  intestina l i s . Ni trous  oxide anaesthes ia  and the rapid effect of oxygen therapy.
Anaesthes ia , 39, 776–80.
Library Holdings
Bibl iographic Links
Pompe's  disease
See Glycogenoses  type II .
Post-pol iomyel i ti s  syndrome
Characteris tics : New neuromuscular symptoms occurring > 15 years  after cl inica l  s tabi l i ty has  been atta ined in patients  with a  prior his tory of
symptomatic pol iomyel i ti s . Limb atrophy, s low progress ion with periods  of s tabi l i zation.
Key points : Respiratory muscle involvement, bulbar dys function.
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Potter's  syndrome (bi latera l  renal  agenes is )
Characteris tics : Incompatible with l i fe, bi latera l  renal  agenes is , pulmonary hypoplas ia , characteris tic facia l  features .
Key points : Venti lation may be imposs ible despi te intubation.
Reference:
Van der Weyden (1982). Potter's  syndrome [letter]. Anaesthes ia  and Intens ive Care, 10, 90.
Library Holdings
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Prader-Wi l l i  syndrome
Characteris tics : Menta l  retardation, severe obes i ty, polyphagia , denta l  caries , short s tature, congenita l  muscle hypotonia , hypogonadism,
cardiovascular anomal ies .
Key points : Obes i ty may be extreme, hypotonia , di ffi cul t venous  access , a l tered thermoregulation, arrythmias , convuls ions , blood glucose
should be mainta ined intravenous ly during s tarving, perioperative respiratory problems may occur.
Reference:
Dearlove OR et a l . (1998). Anaesthes ia  and Prader-Wi l l i  syndrome. Paediatric Anaesthes ia , 8, 267–71.
Ful l  Text
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Progeria  (premature ageing)
Characteris tics : Feature of many syndromes.
Key points : IHD/hypertens ion/cardiomyopathy at young chronologica l  age. Plan technique around ‘phys iologica l  age’.
Reference:
Nguyen NH et a l . (2001). Anaesthes ia  for a  chi ld with progeria . Paediatric Anaesthes ia , 11, 370–1.
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Progress ive external  ophthalmoplegia  (PEO)
Key points : Sens i tive to a l l  induction agents .
Reference:
James  RH (1986). Induction agent sens i tivi ty and ophthalmoplegia  plus  [letter]. Anaesthes ia , 41, 216.
Library Holdings
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Proteus  syndrome
Characteris tics : Congenita l  progress ive hamartomatous  disorder, partia l  bi latera l  gigantism, hemihypertrophy (often one whole s ide of the
body), macrocephaly, scol ios is , cystic lung changes . (probably expla ins  ‘the Elephant Man’). (See Kl ippel -Trenaunay syndrome.)
Key points : Di ffi cul t a i rway (See Bul lous  cystic lung disease.)
Reference:
Pennant JH, Harri s  MF (1991). Anaesthes ia  for Proteus  syndrome. Anaesthes ia , 46, 126–8.
Library Holdings
Bibl iographic Links
Prune-bel ly syndrome (Eagle-Barrett syndrome)
Characteris tics : Almost exclus ively male, abdominal  muscle deficiency, complex geni tourinary mal formations  and bi latera l  undescended
testes . May die in neonata l  period from pulmonary hypoplas ia , a l so associated with congenita l  heart disease, skeleta l  anomal ies  and
imperforate anus .
Key points : Optimize pulmonary function, poor cough due to muscle weakness , beware postoperative respiratory dis tress , careful  fluid
balance. Renal  fa i lure may coexis t.
Reference:
Heis ler DB et a l . (1994). Pectus  excavatum repair in a  patient with prune bel ly syndrome. Paediatric Anaesthes ia , 4, 267–9.
Library Holdings
Bibl iographic Links
Reference:
Henderson AM et a l . (1987). Anaesthes ia  in the prune bel ly syndrome. Anaesthes ia , 42, 54–60.
Library Holdings
Bibl iographic Links
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Pseudoxanthoma elasticum (Groenbald-Strandberg disease)
Characteris tics : Heredi tary disorder of elastic ti s sue, four types  with variable features  including fragi le connective ti ssue, vascular
compl ications  (s low progress ive occlus ive arteria l  disease), retina l  changes  with early bl indness  and myopia , high arched pa late, blue sclera .
Lungs  unaffected.



Key points : Fragi le ti s sue-haemorrhage with minor trauma (including a i rway). High incidence of hypertens ion, IHD, va lvular disease,
dysrythmias . Care in fixing IV l ines .
Reference:
Krechel  SL et a l . (1981). Anesthetic cons iderations  in pseudoxanthoma elasticum. Anesthes ia  and Analges ia , 60, 344–7.
Library Holdings
Bibl iographic Links
Reference:
Levi tt MW, Col l i son JM (1982). Di ffi cul t endotracheal  intubation in a  patient with pseudoxanthoma elasticum. Anaesthes ia  in Intens ive Care,
10, 62–4.
Library Holdings
Bibl iographic Links
Pulmonary cysts
Key points : Can increase in s i ze and rupture during anaesthes ia  (especia l ly with ni trous  oxide).
Refsum's  disease
Characteris tics : Defective metabol i sm of phytanic acid, sensorimotor polyneuropathy, ataxia , retina l  damage, deafness .
Key points : Document pre-exis ting neurology before performing regional  blocks .
Rett syndrome
Characteris tics : Devastating disabl ing female neurologica l  disease, abnormal  respi ratory control  (hyperventi lation/apnoea) when awake,
scol ios is , long QT, sudden death.
Key points : Ful l  respi ratory assessment idea l  but may be technica l ly di ffi cul t, respi ratory pattern normal  under genera l  anaesthetic, prolonged
weaning, high pa in threshold (abnormal  process ing).
Reference:
Dearlove OR, Walker RW (1996). Anaesthes ia  for Rett syndrome. Paediatric Anaesthes ia , 6, 155–8.
Library Holdings
Bibl iographic Links
Rigid spine syndrome
Characteris tics : Very l imited spina l  flexion, genera l i zed proximal  l imb weakness , l imb contractures , progress ive scol ios is , restrictive
venti latory defect, pulmonary hypertens ion, RV fa i lure.
Key points : Di ffi cul t intubation, flexible ETT provides  better fi t in hyperextended trachea. Avoid suxamethonium (K+). Cardiomyopathy, check
ECG (conduction defects ), low MH risk, care with muscle relaxants , careful  pos i tioning/ padding, cons ider HDU/ICU postoperatively.
Reference:
Jorgensen BG et a l . (1999). Anaesthetic impl ications  of rigid spine syndrome. Paediatric Anaesthes ia , 9, 352–5.
Ful l  Text
Library Holdings
Bibl iographic Links
Ri ley-Day syndrome
See Fami l ia l  dysautonomia.
Romano-Ward syndrome
Characteris tics : Congenita l  delay of cardiac depolarisation, prolonged Q-T interva l .
Key points : Sudden death at any age during induction of anaesthes ia , ?cons ider pacing preoperatively.
Reference:
Ponte J, Lund J (1981). Prolongation of the Q-T interva l  (Romano-Ward syndrome): anaesthetic management. Bri ti sh Journal  of Anaesthes ia , 53,
1347–50.
Library Holdings
Bibl iographic Links
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Rubinstein-Taybi  syndrome
Characteris tics : Microcephaly, menta l  retardation, broad thumbs  and toes , craniofacia l  abnormal i ties , recurrent respiratory infections ,
congenita l  heart disease (33%).
Key points : Di ffi cul t a i rway, search for CVS disease (arrhythmias  occur), chronic lung disease.
Reference:
Cri tchley LA et a l . (1995). Anaesthes ia  in an infant with Rubinstei -Taybi  syndrome. Anaesthes ia , 50, 37–8.
Library Holdings
Bibl iographic Links
Reference:
Sti rt JA (1981). Anesthetic problems in Rubinstein-Taybi  syndrome. Anesthes ia  and Analges ia , 60, 534–6.
Library Holdings
Bibl iographic Links
Russel l -Si lver syndrome
Characteris tics : Short s tature, facia l  and l imb assymetry, mandibular hypoplas ia , micrognathia , macrogloss ia , sweating. Fasting
hypoglycaemia, menta l  retardation, congenita l  heart disease may coexis t.
Key points : Di ffi cul t a i rway (including mask fi t), intra-operative glucose monitoring, temperature control  (minimal  body fat). Monitor
neuromuscular block (normal  doses  may relatively underdose).
Reference:
Dinner M et a l . (1994). Russel l -Si lver syndrome: anesthetic impl ications . Anesthes ia  and Analges ia , 78, 1197–9.
Library Holdings
Bibl iographic Links
Saethre-Chotzen syndrome
Characteris tics : Craniosynostos is , micrognathia , renal  fa i lure.
Key points : Di ffi cul t intubation.
Scheie syndrome (mucopolysaccharidos is  V)
Characteris tics : Metabol ic disease characterized by abnormal  accumulation and excretion of mucopolysaccharides .
Key points : Ischaemic heart disease, va lvular insufficiency, di ffi cul t intubation, joint s ti ffness , and menta l  retardation.
Reference:
Nakayama H et a l . (1994). Anesthes ia  in a  patient with Scheie syndrome. Masui , 43, 1385–8. (See a lso Further reading.)
Scimitar syndrome
Key points : Anomalous  venous  dra inage of the right lung into the inferior vena cava, right lung hypoplas ia , scimitar-shaped radiographic
shadow of the anomalous  vein gives  the syndrome i ts  name.



Seckel  syndrome
Characteris tics : Rare syndrome of chromosome aberration, bi rd-headed dwarfi sm, microcephalus , other minor deformities .
Key points : Preoperative laryngeal  and renal  assessments .
Reference:
Shira ishi  N et a l . (1995). Anesthetic management of Seckel  syndrome: a  case report. Masui , 44, 735–8.
Library Holdings
Bibl iographic Links
Shprintzen syndrome (velocardiofacia l  syndrome)
Characteris tics : Facia l  dysmorphism, cleft pa late, cardiovascular mal formations , mi ld/moderate menta l  retardation/learning di ffi cul ties .
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Reference:
Meinecke P et a l . (1986). The velo-cardio-facia l  (Shprintzen) syndrome. Cl inica l  variabi l i ty in eight patients . European Journal  of Pediatrics , 145,
539–44.
Library Holdings
Bibl iographic Links
Shy-Drager syndrome (centra l  nervous  and autonomic degeneration)
Characteris tics : Progress ive neurovegetative disorder with primary autonomic fa i lure, severe orthostatic hypotens ion with syncope, anhydros is ,
disordered thermoregulation, impotence/urinary incontinence, respi ratory obstruction/s leep apnoea.
Key points : Increased aspiration ri sk (gut moti l i ty disorder plus  laryngeal  weakness ), IPPV may cause CVS instabi l i ty (reduced venous  return),
ensure normovolaemia. Regional  blocks  used success ful ly, cons ider fludrocorti sone to susta in plasma volume.
Reference:
Dewhurst A, Sidebottom P (1999). Anaesthetic management of a  patient with multiple system atrophy (Shy-Drager syndrome) for urgent hip
surgery. Hospi ta l  Medicine, 60, 611.
Library Holdings
Bibl iographic Links
Reference:
Niqui l le M et a l . (1998). Continuous  spina l  anesthes ia  for hip surgery in a  patient with Shy-Drager syndrome. Anesthes ia  and Analges ia , 87,
396–9.
Ovid Ful l  Text
Ful l  Text
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Simmond's  syndrome and Sheehan's  syndrome (postpartum pi tui tary necros is )
Characteris tics : Pi tui tary infarction fol lowing postpartum haemorrhage, variable degree of pi tui tary insufficiency.
Key points : Assess  endocrine derangement.
Sipple syndrome (multiple endocrine adenomatos is  type IIa )
Characteris tics : Phaeochromocytoma, medul lary carcinoma of thyroid with or without parathyroid hyperplas ia .
Key points : Assess  degree of endocrine dys function, treat as  for Phaeochromocytoma.
Sjogren's  syndrome (keratoconjunctivi ti s  s icca)
Characteris tics : Dry eyes  without rheumatoid arthri ti s , may a lso have dysphagia/ abnormal  oesophageal  moti l i ty, other autoimmune disease,
renal  tubular defects , pulmonary hypertens ion, periphera l  neuropathy, vascul i ti s .
Key points : Assess  for other systemic conditions . Worsened by antichol inergic drugs , improved by humidi fication.
Reference:
Takahashi  S et a l . (1990). Anesthetic management of a  patient with Sjogren's  syndrome and pulmonary fibros is . Masui , 39, 1393–6.
Library Holdings
Bibl iographic Links
Smith-Leml i -Opitz syndrome
Characteris tics : Micrognathia , menta l ly defective, thymic hypoplas ia .
Key points : Di ffi cul t intubation, intrins ic lung disease, poss ibly susceptible to infection.
Reference:
Choi  PT, Nowaczyk MJ (2000). Anesthetic cons iderations  in Smith-Leml i -Opitz syndrome. Canadian Journal  of Anaesthes ia , 47, 556–61.
Library Holdings
Bibl iographic Links
Spina l  muscular atrophy
Characteris tics : Periphera l  motor neurons  affected, upper motor neurons  spared. Types  I-IV increase in rate of progress ion, muscular wasting.
(See a lso Amyotrophic latera l  scleros is .)
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Key points : Weak respiratory muscles  (IPPV advisable), abnormal  reaction to muscle relaxants . If relaxants  are essentia l  monitor blockade and
ensure ful l  reversa l . Avoid suxamethonium (K+ and myotonic contractures ). Postoperative respiratory support may be indicated, aspi ration ri sk
with bulbar involvement.
Reference:
Shime N et a l . (1990). Anesthetic management of a  patient with progress ive spina l  muscular atrophy. Masui , 39, 918–20.
Library Holdings
Bibl iographic Links
Strumpel l 's  disease
Characteris tics : Progress ive spastic pares is  predominantly affecting lower extremities .
Key points : Avoid suxamethonium, sens i tive to non-depolarizing muscle relaxants , regional  anaesthes ia  probably acceptable, poor respiratory
function/reserve.
Reference:
McTiernan C, Haagenvik B (1999). Strumpel l 's  disease in a  patient presenting for Cesarean section. Canadian Journal  of Anaesthes ia , 46, 679–
82.
Library Holdings
Bibl iographic Links
Sturge-Weber syndrome
Characteris tics : Uni latera l  angiomatous  les ions  of the leptomeninges/ upper face, contra latera l  hemipares is , seizures , menta l  retardation.
Key points : Ful l  eva luation for associated abnormal i ties , careful  intubation/ extubation (angiomas  of mouth/upper a i rway), prevent ri se in
ICP/IOP.



Reference:
Batra  RK et a l . (1994). Anaesthes ia  and the Sturge-Weber syndrome. Canadian Journal  of Anaesthes ia , 41, 133–6. (See a lso Further reading.)
Takayasu's  disease (pulseless  disease, occlus ive thromboaortopathy, or aortic arch syndrome)
Characteris tics : Chronic autoimmune inflammatory disease, elastic ti s sue replaced by fibrous  ti ssue leading to blood vessel  narrowing/
occlus ion/ aneurysms  (preferentia l ly large arteries -aorta  and branches) and hence i ts  a l ternative names. Often sel f-l imiting.
Key points : Hypertens ion, IHD, cerebrovascular disease. Control  cerebra l  perfus ion (BP, CO2 etc.). If on s teroids  may require supplement, non-
invas ive blood pressure measurements  may be inaccurate. Many have postoperative CVS compl ications  from poorly control led hypertens ion.
Reference:
Henderson K, Fludder P (1999). Epidura l  anaesthes ia  for caesarean section in a  patient with severe Takayasu's  disease. Bri ti sh Journal  of
Anaesthes ia , 83, 956–9.
Library Holdings
Bibl iographic Links
Reference:
Kawaguchi  M et a l . (1993). Intraoperative monitoring of cerebra l  haemodynamics  in a  patient with Takayasu's  arteri ti s . Anaesthes ia , 48, 496–8.
Library Holdings
Bibl iographic Links
Tangier disease (fami l ia l  a lpha-l ipoprotein deficiency)
Characteris tics : Deficient HDL apoprotein, accumulation of cholesterol  in reticuloendothel ia l  ti s sue, enlarged orange tons i l s ,
hepatosplenomegaly, corneal  opaci ties , polyneuropathy.
Key points : Sens i tivi ty to muscle relaxants , IHD, anaemia, thrombocytopenia .
TAR syndrome (thrombocytopenia , absent radius )
Key points : May a lso have Fa l lot's  tetra logy.
Tay-Sachs  disease (fami l ia l  amaurotic idiocy)
Characteris tics : Accumulation of GM2 gangl ios ides  in the CNS and periphera l  nerves , progress ive cerebra l  degeneration, seizures , dementia ,
bl indness ,
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death before 2 years , characteris tic macular cherry spot appearance.
Key points : No documented problems, progress ive neurology leads  to respiratory compl ications .
Thrombotic thrombocytopenic purpura
Characteris tics : Rare severe disease compos ing triad of haemolytic anaemia, consumptive thrombocytopenia , CNS dys function. Often
scheduled for therapeutic splenectomy.
Key points : Preferably postpone elective surgery unti l  period of remiss ion. Check coagulation, renal , l i ver function. Cons ider prophylactic
antiplatelet drugs , corticosteroids . platelet transfus ion contra indicated (may worsen disease). Use packed cel l s  and FFP, s trict aseps is  (often
immunocompromised), avoid IM route, avoid nasa l  intubation, control  BP (renal  and cerebra l  perfus ion), care with pos i tioning.
Reference:
Piva l i zza  EG (1994). Anesthetic management of a  patient with thrombotic thrombocytopenic purpura. Anesthes ia  and Analges ia , 79, 1203–5.
Library Holdings
Bibl iographic Links
Tourette syndrome
Characteris tics : Profane voca l i zations , repeti tious  speech, muscle jerking.
Key points : Do not confuse tic l ike behaviour with seizure activi ty on induction/ emergence. Sedating premedication beneficia l , continue
normal  medication, pimozide may cause prolonged Q-T.
Reference:
Morrison JE, Lockhart CH (1986). Tourette syndrome: anaesthetic impl ications . Anesthes ia  and Analges ia , 65, 200–2.
Library Holdings
Bibl iographic Links
Toxic epidermal  necrolys is  (‘sca lded skin syndrome’)
Characteris tics : Spl i t at level  of s tratum granulosum, epidermal  erythema/ bl i s tering/necros is , worsened by latera l  shearing forces . Can be
drug related.
Key points : Prevention of friction (monitors , l ines , a i rway manipulation, pos i tioning, etc.), cons ider fluid losses  from bl i s ters/exposed areas  of
dermis .
Treacher-Col l ins  syndrome
See Mandibulofacia l  dysostos is .
Tri somy 13
See Patau's  syndrome.
Trisomy 18
See Edward's  syndrome.
Trisomy 21 (Down's  syndrome)
See p. 212.
Tuberous  scleros is  (Bournevi l le's  disease)
Characteris tics : Neurocutaneous  syndrome, facia l  angiofibromas , epi lepsy, menta l  retardation, CVS/CNS/renal  hamartomas .
Key points : Hamartomas  may affect a i rway/lungs/CVS with spontaneous  rupture/bleeding. Spontaneous  pneumothoraces , careful  pos i tioning
and padding, avoid proconvulsants , cons ider ful l  preoperative CVS assessment (cardiac rhabdomyoma).
Reference:
Schweiger JW et a l . (1994). The anaesthetic management of the patient with tuberous  scleros is  complex. Paediatric Anaesthes ia , 4, 339–42.
(See a lso Further reading.)
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Turner's  syndrome
Characteris tics : XO chromosome, micrognathia , short webbed neck, coarctation/ dissecting aortic aneuryms/pulmonary s tenos is , renal
anomaly (50%).
Key points : Poss ible di ffi cul t intubation, assess  CVS/renal  function, care with renal ly excreted drugs .
Urbach-Wiethe disease
Characteris tics : Type of his tiocytos is  (see Hand-Schul ler-Chris tian disease), hya l ine depos i ts  in larynx and pharynx-hoarseness/ aphonia .
Key points : Cautious  intubation, laryngeal  opening may be smal l .
Urine drinking in psychiatric patients
Characteris tics : Produces  moderate to severe hyponatraemia.
Key points : Correct electrolyte abnormal i ty, cons ider other aspects  of psychiatric condition.
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Von Reckl inghausen's  disease
See Neurofibromatos is .
Von Wi l lebrand's  disease (pseudohaemophi l ia )
See p. 140.
WAGR syndrome
Characteris tics : Wi lms  tumour, ani rida , geni tourinary abnormal i ties , retardation.
Weaver's  syndrome
Characteris tics : Unusual  craniofacia l  appearance, micrognathia .
Key points : Ai rway/intubation problems, may have large s tature in adulthood.
Weber-Chris tian disease
Characteris tics : Global  fat necros is  (including retroperi toneal , pericardia l , peri toneal , meningeal ).
Key points : Associated organ dys function (e.g. adrenals , constrictive pericardi ti s ). Avoid trauma to superficia l  fat during movement, pos i tioning
during surgery (cold, heat, pressure).
Wegener's  granuloma
Characteris tics : Necrotizing granulomas  in inflamed vessels  of multiple organ systems (CNS/CVS/renal/RS).
Key points : Cons ider laryngeal  s tenos is , pneumonia , bronchia l  destruction, CVS va lvular dys function, abnormal  cardiac conduction, arteri ti s
(cerebra l  aneurysms, arteria l  l ine di ffi cul ty), IHD, renal  fa i lure, periphera l  neuropathy.
Welander's  muscular atrophy
Characteris tics : Periphera l  muscular atrophy, good prognos is .
Key points : Sens i tive to thiopenta l , muscle relaxants  and opioids .
Werdnig-Hoffman disease (spina l  muscular atrophy type I  acute, and type II  chronic)
See Spina l  muscular atrophy.
P.265

Wermer syndrome (type 1 endocrine adenomatos is )
Characteris tics : Parathyroid, pi tui tary, adrenal , thyroid adenomas  and pancreas  i s let cel l  tumours—can a l l  coexis t.
Key points : Assess  degree of di fferent endocrine dys functions .
Werner syndrome (premature aging syndrome)
See Progeria .
Wiedemann-Rautenstrauch syndrome (premature aging syndrome)
See Progeria .
Wi l l iam's  syndrome
Characteris tics : Congenita l  s tenos is  of aortic/pulmonary va lves , hypocalcaemia  in infancy (20%), s tel late blue eyes .
Wi lson's  disease
Characteris tics : Inborn error of copper metabol i sm, basa l  gangl ia  degeneration, neurologica l  symptoms, hepatic and renal  fa i lure.
Key points : Respiratory compl ications , di ffi cul ty revers ing muscle relaxants .
Reference:
el  Dawlatly AA et a l . (1992). Anesthetic management for cesarean section in a  patient with Wi lson's  disease. Middle East Journal  of
Anesthes iology, 11, 391–7.
Library Holdings
Bibl iographic Links
Wiskott-Aldrich disease
Characteris tics : Faul ty presentation of antigen to macrophages , thrombocytopenia .
Key points : Immunodeficiency, recurrent infections , anaemia, coagulopathy.
Wolf-Hirschorn syndrome
Characteris tics : Rare chromosomal  abnormal i ty, severe psychomotor retardation, seizures , VSD/ASD, characteris tic facies , midl ine fus ion
abnormal i ties , many die by age 2 (cardiac fa i lure or bronchopneumonia).
Key points : Assess  for system dysfunction, MH ri sk unproven.
Reference:
Ginsburg R, Purcel l -Jones  G (1988). Mal ignant hyperthermia  in the Wolf-Hirschorn syndrome. Anaesthes ia , 43, 386–8.
Library Holdings
Bibl iographic Links
Wolfram syndrome
Characteris tics : Diabetes  ins ipidus , diabetes  mel l i tus , optic atrophy, deafness .
Key points : Fluid and electrolyte problems.
Wolman's  syndrome
Characteris tics : Fami l ia l  xanthomatos is , adrenal  ca lci fi cation, hepatosplenomegaly, hypersplenism.
Key points : Anaemia, thrombocytopenia , platelet transfus ion may only be success ful  a fter splenectomy.
Zel lweger syndrome (cerebrohepatorenal  syndrome)
Characteris tics : Poor suck, fa i lure to thrive, flat/round face, micrognathia , cleft pa late, polycystic kidneys , apnoeas , congenita l  heart defects ,
hypotonia , areflexia , seizures , hepatomegaly, bi l iary dysgenes is .
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Key points : Di ffi cul t intubation, assess  CVS, care with muscle relaxants .
Reference:
Govaerts  L et a l . (1982). Cerebro-hepato-renal  syndrome of Zel lweger: cl inica l  symptoms and relevant laboratory findings  in 16 patients .
European Journal  of Pediatrics , 139, 125–8.
Ful l  Text
Library Holdings
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For deta i led information about rare conditions  try: Onl ine Mendel ian Inheri tance in Man, OMIM (TM). McKus ick-Nathans  Insti tute for Genetic
Medicine, Johns  Hopkins  Univers i ty (Ba l timore, MD) and National  Center for Biotechnology Information, National  Library of Medicine
(Bethesda, MD), 2000. World Wide Web URL:http://www.ncbi .nlm.nih.gov/omim/. (Cl ick on ‘Search the OMIM Database’ and enter the name of
the condition in the search field).
Further reading
Baines  D, Keneal ly J (1983). Anaesthetic impl ications  of the mucopolysaccharidoses : a  fi fteen-year experience in a  chi ldren's  hospi ta l .
Anaesthes ia  and Intens ive Care, 11, 198–202.
Library Holdings
Bibl iographic Links
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Diaz JH (2000). Perioperative management of chi ldren with congenita l  phakomatoses . Paediatric Anaesthes ia , 10, 121–8.
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Katz J, Benumof JL, Kadis  LB (1990). Anesthes ia  and uncommon diseases . WB Saunders , Phi ladelphia .
Rushman GB, Davies  NJH, Cashman JN (ed.) (1999). Dictionary of key points  about rare diseases . In: Lee's  synops is  of anaesthes ia , pp. 353–81.
Butterworth-Heinemann, Oxford.
Russel l  SH, Hi rsch NP (1994). Anaesthes ia  and myotonia  Bri ti sh Journal  of Anaesthes ia , 72, 210–16.
Smith GB, Shribman AJ (1984). Anaesthes ia  and severe skin disease. Anaesthes ia , 39, 443–55.
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Walker RWM et a l . (1994). Anaesthes ia  and the mucopolysaccharidoses . A review of the a i rway problems in chi ldren. Anaesthes ia , 49, 1078–88.
Library Holdings
Bibl iographic Links



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Genera l  principles
A surgica l  day case i s  a  patient who i s  admitted for investigation or operation on a  planned non-res ident bas is  and who nonetheless
requires  faci l i ties  for recovery.
--Royal  Col lege of Surgeons  Guidel ines  1992
Organization
Organization i s  the key to efficient good-qual i ty day surgery and requires  close cooperation between a l l  agencies  involved, including
surgeons , anaesthetis ts , day case uni t s taff, genera l  practi tioners , and patients  themselves .
Faci l i ties
An efficient organization requires  ‘ring fenced’ theatres  and ward space. Day cases  on inpatient wards  or theatres  wi l l  suffer cancel lation
when there are bed shortages  and emergency operations . Sel f-conta ined uni ts  with thei r own faci l i ties , within an acute hospi ta l , probably
offer the best option.
Staff
Senior s taff should perform day case anaesthes ia  and surgery. Much of the surgery and anaesthes ia  may be viewed as  routine or s imple, but
i t must be performed to a  high s tandard for day uni ts  to operate efficiently.
Patient selection
In theory a l l  patients  should fol low a  sequentia l  pathway. Al l  patients  should be preassessed by specia l ly tra ined nurses , according to set
day case cri teria . However, preassessment should be approached flexibly as  di fferent methods  work for di fferent patient groups .

With short waiting times , patients  can be reviewed at the hospi ta l  on the day of thei r surgica l  outpatient appointment.
Some patient groups  can be telephone assessed; in particular those who have di rect access  surgery (not seeing a  surgeon unti l  the day
of surgery).
Older patients  need earl ier preassessment at the hospi ta l  so that tests  can be performed and the resul ts  reviewed prior to surgery.
In some hospi ta ls  surgeons  book day cases  after reviewing them and instructions  are sent out by clerica l  s taff. This  can work wel l  as
long as  the surgeon i s  senior and i s  ful ly conversant with the requirements  of day surgery.

Patient agreement:
I  confi rm that a  respons ible adult wi l l  remain with me overnight fol lowing my discharge from hospi ta l  a fter my operation. I  agree not to drive,
cycle, operate machinery, or take a lcohol  for a  minimum of 24 hours  after my anaesthetic. If in any doubt after this  time, please seek medica l
advice.
Driving under the influence of anaesthetic drugs  might be cons idered a  criminal  offence and could affect insurance cover.
Patient:…………………………… Date:………
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Day case selection cri teria
Heal th s tatus : Genera l ly fi t and heal thy (ASA 1 and 2). Patients  with s igni ficant cardiovascular or respi ratory disease, insul in-dependent
diabetics , or those with gross  obes i ty are not sui table.
Age: Patients  should be older than 6 months . There i s  no upper age l imit; phys iologica l  fi tness  should be cons idered rather than
chronologica l  age.
Complexi ty of surgery: Operations  las ting more than 60 min and those associated with a  ri sk of s igni ficant postoperative pa in, haemorrhage,
or prolonged immobi l i ty should not be performed.
Transport: Al l  patients  must be escorted home by a  respons ible, informed adult and be adequately supervised during their recovery at home
for a  minimum of 24 h.
Socia l  support: Patients  must have sui table home conditions  with adequate toi let faci l i ties  and a  telephone should be readi ly ava i lable for
advice in an emergency.
Geography: The patient should l ive within 1 hour's  travel l ing dis tance from the hospi ta l .
Preassessment nurses  wi l l  discuss  with the patients  thei r hea l th, deta i l s  concerning their admiss ion, and give wri tten instructions  about the
day of surgery. It i s  important that patients  read the advice and s ign a  patient agreement.
Some patients  who fa l l  outs ide the guidel ines  need to be discussed on an individual  bas is  and may include:

Some ASA 3 patients  who would do better in a  day case envi ronment rather than as  an inpatient, e.g. chemotherapy patients , s table
diabetics .
Many paediatric anaesthetis ts  wi l l  anaesthetize babies  as  young as  6 weeks  on a  day case bas is  (provided infant was  not premature).
Moderate obes i ty in i tsel f does  not preclude day s tay surgery, but does  cause unpredictable problems in terms  of length of surgery and
anaesthes ia . BMI i s  not the idea l  tool  for assess ing fi tness  for day surgery, but provides  preassessment nurses  with guidance. Obese
patients  should be scheduled mid morning to a l low preoperative antacid therapy time to work and s ti l l  a l low time for recovery.
Remember that obes i ty may cause as  many problems to the surgeon as  to the anaesthetis t. In genera l  a  BMI >35 i s  not sui table (BMI =
weight (kg)/height2 (m)).

Common coexis ting disease

Stable asthmatics  are sui table for day surgery. Regular hospi ta l i zation, ora l  s teroid therapy, and poor control  of symptoms would
suggest unsui tabi l i ty.
Stable epi leptics  on medication are sui table for day surgery. Avoid propofol  i f they have a  driving l i cence (see p. 171).
Wel l -motivated, wel l -control led diabetics  having operations  with a  low incidence of postoperative nausea can be managed as  day
cases , with ei ther genera l  or loca l  anaesthes ia .
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Cancel lations  and DNAs  (did not attend)
Most cancel lations  on the day of surgery can be avoided by careful  patient selection by experienced s taff. It i s  often unavoidable to cancel
patients  who have an acute i l lness , i .e. a  heavy cold, or an exacerbation of previous ly wel l  control led asthma. However, diseases  such as
undiagnosed hypertens ive disease or uncontrol led atria l  fibri l lation should be discovered by preassessment at the day surgery uni t.
Starvation instructions

Morning l i s ts : no sol id food after midnight and free clear fluids  up to 0630 h.
Afternoon l i s ts : no sol id food after 0630h and free clear fluids  up 1130h.

Preoperative verbal  and wri tten instructions  are important so that mi lky drinks  are avoided. In practice, accept drinks  with 1 to 2 teaspoons  of
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milk but treat any more as  sol id food and require a  6 h fast.
Driving
Patients  should not drive for at least 24 h postoperatively because of res idual  effects  of the anaesthetic. Remember that some operations
themselves  wi l l  preclude driving for longer because of pa in and l imited movement, e.g. arthroscopy and inguina l  hernia  repair. This  advice
must be conta ined in the preoperative verbal  and wri tten instructions  given to the patient.
Preoperative investigation
The fol lowing tests  should be performed when appropriate:

FBC only in patients  with the poss ibi l i ty of anaemia, e.g. menorrhagia .
Sickle cel l  test in patients  of Afro-Caribbean origin.
Electrolytes  and creatinine in patients  on diuretics .
Blood sugar in patients  who are diabetic or have a  urina lys is  pos i tive for glucose.
ECG in a l l  patients  over the age of 55 and younger patients  i f they have a  cardiac his tory or s igns  (hypertens ion, dysrhythmias ,
diabetics ).
Chest radiograph only for patients  with COAD, breathlessness , severe chest or cardiac his tory. Also patients  with unexpla ined or
unexpected chest problems or s igns . Very few day surgery patients  should need a  preoperative chest radiograph.
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Conduct of anaesthes ia
Use loca l  anaesthetic, or short-acting genera l  anaesthetic drugs  which have few res idual  psychomotor effects  and a  low incidence of
postoperative nausea or vomiting (PONV).
Preoperative

Nurses , surgeon, and anaesthetis t wi l l  need to undertake an adequate his tory and examination as  a  ful l  medica l  clerking i s  not
usual ly performed by junior medica l  s taff. This  should include blood pressure measurement and cardiorespiratory examination.
Consent should be performed by the operating surgeon ei ther in the outpatient department or on the day of surgery.
Avoid premedication i f at a l l  poss ible. If necessary use ora l  midazolam (up to 0.5 mg/kg) in a  l i ttle undi luted sweet frui t cordia l  (as  i t
tastes  awful ) for chi ldren, or temazepam (10–20 mg) in adults .
There i s  no evidence for any increase in regurgi tation/aspiration in day case patients  so the routine use of antacid drugs  i s  probably
unnecessary. However, in those with a  his tory of regurgi tation rani tidine (300 mg PO) or omeprazole (40 mg PO) i s  appropriate.
NSAIDs , e.g. diclofenac 50–100 mg, given ora l ly or recta l ly, reach peak effect a fter 1–2 h and are a  useful  adjunct to anaesthes ia , with
very few s ideeffects . Remember that s low release ora l  preparations  do not reach s teady s tate concentrations  unti l  a fter severa l  doses ,
and are thus  not useful  for early analges ia .

Perioperative

Tota l  intravenous  anaesthes ia  with propofol  i s  widely used. Inhalation of oxygen-enriched a i r wi l l  a l so a l low omiss ion of ni trous
oxide. Propofol  induction with i soflurane/sevoflurane maintenance i s  an a l ternative.
Incrementa l  fentanyl , often 2–4 µg/kg in divided doses .
Diclofenac (PO/PR) and loca l  anaesthetic for every sui table patient/operation.
Whenever poss ible use a  laryngeal  mask a i rway, avoiding intubation, muscle relaxants , and reversa l  agents  where poss ible. Laryngeal
masks  for gynaecologica l  laparoscopy and armoured laryngeal  masks  for wisdom tooth extraction, and many nasa l  operations  can be
used safely in most ci rcumstances .
Antiemetics  are not indicated routinely but should be reserved for treatment of any PONV or prophylaxis  in those with a  his tory of
PONV.

Postoperative

The inclus ion of opioids , NSAIDs , and loca l  anaesthetics  should provide early analges ia . If more analges ia  i s  needed i t i s  imperative
to treat i t early. 50–75 µg fentanyl  provides  good, fas t-onset analges ia .
Give morphine i f s tronger analges ia  i s  required. Remember that pa in worsens  nausea.
P.274
Simple ora l  ana lges ics  may be of help, as  may phys ica l  therapies  such as  hotwater bottles , particularly for the cramping lower
abdominal  pa in fol lowing gynaecologica l  surgery.

Postoperative nausea and vomiting
A multi factoria l  approach to the prevention of PONV should be used. Early ambulation i s  a  ri sk factor for PONV, so a l l  day case patients  should
be treated as  high ri sk. PONV must be ful ly control led before discharge home.
TIVA propofol , omitting ni trous  oxide, mutimodal  analges ic therapy, good hydration, and minimal  (2 h) fluid fast are appropriate. This  i s  a
recipe approach which works  wel l  and leaves  a  smal l  number of patients  requiring treatment, which can then be cost effectively done with a
5-HT3 antagonis t such as  ondansetron.
Regional  anaesthes ia
Regional  anaesthes ia  i s  widely used in Europe and North America  for day case anaesthes ia . PONV is  reduced. Timing and planning are
important as  blocks  take a  longer time to set up or wear off compared with genera l  anaesthes ia . Perform spina l  anaesthetics  early on the l i s t,
to a l low maximum time for recovery. Spina ls  must have worn off completely before discharge to a l low safe ambulation. However, i t i s
reasonable to discharge patients  with working plexus  blocks  thus  a l lowing the benefi t of prolonged postoperative analges ia . Remember that
patients  need specia l  ins tructions  on care of the anaesthetized part so as  to avoid inadvertent damage. This  would include a  s l ing for
patients  with brachia l  plexus  blocks .
Loca l  anaesthes ia  and sedation
With increased use of loca l  anaesthetics , short-acting sedative drugs  wi l l  inevi tably be used to increase tolerabi l i ty. It must be noted that
sedation i s  a  poor adjunct to an imperfect loca l  anaesthetic block. However, judicious  use of intermittent midazolam or propofol  infus ions
(TCI 1–1.5 µg/ml) can provide good amnes ia  with few postoperative effects . If sedation i s  to be used i t must be provided and monitored by
someone other than the operating surgeon.
Speci fic blocks

Field block: excel lent for LA hernia  repair as  provides  postoperative analges ia  and obviates  the need for genera l  anaesthes ia .
Spina ls : use 25/26 gauge penci l  point needles  and 0.25% heavy bupivaca ine (1:1 di luted 0.5% heavy bupivica ine and s teri le sa l ine).
This  gives  a  s imi lar onset of anaesthes ia  with a  shorter discharge time (4 versus  6 h).
Epidura ls  are less  sui table due to the time factor in achieving block.
Caudals : use di lute solutions  (0.125% bupivaca ine) add preservative free ketamine 0.5 mg/kg or clonidine 1 µg/kg to prolong the block
for up to 24 h. Warn the patients  about ambulation di ffi cul ties .
Brachia l  plexus  blocks : use axi l lary approach (low incidence of pneumothorax). If used with GA use di lute loca l  anaesthetic (0.25%
bupivaca ine) to minimize motor block. If wi thout GA, take onset time into account when planning the l i s t.
The use of femoral  nerve blocks  i s  controvers ia l  as  mobi l i zation i s  di ffi cul t.
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Speci fic discharge cri teria
Spina ls
Ful l  recovery of motor power and proprioception.
Passed urine.
Brachia l  plexus  blocks
Some regress ion of motor block.
Understanding of protection of partia l ly blocked l imb.
Lower l imb blocks
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Some regress ion of motor block.
Adequate mobi l i ty demonstrated on crutches .
Understanding of protection of partia l ly blocked l imb.
Discharge drugs
Al l  patients  should have a  supply of sui table ora l  postoperative analges ics  at home or be given i t to take home. Inguina l  hernia  repair,
laparoscopic surgery, wisdom tooth extraction, etc. should be given at least 2 days ' supply of analges ics  (diclofenac 50 mg three times  a  day,
Cocodamol-a  combination of codeine/paracetamol  30 mg/500 mg 2 tablets  four times  a  day or s imi lar).
Discharge cri teria
Stable vi ta l  s igns .
Ful ly awake and orientated.
Able to eat and drink.
Passed urine (urologica l  surgery) and after spina l/caudal .
Ambulant.
Pa in and nausea wel l  control led.
At least a  1 h wait postoperatively i s  a  sens ible condition of discharge.
Discharge organization
Intravenous  cannula  removed and wound checked.
Wri tten and verbal  discharge information.
Discharge drugs .
Suture removal  organized i f required.
GP letter.
Contact telephone number.
Col lected by respons ible adult.
P.276

Postoperative admiss ion
Reasons  for overnight admiss ion:

Do not ful fi l  discharge cri teria  before uni t closes .
Observation after surgica l  or anaesthetic compl ications .
Unexpectedly more extens ive surgery.
Inadequate socia l  ci rcumstances .
Uncontrol led pa in or PONV.

Overa l l  unanticipated admiss ion occurs  in between 0.5 and 2.0% of cases , depending on the mix of surgery.
Gynaecology and urology have the highest admiss ion rates . Surgica l  causes  of hospi ta l  admiss ion are three to five times  greater than
anaesthetic causes . Common anaesthetic reasons  for hospi ta l  admiss ion are inadequate recovery, nausea and vomiting, and pa in.
Anaesthes ia-related compl ications  are more frequent with genera l  anaesthes ia  than with loca l  anaesthes ia  plus  sedation or regional
anaesthes ia . Surgica l  reasons  include bleeding, extens ive surgery, perforated viscus , and further treatment. Admiss ions  s ti l l  occur when
socia l  ci rcumstances  have changed, i .e. patient has  no one for 24 h supervis ion.
Further reading
Chung F, Mezei  G (1999). Adverse outcomes  in ambulatory anesthes ia . Canadian Journal  of Anesthes ia , 46, R18–R26.
Library Holdings
Bibl iographic Links
Liu S S (1997). Optimizing spina l  anesthes ia  for ambulatory surgery. Regional  Anesthes ia , 22, 500–10.
Library Holdings
Bibl iographic Links
Peng PWH, Chan VWS, Chung FFT (1997). Regional  anaesthes ia  in ambulatory surgery. Ambulatory Surgery, 5, 133–43.
Ful l  Text
Library Holdings
Bibl iographic Links
Rowe WL (1998). Economics  and anaesthes ia . Anaesthes ia , 53, 782–8.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
Webs i te of the Bri ti sh Association of Day Surgery: http://www.bads .co.uk (for updates  and new day surgery l inks ).
Webs i te of the Society of Ambulatory Anesthes ia : http://www.sambahq.org (use ‘search’ for ‘core curriculum’).
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Genera l  principles  of anaesthes ia  for laparotomy
Laparotomy is  a  major phys iologica l  insul t. Perioperative compl ications  are common and often unpredictable. Even after ensuring that the
patient's  phys iologica l  s tatus  i s  optimized, fluid replacement and analges ia  are adequate, and appropriate monitoring i s  carried over into
the postoperative period, compl ications  may s ti l l  occur. High dependency or intens ive care i s  often appropriate.
Genera l  cons iderations
Anaesthes ia  i s  usual ly s tra ightforward in the young patient having s imple bowel  resection. However, abdominal  surgery i s  more common in
elderly people compromised by underlying disease, undergoing prolonged procedures  associated with major fluid shi fts  and cardiorespiratory
stress . Recent s tudies  on optimization have shown that close attention to anaesthetic deta i l , particularly ensuring an adequate ci rculating
volume and cardiac output, i s  associated with an improved outcome. In some hospi ta ls  a  proportion of these patients  are admitted to
HDU/ICU prior to surgery, a l though this  i s  not routine in the United Kingdom.
Preoperative

Ischaemic heart disease and cardiac fa i lure increases  the ri sk of surgery and should be optimal ly control led.
Respiratory function should be optimized and phys iotherapy commenced before surgery. Examine the chest radiograph i f ava i lable.
Cons ider overnight IV fluids  prior to operation i f creatinine i s  high, patient i s  jaundiced or dehydrated, or i f fluid intake inadequate.
Bowel  preparation can resul t in s igni ficant hidden dehydration.
Exclude contra indications  to regional  anaesthes ia , e.g. patient refusa l , infection around proposed s i te of epidura l , coagulation
disorders .
Discuss  analges ia  options  and obta in at least verbal  consent i f a  centra l  neuraxia l  block cons idered.
Check the thromboprophylaxis  regimen (ensure low molecular weight heparins  are given at least 12 h in advance of neuraxia l  block).
Discuss  rapid sequence induction, i f this  i s  required. Cons ider rani tidine or omeprazole premedication.
Cons ider whether HDU/ICU care i s  indicated perioperatively and book bed i f appropriate.

Perioperative

Large bore IV access . Gaining extra  IV access  during surgery may be di ffi cul t especia l ly i f the patient i s  in the l i thotomy pos i tion.
Start IV infus ion as  soon as  the patient arrives  in the anaesthetic room/theatre i f i t has  not been s tarted preoperatively. Long
extens ion sets  may be required.
Hypotens ion i s  common fol lowing induction (relative dehydration) and may require the use of vasopressors .
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Check i f a  nasogastric tube i s  required—ask the surgeon to check the pos i tion during surgery.
Prophylactic antibiotics  (p. 896).
Establ i sh appropriate invas ive monitoring.
Establ i sh active patient warming, e.g. fluid warmer, hot a i r blanket, insulation.
Postoperative nausea and vomiting are common, cons ider an antiemetic in theatre, and prescribe postoperatively.
Keep one arm out on an arm support to a l low vascular access  and neuromuscular monitoring.
Be prepared for the l i thotomy pos i tion and head down ti l t—may need PEEP to mainta in oxygenation.
Muscle relaxation i s  essentia l  unti l  the abdomen is  closed (this  helps  the surgeon).
Empty s tomach i f appropriate by aspi rating the nasogastric tube before waking up and extubating.

Postoperative

Continue active patient warming.
Prescribe postoperative supplementa l  oxygen for up to 72 h.
Arrange a  check chest radiograph i f a  CVP l ine s i ted intra-operatively.
Continue close monitoring of fluid s tatus . Frequent monitoring of pulse, blood pressure, urine output, CVP (i f appropriate), fluid loss
(urine, dra ins , i leostomy, blood, etc.), and conscious  level . In high-ri sk patients  and fol lowing major surgery measure urine output
hourly for at least 48 h.
Cons ider da i ly FBC and U+E unti l  normal  bowel  function returns . Correct electrolyte abnormal i ties  and anaemia.
Monitor and treat pa in.

Perioperative morta l i ty and morbidi ty
Surgery and anaesthes ia  for intra-abdominal  procedures  carries  a  high ri sk of compl ications . Upper abdominal  procedures  have an increased
risk compared with lower gastrointestina l  procedures . Signi ficant compl ications  primari ly a ffect the respiratory, cardiovascular, and renal
systems. Morta l i ty rates  associated with intra-abdominal  procedures  may be as  high as  5%, with upper abdominal  surgery twice as  l ikely to
resul t in death than lower abdominal  procedures . In s tudies  on postoperative morta l i ty, deaths  fol lowing cardiac, vascular, and abdominal
surgery represent 60–80% of a l l  deaths  reported. Predictors  of severe adverse perioperative outcome (including death) include a  his tory of
CCF/MI less  than 1 year ago, ASA 3 or 4 and age >50 years .
Intra-operative invas ive monitoring
When to use invas ive monitoring i s  controvers ia l . Cons ider the extra  information i t wi l l  provide aga inst the poss ible ri sks  involved.
Postoperative para lytic i leus
Bowel  function begins  to return 24–36 h postoperatively, but does  not return to normal  unti l  48–72 h. Prolonged i leus  leads  to col lection of
fluid and gas  in
P.280

the bowel  resul ting in dis tens ion, increased pa in, nausea, vomiting, and delayed discharge. The aetiology of i leus  i s  multi factoria l  and
includes :

manipulation of the bowel
hormonal  s tress  response
increased sympathetic activi ty
postoperative pa in
immobi l i ty
opioids
hypokalaemia.
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Suggested indications for invasive monitoring

Centra l  venous
pressure

large fluid shi fts , major blood loss , CVS or renal  compromise, inotropes , prolonged surgery

Arteria l  l ine Major blood loss , unstable patient, arrhythmias , CVS compromise, blood gas  sampl ing

Oesophageal
Doppler

Monitors  beat by beat pulse waveform and can indicate inadequate fi l l ing, pump performance, and afterload. Wi l l
determine whether fluids , inotropes , vasodi lators , or vasoconstictors  are needed

Pulmonary
artery catheter

Where di fference i s  expected with performance between left and right s ide of heart, cardiac fa i lure

Analges ia
Abdominal  incis ions  are extremely pa inful  for severa l  days  fol lowing the operation and can be associated with changes  in FRC and abi l i ty to
cough. In genera l  three levels  of analges ia  are used:

Simple IM/SC opioids  for less  invas ive procedures , e.g. appendicectomy, reversa l  of colostomy.
Opioids  by continuous  intravenous  infus ion or PCA can be used, particularly for lower abdominal  procedures . Continuous  infus ion
techniques  can be particularly effective in the elderly population who may be confused postoperatively and unable to uti l i ze a  PCA
(ensure additional  oxygen therapy and hourly sedation/pain scoring).
Epidura l  techniques , which may be particularly beneficia l  for upper abdominal  surgery, prolonged procedures , and high-ri sk patients

Regular paracetamol  (PO/PR) and NSAIDS when appropriate should a lso be prescribed.
Epidura l  ana lges ia
This  i s  commonly used for patients  undergoing laparotomy. Advantages  include:

Improved pa in rel ief. Thoracic epidura ls  us ing loca l  anaesthetic and/or epidura l  opioids  provide superior analges ia  compared with
systemic opioid analges ia . Epidura l  opioids  improve analges ia  compared with loca l  anaesthetic a lone. Effectiveness  rel ies  on
appropriate placement. The catheter
P.281

should be placed at a  level  corresponding to the dermatome innervating the middle of the abdominal  incis ion. The range for
abdominal  incis ions  i s  usual ly T6–T12. Fa i lure of analges ia  i s  common i f the catheter i s  placed too low.
Improved postoperative gastrointestina l  moti l i ty. Improved recovery of bowel  moti l i ty i s  seen with appropriately used epidura l
catheters  due to reduced inhibi tory gastrointestina l  tone and increased intestina l  blood flow. Low-dose epidura l  opioids  do not seem
to decrease intestina l  moti l i ty. Improved postoperative patient mobi l i zation.
Improved postoperative respiratory function resul ting in a  reduced incidence of pneumonia , respi ratory fa i lure, and radiologica l
markers  of pulmonary compl ications , e.g. atelectas is .
Potentia l ly improved myocardia l  oxygenation. Pa in, activation of the sympathetic nervous  system, and the s tress  response can increase
heart rate, coronary vasoconstriction, and myocardia l  workload, increas ing the ri sks  of myocardia l  i schaemia  and infarction.
Reduction in thromboembol ism.
Reduced sedation and postoperative nausea/vomiting.
Poss ible reduction in overa l l  morta l i ty.1

Disadvantages  associated with the use of epidura ls  include:

Risks  related to placement of the epidura l  catheter.
Epidura l  fa i lure (can be as  high as  30% for postoperative analges ia).
Perioperative hypotens ion. This  should be treated aggress ively depending on the aetiology.
Postoperative motor blockade impeding patient mobi l i zation.
Itching associated with epidura l  opioids .

Practica l  cons iderations  for epidura l  ana lges ia

The catheter should be s i ted at an appropriate level  to provide analges ia  to the s i te of the skin incis ion (T10–T11 for lower abdominal
procedures , T8–T9 for upper abdominal  procedures). Si ting the epidura l  awake i s  probably safer—patient feedback during insertion
can be useful  in a lerting the anaesthetis t to potentia l  problems.
Intra-operatively. Epidura l  loading dose 50–100 µg fentanyl  in 8–10 ml  0.5% bupivaca ine (divide into 4–5 ml  boluses) and assess
response. Top up with 3 ml  0.25% bupivaca ine as  needed. Bupivaca ine takes  15–20 min to achieve i ts  maximum spread and top ups
should be performed cautious ly. Intravenous  supplementation with a  short-acting opioid or an increase in the volati le agent may be
required unti l  the block i s  sufficient. An extens ive sympathetic block may develop with relatively low volumes  of loca l  anaesthetic.
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Where extens ive bleeding i s  expected, or in patients  who are cardiovascularly unstable, i t i s  often wise not to use epidura l  loca l
anaesthetic unti l  postoperatively. Epidura l  opioids  a lone are often a  safer option.
The effectiveness  of epidura ls  varies  during surgery. Surgeons  manipulating organs  or pul l ing on mesentery may cause s timulation,
even with a  good block. AP resection (which requires  analges ia  and anaesthes ia  across  thoracic, lumbar, and sacra l  dermatomes) can
prove problematic. Effectiveness  of the epidura l  can be improved with the use of epidura l  opioids  and larger volumes  of weak
anaesthetic solution, e.g. 0.125% bupivaca ine. Despi te this  i t can be di ffi cul t to effectively anaesthetize sacra l  dermatomes  and i t may
be necessary to supplement with systemic analges ia/anaesthes ia . Use shortacting opiates , e.g. remifentani l , a l fentani l , fentanyl , to
reduce postoperative compl ications . The epidura l  catheter should s ti l l  be s i ted in the low thoracic region as  the major source of pa in
relates  to the abdominal  incis ion.
Treat hypotens ion with fluids  and vasopressors . Ensure renal  perfus ion i s  mainta ined and avoid prolonged periods  of relative
hypotens ion.
Postoperatively an appropriate regime cons is ts  of a  mixture of loca l  anaesthetic and opioid, e.g. bupivaca ine 0.167% + diamorphine 0.1
mg/ml  (2–8 ml/h), bupivaca ine 0.125% + fentanyl  4 µg/ml  (2–8 ml/h).
Epidura l  ana lges ia  may not be appropriate in very s ick/septic patients  undergoing emergency laparotomy for intra-abdominal
obstruction/catastrophe. Problems with pers is tent hypotens ion may l imit the analges ic effect and compromise renal  blood flow, plus
increased ri sks  of epidura l  haematoma/infection.
If an epidura l  i s  contra indicated use IV morphine in theatre and recovery and then PCA or a  morphine infus ion postoperatively.

Temperature control
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Patients  undergoing genera l  anaesthes ia  become hypothermic due to:

anaesthetic-induced impairment of thermoregulatory control
a  cool  operating envi ronment
surgica l  factors  promoting heat loss .

Hypothermia  develops  with a  characteris tic three-phase pattern.

Phase 1: redis tribution of body heat as  the tonic vasoconstriction that normal ly mainta ins  the core to periphery temperature gradient i s
inhibi ted. Occurs  during the fi rs t hour and resul ts  in a  reduction in core temperature of 1–1.5 °C.
Phase 2: core temperature then decreases  l inearly at a  rate determined by the di fference between heat production and heat loss .
Patients  undergoing an operation under genera l  anaesthes ia  not only have increased losses  (radiation, conduction, convection,
evaporation) but a lso have a  reduced metabol ic rate and therefore reduced heat production. Lasts  2–3 h.
Phase 3: when core temperature drops  to a  sufficiently low va lue vasoconstriction i s  triggered and the temperature reaches  a  plateau
phase of about 3–4 °C below normal .

Efforts  to reduce operative hypothermia  are a imed at preventing the l inear decrease in phase 2 and increas ing the tota l  body heat to
minimize the drop in core temperature seen with redis tribution. This  involves :

An HME fi l ter which humidi fies  and warms inhaled gases  reducing losses  from the respiratory tract.
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A fluid warmer to prevent conductive heat loss  associated with the adminis tration of cold fluids .
A hot a i r warming blanket reducing radiation loss  and increas ing tota l  body heat.
Insulation to exposed areas , e.g. the wrapping the head reduces  heat loss .

Patients  undergoing laparotomy have large increases  in heat loss  compared to those normal ly associated with anaesthes ia . If a  thoracic
epidura l  i s  used, the compensatory vasoconstriction respons ible for phase 3 i s  los t and severe hypothermia  can occur. Every effort must be
made to avoid hypothermia  and i ts  compl ications . In recovery the res idual  effects  of genera l  anaesthes ia , continued epidura l  vasodi latation,
inhibi tion of shivering, and continuing fluid adminis tration can resul t in further hypothermia. The above techniques  should be carried over
into recovery.
Fluid management
Fluid loss  occurs  pre-, intra-, and postoperatively in patients  undergoing laparotomy. Causes  of fluid loss  include:

Preoperative: reduced fluid intake secondary to the underlying disease process , increased fluid losses , e.g. i leostomy, vomiting,
laxative use for bowel  preparation, preoperative s tarvation.
Intra-operative: large evaporative losses  from the peri toneal  cavi ty through the abdominal  incis ion, sequestration of fluid into the
omentum and bowel  lumen (thi rd space loss ), blood loss , evaporative loss  from the respiratory tract, urine production, nasogastric
losses .
Postoperative: ongoing sequestration of fluid into the omentum and bowel  (para lytic i leus ), ongoing losses  from the nasogastric tube,
urine production, ongoing blood loss .

These losses  must be replaced with an individual i zed fluid regime. Those with large preoperative fluid defici ts  should have IV fluids
preoperatively on the ward or HDU. Losses  should be careful ly charted on a  regular bas is  particularly nasogastric dra inage, blood loss , and
urine output. During surgery, crysta l loid maintenance rates  are between 10 and 30 ml/kg/h. For prolonged procedures , requiring large volumes
of crysta l loid, Hartmann's  solution i s  preferable.
Nasogastric tubes
When deciding on which nasogastric tube to use cons ider:

duration of use
the indication
diameter.

Duration
With prolonged use, compl ications  such as  loca l  ti s sue i rri tation/ necros is/ perforation (nares , nasopharynx, oesophagus , s tomach), and
degradation of the nasogastric tube become more pertinent. The most important cons ideration in preventing these compl ications  i s  the
materia l  that the nasogastric tube i s  made from. The maximum recommended durations  of use for the various  materia ls  used in the
manufacture of nasogastric tubes  are:

PVC 1 week
polyurethane 2–4 weeks
s i l i cone >4 weeks .
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Indication
There are four bas ic types  of nasogastric tube:

Gastric tube: approximately 100 cm long with an open-ended, nonweighted tip. This  i s  the most bas ic type of tube. The open-ended tip
a l lows  eas ier aspi ration and wash out of the s tomach but at the expense increased ri sk of trauma to the s tomach wal l , i .e. ‘ti s sue
grab’ during process  of aspi ration.
Leven gastro-duodenal  tube: approximately 125 cm long with closed nonweighted tip. Reduces  the ri sk of ti s sue grab and i s  long
enough to pass  into the duodenum/jejunum i f nasogastric feeding i s  l ikely.
Ryles  tube: approximately 125 cm long with the same characteris tics  as  Leven tube except that the tip i s  weighted us ing tungsten. The
tungsten weight makes  passage of the tube into the s tomach eas ier and a ids  peris ta ls i s  in moving the tube tip out of the s tomach and
into the smal l  intestine.
Sa lem sump tube: approximately 100 cm long with a  closed non-weighted tip. At the proximal  end there i s  a  sump tube, which i f left
open to reduces  ti ssue grab even when negative pressure i s  appl ied to the nasogastric tube. These tubes  are des igned for active
decompress ion of the GIT us ing continuous  gentle aspi ration.

Diameter



Nasogastric tubes  come in a  range of diameters  from 8–18 FG. The bigger gauge the eas ier i t i s  to dra in and decompress  the s tomach but the
greater ri sk of ti s sue grab and patient discomfort. One of the main compla ints  patients  fol lowing laparotomy is  discomfort and pa in related to
the nasogastric tube.
For most laparotomies  a  PVC/polyurethane 16 FG Ryles  or Sa lem tube adequate. For procedures  such as  a  laparoscopic cholecystectomy, where
decompress ion of the s tomach a ids  surgica l  access  or where active decompress ion of the GIT i s  anticipated postoperatively, then the Sa lem
tube i s  preferable.

Operation Description
Time
(h)

Pain Position
Blood
loss
(litres)

Notes

Hemicolectomy
Resection of right or left
hemicolon

1–3 ++++ Supine 0.5 Low thoracic epidura l  or opioid infus ion/PCA

Sigmoid colectomy
Resection of s igmoid
colon with bowel
anastomos is

1–3 ++++
Supine. Head down.
May need Lloyd-
Davies

0.5–1.0 Low thoracic epidura l  or opioid infus ion/PCA

Hartmann's
procedure

Resection of s igmoid
colon with colostomy

1–3 ++++
Supine. Head down.
May need Lloyd-
Davies

0.5–1.0 Low thoracic epidura l  or opioid infus ion/PCA

Anterior resection Resection of rectum 2–3 ++++
Head down. Lloyd
Davies

0.5–1.5 Low thoracic epidura l

AP resection
Resection of rectum and
anus

2–4 +++++
Head down. Lloyd
Davies

0.5–2.0
Low thoracic epidura l . Can be di ffi cul t to block
sacra l  nerve roots . CVP l ine

Gastrectomy Resection of ga l l  bladder 2–3 +++++ Supine 0.5–1.0 High thoracic epidura l , Cons ider CVP/art l ine

Cholecystectomy Resection of ga l l  bladder 1
+++
/++++

Supine 0.5 Right upper quadrant incis ion. PCA

Closure of loop
colostomy or loop
i leostomy

Local  closure of
colostomy or loop
i leostomy

0.5–
1

++ Supine ns
Sti l l  requires  muscle relaxation. May need PCA. If
di ffi cul ties  ari se can proceed to more extens ive
procedure

Reversa l  of
Hartmann's

Laparotomy. Bowel  ends
re-anastomosed

1–
2.0

++++
Supine. Head down.
May need Lloyd
Davies

0.5–1.5 Low thoracic epidura l

Footnote
1

Rodges  A et a l . (2000). Reduction of postoperative morta l i ty and morbidi ty with epidura l  or spina l  anaesthes ia : resul ts  from overview of
randomised tria l . Bri ti sh Medica l  Journal , 321, 1493.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
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The s ick laparotomy
(See a lso ‘Anaesthes ia  for the Septic Patient’ p. 682.)
Patients  for emergency intra-abdominal  surgery are at a  much greater ri sk of perioperative compl ications  than those presenting electively. The
time ava i lable for preparation varies  from only a  few minutes  to 12 h or more. The key i s  to s trike the correct ba lance between the benefi ts  of
preoperative resusci tation and those of timely surgery. The principles  described earl ier regarding the care of the patient undergoing a
laparotomy apply equal ly in the emergency s i tuation.
Preoperative assessment

Discuss  the probable diagnos is  with the surgica l  team. The emergency laparotomy can be broadly divided into a  bleeding problem
(e.g. AAA, splenic laceration, avulsed vessel ), intestina l  perforation (e.g. perforated duodenal  ulcer, intestina l  i schaemia), or acute
intestina l  obstruction.
Bleeding problems present with hypovolaemic shock. Treat appropriately, but these cases  need immediate treatment and
resusci tation can occur during transfer to theatre and immediately prior to induction. Cons ider anaesthetizing the patient on the
operating table with the surgeon scrubbed and the patient prepared for surgery.
Intestina l  perforation/obstruction produces  a  greater metabol ic derangement. Time spent on a  deta i led assessment and adequate
resusci tation pays  dividends  perioperatively.
Careful  examination of cardiorespiratory s tatus  i s  important and can reveal  subtle clues  regarding the severi ty of i l lness . Pulse
oximetry i s  useful  in those who are dyspnoeic.
Investigations  should include FBC, electrolytes  (include magnes ium i f poss ible), LFTs , clotting, ECG, chest radiograph, and cross -match.
ABGs  are used to assess  the degree of acidos is  and oxygenation and may yield important information regarding the severi ty of i l lness ,
resusci tation, and the appropriate envi ronment for perioperative care.

Preoperative preparation

A careful  ba lance must be s truck between preoperative optimization and surgica l  urgency. Patients  presenting with an intra-abdominal
catastrophe (acute obstruction/perforation) are often extremely unwel l , wi th marked hypovolaemia, hypoperfus ion, acidos is , severe
renal  impairment, and seps is .
Optimize the patient's  cardiorespiratory s tatus  as  far as  poss ible in the time ava i lable. This  may require admiss ion to ICU/HDU,
invas ive monitoring of CVP and arteria l  pressure, aggress ive rehydration, and poss ibly inotropic support. If ICU/HDU is  not ava i lable,
theatre recovery may be an option. Aggress ive preoperative optimization in this  group of patients  i s  often beneficia l  in the
perioperative period.
Oxygen should be adminis tered to most emergency laparotomies  in the preoperative period especia l ly i f hypotens ive or with an
oxygen saturation of less  than 95% on pulse oximetry or arteria l  blood gas  measurement.
Aggress ive fluid management i s  essentia l . The fi rs t priori ty i s  to restore intravascular volume and perfus ion. Ini tia l  resusci tation
should be with
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col loid or blood depending on the haemoglobin. Once an adequate ci rculating volume is  achieved, prescribe crysta l loid and/or col loid
to mainta in hydration and perfus ion. Fluid resusci tation should be guided by CVP measurement, or at least hourly urine output.
Urinary catheter: s tart hourly measurement of urine output and use to guide fluid therapy.
A nasogastric tube should be inserted in patients  presenting with intestina l  obstruction to rel ieve gastric dis tens ion and reduce the
risk of aspi ration.
Electrolytes  should be corrected as  far as  poss ible. Hypokalaemia  and hypomagnesaemia  provoke cardiac arrhythmias . Control
diabetes  with an insul in/dextrose infus ion.
Metabol ic acidos is  should improve with aggress ive fluid and cardiovascular manipulation. If the pH does  not respond and remains
low (<7.2) the patient i s  at high ri sk. Cons ider whether there may be an underlying metabol ic problem (e.g. diabetic ketoacidos is ) or
pathology (e.g. bowel  i schaemia). If surgery i s  indicated and the pH unrespons ive, 100–200 ml  of 8.4% sodium bicarbonate IV should be
cons idered.
Problems with clotting should be addressed and treated appropriately.
Analges ia  i s  not contra indicated in the acute abdomen. Use IV morphine. Avoid NSAIDs  in the cri tica l ly i l l  (renal  damage, decreased
platelet function, etc.).
Give antibiotics  where appropriate.

Perioperative care

Aspirate the nasogastric tube prior to induction.
Pre-oxygenate.
Rapid sequence induction.
Have a  large-bore IVI connected to pressurized fluids  (gelofus ine) and infus ing rapidly.
Choice of induction agent depends  on cardiovascular s tabi l i ty. A s ingle dose of etomidate i s  unl ikely to have major effects  on the
adrenocortica l  axis . Propofol  or thiopenta l  are more l ikely to cause hypotens ion in this  group. Give any induction agent s lowly a l lowing
for the delay in onset.
Relaxants . Fol lowing suxamethonium use atracurium/cis -atracurium (metabol i sm not dependent on renal  function). In the acidotic
patient the duration of action of these drugs  i s  prolonged.
Analges ia . Regional  analges ia  i s  often a  poor choice in this  group due to pers is ting hypotens ion and the ri sks  of unmasking
hypovolaemia. Fentanyl  or morphine are good options . Give with induction and supplement as  needed. TIVA us ing ketamine i s
sometimes  useful .
Vasopressors  and vagolytics  should be drawn up before induction (atropine, glycopyrrolate, ephedrine, and metaraminol ). If
hypotens ion pers is ts  prepare an adrenal ine or noradrenal ine infus ion and s tart preoperatively.
Monitoring. Invas ive arteria l  and centra l  venous  pressure monitoring are extremely useful  in this  group and should be inserted
preoperatively. Continue in recovery and postoperatively as  required.
Patient warming should be as  for any laparotomy.
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Postoperative
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ICU/HDU care i s  often necessary for early and aggress ive treatment of hypothermia, cardiorespiratory compromise, seps is ,
coagulopathy, borderl ine urine output, etc. Cons ider postoperative venti lation for 24 h i f the patient i s  particularly hypothermic or
cardiovascularly unstable perioperatively.
Frequent review of postoperative fluids  should be undertaken, guided preferably by CVP measurement.
Urine output should be measured hourly intra- and postoperatively. If <0.5 ml/kg/h urgent review is  necessary.
Postoperative chest radiograph to check the pos i tion of the CVP l ine.
Oxygen should be adminis tered for a  minimum of 72 h postoperatively.
Pa in—cons ider continuous  morphine infus ion. PCA i s  often not practica l  due to postoperative confus ion.
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Genera l  principles  for laparoscopic surgery
Laparoscopic techniques  have been developed for many operations  including cholecystectomy, fundopl ication, vagotomy, hemicolectomy,
hernia  repair, appendicectomy, and oesophagectomy.
Compared with laparotomy the major advantages  are:

Reduced ti ssue trauma required for surgica l  exposure.
Reduced wound s ize and postoperative pa in.
Improved postoperative respiratory function: Fol lowing open cholecystectomy FVC i s  reduced by approximately 50% and changes  are
sti l l  evident up to 72 h postoperatively. Fol lowing laparoscopic cholecystectomy FVC i s  reduced by approximately 30% and i s  normal  at
24 h postoperatively.
Reduced postoperative i leus .
Earl ier mobi l i zation.
Shorter hospi ta l  s tay.

Surgica l  requirements

Gravi tational  displacement of abdominal  vi scera  from the operative s i te.
Decompress ion of abdominal  vi scera , especia l ly the s tomach (nasogastrictube) and bladder (urinary catheter). Prevents  injury on trocar
insertion.
Pneumoperi toneum. This  separates  the abdominal  wal l  from the viscera . An intra-abdominal  pressure of 15 mmHg is  adequate for
most procedures . Modern equipment has  an automatic l imit on abdominal  pressure. Beware older equipment which may not have an
automatic l imit, as  can del iver gas  flows  producing an intra-abdominal  pressure greater than 40 mmHg.
Carbon dioxide can be used to create the pneumoperi toneum. This  has  the advantage of being non-combustible a l lowing the use of
diathermy or laser. Disadvantages  include systemic absorption and peri toneal  i rri tation producing pa in.

Intra-operative effects  of laparoscopic surgery

Pneumoperi toneum ra ises  intra-abdominal  pressure. Phys iologica l  changes  are minimized i f the intra-abdominal  pressure <15 mmHg.
This  va lue should be monitored on the insuflation equipment. Phys iologica l  effects  include:

Respiratory
Diaphragmatic displacement, reduced lung volumes  and compl iance, increased a i rway res is tance, increased V/Q
mismatch, hypoxia/hypercapnia  from hypoventi lation, increased ri sk of regurgi tation

CVS
Increased systemic vascular res is tance, ra ised mean arteria l  pressure, compress ion of IVC, reduced venous  return,
reduced cardiac output

Renal Reduced renal  blood flow, reduced glomerular fi l tration rate, reduced urine output
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Patient pos i tioning. With upper abdominal  procedures  the patient i s  placed head up (reverse Trendelenberg pos i tion). For lower
abdominal  procedures  the patient i s  placed head down (Trendelenberg pos i tion). The usual  ti l t i s  15–20 degrees . Some left ti l t i s
usual  with cholecystectomy. These postures  may further s tress  CVS and respiratory function.
Systemic carbon dioxide absorption may produce hypercarbia  and acidos is .
Extraperi toneal  gas  insuflation occurs  through a  misplaced trocar or when gas  under pressure dissects  through ti ssue defects . It may
cause subcutaneous  emphysema, pneumomediastinum, pneumopericardium, or pneumothorax.
Venous  gas  embol ism may occur when the trocar i s  inadvertently pos i tioned in a  vessel . Presents  as  acute right heart fa i lure, reduced
ETCO2, arrhythmias , myocardia l  i schaemia, hypotens ion, elevated CVP.
Unintentional  injuries  to intra-abdominal  s tructures—major vessels , vi scera , l i ver, and spleen. May not be detected during surgery.
Presents  postoperatively with pa in, hypotens ion, hypovolaemia, peri toni ti s , septicaemia.

Anaesthetic management
Preoperative

Contra indications  to laparoscopic surgery are relative. Success ful  laparoscopic procedures  have been carried out on patients  who were
anticoagulated, markedly obese, or pregnant.
Fi t and young patients  tolerate the phys iologica l  changes  wel l .
Elderly patients  and those with cardiac or pulmonary disease have more marked and varied responses .
NCEPOD 1996/1997 recommended caution in patients  who were ASA >3, age >69 years , those who had a  his tory of cardiac fa i lure, and
those with widespread i schaemic heart disease.
Patients  with marked respiratory or cardiac disease must be thoroughly reviewed and optimized preoperatively and have a  surgeon
experienced in the procedure as  the operator. Beware of patients  being admitted on the day of surgery without the appropriate
preoperative preparation.
Prescribe paracetamol  1 g PO and an NSAID, e.g. diclofenac 50>100 mg PO, 2 h preoperatively.
Be prepared to convert to an open procedure (1–7%).

Perioperative

Genera l  anaesthes ia  with endotracheal  intubation to protect aga inst pulmonary aspi ration, a ids  venti lation and a l lows  IPPV. Use IPPV
to overcome the respiratory effects  of pneumonperi toneum and hypercarbia . Good muscle relaxation reduces  the intra-abdominal
pressure needed for adequate surgica l  exposure. Monitor relaxants .
Induction: avoid excess  s tomach inflation from mask venti lation.
Nasogastric tube: insert and aspirate. This  deflates  the s tomach reducing the ri sk of gastric injury during trocar insertion and improves
surgica l  exposure.
Use a  urinary catheter for lower abdominal  procedures . This  decompresses  the bladder and reduces  the ri sk of injury.
Venti late to normocarbia . Ra ised intra-abdominal  pressure and systemic absorption of carbon dioxide wi l l  require increased minute
volume and ra ised a i rway pressures .
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Watch for inadvertent endobronchia l  intubation i f the patient i s  pos i tioned head down with pnuemoperi toneum.
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Opioids : short acting opioids , e.g. fentanyl , a l fentani l , can be used intraoperatively to cover what can be an intense but short-l ived
stimulus .
Ni trous  oxide: concerns  regarding problems with bowel  dis tens ion and postoperative nausea and vomiting have not been
substantiated.
Volati les : avoid ha lothane—sens i ti zed myocardium in the presence of hypercarbia—because of a  ri sk of arrhythmias .
Fluids : avoid hypovolaemia  as  this  exaggerates  the deleterious  CVS effects  of the procedure.
Gas  insuflation into the peri toneal  cavi ty with s tretching of the peri toneum, ra ised intra-abdominal  pressure and a l tered patient
pos i tioning can cause a  range of cl inica l  responses :

Sympathetic response: hypertens ive, tachycardia , increased cardiac output i s  the most common response. Treatment: increase
volati les , shortacting opioid, e.g. a l fentani l , remifentani l , vasodi lator, and/or beta-blocker.
CVS depress ion with a  fa l l  in cardiac output: hypotens ion, tachycardia , or bradycardia . Treatment: fluids , vasodi lators ,
inotropes .
Vagal  response: asystole, s inus  bradycardia , nodal  rhythm, hypotens ion. Treatment: vagolytics .

If there i s  intra-operative hypoxia  cons ider:
Hypoventi lation—pneumoperi toneum, pos i tion, inadequate venti lation.
V/Q mismatch—reduced FRC, atelectas is , endobronchia l  intubation, extraperi toneal  gas  insuflation, bowel  dis tens ion,
pulmonary aspi ration, and rarely pneumothorax.
Reduced cardiac output—IVC compress ion, arrhythmias , haemorrhage, myocardia l  depress ion, venous  gas  embol ism,
extraperi toneal  gas .

Subcutaneous  emphysema during the procedure spel l s  DANGER—stop gas  insuflation and check for extraperi toneal  gas  insuflation.
At end of operation encourage the surgeon to expel  as  much CO2 as  poss ible to reduce pa in. Loca l  anaesthetic to wound s i tes .
For laparoscopic cholecystectomy remove the nasogastric tube before taking the patient to recovery. For other procedures  check with
the surgeon.

Postoperatively

Pain varies  s igni ficantly and i s  worst in the fi rs t few hours  postoperatively. It ranges  from shoulder tip pa in (diaphragmatic i rri tation)
to deep-seated pa in from the surgery. Signi ficant pa in extending beyond the fi rs t day ra ises  the poss ibi l i ty of intra-abdominal
problems.
Prescribe regular paracetamol  and NSAIDs  with opioid PRN.
Nausea and vomiting: over 50% of patients  require antiemetics . Give intraoperatively and prescribe postoperatively.

Specia l  cons iderations

Intra-operative monitoring: s tandard monitoring including nerve s timulator. Respiratory monitoring i s  essentia l  including ETCO2 and
airway pressure. In patients  with severe cardiopulmonary compromise use intraarteria l  blood pressure and CVP monitoring.
P.292

LMA: some anaesthetis ts  use an LMA for laparoscopic procedures . This  i s  an individual  choice. Potentia l  contra indications  to i ts  use
are an inexperienced surgeon, an anticipated di ffi cul t procedure, obes i ty, his tory of reflux, and pre-exis ting severe cardiopulmonary
compromise.
Some short procedures  (e.g. laparoscopic s teri l i zation) can be performed without muscle relaxation provided that the operator i s
experienced.
Regional  anaesthes ia  i s  not genera l ly used as  the sole anaesthetic technique because of the level  of block required,
pneumoperi toneum, patient pos i tioning and shoulder tip pa in.
Morta l i ty/morbidi ty: the incidence of adverse events  i s  approximately 5%. The most common compl ication i s  superficia l  infection at the
s i te of the umbi l i ca l  trocar. There are a  number of case reports  describing acute hypotens ion, hypoxia , and cardiovascular col lapse
with laparoscopic surgery. The cause i s  probably multi factoria l . Be prepared to convert to an open procedure i f the patient i s  too
unstable.
Open versus  laparoscopic procedures : in the case of cholecystectomy the laparoscopic technique, unless  surgica l ly imposs ible, i s  the
technique of choice even in high-ri sk patients  because of postoperative advantages . Morta l i ty fol lowing open cholecystectomy overa l l
i s  less  than 1% but in the elderly population can be up to 10%. The adverse event rate fol lowing open cholecystectomy is  approximately
20%. For other procedures  l i ttle good evidence exis ts .
Laparoscopic appendicectomy: not recommended i f perforated appendix i s  suspected. It has  the advantage of a l lowing diagnos is  and
preventing unnecessary laparotomy in 20% of cases . Potentia l  advantages  are a  better cosmetic resul t, reduced wound pa in, and a
more rapid return to normal  activi ties , but these are not proven. Risks  of laparoscopic appendicectomy are pneumoperi toneum and
prolonged surgery; i t i s  a l so more expens ive.
Laproscopic inguina l  hernia : more appl icable for indi rect hernias . Di rect hernias  are more chal lenging. High-ri sk cases  are best done
open under loca l  anaesthetic. There are no clear postoperative advantages , with the tota l  length of incis ions  essentia l ly the same for
the two procedures . The laparoscopic technique has  disadvantages  associated with a  GA and pneumoperi tonuem.
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Laparoscopic cholecystectomy

Procedure Laparoscopic removal  of ga l l  bladder

Time 1–2 h

Pain ++/++++

Pos i tion Supine, 15–20 degree head up, table ti l ted towards  surgeon

Blood loss Not s igni ficant

Practica l  technique GA, ETT, IPPV

Preoperative

Patients  typica l ly ‘fa i r, fat, female, forty’.
The procedure i s  potentia l ly pa inful .

Perioperative

The s tomach may need deflating, hence insert a  larger bore nasogastric tube—remove i t at end of surgery.
16 gauge IV access—blood loss  may become s igni ficant.
Combination of pneumoperi toneum and obes i ty may make venti lation di ffi cul t.
Head up/s ideways  ti l t.
Surgica l  time i s  very variable and operator dependent.
Ask the surgeon to infi l trate port s i tes  with loca l  anaesthetic at the end.
Convers ion to open procedure 1–7%. This  i s  usual ly due to di ffi cul ty identi fying the cystic duct, suspected common bi le duct injury,
uncontrol led bleeding from the cystic artery, s tones  present in the common bi le duct, or acute inflammatory changes .

Postoperative

High incidence of PONV.
Pain can be severe and may require opioids .

Specia l  cons iderations

This  can be a  very s timulating and pa inful  procedure, particularly during diathermy around the l iver.
Analges ic requirements  can be reduced by asking the surgeon to spray loca l  anaesthetic onto the ga l l  bladder bed before s tarting
dissection (20 ml  bupivaca ine 0.25%).
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Appendicectomy

Procedure Resection of appendix

Time 20–40 min

Pain ++/+++

Pos i tion Supine

Blood loss Not s igni ficant

Practica l  technique Rapid sequence induction, ETT, IPPV, i l io-inguina l  block

Preoperative

Patients  are usual ly aged 5–20 years  and are fi t.
Can present in the elderly. May be the presenting condition of caeca l  adenocarcinoma requiring right hemicolectomy.
Consent required for suppos i tories .
Check fluid s tatus .
If cons idering i l io-inguina l  block, warn of poss ible associated femoral  nerve blockade.

Perioperative

Rapid sequence induction.
Muscle relaxation required for surgery.
Replace fluid defici t.
Give PR diclofenac and PR paracetamol .
Right i l io-inguina l  nerve block gives  useful  postoperative analges ia , or ask the surgeon to infi l trate loca l ly.
Extubate awake and in left latera l .

Postoperative

Prescribe paracetamol , NSAIDs , morphine, and antiemetic unti l  tolerating ora l  fluids .
Maintenance fluids .

Specia l  cons ideration

Regional  anaesthes ia  i s  an option in adults  i f GA contra indicated.
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Inguina l  hernia  repair

Procedure Repair of inguina l  muscular canal  defect through which bowel  protrudes

Time 30–60 min

Pain ++/+++

Pos i tion Supine

Blood loss Not s igni ficant

Practica l  techniques
GA, SV LMA, inguina l  field block
Spina l
Loca l  infi l tration and/or sedation

Preoperative

Patients  are usual ly adul t males  or young chi ldren.

Perioperative

Wi l l  need opioid i f not us ing a  loca l  technique.
If us ing an inguina l  field block the surgeon may need to inject a  loca l  anaesthetic into the spermatic cord. More l ikely i f the
genitofemoral  nerve i s  not blocked preoperatively.

Postoperative

Signi ficant co-morbidi ty associated with age—give supplementa l  oxygen for 24 h.

Specia l  cons iderations

May be booked as  a  day case procedure.
If day case, prescribe opioid analges ia  to take home, e.g. tramadol  50–100 mg fo ur times  a  day.
Laparoscopic hernia  repair (see earl ier).
Some surgeons  do a l l  inguina l  hernias  under loca l  anaesthetic, some none. In a  high-ri sk patient repair under loca l  anaesthetic i s
best.
Mesh insertion usual ly requires  adminis tration of prophylactic antibiotics .
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Haemorrhoidectomy

Procedure Excis ion of haemorrhoids

Time 20 min

Pain ++/+++

Pos i tion Supine, l i thotomy, head down

Blood loss Not s igni ficant

Practica l  technique
GA, SV LMA and/or caudal
Spina l  (“saddle block”)

Preoperative

Assess  sui tabi l i ty for LMA + l i thotomy + head down pos i tion. Cons ider ETT i f the patient i s  obese.

Perioperative

Opioid analges ia—short but intensely pa inful  s timulus . Fentanyl  and/or a l fentani l  i s  a  good option.
Ensure sufficient depth of anaesthes ia—beware laryngospasm/airway di ffi cul ties  i f the depth of anaesthes ia  i s  insufficient.
Caudal  anaesthes ia  i s  useful  for postoperative analges ia  (bupivaca ine 0.25% 20 ml), but beware the ri sk of urinary retention.
Infi l tration by the surgeon during the procedure i s  probably as  effective.
Potentia l  for bradycardia/asystole as  surgery s tarts . Have atropine ava i lable.

Postoperative

Best to avoid the PR route of drug adminis tration.

Specia l  cons iderations

Beware spina l  fol lowed by an immediate head down ti l t.
Anal  s tretch i s  an intense s timulus . Before the surgeon performs  this  manoeuvre deepen the anaesthetic, e.g. increase volati le and
give a  bolus  of a l fentani l  (500 µg). The anal  s tretch can a lso produce an increase in vaga l  tone. Be prepared for this .
If the patient has  a  murmur remember to give SBE prophylaxis .
A sacra l  only spina l  block (“saddle block”) us ing heavy bupivaca ine i s  a  useful  a l ternative with l i ttle effect on cardiovascular dynamics .
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Testicular surgery

Procedure Removal/biopsy of testi s , marsupul i zation of hydrocele, vasectomy, testicular tors ion

Time 30 min–1 h

Pain ++/+++

Pos i tion Supine

Blood loss Not s igni ficant

Practica l  techniques
GA, LMA and/or spermatic cord block
Spina l
LA infi l tration

Preoperative

May be sui table for day case surgery.

Perioperative

Beware vagal  responses—have atropine ready.

Specia l  cons iderations

Innervation of testes  and scrotum: somatic innervation i s  via  i l ioinguina l , geni tofemoral , pudendal , and posterior scrota l  nerves
(branches  of posterior cutaneous  nerve of the thigh) with nerve root contributions  from L1–S3. Autonomic innervation i s  from the
sympathetic cha in T10–L4 and the parasympathetic plexus  S1-S3. Loca l  techniques  therefore need to cover T10–S3.
A spermatic cord block can be used as  an adjunct to a  GA or as  part of an LA technique for scrota l  surgery. The block covers  a l l  nerves
except the pudendal  and posterior scrota l  branches . If used as  part of a  loca l  anaesthetic technique supplementa l  infi l tration of the
scrota l  skin i s  therefore required.
Spermatic cord i s  best blocked under di rect vi s ion by the surgeon. However, i f a  loca l  technique i s  planned:

Identi fy the pubic tubercle.
Insert the needle 1 cm below and media l  to the pubic tubercle.
Insert the needle unti l  bone i s  contacted.
Withdraw the needle s l ightly and, i f aspi ration i s  negative, inject a  tota l  of 15–20 ml  of loca l  anaesthetic in three to four passes
at di fferent angles .
Al ternatively, feel  for the spermatic cord as  i t enters  the top of the scrotum and infi l trate 5 ml  loca l  anaesthetic around the
cord.
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Further reading
Chui  PT, Gin T, Oh TE (1993). Anaesthes ia  for laparoscopic genera l  surgery. Anaesthes ia  and Intens ive Care, 21, 163–71.
Library Holdings
Bibl iographic Links
Cunningham AJ (1998). Anaesthetic impl ications  of laparoscopic surgery. Ya le Journal  of Biology and Medicine, 71, 551–78.
Library Holdings
Bibl iographic Links
Ruskis  AF (1982). Effects  of narcotics  on gastrointestina l  tract, l i ver, kidneys . In: Ki tahata  LM, Col l ins  JG (ed.), Narcotic analges ic in
anesthes iology, pp. 143–156. Wi l l iams  & Wi lkins , Ba l timore.
Sess ler DI (2000). Perioperative heat ba lance. Anaesthes iology, 92, 578–96.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
Van Aken H, Rol f N (1999). Cl inica l  Anaesthes iology: thoracic epidura l  anaesthes ia . Ba i l l iere's  Best Practice and Research, 13(1), 9–109.
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Thyroidectomy

Procedure Removal  of a l l  or part of the thyroid gland.

Time 1–2 h depending on complexi ty

Pain +/++

Pos i tion Bols ter between shoulders  with head ring. Head up ti l t

Blood loss Usual ly minimal . Potentia l ly major i f retrosternal  extens ion

Practica l  techniques IPPV + ETT

Genera l  cons iderations  (see a lso p. 80)

Complexi ty can vary from removal  of a  thyroid nodule to removal  of longstanding retrosternal  goi tre to rel ieve tracheal  compress ion.
Retrosternal  goi tre i s  usual ly excised through a  s tandard incis ion, but occas ional ly a  s ternal  spl i t i s  required.
Recurrent laryngeal  nerves  and four parathyroid glands  should be preserved.
Stra ightforward uni latera l  surgery can be performed under superficia l  and deep cervica l  plexus  block but genera l  anaesthes ia  i s  usual .

Preoperative

Assess  the resting pulse rate and ensure that the patient i s  as  near euthyroid as  poss ible.
Ask about duration of goi tre. Longstanding compress ion of the trachea may be associated with tracheomalacia . A rapid increase in s i ze
suggests  the poss ibi l i ty of mal ignancy.
Check for compl ications  associated with hyperthyroidism: AF, tachycardia , proptos is .
Ask about pos i tional  breathlessness . Make a  routine assessment of the a i rway (p. 866).
Examine the neck. How big i s  the goi tre? Note the cons is tency of the gland (hard suggests  mal ignancy). Can you feel  below the gland
(retrosternal  spread)? Is  there evidence of tracheal  deviation (check radiograph)?
Look for s igns  of SVC obstruction.
Lis ten for s tridor.
Check the range of neck movements  preoperatively and do not extend them outs ide of thei r normal  range during surgery.

Investigations

FBC, electrolytes , Ca 2+, and thyroid function tests  are routine.
Chest radiograph. Check for tracheal  deviation and narrowing. In suspicious  or complex cases  latera l  thoracic inlet views  are necessary
to exclude retrosternal  extens ion and to detect tracheal  compress ion in the anterior-posterior plane (retrosternal  enlargement may be
asymptomatic).
P.301
CT scan accurately del ineates  the s i te and degree of a i rway encroachment and may a lso indicate tracheal  invas ion by carcinoma. It i s
advisable i f there are symptoms of narrowing (e.g. s tridor, pos i tional  breathlessness ), more than 50% narrowing on the radiograph or
suspicion of mal ignancy. Pla in radiographs  overestimate diameters  due to magni fication effects  and cannot be rel ied on when
predicting endotracheal  tube diameter and length.
ENT consul tation for nasendoscopy to document cord function. This  i s  mandatory for medicolega l  purposes . Preoperative cord
dysfunction may be asymptomatic. Poss ible causes  of dys function are previous  surgery and mal ignancy. Fibreoptic examination a lso
defines  any poss ible laryngeal  displacement (useful  in a i rway planning).
Benzodiazepine premedication i s  usual . Give an antis ia logogue i f planning fibreoptic or inhalation induction. Preoperative
paracetamol/NSAIDs  (ora l  or recta l ) helps  postoperative pa in control .

Ai rway planning
The majori ty of cases  are s tra ightforward even when there i s  some tracheal  deviation or compress ion. Preoxygenation should be fol lowed by
intravenous  induction and a  neuromuscular blocking drug (after checking that the lungs  can be inflated manual ly).
The fol lowing features  should lead to a  more cons idered approach and may require discuss ion with the surgeon and radiologis t:

Mal ignancy. Cord pa ls ies  are l ikely. Dis tortion and rigidi ty of surrounding s tructures  mean that lumen of trachea may not a l low a
standard ET tube to pass . There i s  the poss ibi l i ty of intra luminal  spread. The larynx may be displaced. Also the tumour may produce
glottic or supraglottic obstruction and/or lower tracheal/bronchia l  obstruction as  wel l  as  midtracheal  obstruction.
Signi ficant respi ratory symptoms or > 50% narrowing on chest radiograph or latera l  thoracic inlet view. CT wi l l  help determine
management. If a  7 mm tube can be accommodated and i f the s i te of obstruction i s  sufficiently above the carina  to accommodate a  cuff
and bevel  then a  conventional  approach i s  poss ible.
Coexis ting predictors  of di ffi cul t intubation.

Options  to secure the a i rway for compl icated thyroid surgery

Inhalation induction with sevoflurane (p. 879) in patients  with s tridor and suspected di ffi cul t upper a i rway. This  should be preceded by
antis ia logogue premedication. Sevoflurane in Hel iox may be useful  in cases  of marked a i rway narrowing. Stridor and decreased
minute venti lation delay the onset of sufficiently deep anaesthes ia  for intubation. Topica l  loca l  anaesthetic may be useful . Be
prepared for rapid l ightening of consciousness  whi l s t attempting intubation.
Fibreoptic intubation. (p. 882). Attempts  to pass  a  fibreoptic bronchoscope in an awake patient with s tridor are di ffi cul t as  the
narrowed a i rway may become obstructed by the instrument. May be useful  where there i s  marked displacement of the larynx or
coexis ting di ffi cul ties  with intubation, e.g. ankylos ing spondyl i ti s .
Tracheostomy under loca l  anaesthetic. This  wi l l  only be poss ible i f the tracheostomy can be eas i ly performed below the level  of
obstruction.
P.302

Venti lation through a  rigid bronchoscope i s  a  backup option when attempts  to pass  an ETT down the trachea fa i l . The surgeon and
necessary equipment should be immediately ava i lable for complex cases , particularly involving s igni ficant mid-lower tracheal
narrowing.
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Perioperative

Eye padding and tape are important, especia l ly i f exophthalmos .
Ful l  relaxation i s  required to accommodate tube movements . Loca l  anaesthetic spray on the ETT reduces  the s timulation produced by
tracheal  manipulation during the surgery.
Fix the ETT with tape, avoiding ties  around the neck. Armoured ETTs  are preferred by most anaesthetis ts  and should probably be used
in cases  with s igni ficant tracheal  compress ion.
Head and neck extens ion with s l ight head up ti l t.
Cons ider a  superficia l  cervica l  plexus  block for postoperative analges ia . Some surgeons  infi l trate subcutaneous ly with loca l
anaesthetic and adrenal ine before s tarting.
Arms  to s ides , IV extens ion.
Communicate with the surgeon i f there are excess ive a i rway pressures  during manipulation of the trachea. Obstruction may be due to
a i rway manipulation dis ta l  to the tube or the bevel  of the tube abutting on the trachea.
Monitor muscle relaxants  on the leg.
In cases  of longstanding goi tre some surgeons  l ike to feel  the trachea before clos ing to assess  tracheomalacia . They may ask for
partia l  wi thdrawal  of the endotracheal  tube so that the tip i s  jus t proximal  to the s i te of the goi tre.
At end of surgery reverse muscle relaxant and extubate. Any respiratory di ffi cul ty should lead to immediate reintubation. The
tradi tional  practice of inspecting the cords  immediately fol lowing extubation i s  di ffi cul t and unrel iable. Poss ible cord dys function and
postoperative tracheomalacia  i s  better assessed with the patient awake and s i tting up in the recovery room.

Postoperative

Intermittent opioids  with ora l/recta l  paracetamol  and NSAIDs .
The opioid requirement i s  reduced with subcutaneous  infi l tration or superficia l  cervica l  plexus  blocks .
Use fibreoptic nasendoscopy i f there i s  doubt about recurrent laryngeal  nerve injury.

Postoperative s tridor

Haemorrhage with tense swel l ing of the neck. Remove cl ips  from skin, and sutures  from platysma/strap muscles  to remove the clot. In
extremis  this  should be done at the beds ide. Otherwise return to theatre without delay.
Tracheomalacia . Longstanding goi tre may cause tracheal  col lapse after surgery. Immediate reintubation fol lowed by tracheostomy may
be necessary. Tracheal  reconstruction may be needed at a  later date.
Bi latera l  recurrent laryngeal  nerve pa ls ies . This  may present with respiratory di ffi cul ty immediately postoperatively or after a  variable
period. Stridor may only be obvious  when the patient becomes  agi tated. Assess  by
P.303

fibreoptic nasendoscopy. May require tracheostomy. Laryngeal  surgery may be poss ible at a  later s tage to a l low decannulation of the
tracheostomy.
Laryngeal  oedema. This  i s  unusual  but may occur i f there has  been a  traumatic intubation or with more extens ive neck surgery (e.g.
radica l  neck dissection). May require corticosteroids  and humidi fication.

Other postoperative compl ications
Hypocalcaemia
Hypocalcaemia  from parathyroid removal  i s  rare. Serum ca lcium should be checked at 24 h and aga in da i ly i f low.

Presentation: may present with s igns  of neuromuscular exci tabi l i ty, tingl ing around the mouth, or tetany. May progress  to fi ts  or
ventricular arrhythmias .
Diagnos is : carpopedal  spasm (flexed wris ts , fingers  drawn together) may be precipi tated by cuff inflation (Trousseau's  s ign). Tapping
over the facia l  nerve at the parotid may cause facia l  twitching (Chvostek's  s ign). Prolonged QT interva l  on ECG.
Treatment: serum ca lcium below 2 mmol/l i tre should be treated urgently with 10 ml  10% ca lcium gluconate over 3 min plus  ora l
a l faca lcidol  or dihydroxycholeca lci ferol  1–5 µg ora l ly. Check level  a fter 4 h and cons ider ca lcium infus ion i f s ti l l  low. If hypocalcaemic
but level  above 2 mmol/l i tre treat with ora l  ca lcium supplements .

Thyroid cri s i s
This  i s  rare as  hyperthyroidism is  usual ly control led beforehand with anti thyroid drugs  and beta-blockers . May be triggered in uncontrol led or
undiagnosed cases  by surgery or infection.

Diagnos is : tachycardia  and ri s ing temperature. May be di ffi cul t to dis tinguish from MH. Higher mixed venous  PvCO2 and higher CPK in
MH.
Treatment: see p. 80.

Pneumothorax
Pneumothorax i s  poss ible i f there has  been dissection behind the s ternum.
Further reading
Farl ing PA (2000). Thyroid disease. Bri ti sh Journal  of Anaesthes ia , 85, 15–28.
Ful l  Text
Library Holdings
Bibl iographic Links

javascript:void(0)
javascript:void(0)


Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Parathyroidectomy

Procedure Removal  of sol i tary adenoma or four-gland hyperplas ia

Time 1–3 h

Pain +/++

Pos i tion Bols ter between shoulders  with head ring. Head up ti l t

Blood loss Usual ly minimal .

Techniques IPPV + ETT

Genera l  cons iderations  (see a lso p. 83)

Usual  indication for operation i s  primary hyperparathyroidism from parathyroid adenoma.
With preoperative loca l i zation, removal  of s imple adenoma has  been described us ing sedation and loca l  anaesthes ia . Genera l
anaesthes ia  i s  more usual .
Carcinoma may require en bloc dissection.
Tota l  parathyroidectomy may a lso be performed in secondary hyperparathyroidism associated with chronic renal  fa i lure.

Preoperative (see a lso p. 83)

Hyperca lcaemia  i s  usual . With moderate elevation ensure adequate hydration with 0.9% normal  sa l ine. Levels  over 3 mmol/l i tre
should be corrected before surgery as  fol lows:

urinary catheter
normal  sa l ine 1 l i tre in fi rs t hour then 4–6 l i tres  over 24 h
Pamidronate 60 mg in 500 ml  sa l ine over 4 h
watch for fluid overload. CVP measurement may be necessary in some patients . Monitor electrolytes  including magnes ium,
phosphate, and potass ium.

Preoperative imaging and uni latera l  exploration are usual  for adenoma. Some surgeons  request intravenous  methyl thioninium
chloride (methylene blue) 5 mg/kg in 500 ml  dextrose sa l ine given over 1 h immediately preoperatively to show up adenoma during the
operation. Trans ient fa l l s  in the SpO2 reading may occur i f this  drug i s  infused too rapidly in theatre.
Secondary hyperparathryoidism occurs  secondary to low serum ca lcium in chronic renal  fa i lure. In this  s i tuation:

Tota l  parathyroidectomy may be required. Control  a fterwards  i s  eas ier i f no functioning parathyroid ti ssue i s  left.
Dia lys is  wi l l  be required preoperatively.
The ri sk of bleeding i s  increased.
Al faca lcidol  i s  usual ly s tarted preoperatively.

P.305
Hypertens ion i s  more common in primary hyperparathyroidism. Ra ised parathyroid hormone appears  to be a  good cl inica l  predictor of
left ventricular hypertrophy in haemodia lys is  patients .

Perioperative

Simi lar anaesthetic cons iderations  as  for thyroid surgery.
Ai rway encroachment i s  not usual ly a  problem.
Operation times  may be unpredictable, especia l ly i f frozen section or parathyroid assays  are performed.
Cons ider active heat conservation.

Postoperative

Serum ca lcium checked at 6 and 24 h. Hypocalcaemia  may occur (for diagnos is  and treatment see above under Thyroidectomy).
Pers is ting hyperca lcaemia  i s  unusual .
Continuation of a l faca lcidol  in secondary hyperparathyroidism lessens  the chance of hypocalcaemia  postoperatively.
Perform fibreoptic nasendoscopy i f recurrent laryngeal  nerve damage i s  suspected.
Pa in not usual ly severe, especia l ly with loca l  anaesthetic infi l tration or superficia l  cervica l  plexus  blocks . Recta l  paracetamol  i s
useful . Avoid NSAIDs  in patients  with poor renal  function.

Further reading
Mihai  R, Farndon JR (2000). Parathyroid disease and ca lcium metabol i sm. Bri ti sh Journal  of Anaesthes ia , 85, 29–43.
Ful l  Text
Library Holdings
Bibl iographic Links
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Phaeochromocytoma
Anna Batchelor

Phaeochromocytomas  are tumours  of chromaffin cel l s  which secrete noradrenal ine, adrenal ine, or dopamine in decreas ing incidence.
Some tumours  secrete more than one catecholamine.
90% occur in the adrenals , 10% are bi latera l , but tumours  may be located anywhere a long the sympathetic cha in from the base of the
skul l  to the pelvis .
Most are benign, a  few are mal ignant.
They occur in a l l  age groups , less  commonly in chi ldren.
Can occur in association with multiple endocrine neoplas ia  (MEN) 2A where medul lary thyroid carcinoma and parathyroid adenomas
coexis t, or MEN2B with medul lary thyroid carcinoma and marfanoid features . Both of these have abnormal i ties  of the ret oncogene, an
abnormal i ty on chromosome 10.
Also found in patients  with neurofibromatos is  and Von Hippel -Lindau syndrome.

Presentation

Hypertens ion can be constant, intermittent, or ins igni ficant.
The association of pa lpi tations , sweating, and headache with hypertens ion has  a  high predictive va lue.
Anxiety, nausea and vomiting, and weakness  and lethargy are a lso common features .
Acute presentations  include pulmonary oedema, myocardia l  infarction, and cerebrovascular episodes .
Can present perioperatively, and unless  the diagnos is  i s  cons idered and appropriate treatment insti tuted the morta l i ty i s  high-up to
50%.

Diagnos is

Cl inica l  suspicion.
Once the diagnos is  has  been cons idered then urinary catecholamines  or thei r metabol i tes  are measured ei ther over 24 h or more
conveniently overnight.
When diagnos is  i s  confi rmed then loca l i zation i s  the next s tage.
Tradi tional ly the use of CT radiocontrast was  thought capable of provoking phaeo cri ses  and i ts  use has  been avoided in unblocked
patients . Modern contrast agents  may be used.
MIBG (meta-iodobenzylguanidine) scan-a  radio-label led i sotope of iodine which i s  taken up by chromaffin ti s sue.
MRI.
It i s  usual  to search in the abdomen fi rs t and widen the search in the unusual  s i tuation that the tumour i s  extra-adrenal . Extra-
abdominal . MIBG is  particularly helpful  in reveal ing phaeochromocytomas  in unusual  s i tes .

P.307
Investigations  relevant to anaesthes ia

Pay particular attention to the CVS including cardiac echo (patients  with pers is tent hypertens ion, those with any his tory of i schaemia  or
evidence of heart fa i lure). Patients  can present with a  catecholamine cardiomyopathy.
Blood glucose—excess  catecholamines  resul t in glycogenolys is  and insul in res is tance and some patients  become frankly diabetic.

Preoperative

Unless  there are press ing reasons  refer the patient to a  team with experience in the management of this  condition. In the author's
opinion i t i s  not acceptable to manage an occas ional  patient with this  condition; respected opinion and cl inica l  governance would
support this  view.
The usual  management i s  sympathetic blockade with fi rs t a lpha- and then beta-blockers  (phenoxybenzamine and atenolol ). The
advantages  to the patient of preoperative blockade are resolution of symptoms and prevention of the effects  of surges  in BP.
Preoperative blockade a l lows  the safe conduct of anaesthes ia  for the removal  of the tumour by preventing hypertens ive responses  to
induction of anaesthes ia , and l imits  the surges  in blood pressure seen during tumour handl ing. Avoid unopposed beta-blockade
because of the theoretica l  ri sk of increas ing vasoconstriction and precipi tating a  cri s i s . Al though this  has  been reported, many
patients  wi l l  a l ready have received beta-blockers  for hypertens ion before presentation without adverse effects . Some patients  report
s topping them because of intolerance or feel ing unwel l . In patients  with asthma in whom beta-blockade may be inadvisable i t i s
usual ly poss ible to use only a lpha-blockade.
Prazos in and doxazos in have been used. As  these are competi tive selective a lpha 1 blockers  they do not inhibi t presynaptic NA re-
uptake and thus  avoid the tachycardia  seen with non-selective a lpha blockade. However, competi tive block may be overcome by very
large amounts  of secreted hormone (phenoxybenzamine i s  a  non-competi tive a lpha blocker). The l i terature conta ins  reports  both in
favour and aga inst the use of selective blockade.
Ca lcium channel  blockers , particularly nicardipine, have been used and probably work via  inhibi ting noradrenal ine mediated ca lcium
influx in smooth muscle. They do not affect catecholamine secretion by the tumour. Evidence in the l i terature i s  varied and control  of
BP during surgica l  removal  has  not a lways  been good.
Metyros ine i s  an inhibi tor of catecholamine synthes is . It i s  toxic and i t i s  not widely used.
The use of magnes ium has  been reported. It blocks  catecholamine release, blocks  receptors , i s  a  di rect vasodi lator, and i s  poss ibly
myocardia l  protective. The use of magnes ium has  not ga ined widespread support.
It has  been suggested that modern cardiovascular drugs , a long with invas ive monitoring and better understanding of the phys iology,
should a l low safe removal  of the tumours  without preoperative preparation.
Patients  with phaeochromocytoma are very varied as  are thei r tumours ; patients  with severe hypertens ion and troublesome symptoms
may have a  smooth intra-operative course and others  with minimal  symptoms may
P.308

develop acute pulmonary oedema, heart fa i lure, and die. Any s tudy on patients  with phaeochromocytoma inevi tably has  smal l
numbers  of patients  and may not cover the enti re spectrum of activi ty. With increased genetic testing more patients  are being
diagnosed before they become symptomatic-the behaviour of these patients  may not be the same. Unti l  further experience has  been
gained, the author recommends  caution in changing what i s  a  safe, tried, and tested regime of a lpha- and betablockade.

javascript:history.back()


Assessment of sympathetic blockade

24-h ambulatory blood pressure monitoring. Aim for BP less  than 140/90 throughout the 24-h period, with heart rate <100 beats/min.
Lying and s tanding BP and heart rate. Should exhibi t a  marked postura l  drop with compensatory tachycardia .
The duration of blockade i s  determined by the practica l i ties  of tumour loca l i zation and schedul ing of surgery. Some authors  have
recommended hours  and others  weeks , usual ly in smal l  series  with good resul ts .
Blockade i s  s tarted to treat symptoms as  wel l  as  to prepare for surgery.

Perioperative

Perform open or laparoscopic adrenalectomy ei ther through a  midl ine, transverse, or flank incis ion (introduction of gas  for
laparoscopic resection can resul t in hypertens ion in normal  subjects  and may be exaggerated in patients  with phaeochromocytomas).
Blockade should be continued unti l  the evening before the procedure.
Premedication as  required (e.g. temazepam 20–30 mg).
Monitoring to include di rect BP and CVP (triple lumen to a l low drug infus ions). Cons ider a  PA catheter in patients  with CVS disease or
catecholamine cardiomyopathy.
Large-bore intravenous  access .
Cons ider an epidura l  for a  laparotomy. Remember that the sympathetic blockade of epidura ls  i s  proximal  to the s i te of catecholamine
action and wi l l  not oppose catecholamine-induced vasoconstriction.
Monitor and mainta in temperature, particularly during laparoscopic resection which can be prolonged.
Induction: avoid agents  which release his tamine and thus  catecholamines  (use etomidate or propofol , a l fentani l , and vecuronium).
Hypotens ion i s  unl ikely, but may be treated with judicious  use of adrenal ine.
Maintenance: i soflurane with ni trous  oxide or a i r and oxygen. Give an epidura l  with opioid and loca l  anaesthetic i f that i s  appropriate
to the surgica l  approach, otherwise fentanyl/a l fentani l /remifentani l  unti l  tumour removal  when, i f necessary, morphine can be
substi tuted for postoperative analges ia .
Fluctuations  in BP tend to be trans ient and medication needs  to be able to respond in a  s imi lar fashion. SNP i s  effective and i s
preferred to phentolamine, nicardepine, or magnes ium because i t provides  rapid control  with no prolonged effects . The doses
required are unl ikely to lead to toxici ty.
Control  heart rate at <100 beats/min with propranolol .
P.309

Once the tumour i s  resected the BP wi l l  take severa l  minutes  to decl ine. Prevent hypotens ion after tumour removal  by ensuring an
adequate preload. Mainta in a  high CVP of 10–15 mmHg. Severa l  l i tres  of crysta l loid may be needed.
Hypotens ion after resection can be due to a  low cardiac output or a  low SVR. Treat the fi rs t with adrenal ine and the latter with
noradrenal ine.
It i s  unusual  to s ti l l  require inotropic support by the time the patient i s  ready to leave theatre unless  there are coexis ting medica l
problems.

Postoperative

The patient should be nursed in an HDU or ICU for 12 h.
Monitor blood glucose. Catecholamines  cause an increase in glucose levels : in the acute absence of catecholamines  blood glucose
may drop sufficiently to produce unconsciousness . Res idual  beta-blockade may l imit response to this  and patients  commonly require
intravenous  glucose maintenance for 12–24 h postoperatively.
If both adrenals  are resected the patient wi l l  require s teroid support immediately.
Even when only one adrenal  i s  removed patients  may occas ional ly be relatively hypoadrenal  and require support. If this  i s  suspected
(e.g. unexpectedly low BP) a  smal l  dose (50 mg) of hydrocorti sone wi l l  do no harm whi ls t the resul t of a  corti sol  es timation i s  awaited.

Specia l  s i tuations

Pregnancy. There are many reports  of the combination of a  newly diagnosed phaeochromocytoma and pregnancy. Overa l l  morta l i ty i s  up
to 17%.
Phenoxybenzamine and propranolol  are safe.
If phaeochromocytoma is  diagnosed before midtrimester i t should be resected at this  s tage.
There i s  a  high morta l i ty associated with normal  del ivery; cons ider LSCS with or without resection of the phaeochromocytoma at the
same procedure.

Management of an unexpected phaeochromocytoma

Any patient who has  unexpla ined pulmonary oedema, hypertens ion, or severe unexpected hypotens ion should prompt cons ideration
of the diagnos is ; however, i t can be very di ffi cul t. There i s  no quick ava i lable test to support the diagnos is  in the acute s i tuation.
Once the diagnos is  has  been cons idered, i f poss ible, surgery should be discontinued to a l low acute treatment, investigation, and
blockade prior to defini tive surgery. Attempts  to remove the tumour during a  cri s i s  may resul t in s igni ficant morbidi ty or even morta l i ty.
Treatment acutely should cons is t of vasodi lators  and intravenous  fluid; this  may be counterintui tive in a  patient with severe
pulmonary oedema. The ci rculating volume in patients  with phaeochromocytoma may be markedly reduced and vasodi latation wi l l
resul t in a  profound drop in blood pressure. Glyceryl  trini trate can usual ly be success ful ly ti trated in this  s i tuation.
Patients  who present with hypotens ion have an acutely fa i l ing heart due to profound vasoconstriction. These are the most di ffi cul t
ones  in whom to
P.310

make the diagnos is  and to treat. Additional  catecholamines  in this  s i tuation merely fuel  the fi re but are di ffi cul t to res is t. The
morta l i ty rate i s  very high.

Further reading
Hul l  CJ (1986). Phaeochromocytoma-diagnos is , preoperative preparation and anaesthetic management. Bri ti sh Journal  of Anaesthes ia , 58,
1453–68.
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O'Riordan JA (1997). Pheochromocytomas  and anesthes ia . International  Anesthes iology Cl inics , 35, 99–127.
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Genera l  principles
Most vascular surgery involves  operating on arteria l  vessels  diseased or damaged by atheroscleros is , which causes  poor periphera l  blood
flow (i schaemia) or embol ic phenomena. The morta l i ty of elective aortic surgery i s  7%1, and fol lowing emergency aortic surgery at least 50%.
Morta l i ty and morbidi ty are markedly increased in the presence of uncontrol led cardiovascular disease. Operations  may be long, and involve
blood transfus ion, marked fluid shi fts , and s igni ficant impairment of lung function.

Vascular patients  are often elderly, arteriopathic, and have s igni ficant associated disease. Hypertens ion (66% of patients ), i schaemic
heart disease (angina, MI), heart fa i lure, diabetes  mel l i tus , and COPD (at least 50% are current or ex-smokers ) are common. Many
patients  are taking aspi rin, betablockers , diuretics , heart fa i lure medications , and, perhaps , insul in or ora l  hypoglycaemics .
Some patients  wi l l  a l ready be receiving anticoagulants , many others  wi l l  receive anticoagulants  perioperatively, so cons ider the pros
and cons  of regional  techniques  careful ly. However, regional  techniques  may reduce morbidi ty and morta l i ty (see below).
Many patients  have seria l  operations , e.g. AAA fol lowed by aortobi femoral  bypass  fol lowed by femorodis ta l  bypass , fol lowed by
amputation. There may be severa l  previous  anaesthetic records  to review.
30–40% of vascular operations  are semiurgent or emergency, often occurring out of hours , which has  impl ications  therefore for the
grade of anaesthetis t involved.
Al l  patients  receiving vascular grafts  (usual ly Gortex® or Dacron®) require prophylactic antibiotic cover.
Measure NIBP in both arms—there may be s igni ficant di fferences  due to arteriopathy (use the higher of the two va lues  cl inica l ly).
Develop a  working relationship with your vascular surgeon—you wi l l  have a  better chance of being warned of untoward events  (e.g.
aortic clamping/unclamping, sudden mass ive blood loss  etc.).

Preoperative assessment
The preoperative assessment should quanti fy the extent of any cardiorespiratory disease, both in terms  of the planned surgica l  procedure
and the postoperative period. Careful ly cons ider (and document) whether regional  anaesthes ia  i s  appropriate—it may have advantages , but
may be contra indicated in an anticoagulated patient.
Take a  careful  his tory and examine the patient. Include di rect questions  about exercise tolerance (dis tance on the flat and abi l i ty to cl imb
sta i rs ) and abi l i ty to l ie supine.

Investigations : routinely FBC, electrolytes  and creatinine, ECG, chest radiograph.
P.313
For elective aortic surgery and for patients  with symptomatic or new cardiac disease, a  dynamic assessment of cardiac function i s
required. This  should involve at least an echocardiogram, which wi l l  a l so give the left ventricular ejection fraction (EF). In patients  with
underlying ECG abnormal i ties  or symptomatic heart disease an exercise ECG or s tress  echocardiography are recommended. Al ternatives
include radionucleide tha l l ium scan or multigated acquis i tion scan (MUGA). Patients  with cri ti ca l  i schaemic heart disease should be
referred for cardiologica l  opinion for angiography and poss ible coronary revascularization before aortic surgery. Patients  undergoing
urgent vascular procedures  may have to undergo surgery before dynamic investigations  can be performed. However, elective surgery can
wait unti l  such an assessment i s  ava i lable.
Lung function tests  should be performed in patients  with s igni ficant respi ratory disease presenting for AAA repair.

Premedication

Some patients  may require anxiolys is .
There i s  some evidence that beta-blockers  such as  atenolol  or bisoprolol  given preoperatively may reduce cardiovascular morta l i ty
fol lowing major vascular surgery.2 This  may even hold true for a  s ingle dose. However, this  i s  controvers ia l  and not routinely done.

Footnotes
1

Bayly PJ et a l . (2001). In-hospi ta l  morta l i ty from abdominal  aortic surgery in Great Bri ta in and Ireland. Bri ti sh Journal  of Surgery, 88, 687–92.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
2

Poldermans  D et a l . (1999). The effect of bisoprolol  on perioperative morta l i ty and myocardia l  infarction in high-ri sk patients  undergoing
vascular surgery. New England Journal  of Medicine, 341, 1789–94.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
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Regional  anaesthes ia  and analges ia  in vascular surgica l  patients
Regional  anaesthes ia  may be used a lone for dis ta l  vascular surgery and i s  a lso increas ingly used for carotid surgery with supplementa l
sedation. Epidura l  ana lges ia  i s  commonly used to supplement genera l  anaesthes ia  for AAA. The advantage of regional  techniques  include:

Improved patient monitoring (carotid endarterectomy with awake patient)
Improved blood flow in legs , reduced DVT incidence, reduced reoperation rate (periphera l  revascularization).3
Postoperative pa in rel ief (AAA, dis ta l  revascularization, amputation).
Reduced pulmonary compl ications  (AAA surgery).
Pre-emptive analges ia  for amputations  with poss ible reduction in phantom l imb pa in.
Treatment of proximal  hypertens ion during aortic cross -clamp

Epidura l  catheters  and anticoagulation4 (see p. 998)
The smal l  but fini te ri sk of epidura l  haematoma should be weighed up aga inst the benefi ts  of regional  anaesthes ia  for each individual
patient. As  a  genera l  guide, epidura l  insertion/removal  should not be performed:

in patients  taking anticoagulants  with INR >1.5
in patients  with other demonstrable coagulopathy, e.g. platelets  <100 times ; 109/l i tre
in patients  who have received thrombolys is  in the las t 24 h (urokinase/streptokinase)
within 4 h of Minihep adminis tration
within 12 h of LMWH adminis tration
within 2 h of systemic heparinization.

Epidura ls  should probably be avoided i f cardiac-type heparin doses  (e.g. 20 000 uni ts ) are to be used.
Footnotes
3

Perioperative Ischemia  Randomized Anesthes ia  Tria l  Study Group (1993). Anesthes iology, 79, 422–34.
4

Horlocker TT Wedel  DJ (2000). Regional  anesthes ia  and pa in. Medicine, 25, 83–98.
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Aortic aneurysm repair

Procedure
Excis ion of aortic aneurysmal  sac and replacement with synthetic graft (may be tube graft or trouser graft i f the anastomos is
i s  to the i l iac or femoral  vessels )

Time 2–4 h

Pain ++++

Pos i tion Supine, arms  out (cruci fix)

Blood loss 500–2000+ ml  (cross -match s ix uni ts ). Sui table for autotransfus ion

Practica l
technique

ETT + IPPV, arteria l  + CVP l ines . Epidura l  i f poss ible

Preoperative

Elderly, often multiple coexis ting disease.
Morta l i ty for elective surgery i s  5–10%; causes  are predominately myocardia l  infarction and multiorgan fa i lure.
Careful  preoperative assessment i s  essentia l . Scrutinize ECG for s igns  of i schaemia  and check for any renal  impairment. Needs
dynamic cardiac assessment preoperatively (see above). Check access  s i tes  for CVP and arteria l  l ine.
Depending on loca l  practice, arrange HDU/ICU for postoperative care. Alert the patient to this  plan especia l ly i f a  period of
postoperative IPPV i s  planned. Preoptimization i s  performed in some uni ts—patients  are admitted to the HDU/ICU a  few hours
preoperatively to have l ines  etc. inserted and to have haemodynamic s tatus  ‘optimized’. This  i s  controvers ia l .
Continue the usual  cardiac medications . Cons ider adding a  beta-blocker (e.g. atenolol  25 mg) to the premedication.

Perioperative

Draw up vasoconstrictors  (ephedrine and metaraminol ) and have vasodi lators  (GTN) and beta-blockers  (labeta lol ) ava i lable.
Two 14G or greater intravenous  access . A hot a i r warmer and IVI warmer are essentia l . Intra-operative temperature should be
monitored.
A Level -1® fluid warmer or equiva lent i s  very useful  for complex case/redo/suprarenal  clamp as  these cases  may bleed very rapidly due
to surgica l  problems/acidos is/hypothermia. Cel l  savers  are indicated in cases  where blood loss  i s  greater than 1000 ml .
Arteria l  l ine and thoracic epidura l  (T6–T11) preinduction. Take a  basel ine blood gas  sometime before cross -clamping.
Have at least two syringe drivers  present–inotropes , vasodi lators , and eventual ly the epidura l  wi l l  a l l  need them.
P.316
Use a  five-lead ECG (leads  II  and V5)—this  increases  the sens i tivi ty for detection of myocardia l  i schaemia.
Triple lumen CVP after induction. Cons ider inserting a  PA introducer in complex cases  as  this  wi l l  a l low rapid fluid adminis tration and
faci l i tates  PA catheter insertion i f necessary (use right internal  jugular or left subclavian vein to faci l i tate eas ier insertion of
pulmonary catheter i f required).
Cons ider PA catheter i f severe CVS/RS disease, e.g. ejection fraction <25%, FVC <2 l i tres .
Cons ider i sovolaemic haemodi lution preinduction (see p. 917). AAA is  idea l  for this  as  you can return the patient's  blood (with
platelets  and clotting factors ) as  the aortic cross -clamp is  coming off. As  a  rough guide: Hb 10–12 g/dl  take one uni t, Hb 12–14 g/dl  take
two uni ts , Hb 14–16 g/dl  take three uni ts .
Careful  induction with monitoring of invas ive arteria l  blood pressure. Use moderate-/high-dose opioid, e.g. remifentani l  (must have
epidura l ) or high-dose fentanyl  (5–10 µg/kg). Treat hypotens ion with fluids  at fi rs t and then cautious  vasoconstriction.
Rebound hypertens ion may occur during endotracheal  intubation (place the nasogastric tube at the same time).
Hypothermia  i s  l ikely unless  energetic efforts  are made to mainta in temperature during induction, l ine insertion, and perioperatively.
Warming blankets  should not be placed on the lower l imbs  whi l s t the aortic cross -clamp is  in place as  this  may worsen lower l imb
ischaemia.
Insert a  urinary catheter for hourly measurement of urine output.
Heparin wi l l  need to be given just before cross -clamp—3000–5000 uni ts  i s  usual . This  may be reversed after unclamping with
protamine 0.5–1 mg/100 uni ts  heparin IV s lowly—causes  hypotens ion i f given too fast.
Proximal  hypertens ion may fol low aortic cross -clamping and i s  due to a  sudden increase in SVR, increased SVC flow, and
sympathoadrenal  response. It may be treated by deepening the anaesthetic and/or a  bolus  of beta-blocker (labeta lol  5–10 mg) and/or
GTN infus ion and epidura l  loca l  anaesthetic.
Whi ls t the aorta  i s  clamped, metabol ic acidos is  wi l l  develop due to i schaemic lower l imbs . Mainta ining minute venti lation wi l l  cause
a respiratory a lka los is  to develop which wi l l  minimize the effects  of this  metabol ic acidos is  on pH when the aorta  i s  unclamped. Check
arteria l  blood gases  to assess  haematocri t, metabol ic acidos is , respi ratory compensation, and ionized ca lcium.
Cross -clamp time i s  usual ly 30–60 min. During this  time, s tart giving fluid, a iming for a  moderately increased CVP, e.g. 5 mmHg greater
than at the s tart of the case by the time unclamping occurs . This  helps  with cardiovascular s tabi l i ty, reduces  sudden hypotens ion
fol lowing cross -clamp removal , and may help preserve renal  function. Release of the cross -clamp one l imb at a  time a lso helps  with
haemodynamic s tabi l i ty.
Hypotens ion fol lowing aortic unclamping i s  caused by a  decrease in SVR, relative hypovolaemia, and myocardia l  ‘s tunning’ due to
return of cold metabol ic waste products  from the legs , etc. Treat with IV fluids  and/or l ighten anaesthetic depth and/or smal l  doses  of
inotropes , e.g. adrenal ine 10 µg a l iquots  (1 ml  of 1:100 000) and/or a  bolus  of ca lcium gluconate (up to 10 ml  10%). You may need
inotropes  for a  whi le postoperatively.
P.317

For fluid replacement, give i sotonic crysta l loid or col loid to replace insens ible losses , thi rd space losses , and ini tia l  blood loss . Give
blood products  when a  deficiency i s  identi fied, i .e. i f the haematocri t i s  <25% give blood, or known thrombocytopenia  (<100 × 109/l i tre)
give platelets . Check an activated clotting time (normal  <140 s ) i f you suspect coagulopathy. Thromboelastography (i f you have access  to
i t) wi l l  give you the whole coagulation picture.

Postoperative

ICU or HDU is  essentia l  postoperatively. HDU may be appropriate for otherwise fi t patients  who can be extubated at the end of the
case. Extubate i f warm, haemodynamica l ly s table, and with a  working epidura l . Otherwise wake up and extubate s lowly on the ICU.
Opioid infus ion and/or PCA i f no epidura l . Routine observations  including invas ive arteria l  and centra l  venous  pressure monitoring
and urine output should be continued postoperatively to assess  haemodynamic s tabi l i ty.
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There i s  a  potentia l  for large fluid shi fts  which need replacement. Also assess  dis ta l  pulses .
Hypothermia  should be treated aggress ively.

Specia l  cons iderations

Management of epidura l . A bolus  of epidura l  diamorphine 2.5–5 mg at induction wi l l  las t for at least 12 h. This  i s  much more effective
than epidura l  fentanyl . Use epidura l  LA sparingly unti l  the aorta  i s  closed. It i s  eas ier to treat the hypotens ion of aortic unclamping
with a  functioning sympathetic nervous  system.
Renal  fa i lure occurs  in 1–2% and i s  multi factoria l  in origin. It i s  much more l ikely i f the cross -clamp is  suprarenal . There i s  no evidence
that dopamine prevents  renal  fa i lure, merely acting as  an inotrope. Mannitol  i s  used routinely by some (0.5 g/kg during cross -clamp
time) as  i t i s  a  free-radica l  scavenger and an osmotic diuretic. Avoid hypovolaemia  and monitor urine output hourly.
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Emergency repair of abdominal  aortic aneurysm
A true anaesthetic and surgica l  emergency. An aortic aneurysm may rupture acutely—in which case cardiovascular col lapse i s  the commonest
presentation. Death i s  l ikely unless  the rupture i s  conta ined in the retroperi toneal  space. Al ternatively, the aneurysm can dissect a long the
arteria l  intima or can expand rapidly. In these cases , back pa in with or without abdominal  pa in i s  the usual  presentation. Prehospi ta l
morta l i ty for ruptured AAA is  50% and 50% of those reaching hospi ta l  a l so do not survive. Management i s  as  for elective AAA, with the
fol lowing additional  cons iderations :

Where doubt exis ts , diagnos is  i s  confi rmed by ul trasound or CT scan i f time i s  ava i lable. Get IV l ines  in early.
If hypovolaemic shock i s  present, resusci tate to a  systol ic pressure of 90–100 mmHg unti l  the aortic cross -clamp is  appl ied. Avoid
hypertens ion, coughing, and s tra ining at a l l  costs  as  this  may precipi tate a  further bleed. Ti trate intravenous  morphine aga inst
patient's  pa in.
Minimum l ines  preinduction are two 14G periphera l  cannulas  and (idea l ly) an arteria l  l ine. Use of the brachia l  artery may be
necessary and sometimes  an arteria l  ‘cut down’ indicated. Centra l  venous  access  can wait unti l  a fter the cross -clamp is  appl ied.
Where venous  access  i s  di ffi cul t insert a  PA catheter sheath into the right internal  jugular vein.
Epidura l  ana lges ia  i s  rarely appropriate because of time constra ints  preoperatively and coagulopathy postoperatively.
A urinary catheter can be placed before or after induction.
Induction must be in the operating theatre, with the surgeons  scrubbed, surgica l  preparation completed, drapes  on, and blood
avai lable in theatre and checked. Rapid sequence induction i s  appropriate us ing preoxygenation and suxamethonium. Sui table
induction agents  include etomidate/fentanyl  or ketamine. As  soon as  the endotracheal  tube i s  confi rmed as  being in the trachea
(ETCO2) the surgeons  can s tart. Treat hypotens ion with rapid infus ion of intravenous  fluids  and smal l  doses  of vasopressors/inotropic
agents .
Hot a i r warming and at least one warmed IVI are essentia l  (a  Level -1® blood warmer i s  inva luable).
Have both intravenous  l ines  running maximal ly at induction. One ass is tant should be dedicated to managing the intravenous  fluid and
ensuring an uninterrupted supply.
Hypothermia, renal  impairment, blood loss , and coagulopathy are common perioperative problems. Hypothermia  i s  a  particular
hazard, as  even i f surgery goes  wel l , the patient wi l l  continue to bleed on the ICU. Platelet function i s  markedly reduced below 35 °C.
Whi ls t there i s  no place for routine adminis tration of platelets  and FFP, cons ider early use when they are needed.
Do not attempt to extubate at the conclus ion of surgery—a postoperative period of venti lation on the ICU i s  essentia l  to a l low
correction of biochemica l  and haematologica l  abnormal i ties .
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Thoracoabdominal  aortic aneurysm repair

Procedure
Excis ion of aortic aneurysmal  sac extending above the origin of the renal  arteries  and replacement with a  synthetic graft. May
involve thoracotomy and the need for one-lung venti lation

Time 3–6 h

Pain +++++

Pos i tion Supine, arms  out (cruci fix), may be R latera l  i f thoracotomy

Blood loss 1000-? ml  (cross -match eight uni ts , plus  platelets  and FFP)

Practica l
technique

DLT + IPPV, arteria l  + CVP l ines . Thoracic epidura l

Thoracic aneurysms  of the ascending aorta  require median s ternotomy and cardiopulmonary bypass . Transverse aortic arch repairs  often
require hypothermic ci rculatory arrest as  wel l .
Specia l  cons iderations
As  for infrarenal  aortic aneurysm repair, wi th the fol lowing cons iderations :

The aneurysm can compress  the trachea and dis tort the anatomy of the upper vasculature.
Intens ive care i s  essentia l  postoperatively for a  period of venti lation and s tabi l i zation.
The aortic cross -clamp wi l l  be much higher than for a  s imple AAA. This  means  that the kidneys , l i ver, and splanchnic ci rculation wi l l  be
ischaemic for the duration of the cross -clamp.
Access  to the thoracic aorta  may require one-lung venti lation—thus  a  lefts ided double lumen tube (DLT) may be required. A Univent®
tube i s  a  poss ible a l ternative, which cons is ts  of a  normal  ET tube with a  bronchia l  blocker within. The blocker may be advanced into
ei ther lung, and then used for suction and oxygenation of the col lapsed lung. It may be withdrawn postoperatively so the Univent®
tube does  not need changing at the end of surgery. Check the pos i tion of the DLT after turning to the latera l  pos i tion.
Proximal  hypertens ion fol lowing aortic cross -clamping i s  more pronounced. Use aggress ive vasodi latation with GTN (infus ion of 50
mg/50ml  run at 0–5 ml/h) or esmolol  (2.5 g/50 ml  at 3–15 ml/h).
Hypotens ion fol lowing aortic unclamping i s  often severe, requiring inotropic support postoperatively—use adrenal ine 1:10 000 s tarting
at 5 ml/h.
Acidos is  may be a  particular problem due to the metabol ic acidos is  that develops  during cross -clamping and an additional  respi ratory
acidos is  due to prolonged one-lung venti lation.
P.320
Renal  fa i lure occurs  in up to 25% of cases—principa l ly related to the duration of cross -clamp. Monitor urine output, give mannitol  25 g
before crossclamping, and mainta in the ci rculating volume during the case.
Spina l  cord i schaemia  leading to para lys is  may develop. This  i s  related to the duration of cross -clamping and occurs  because a  branch
of the thoracic aorta  (artery of Adamkiewicz) reinforces  the blood supply of the cord. Techniques  used for prevention (none are
infa l l ible) include: CSF pressure measurement and dra inage through a  spina l  dra in, spina l  cord cool ing through an epidura l  catheter,
intratheca l  magnes ium, dis ta l  perfus ion techniques , cardiopulmonary bypass , and deep hypothermic ci rculatory arrest. Surgeons
performing this  surgery have their own preferred techniques .
Fluid ba lance i s  as  for infrarenal  AAA, a l though blood loss  wi l l  be more extreme, blood transfus ion wi l l  a lmost certa inly be required,
and platelets  and FFP are more commonly required.
Patients  require venti lation postoperatively unti l  acidos is  and hypothermia  are corrected and the lungs  are ful ly re-expanded.
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Carotid endarterectomy

Procedure
Removal  of an atheromatous  plaque in the internal  carotid artery (ICA). The ICA i s  clamped, opened, the plaque s tripped off,
and then the artery closed ei ther di rectly or with a  Gortex or vein patch

Time 1–3 h

Pain ++

Pos i tion Supine, head up. Contra latera l  arm board

Blood loss Minimal  (cross -match two uni ts )

Practica l
techniques

Cervica l  plexus  block + sedation, arteria l  l ine. ETT + IPPV, arteria l  l ine

An operation to reduce the incidence of s troke in symptomatic (TIA or CVA) patients  with a  70% or greater carotid s tenos is . Unfortunately i t has
a  combined morta l i ty and major s troke incidence of 2–5%. Patients  are usual ly elderly arteriopaths  s imi lar to those presenting for aortic
surgery (see above). Dynamic cardiac assessment i s  not usual ly required.
Monitoring cerebra l  perfus ion during carotid cross -clamping i s  an important, but controvers ia l , area. Advocates  of regional  anaesthes ia  ci te
the advantages  of having a  conscious  patient in whom neurologica l  defici ts  are immediately detectable and treatable by the insertion of a
carotid shunt or pharmacologica l  augmentation of blood pressure. Under genera l  anaesthes ia , other techniques  may be used for monitoring
cerebra l  perfus ion, including: measurement of carotid artery s tump pressure, electroencephalograph (EEG) process ing, monitoring
somatosensory evoked potentia ls , transcrania l  Doppler of the middle cerebra l  artery, and, more recently, near-infrared spectroscopy.
Individuals  uni ts  wi l l  have their own protocols .
Preoperative

Elderly patients , often with severe cardiovascular disease, most are hypertens ive. At least 50% of deaths  fol lowing carotid
endarterectomy (CEA) are cardiovascular in origin, thus  hypertens ion must be control led preoperatively. Aim for 160/90.
Determine the normal  range of blood pressure from ward charts . Measure BP in both arms.
Document pre-exis ting neurologica l  defici ts  so that new defici ts  may be more eas i ly assessed.
Draw up vasoconstrictors  (e.g. ephedrine and metaraminol ) and have vasodi lators  ava i lable (e.g. GTN, labeta lol ).
Cons ider cerebra l  monitoring techniques—there wi l l  be protocols  in your particular uni t.
Premedication: sedative/anxiolytic, particularly i f us ing GA.

P.322
Perioperative

20G and 14G IV access  plus  an arteria l  l ine for measurement of invas ive arteria l  blood pressure. Al l  these need to be in the
contra latera l  arm, which may be out on an arm board.
Monitoring: five-lead ECG, arteria l  l ine, NIBP, SpO2, ETCO2.
Mainta in blood pressure within 20% of the basel ine va lue. During carotid cross -clamping, mainta in BP at or above basel ine. If
necessary use vasoconstrictors , e.g. metaraminol  (10 mg di luted up to 20 ml , give 0.5 ml  at a  time) to achieve this .

Genera l  anaesthes ia  for CEA

Careful  IV induction. Blood pressure may be very labi le during induction and intubation. Give generous  doses  of short-acting opioids  at
induction. Cons ider spraying the cords  with l idoca ine (l ignoca ine). Most anaesthetis ts  use an endotracheal  tube a l though the LMA has
been used (the LMA cuff has  been shown to reduce carotid blood flow but this  i s  of unknown s igni ficance). Secure the tube and check
connections  very careful ly (the head i s  inaccess ible during surgery).
Remifentani l  infus ion combined with superficia l  cervica l  plexus  block gives  idea l  conditions , with rapid awakening. Otherwise
isoflurane/opioid technique. Mainta in normocapnia .
Extubate before excess ive coughing develops . Close neurologica l  monitoring in the recovery unti l  ful ly awake.

The ‘awake carotid’

Cervica l  dermatomes  C2–C4 may be blocked by deep and/or superficia l  cervica l  plexus  block or cervica l  epidura l  (very rarely used in the
United Kingdom).
Patient preparation and communication are vi ta l . A thorough explanation of the benefi ts  of the awake technique i s  inva luable and
avoids  the need for heavy sedative premedication.
For the deep block use three 5 ml  injections  of 0.5% bupivaca ine at C2, 3, and 4 or a  s ingle injection of 10–15 ml  0.5% bupivaca ine at C3.
Reinforce this  with 10 ml  0.5% bupivaca ine injected a long the posterior border of the s ternocleidomastoid (superficia l  block). Avoid the
deep block a l together in patients  with respiratory impairment as  they may not tolerate the uni latera l  diaphragmatic para lys is  which
can ensue. Infi l tration a long the jawl ine helps  to reduce pa in from the submandibular retractor.
Ensure the patient's  bladder i s  emptied preoperatively. Give IV fluids  only to replace blood loss—a ful l  bladder developing whi l s t the
carotid i s  crossclamped i s  a  potentia l  disaster.
Sedation (e.g. propofol  target control led infus ion 0.5–1 µg/ml) may be careful ly employed during block placement and dissection. Once
dissection i s  complete, patient discomfort i s  much reduced. No sedation during carotid cross -clamping wi l l  a l low continuous
neurologica l  assessment. Adminis ter oxygen throughout.
An L-bar angled over the patient's  neck a l lows  good access  for both surgeon and anaesthetis t.
P.323

Despi te an apparently perfect regional  block, around 50% or so of patients  wi l l  require LA supplementation by the surgeon, particularly
around the carotid sheath and i f the carotid bi furcation i s  very high.
Monitor the patient's  speech, contra latera l  motor power, and cerebration. Neurologica l  defici t presents  in three ways :

profound unconsciousness  on cross -clamping
subtle but immediate defici t, e.g. confus ion, s lurred speech, delay in answering questions
defici t a fter a  variable period of time which may be related to relative hypotens ion.

Attentive monitoring of the patient i s  vi ta l , particularly during crossclamping. If neurologica l  defici t develops , a  shunt should be
inserted immediately, a l though you may have to use cons iderable tact/ski l l  to reassure the patient, mainta ining the a i rway whi l s t the
shunt i s  being inserted. Recovery should be rapid once the shunt i s  in place—if i t i s  not, convert to genera l  anaesthes ia .
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Pharmacologica l  augmentation of blood pressure may improve cerebration by increas ing the pressure gradient of col latera l  ci rculation
across  the ci rcle of Wi l l i s . Approximately 2.5% of patients  wi l l  require convers ion to genera l  anaesthes ia  (use of an LMA is  probably
eas iest).
For patients  who do not tolerate regional  anaesthes ia , GA i s  the best option.

Postoperative

Careful  observation in a  wel l -s taffed recovery for 2–4 h i s  mandatory. HDU is  optimal  i f ava i lable, particularly for those patients  who
develop a  neurologica l  defici t.
Ai rway oedema is  common—in both GA and regional  cases—presumably due to dissection so close to the a i rway. Cervica l  haematoma
additional ly occurs  in 5–10% of cases . These cases  need very careful  observation in recovery. Immediate re-exploration i s  required for
developing a i rway obstruction due to haematoma (the regional  block should s ti l l  be working). Remove skin sutures  in recovery as  soon
as  you have made the diagnos is  to a l low dra inage of the haematoma.
Haemodynamic instabi l i ty i s  common postoperatively. Hyperperfus ion syndrome, cons is ting of headaches  and ul timately
haemorrhagic CVA, i s  caused by areas  of bra in previous ly ‘protected’ by a  tight carotid s tenos is  being suddenly exposed to hypertens ive
blood pressures . Thus  blood pressure must be control led. Careful  wri tten instructions  should be given to ward s taff about
haemodynamic management. An example i s :

If sys tol ic BP >160 mmHg, ca l l  house officer and cons ider giving labeta lol  5–10 mg boluses  IV or a  hydra lazine infus ion.
If sys tol ic BP <100 mmHg, give col loid 250 ml  s tat. and ca l l  house officer.

New neurologica l  symptoms and s igns  require immediate surgica l  consul tation.
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Periphera l  revascularization operations

Procedures

Bypass  operations  performed for patients  with occlus ive arteria l  disease of the legs . The long saphenous  vein or a  Gortex
graft i s  used to bypass  the occluded artery.
   Femoropopl i tea l  bypass—femoral  to above-knee popl i tea l  artery
   Femorodis ta l  bypass—femoral  to anterior or posterior tibia l  artery
   Femorofemoral  crossover graft-from one femoral  artery to another

Time 1–6 h

Pain +++

Pos i tion Supine

Blood loss Usual ly 500–1000 ml  (cross -match two uni ts )

Practica l
techniques

Combined spina l/epidura l  with sedation, ?arteria l  l ine.
ETT/IPPV ?LMA

Preoperative

These procedures  consti tute a  large proportion of elective vascular surgery. The duration of surgery i s  unpredictable—overruns  are not
uncommon.
The usual  attention should be pa id to preoperative assessment of the cardiovascular system. However, this  surgery i s  better tolerated
than aortic surgery. A dynamic assessment of cardiac function i s  not usual ly necessary unless  there have been new developments , e.g.
unstable angina.
The choice between genera l  and regional  anaesthes ia  i s  up to the individual . There i s  some evidence that regional  anaesthes ia  i s
associated with lower reoperation rates .5 Long operations  (>3 h) may make pure regional  techniques  impractica l , but they are i s  s ti l l
poss ible.

Perioperative

IV access : ensure at least one large (14 or 16G) IV cannula  with an infus ion which runs  freely.
Use invas ive arteria l  pressure monitoring for long cases  (over 2 h), i f haemodynamic instabi l i ty i s  expected or in s icker patients .
Otherwise use s tandard monitoring with five-lead ECG i f ava i lable. CVP monitoring i s  rarely required.
Genera l  anaesthetic techniques  include ETT with IPPV or LMA/SV. The surgeon should be able to perform femoral  nerve block
perioperatively, which wi l l  give good analges ia , including the saphenous  vein harvesting incis ion.
P.325

Regional  anaesthes ia  i s  an a l ternative to GA offering good operating conditions  with excel lent postoperative pa in rel ief. Spina l
anaesthes ia  a lone may not give enough time for some procedures . The combination of spina l  and epidura l  anaesthes ia  i s  idea l . If the
patient can l ie affected s ide down, hyperbaric bupivaca ine (2–2.5 ml  0.5%) can be used to produce a  very dense spina l  block on that
s ide. Cons ider giving epidura l  diamorphine 2–3 mg ini tia l ly, then s tart an epidura l  infus ion of 0.25% bupivaca ine at 5–10 ml/h after 1 h.
Always  give supplementa l  oxygen. If the patient wants  to be sedated, use the CO2 sampl ing tubing within the oxygen face mask so that
respiratory rate can be monitored as  wel l . Propofol  TCI i s  idea l .
Heparin, e.g. 3000–5000 uni ts , wi l l  need to be given before clamping-reverse with protamine 0.5–1 mg/100 uni ts  heparin s lowly after
unclamping.

Postoperative

Epidura l  infus ion.
Oxygen overnight i f you have given epidura l  diamorphine.
PCA i f no epidura l . Pa in may even be less  than the preoperative, i schaemic pa in.

Footnote
5

Perioperative Ischemia  Randomized Anesthes ia  Tria l  Study Group (1993). Anesthes iology, 79, 422–34.
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Axi l lobi femoral  bypass

Procedure Extraperi toneal  bypass  (trouser graft) from axi l lary artery to femoral  arteries

Time 2–4 h

Pain ++++

Pos i tion Supine

Blood loss <1000 ml

Practica l  technique GA-ETT, IPPV, arteria l  l ine, ?CVP

This  i s  often a  las t-chance operation for patients  with completely occluded aortic or i l iac arteries . Some wi l l  a l ready have had aortic surgery
and have infected grafts . It i s  an extraperi toneal  operation, so patients  with severe cardiorespiratory disease who might be excluded from
aortic surgery may tolerate i t better. However, do not be mis led—it i s  s ti l l  a  long operation, which can involve s igni ficant blood loss ,
morbidi ty, and even morta l i ty.
Preoperative

The usual  comments  about preoperative assessment of vascular patients  apply. Try to obta in recent information about cardiac
function. An echocardiograph can eas i ly be done at the beds ide.
Some of these patients  wi l l  be very s ick ei ther from their pre-exis ting cardiorespiratory disease or from having infected aortic grafts .
Surgery may be their only hope of l i fe a l though equal ly i t can a lso be a  rapid road to thei r demise. Provided the patient understands
this , the operation may be appropriate despi te high ri sk. These are not cases  for inexperienced tra inees  to do a lone.

Postoperative

Genera l  anaesthes ia  with ETT and IPPV i s  appropriate. An arteria l  l ine and a  large-gauge cannula  i s  mandatory, CVP monitoring i s
optional .
Heparin/protamine wi l l  be required at clamping/unclamping.

Postoperative

Extubation at the end of surgery i s  usual ly poss ible, but a  period of time on the HDU is  recommended i f at a l l  poss ible.
PCA for postoperative analges ia .
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Amputations
(Below knee, through knee, above knee, Symes , digi ts , etc.)

Procedures Removal  of necrotic or infected ti ssue due to vascular i schaemia.

Time 30–120 min

Pain ++++

Pos i tion Supine

Blood loss Usual ly 200–500 ml

Practica l  technique
Spina l  or epidura l  with sedation
GA + sciatic/femoral  blocks

Preoperative

Patients  are often very s ick, bed-bound, or diabetic with s igni ficant cardiovascular disease who have had repeated revascularization
attempts  previous ly.
Many wi l l  be in cons iderable discomfort preoperatively (less  so the diabetics ) and may be on large doses  of entera l  or parentera l
opioids . Regional  analges ia  may therefore give more predictable resul ts  than parentera l  opioids  postoperatively.

Perioperative

Spina l  anaesthes ia  with hyperbaric bupivaca ine and sedation offers  excel lent anaesthes ia , which can be di rected affected s ide down.
The duration of block (and postoperative pa in rel ief) can be extended with intratheca l  diamorphine (0.25–0.5 mg). Clonidine 15 µg
intratheca l ly has  a lso been used.
Epidura l  ana lges ia  offers  better postoperative analges ia  and can be s i ted preoperatively i f required (pre-emptive analges ia).
Genera l  anaesthes ia  with LMA/SV or ETT/IPPV i s  a lso an option, but additional  regional  blockade i s  advisable (combined sciatic and
femoral  blocks  wi l l  ensure analges ia  for up to 24 h).
Occas ional ly these patients  are septic due to the necrotic ti s sue. The only way they wi l l  get better i s  to have the affected part
amputated thus  the operation should not be cancel led for this  reason.

Postoperative

Regional  analges ia  i s  the best option, otherwise PCA.
Phantom l imb pa in i s  a  rea l  problem for amputees—it occurs  in 60–70% at some time. It i s  important to dis tinguish i t from pain in the
res idual  s tump that can be treated by conventional  analges ic techniques . Phantom l imb pa in i s  highly res is tant to treatment and
these patients  often require chronic pa in management.
P.328

Pre-emptive analges ia  (i .e. s i ting and us ing the epidura l  preoperatively) i s  bel ieved by some to reduce the incidence and severi ty of
chronic pa in.6 This  i s  controvers ia l .

Footnote
6

Bach S, Noreng MF, Tjel lden NU (1988). Phantom l imb pa in in amputees  during the fi rs t 12 months  fol lowing l imb amputation after
preoperative lumbar epidura l  blockade. Pa in, 33, 297.
Ful l  Text
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Thoracoscopic sympathectomy

Procedures
For patients  with sweaty pa lms/axi l lae. The sympathetic trunk i s  divided via  a  thoracoscope inserted through a  smal l
axi l lary incis ion

Time 30–60 min

Pain ++

Pos i tion Supine, a ffected arm on arm board

Blood loss Minimal

Practica l
technique

IPPV via  double lumen tube
SV via  LMA

Patients  are usual ly young, fi t people with hyperhidros is  (sweaty pa lms  and axi l lae).
The surgica l  technique involves  cutting the thoracic sympathetic trunk at T2 or T3 thoracoscopica l ly.
Tradi tional ly this  i s  done us ing one-lung anaesthes ia  (double lumen tube), with the patient in the reverse Trendelenburg pos i tion.
A s impler technique involves  the patient breathing spontaneous ly through an LMA. When the surgeon insufflates  CO2 into the pleura l
cavi ty, the lung i s  pushed away pass ively, a l lowing surgery to take place. The degree of shunt produced i s  less  dramatic than with one-
lung venti lation. Ass is ted venti lation must be avoided, except to re-inflate the lung manual ly at the end. The CO2 insufflator machine
regulates  intrapleura l  pressures .
With ei ther technique, at the conclus ion of the procedure, the lung must be re-expanded (under the surgeon's  di rect vi s ion) to prevent
pneumothorax.
Loca l  anaesthetic can be depos i ted by the surgeon di rectly onto the sympathetic trunk and into the pleura l  cavi ty.
A postoperative chest radiograph i s  required to confi rm that the lung i s  reinflated.
Some surgeons  l ike to perform bi latera l  sympathectomies  in the same operation. This  i s  a  much more chal lenging operation. It can
lead to very profound hypoxia  when the second lung i s  col lapsed due to pers is tent atelectas is  in the fi rs t lung. It i s  certa inly
inappropriate for a l l  but the very fi ttest patients .
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Fi rs t rib resection

Procedures Resection of the fi rs t/cervica l  rib in patients  with thoracic outlet syndrome

Time 1–2 h

Pain ++

Pos i tion Supine, a ffected arm on arm board

Blood loss Minimal

Practica l  technique IPPV via  COETT, avoid relaxants  i f poss ible

Patients  are usual ly young and fi t.
The pos i tion i s  s imi lar to that for thoracoscopic sympathectomy.
Muscle relaxants  should be avoided, as  the surgeon needs  to be able to identi fy the brachia l  plexus  perioperatively. Intubate under
opioid/induction agent a lone or use mivacurium/opioid and then hyperventi late with i soflurane/opioid or s imi lar.
At the conclus ion of surgery, the wound i s  fi l led with sa l ine and manual  venti lation performed with susta ined inflation pressures  >40
cmH2O. This  i s  to check for a  lung leak and exclude a  pleura l  injury.
A superficia l  cervica l  plexus  block provides  good analges ia  postoperatively.
A postoperative chest radiograph i s  required in recovery.
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Varicose vein surgery

Procedures
Removal  of tortuous  veins  of the lower extremities :
  High tie and s trip–long saphenous  vein removal  (sometimes  bi latera l )
  Short saphenous  vein surgery–tied off in popl i tea l  fossa

Time 30 min to 3 h

Pain ++

Pos i tion Supine or prone for short saphenous  surgery

Blood loss Up to 1000 ml

Practica l  technique LMA/SV for most, ETT/IPPV for prone

Patients  are usual ly young and fi t.
The main operation i s  usual ly combined with multiple avuls ions  to remove varicos i ties . These are minute scars , which can, however,
bleed profusely.
Blood loss  can be minimized by elevating the legs .
Patients  may need combined long and short saphenous  surgery (i .e. two operative incis ions  on the same leg) and may require turning
during the operation. In selected s l im patients  without ri sks  of aspi ration, this  can be done with the patients  breathing spontaneous ly
through an LMA.
A combination of NSAIDs  and loca l  anaesthetic into the groin wound gives  good postoperative analges ia . Caudal  anaesthes ia  i s
poss ible for prolonged re-explorations .
Bi latera l  surgery i s  common and takes  30–60 min per incis ion.
Redo surgery i s  a l so common and can be very prolonged.
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Other vascular procedures

Operation Description
Time
(min)

Pain Position Blood loss Notes

Femoral  or brachia l
embolectomy

Removal  of clot from artery 60 +/++ Supine minimal LA ± sedation commonest

Aortic s tent insertion
Radiologica l  insertion of
s tent to aortic
aneurysm

90 or
more

+ Supine
Potentia l ly
mass ive

In X-ray under sedation/l ight GA but needs
l ines/monitoring as  for AAA

Popl i tea l  aneurysm
repair

Bypass  of aneurysmal
periphera l  artery

60–120 ++/+++
Supine or
prone

<500 ml As  for fem-pop bypass

P.333

Further reading
Caldicott L, Lumb A, McCoy D (1999). Vascular anaesthes ia , a  practica l  handbook. Butterworth Heinemann, Oxford.
O'Connor CJ, Rothenburg DM (1995). Anesthetic cons iderations  for descending thoracic aortic surgery: Parts  1 and 2. Journal  of Cardiothoracic
and Vascular Anesthes ia , 9, 581–8, 734–47.
Paul  SD, Eagle KA (1995). A s tepwise s trategy for coronary ri sk assessment for noncardiac surgery. Medica l  Cl inics  of North America , 79, 1241–61.
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Stoneham MD, Knighton JD (1999). Regional  anaesthes ia  for carotid endarterectomy. Bri ti sh Journal  of Anaesthes ia , 82, 910–19.
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Coronary blood flow

Right and left coronary arteries  originate from the anterior and left aortic s inuses  respectively, jus t above the aortic va lve leaflets .
The right coronary artery descends  in the right atrioventricular (AV) groove, continues  around the inferior border of the heart, and joins
with the ci rcumflex branch of the left coronary artery in the posterior atrioventricular groove. It gives  ri se to acute margina l  branches  at
the inferior border of the heart, supplying the right ventricle. In approximately 85% of individuals  i t terminates  as  the posterior
descending artery, supplying the posteroinferior aspect of the left ventricle and intraventricular septum, this  i s  described as  a  right
dominant system.
The left coronary artery leaves  the left aortic s inus  as  the left main s tem, posterior to the pulmonary trunk, and after a  short dis tance
divides  into the left anterior descending and ci rcumflex arteries . The left anterior descending artery passes  down the anterior
interventricular groove and around the apex, giving ri se to septa l  and diagonal  branches , which supply the septum and the free wal l  of
the left ventricle respectively. These branches  are important landmarks  when describing les ions  of the left anterior descending artery.
The ci rcumflex artery passes  a long the left AV groove, supplying the latera l  free wal l  of the left ventricle via  obtuse margina l  branches ,
numbered one to three and in 15% of cases  gives  ri se to the posterior descending artery, a  left dominant system. Crucia l ly this  means
that the left coronary artery suppl ies  the enti re left ventricle, the intraventricular septum and the AV node.
75% of myocardia l  venous  return dra ins  into the right atrium via  the coronary s inus  in the posterior AV groove, 20% returns  via  the
anterior cardiac vein.
5% of myocardia l  venous  return dra ins  di rectly into the left ventricle via  the thebes ian, anterior s inusoida l  and anterior luminal  veins .
These consti tute a  fixed shunt and contribute to the di lution of oxygenated blood.
Coronary blood flow at rest i s  250 ml/min or 5% of cardiac output, with near maximal  oxygen extraction.
Flow can increase up to five times  with exertion, predominantly under the control  of metabol ic autoregulation. Adenos ine, from the
breakdown of ATP, and hypoxia  are the major vasodi lators .
Coronary blood flow to the left ventricle only occurs  during diastole.
A right ventricular pressure of 25 mmHg minimal ly a ffects  blood flow in the right coronary artery; whereas  flow in the left coronary
artery may s top and poss ibly reverse with a  left ventricular pressure of 120 mmHg.
Tachycardia  shortens  the time for diastole and wi l l  eventual ly reduce coronary blood flow. A heart rate of 90–100 beats/min wi l l
normal ly optimize coronary flow and therefore cardiac output.

View Figure

Fig 17.1 Arteria l  blood supply of the heart.
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Cardiopulmonary bypass
Cardiopulmonary bypass  (CPB) replaces  the work of heart and lungs  whi l s t the heart i s  arrested, a l lowing for a  bloodless  and s table surgica l
field. The bypass  machine cons is ts  of an integrated, disposable uni t made up of reservoir, oxygenator, and heat exchanger connected via  a
series  of rol ler pumps  on the permanent part of the machine. Membrane oxygenators  are most commonly used. These conta in minute hol low
fibres , s imi lar to those used for haemofi l tration, giving a  large surface area  for gas  exchange (2–2.5 m2). Gas  exchange occurs  down
concentration gradients ; increas ing the gas  flow removes  more CO2 and increas ing FiO2 increases  oxygenation.
Prior to CPB, ful l  anticoagulation of the patient i s  required with an activated clotting time (ACT) recorded at greater than 400 s . Blood i s
s iphoned from the inferior vena cava  (IVC) and superior vena cava  (SVC) into the reservoir, where i t i s  fi l tered/defoamed. It i s  pumped through
a heat exchanger, to a l ter the temperature as  required, and then through the oxygenator, before being returned to the patient via  a  narrow
arteria l  cannula  placed in the aortic root. The bypass  ci rcui t i s  primed with 1000 ml  of crysta l loid (Hartmann's  solution), heparin 5000 uni ts ,
and occas ional ly mannitol  (0.5 g/kg). The bypass  machine normal ly del ivers  non-pulsati le flow with a  cardiac index of 2.4 l i tres/min/m2.
The perfus ionis t can control  mean arteria l  pressure (MAP) by adjusting flow from the pump and by the use of vasoconstrictors/ vasodi lators .
MAP is  normal ly mainta ined between 50 and 70 mmHg. Volume, as  col loid/blood, can be added to the reservoir or removed by ul trafi l tration,
to mainta in a  haematocri t of 20–30%. Drugs  may a lso be added to the ci rcui t.
Cardiopulmonary bypass  causes  haemolys is , platelet damage, and consumption of coagulation factors . This  i s  usual ly minimal  for the fi rs t 2
h. Suction from the surgica l  field dra ins  di rectly into the reservoir and powerful  suction can exacerbate haemolys is . Other potentia l  problems
involve poor venous  dra inage, aortic dissection, and gas  embol ization. The ri sk of a  cerebrovascular episode (CVE) ranges  from 1–5% and i s
associated with severa l  ri sk factors :

age
aortic atheroma
previous  CVE
diabetes  mel l i tus
type of surgery (aortic arch replacement >va lve replacement >coronary artery surgery).

Cognitive changes  are common (up to 80% of a l l  patients ) in the perioperative period and pers is t in 30% of patients . These are caused by
particulate matter (platelets , atheroma etc).
Insti tuting cardiopulmonary bypass

Before cannulation, systol ic blood pressure should be decreased (to 80–100 mmHg) to reduce the ri sk of aortic dissection.
Prior to insti tuting bypass , the patient should be anticoagulated with heparin 300 IU/kg (usual  dose 20 000–25 000units ). ACT must be
confi rmed at >400 s .
P.339
Prepare and pressurize cardioplegia  to 300 mmHg, ensuring a  bubble-free ci rcui t i f cold cardioplegia  i s  being used.
Once on bypass  the venti lator i s  turned off and an intravenous  anaesthetic (propofol  6 mg/kg/h) s tarted. A bolus  of midazolam or a
vaporizer mounted on the bypass  machine are a l ternatives .
The perfus ionis t mainta ins  a  perfus ion pressure of 50–70 mmHg by modi fying flow/fi l l ing and the use of a lpha agonis ts  such as
metaraminol .
Blood gases  and ACT are checked every 30 min.
The patient's  temperature i s  actively lowered, or a l lowed to dri ft, to 28–34°C, depending on the type of surgery and surgica l  preference.

Coming off bypass

This  i s  a  team effort between surgeon, anaesthetis t, and perfus ionis t. The a im is  to wean the patient from the bypass  machine
al lowing the heart and lungs  to re-establ i sh normal  phys iologica l  function.
Before coming off bypass :

the temperature should have returned to 37°C
potass ium should be 4–5 mmol/l i tre
haematocri t should be >24%.

Have protamine drawn up (1 mg/100 IU heparin—usual ly 3 mg/kg).
The venous  l ine i s  progress ively clamped and the heart gradual ly a l lowed to fi l l /eject. It i s  usual  practice to come off bypass  with the
patient relatively ‘underfi l led’. This  avoids  over-dis tens ion of the ventricles , which may not yet function normal ly.
The perfus ionis t wi l l  transfuse 100 ml  boluses  as  required. Be vigi lant, watch the heart performance and fi l l ing careful ly. If the
ventricle i s  performing poorly, s tart a  smal l  amount of adrenal ine.
Heart rate should be 70–100 beats/min and s inus  rhythm (i f poss ible). Defibri l late and use atropine/isoprenal ine/adrenal ine as
necessary.
Venti late with 100% oxygen and ensure the lung bases  are expanded.
When the surgeon requests  protamine, clearly inform the perfus ionis t to turn off the suction and adminis ter s lowly IV. The systemic
arteria l  pressure wi l l  decrease due to vasodi lation and volume should be adminis tered via  the aortic cannula . Severe pulmonary
hypertens ion can occur.

Post-bypass  management

Ensure adequate anaesthes ia  and analges ia  with a  volati le agent (i .e. ha lothane/isoflurane) and an opioid.
Systol ic blood pressure should be control led between 80 and 140 mmHg by careful  fi l l ing and adjustments  of GTN/adrenal ine
infus ions , as  necessary.
If the patient i s  pers is tently hypotens ive or bleeding, inform the surgeon before the chest i s  closed.

Cardioplegia
This  i s  ei ther crysta l loid or blood based. It conta ins  potass ium(20 mmol/l i tre) magnes ium, and proca ine and when rapidly infused renders
the heart asystol ic. Further doses  are repeated every 20 min or when electrica l  activi ty returns . The advantages  of blood cardioplegia  are
largely theoretica l  and
P.340

based on the assumption that haemoglobin wi l l  carry oxygen and thus  help reduce myocardia l  damage. Reperfus ion (warm blood)
cardioplegia  i s  sometimes  used towards  the end of bypass  to wash out products  of metabol i sm and give an oxygen ‘boost’ to the myocardium.
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Cardioplegia  i s  usual ly adminis tered anterograde (via  the coronary arteries ), but retrograde cardioplegia  may be del ivered via  the coronary
s inus .
Temperature management
During bypass , the patient's  temperature may be a l lowed to ‘dri ft’ down to 34°C, or the patient can be actively cooled to a  lower temperature
(28–34°C). Genera l ly, a  cooler temperature a l lows  better cerebra l  protection, but a  warmer temperature i s  preferred for the heart. Di fferent
centres  vary in approach, and the technique of hypothermia  often reserved for more complex cases .
Intermittent cross -clamping and fibri l lation
When performing coronary arteria l  grafts , the surgeon can use ei ther cardioplegia  (conventional ) or intermittent cross -clamping with
fibri l lation. With intermittent cross -clamping the aorta  i s  cross -clamped and a  fibri l lator pad placed underneath the heart. When the heart
fibri l lates  oxygen demand i s  reduced, and the lower end of a  graft can be sutured. After each graft the crossclamp is  removed and the heart
cardioverted into s inus  rhythm. The top end wi l l  then be sutured onto the aorta . Advantages  are that no cardioplegia  i s  used (hence a  lower
incidence of complete heart block) and after each graft i s  attached, the ECG can be inspected for any i schaemia. However, as  the heart i s  not
protected by cardioplegia , surgica l  time needs  to be kept to a  minimum to avoid myocardia l  damage.
Potass ium management
For myocardia l  s tabi l i ty fol lowing CPB i t i s  important to mainta in serum potass ium levels  between 4 and 5 mmol/l i tre. Hypokalaemia  usual ly
develops  and should be treated with a l iquots  of 20 mmol  KCl . This  i s  preferably adminis tered whi l s t on CPB, thus  avoiding the need to
adminis ter via  a  centra l  l ine, di rectly onto an unstable myocardium.
‘Alpha-stat’ versus  ‘pH-stat’ arteria l  gas  interpretation
The pH-stat and a lpha-s tat regimes  di ffer in terms  of whether PaCO2 and pH are mainta ined within normal  va lues  when measured at the
temperature of the patient or when measured at 37°C.

pH-stat: PaCO2 and pH are mainta ined near 5.0 kPa  and 7.4 respectively, when measured at actua l  body temperature, a  process  ca l led
‘temperature correction’. Thus , during hypothermia, CO2 i s  added to the bypass  machine. When measured in a  blood-gas  machine at
37°C, this  wi l l  suggest a  high PaCO2 and a  low pH (s imi lar to a  respi ratory acidos is ).
a lpha-s tat: attempts  to dupl icate the normal  response of poiki lothermic animals , in which PaCO2 during hypothermia  decreases  when
corrected for body temperature. Us ing the a lpha-s tat regime, PaCO2 va lues  are not corrected for temperature and are kept in the normal
range when measured at 37°C by the blood gas  analyser.

When the two methods  are compared for hypothermic CPB at 28°C, a  3 kPa  di fference in PaCO2 levels  exis ts . This  PaCO2 gradient has  been
shown to s igni ficantly a l ter cerebra l  blood flow s ince cerebrovascular carbon dioxide
P.341

respons iveness  i s  mainta ined.
Potentia l ly harmful  effects  of pH-stat management include:

Increased cerebra l  blood flow, poss ibly increas ing the embol ic load to the bra in (i .e. a i r/debris ).
Increased cerebra l  blood flow to non-ischaemic areas  may cause a  s tea l  phenomenon.
‘Respiratory acidos is ’ (increased CO2) may dis rupt normal  cel lular function.

Theoretica l  advantages  of pH-stat management include:

Acidos is  counteracts  the leftward shi ft of the oxygen dissociation curve associated with hypothermia, so that release of oxygen from
haemoglobin i s  enhanced.
Depressed enzymatic activi ty associated with acidos is  may potentiate the tota l  amount of metabol ic depress ion caused by
hypothermia.

The potentia l ly harmful  effects  of pH-stat management would seem to outweigh any advantages . The a lpha-s tat technique i s  now more
commonly used.
Volati le agents  and CPB
Halothane, i soflurane, enflurane, and sevoflurane have a l l  been used success ful ly during cardiac anaesthes ia . They a l l  cause vasodi latation,
cardiac depress ion, and bradycardia  in a  dose-dependent manner. Isoflurane has  been shown in the animal  model  to cause a  ‘s tea l ’
phenomenon, but this  has  not been convincingly demonstrated in man. A large s tudy in the 1990s  compared a l l  di fferent anaesthetic
techniques  then in use for cardiac surgery and concluded that there was  no di fference between the anaesthetic used in terms  of ei ther
morbidi ty or morta l i ty. Ha lothane i s  the volati le agent that has  been used the longest and the more recently introduced volati le agents
(enflurane, i soflurane, or sevoflurane) would not appear to have any advantages  over i t. However, there i s  evidence that for repeat
anaesthes ia , the incidence of hepati ti s  fol lowing ha lothane adminis tration may be higher than that with the other agents .
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Risk scoring
The Parsonnet ri sk s trati fi cation scheme can be used to score the ri sk and predict the morta l i ty rate in cardiac surgica l  patients . However, i t
should only be used as  a  guide to surgica l  outcome.

Parsonnet risk stratification scheme

Risk factor  Score

Female gender  1

Age
70–74 7

>75 12

Ejection fraction

Good 0

Fair (30–49%) 2

Poor (<30%) 4

Obes i ty >1.5 times  idea l  weight 3

Diabetes  3

Hypertens ion Systol ic >140 mmHg 3

Reoperation
Firs t reoperation 5

Second or subsequent operation 10

Preop. intra-aortic ba l loon pump Present for surgery 2

LV aneurysm  5

Valve surgery: mitra l PA pressure <60 mmHg 5

PA pressure >60 mmHg 8

Valve surgery: aortic Gradient <120 mmHg 5

Gradient >120 mmHg 7

Valve and CABG 2

Emergency surgery fol lowing
cardiac catheter

10

Dia lys is  dependent 10

Catastrophic s tates 10–50

Other ci rcumstances
(asthma etc.)

2–10

Score Risk Predicted mortality

0–4 Good 1%

5–9 Fair 5%

10–14 Poor 9%

15–19 High 17%

>20 Very high 31%
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Coronary arteria l  bypass  grafting

Procedure Bypass ing a  coronary artery s tenos is  with an arteria l  or venous  graft

Time 3 h

Pain +++/++++

Pos i tion Supine +/- cruci fix

Blood loss Moderate (cross -match fo ur uni ts )

Practica l  technique ETT, IPPV, arteria l/CVP, urinary catheter, usual ly on CPB

Preoperative

Commonly associated medica l  problems include hypertens ion, COPD, diabetes , cerebrovascular disease, and renal  dys function.
His tory of angina, recent MI, or CVE.
Investigations : recent FBC, U&Es , chest radiograph, ECG, and angiogram. Respiratory function tests  and echocardiography may be
necessary.
Careful  assessment of left ventricular function:

orthopnoea and paroxysmal  dyspnoea are important symptoms of LV fa i lure
exercise ECG
coronary angiography within past 12 months
echocardiography assessment (transthoracic or transoesophageal ):

>50% LV ejection fraction = good LV
30–50% LV ejection fraction = moderate LV
<30% LV ejection fraction = poor LV

most useful  assessment of left ventricular function i s  exercise tolerance.
Parsonnet's  scoring system (see p. 342).
Premedication with intramuscular opioid and antichol inergic (e.g. papaveretum/hyoscine 15 mg/0.3 mg for an adult male, very amnes ic
and sopori fic). Prescribe oxygen supplementation from time of premedication.
Continue a l l  cardiac medication preoperatively (some centres  s top aspirin/ACE inhibi tors ).

Perioperative

Periphera l  venous  and arteria l  l ines  awake, preoxygenate and induce with fentanyl  10–15 µg/kg and etomidate 5–10 mg. Para lyse with
pancuronium 0.1 mg/kg and mainta in anaesthes ia  with ha lothane 0.5–1.5% in an oxygen and a i r mixture. Insert internal  jugular l ines
and urinary catheter.
Five-lead ECG with ST segment monitoring i s  advised (lead II  for rhythm and V5 for i schaemia).
Use a  nasopharyngeal  temperature probe.
Indications  for a  pulmonary arteria l  flotation catheter include:
P.344

al l  ventricles  with an ejection fraction <30%
al l  mitra l  va lves , as  fi l l ing and PA pressures  are important postoperatively
a l l  patients  with ra ised preoperative creatinine
a perioperative a l ternative i s  to insert a  left atria l  l ine or a  transoesophageal  echo probe can be used to assess  fi l l ing and
ventricular function.

Avoid hypertens ion and tachycardia . Aim for cardiovascular s tabi l i ty with volume, GTN infus ion, and careful  boluses  of metaraminol
0.5–1 mg.
Prophylactic antibiotics  timed to coincide with skin incis ion:

flucloxaci l l in 2 g (vanconycin 1 g IV with premed i f penici l l in a l lergy or MRSA ri sk)
gentamicin 1.5 mg/kg

Anticipate blood pressure surge with s ternotomy, cover with fentanyl/ ha lothane increase and/or GTN.
Give heparin 300 IU/kg and ensure ACT >400 s  pre-bypass .
Mainta in systol ic blood pressure in range 80–100 mmHg for aortic cannulation.
Continue as  for bypass .
Once the chest i s  closed and the patient s table, transfer intubated to recovery.
Patients  usual ly require plenty of fi l l ing postoperatively, particularly i f bleeding, diures ing wel l , and vasodi lating as  they warm up. If
cardioplegia  has  been used, temporary pacing wires  wi l l  be inserted and pacing may be needed in the short term.

Postoperative

Check FBC, clotting, arteria l  blood gases , and ensure blood loss  i s  less  than 200 ml/h.
Once warm, awake, weaned, and not bleeding (i .e. a  s table patient) extubate. Adminis ter morphine (0.02 mg/kg/h) with GTN to keep
systol ic BP <140 mmHg to protect the graft ‘top-ends ’ and reduce bleeding.

Specia l  cons iderations

For severe left main s tem disease, mainta in arteria l  pressure at preoperative va lues , as  this  i s  crucia l  to myocardia l  perfus ion.
Unstable angina  with poor ventricles : cons ider PAFC and insertion of an intra-aortic ba l loon pump (IABP) in the anaesthetic room.
Thoracic epidura ls  are used in some centres , cla iming improved haemodynamic s tabi l i ty and excel lent postoperative pa in rel ief, but
this  i s  controvers ia l  due to the perceived ri sk of epidura l  haematoma and tetraplegia  fol lowing anticoagulation for CPB.
Arteria l  grafts  (internal  mammary/radia l  artery) are prone to spasm, therefore mainta in GTN infus ion postoperatively.

javascript:history.back()
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Redo coronary arteria l  bypass  graft
Preoperative

There i s  often poor LV function.
Venous/arteria l  access  as  for CABG but often more di ffi cul t.
Cross -match s ix uni ts .

Perioperative

A pulmonary arteria l  flotation catheter introducer i s  useful  i f rapid infus ion i s  necessary.
Have external  defibri l lator pads  in s i tu on the patient, as  VF i s  a  ri sk at s ternotomy and dissection of adhes ions . This  can be a
problem with the use of diathermy as  i t obscures  the ECG and with VF a l l  you may see i s  a  flat arteria l  trace (be vigi lant)!
Have blood ava i lable in theatre.
There i s  a  ri sk of torrentia l  bleeding as  the right ventricle may be s tuck by adhes ions  to the unders ide of the s ternum.
Cons ider us ing a  fibrinolytic inhibi tor such as  aprotonin during the procedure. Test dose of 1 ml , then 2 mi l l ion uni ts  (200 ml) loading
dose, 2 mi l l ion uni ts  into the prime and then 500 000 uni ts  (50 ml) per hour peroperatively.

Postoperative

There i s  increased ri sk of postoperative bleeding.
There may be problems related to poor LV function.
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Emergency coronary arteria l  bypass  graft (fa i led angioplasty)
Preoperative

The patient wi l l  be col lapsed in periarrest with the need for urgent surgery to correct i schaemia.
Should have good femoral  venous  and arteria l  access  from the ‘cath lab’.
Patient wi l l  probably need inotropes , i f not a l ready s tarted. Must atta in some degree of s tabi l i ty or an arrest wi l l  fol low induction.
An IABP can help poor coronary perfus ion by increas ing diastol ic pressure, plus  ventricular function by off-loading the heart.

Perioperative

May need a  pulmonary arteria l  flotation catheter, but do not waste time i f speed i s  important. It can be done later during the case.
Cautious  induction with a  reduced dose of fentanyl  (250–500 µg) and etomidate (4–6 mg). Cardiovascular s tabi l i ty i s  essentia l .
Adrenal ine should be prepared to be given as  a  bolus , 10 or 100 µg/ml  as  necessary.
Insti tute CPB as  soon as  poss ible.

Postoperative

Inotropes  should be mainta ined post-CPB and/or IABP.
There i s  no urgency to extubate the patient. A period of s tabi l i ty i s  required.
There are l ikely to be many infus ions  running.
There i s  a  high ri sk of renal  fa i lure.
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Mitra l  s tenos is

Procedure Replacement of mitra l  va lve

Time 3–4 h

Pain +++/++++

Pos i tion Supine

Blood loss ' 1000–1500 ml  (cross -match four uni ts )

Practica l  techniques On CPB

The anatomica l  problems and consequences  of particular va lve les ions  should be understood to appreciate the phys iologica l  requirements
necessary for forward flow of blood before and after va lve replacement.
Mechanica l  va lves  tend to be used in younger patients , as  they should las t forever. However, anticoagulation (warfarin) i s  needed to prevent
clot formation around the va lve. In elderly patients , porcine (homograft) va lves  can be used, as  long-term anticoagulation i s  not needed.
These va lves  probably only las t for about 15 years .
Preoperative

Fra i l , flushed, in atria l  fibri l lation with a  fixed cardiac output and poss ible pulmonary hypertens ion.
Almost a lways  due to rheumatic heart disease, normal ly asymptomatic for 20 years .
Surgery required i f dyspnoea on mi ld exertion/at rest.
Normal  va lve surface area  = 4–6 cm2

symptom free unti l  1.5–2.5 cm2

moderate s tenos is  = 1–1.5 cm2

cri tica l  s tenos is  <1 cm2.
Continue antiarrhythmic therapy and convert those on warfarin to heparin preoperatively.
Echocardiography and angiography to assess  pulmonary arteria l  pressure, ventricular function, and coronary arteries .
Opioid/antichol inergic premedication with oxygen supplementation.

Perioperative

Heart rate: mitra l  flow is  relatively fixed, keep below 100 beats/min and in s inus  rhythm i f poss ible to maximize the time for diastole
and coronary blood flow.
Preload: does  not normal ly need augmenting pre-bypass .
SVR: because of fixed cardiac output the SVR i s  often ra ised, avoid reducing i t, as  the diastol ic pressure wi l l  fa l l  and with i t coronary
blood flow.
P.348

Venodi lation wi l l  a l so reduce cardiac return and cardiac output for which the heart cannot compensate.
Contraction: severe mitra l  s tenos is  leads  to pulmonary hypertens ion and with i t right ventricular fa i lure. The left ventricle i s  normal ly
unaffected unti l  end-stage disease. Check ABGs  regularly to avoid hypoxia/hypercarbia  and exacerbation of pulmonary hypertens ion.
Adrenal ine may be required i f the right ventricle i s  very di lated and fa i l ing.
Heart rate: dis ruption of conducting pathways  from surgery can cause arrhythmias , requiring atropine or i soprenal ine.

Post-bypass

Preload: keep wel l  fi l led, as  obstruction to flow has  been removed (PAWP 13–16 mmHg).
SVR: a  reduction wi l l  now a lso encourage forward flow.
Contraction: adrenal ine may be required i f the right ventricle i s  s truggl ing and may help a  s ti ff left ventricle.

Specia l  cons iderations

Use a  pulmonary arteria l  flotation catheter to assess  fi l l ing and requirement for ionotropy.
Pulmonary arteria l  pressures  take severa l  days/weeks  to reduce. Ni tric oxide may help.
Catastrophic atrioventricular (AV) dis ruption, where the heart bursts , in the fi rs t few days  i s  rare and fata l .
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Aortic s tenos is

Procedure Replacement of aortic va lve

Time 3 h

Pain +++/++++

Pos i tion Supine

Blood loss 1000–1500 ml  (cross -match four uni ts )

Practica l  techniques On CPB

Preoperative

As  a  resul t of a  congenita l  bicuspid va lve (found in 1–2% of the population) or rheumatic heart disease. Bicuspid va lves  are often
asymptomatic for 60 years  and rheumatics  for 40 years .
A gradient exceeding 50 mmHg or an aortic ori fi ce of <0.75 cm2 in an average s i ze adult i s  genera l ly cons idered to represent cri ti ca l
obstruction to left ventricular outflow.
Surgery indicated i f the gradient i s  >70 mmHg with a  good LV, and >50 mmHg with a  poor LV.
If a  known gradient i s  decreas ing, this  i s  a  s ign of LV fa i lure.
The triad of symptoms of angina, syncope, or CCF indicates  a  l i fe expectancy of <5 years .
A sudden change in heart rhythm (e.g. atria l  fibri l lation) can cause rapid LV fa i lure.
Perform echocardiography and angiography to assess  LV function and coronary blood flow.
Aortic s tenos is  causes  LV hypertrophy, with no increase in LV volume and a  s ti ff non-compl iant ventricle with poor diastol ic function
(relaxation). This  increases  oxygen demand. If long-s tanding the LV fa i l s , LVEDP increases  (caus ing mitra l  regurgi tation and a  high PAP)
and ul timately RV fa i lure.

Perioperative

Heart rate: ‘aortic s tenos is—always  s low’. Tachycardia  i s  not wel l  tolerated as  i t shortens  diastole, hence the time for coronary blood
flow, and increases  oxygen demand. Atria l  kick of the s inus  rhythm improves  fi l l ing of a  s ti ff LV.
Preload: should be increased to a id fi l l ing of s ti ff LV, beware of GTN reducing preload and cardiac output.
SVR: must be aggress ively mainta ined with a lpha agonis ts . A reduction in diastol ic pressure may cri tica l ly reduce coronary blood flow
to a  hypertrophied LV.
Contraction: the s ti ff and thickened LV may require adrenal ine.

P.350
Post-bypass

Preload: volume is  s ti l l  very important for adequate fi l l ing and perfus ion of a  s ti ff LV.
SVR: an infus ion of noradrenal ine may be required once wel l  fi l led.
Contraction: adrenal ine may be required to improve LV performance.

Specia l  cons iderations

Cons ider a  pulmonary artery flotation catheter as  fi l l ing i s  crucia l , particularly in the postoperative period. Pre-bypass , the high
pulmonary arteria l  pressure in long-s tanding aortic s tenos is  may underestimate LV fi l l ing.
Good myocardia l  protection for a  hypertrophied ventricle i s  the key to a  good outcome.
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Mitra l  regurgi tation

Procedure Replacement of mitra l  va lve

Time 3 h

Pain +++/++++

Pos i tion Supine

Blood loss 1000–1500 ml  (cross -match four uni ts )

Practica l  techniques On CPB

Preoperative

Acute: rupture of a  papi l lary muscle due to MI or endocardi ti s , caus ing pulmonary oedema.
Chronic: rheumatic in origin, usual ly some s tenos is  as  wel l  and asymptomatic for up to 40 years .
75% have atria l  fibri l lation. Continue antiarrhythmic therapy and change warfarin to heparin.
Symptoms of ti redness  and dyspnoea reduce l i fe expectancy to <5 years .
The LV i s  essentia l ly volume overloaded, which increases  pulmonary arteria l  pressure and may cause RV fa i lure.
Once symptoms of fa i lure cannot be control led medica l ly, surgery i s  indicated.

Perioperative

‘Ful l , fas t, and forward for a  regurgi tant les ion.’
Heart rate: relative tachycardia  reduces  the time for regurgi tation and increases  forward flow.
Preload: keep the patient wel l  fi l led, aga in to encourage forward flow.
SVR: an increase in SVR increases  the regurgi tant fraction. Alpha agonis ts  should be avoided i f there i s  a  drop in blood pressure—
volume is  usual ly the answer. Avoid bradycardia .
Contraction: inotropes  are rarely needed pre-bypass , with acute mitra l  regurgi tation an intra-aortic ba l loon pump may help.

Post-bypass

LV function i s  often over estimated in mitra l  regurgi tation, as  the pulmonary ci rculation provides  a  low-pressure release system for a
poor ventricle. On replacing the va lve the LV has  to work harder, which may precipi tate fa i lure and the need for adrenal ine.
Preload: fi l l ing i s  s ti l l  very important.
SVR: a  reduction wi l l  benefi t forward flow.
Contraction: adrenal ine may be required for a  ti ring LV.

P.352
Specia l  cons iderations

Cons ider a  pulmonary arteria l  flotation catheter as  LV contracti l i ty and correct fi l l ing are essentia l .
An IABP may a lso be of use in the short term for a  s truggl ing LV.
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Aortic regurgi tation

Procedure Replacement of aortic va lve

Time 3 h

Pain +++/++++

Pos i tion Supine

Blood loss 1000–1500 ml  (cross -match four uni ts )

Practica l  techniques On CPB

Preoperative

There are many causes  of aortic regurgi tation: rheumatic or non-rheumatic va lve disease or in association with aortic root di lation or
dissection.
Chronic aortic regurgi tation may be asymptomatic for 20 years . Angina  i s  a  late symptom indicating end-stage disease.
The LV i s  essentia l ly volume overloaded which increases  sympathetic drive, caus ing tachycardia , increased contracti l i ty, periphera l
vasodi latation, and fluid retention to increase preload. LV hypertrophy occurs  with LV di lation and an increased LV volume.
Surgery i s  indicated once symptomatic.

Perioperative

‘Ful l , fas t, and forward for a  regurgi tant les ion.’
Heart rate: cardiac output i s  rate dependent, increas ing the rate reduces  diastole and forward flow is  encouraged. Avoid bradycardia
and a im for a  rate of 90 beats/min.
Preload: LV i s  s ti ff wi th increased volume, so keep wel l  fi l led. Sinus  rhythm is  of benefi t but patients  are usual ly in atria l  fibri l lation.
SVR: anaesthes ia  causes  a  reduction in SVR, reducing the regurgi tant fraction and encouraging forward flow. A vasodi lator may improve
this , but may a lso reduce venous  return/preload.
Contraction: i f LV function i s  poor an inotrope may be required.

Post-bypass

Preload: because of LV di latation, fi l l ing i s  essentia l  and must be mainta ined.
SVR: a  reduction wi l l  encourage forward flow, particularly i f the LV i s  impaired.
Contraction: an inotrope may be required. An inodi lator (mi l rinone or enoximone) wi l l  reduce the SVR and improve LV function at the
same time.

Specia l  cons iderations

An intra-aortic ba l loon pump is  contra indicated in aortic regurgi tation, but may be useful  post-bypass .
P.354
Careful  control  of blood pressure i s  needed pre-bypass  in patients  with aortic root di latation or dissection. Try to keep systol ic blood
pressure <120 mmHg with GTN.
With mixed les ions  go with the dominant les ion.
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Thoracic aortic surgery

Procedure Replacement of ascending aorta/aortic arch with a  tubular graft

Time 3–4 h

Pain +++/++++

Pos i tion Supine

Blood loss ' 1000– >2500 ml  (cross -match eight uni ts )

Practica l  techniques On CPB ± deep hypothermic ci rculatory arrest

Genera l  points
Thoracic aortic aneurysms  and dissection are usual ly due to atheroscleros is . They can be divided into two groups , those with hypertens ion
and those with heredi tary conditions  such as  Marfan's  syndrome. More than 66% have coexis ting i schaemic heart disease, and di latation of
the aortic root with aortic regurgi tation i s  common. They are class i fied as  type A, involving the ascending aorta  to the brachiocephal ic artery,
and type B, the arch/descending aorta . Type A and those involving the arch are treated surgica l ly, the remainder of type B (descending les ions)
are treated medica l ly. Arch involvement, a l though rare, i s  treated surgica l ly, under deep hypothermic ci rculatory arrest. They may present as
elective or emergency procedures .
Preoperative

For emergency dissections , control  of blood pressure, bleeding, and fluid resusci tation are the main problems. An arteria l  l ine and
good venous  access  are essentia l ; a  CVP l ine can be inserted later.
10 uni ts  of blood need urgent cross -matching and once in theatre, warn the laboratory regarding the need for clotting factors , platelets ,
and more blood later.
GTN/labeta lol  infus ion may be required to keep the systol ic pressure <120 mmHg.

Perioperative

Once s table they should be treated as  patients  with aortic regurgi tation, by avoiding bradycardia , reducing afterload, and keeping wel l
fi l led.
Inotropes  should be avoided as  any dissection can increase.
Aprotinin, 2 mi l l ion uni ts , i s  adminis tered to the patient, 2 mi l l ion uni ts  added to the bypass  prime, and then continued IV at 500 000
units/h peroperatively to reduce clot breakdown.
Femoral  artery cannulation i s  usual ly required as  the ascending aorta  i s  to be resected.
If the aortic root i s  involved the aortic va lve may need replacement and coronary arteries  reimplanting.
Regular ABGs  and monitoring of acid-base for indices  of organ perfus ion.
P.356
Adminis ter s tandard heparin (300 IU/kg) and mainta in ACT >600 s . Aprotinin does  require a  longer clotting time.
Adrenal ine may be required before coming off bypass .

Post-bypass

Bleeding and control  of the arteria l  pressure are major problems.
Continue aprotinin infus ion and adminis ter FFP and platelets  as  needed.
Careful  control  of systol ic pressure at <120 mmHg.
Renal  and gut perfus ion are a lso potentia l  problems, so keep the patient warm and wel l  fi l led.

Specia l  cons iderations
Circulatory arrest
Protection of the centra l  nervous  system by deep hypothermia  during prolonged periods  of ci rculatory arrest i s  necessary i f the arch of the
aorta  i s  to be operated on, as  i t i s  not poss ible to perfuse the cerebra l  vessels  eas i ly on bypass . Hypothermia  depresses  the metabol ic rate
and oxygen consumption in the bra in and a lso seems to protect cerebra l  integri ty during reperfus ion. The maximum safe duration of deep
hypothermic ci rculatory arrest (DHCA) i s  thought to be approximately 45 min at 18°C. This  va lue comes  from experimenta l  evidence in animals
as  wel l  as  from cl inica l  experience. In neonates , this  can be extended to 60 min. Most centres  do not rely solely on hypothermia  to protect the
bra in; the head can be packed in ice and thiopenta l  (7 mg/kg) added to the pump prime, in an effort to decrease cerebra l  metabol ic demand
further. The shorter the period of DHCA the better. Incidence of postoperative neurologica l  problems i s  di rectly proportional  to the time of
DHCA.

To a id rapid cool ing, and to ensure that the bra in i s  cooled, a  vasodi lator (GTN) i s  given. This  prevents  loca l i zed vasoconstriction due
to hypothermia.
Once the ci rculation has  been arrested, a l l  infus ions  and pumps  are s topped.
It i s  essentia l  to measure both core and skin temperature and to make sure the core temperature reaches  <20°C.
On rewarming, s tart propofol  infus ion (3–6 mg/kg/h as  tolerated), order 4 uni ts  FFP and 1 large uni t platelets , as  these patients
frequently encounter bleeding problems.
Mannitol  0.5 g/kg may a lso be given to encourage a  diures is .
When core temperature reaches  35°C s tart adrenal ine (0.05–0.1 µg/ kg/min) to improve cardiac function and GTN (3–5 mg/h), i f tolerated,
to mainta in vasodi latation to help rewarming.
A s teep head down ti l t i s  used to a l low a i r out of the aortic graft.

Keeping the patient warm is  di ffi cul t as  i t takes  a  cons iderable time to warm thoroughly. Skin temperature must be >33°C with a  core
temperature of >37°C, before attempting to come off bypass . Do not be rushed as  rebound cool ing occurs  in recovery, which wi l l  exacerbate
poor myocardia l  function and any coagulopathy.
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Pulmonary thromboembolectomy

Procedure Removal  of clot/tumour from pulmonary artery

Time 2–3 h

Pain ++/+++

Pos i tion Supine

Blood loss 1000–1500 ml  (cross -match four uni ts )

Practica l  techniques On CPB

Preoperative

The patient i s  usual ly col lapsed—‘Airways , Breathing, Ci rculation’.
There are usual ly embol i  from pelvic or leg veins .
Presentation with tachycardia , tachypnoea, hypoxia , cyanos is  with dis tended neck veins  and s igns  of RV fa i lure.
A heal thy heart requires  60–80% of the pulmonary trunk to be obstructed before RV fa i lure.
Urgent cardiopulmonary bypass  to re-establ i sh oxygenation i s  the priori ty, so rapid decis ion-making i s  essentia l .

Perioperative

Once the decis ion i s  taken to operate speed i s  the key—al low no delays . Heparin i s  eas i ly forgotten.
Intubate and venti late with 100% oxygen, mainta ining perfus ion with inotropes  as  necessary and insti tute CPB as  soon as  poss ible.
The surgeons  should cons ider placing an IVC fi l ter postembolectomy.

Post-bypass

Inotropes  are l ikely to be needed, keep wel l  fi l led and reduce SVR with vasodi lators  i f tolerated.
Nitric oxide may help reduce a  ra ised pulmonary arteria l  pressure. Delay heparinization (fol lowing CPB) for 24 h to reduce surgica l
bleeding.

Specia l  cons iderations

Very high right-s ided pressures  may open the foramen ova le and cause right to left shunting. This  wi l l  worsen hypoxia  and may a l low
paradoxica l  embol i , caus ing a  CVE.
With s igni ficant pulmonary embol i  the capnograph wi l l  detect very l i ttle or no CO2. Fol lowing embolectomy, i f success ful , this  should
show dramatic improvement, as  the pulmonary ci rculation i s  re-establ i shed.
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Cardiovers ion

Procedure d.c. shock to convert an arrhythmia  back to s inus  rhythm

Time 5–10 min

Pain -

Pos i tion Supine

Blood loss Ni l

Practica l  techniques
Propofol  ± LMA
COETT i f ful l  s tomach

Preoperative

Atria l  fibri l lation i s  the commonest arrhythmia  and may be acute or chronic.
Often a  remote s i te, with patients  who are cardiovascularly unstable and have a  ful l  s tomach.
Requires  an experienced anaesthetis t with ful l  anaesthetic equipment, monitoring, and tra ined help.
If poss ible transfer to an anaesthetic room in theatre with help nearby.
Treat as  for any surgica l  procedure, premed with antacid prophylaxis  i f poss ible and have a  phys ician ready to cardiovert the patient.
Potass ium should be in the normal  range, as  the myocardium may become unstable.
If in AF >48 h and not anticoagulated the left atrium should be checked for clot with a  transoesophageal  echo before cardiovers ion.
This  can be done under propofol  sedation. If clot i s  present anticoagulation for 4 weeks  i s  required and then check aga in. If clear,
continue with propofol  and secure the a i rway as  appropriate.

Perioperative

Ful l  monitoring, with ECG leads  connected through the defibri l lator and synchronized to R wave.
Preoxygenate, induce s lowly with a  minimal  dose of propofol  and mainta in the a i rway us ing a  facemask, LMA, or COETT i f there i s  a  ri sk
of aspi ration.
Cons ider etomidate i f cardiovascularly unstable.
Opioids  are not usual ly necessary—except i f intubating, when a l fentani l  may be appropriate.
Safety during defibri l lation—fol low the ALS protocol .
If there i s  atria l  fibri l lation, s tart with a  shock of at least 200 J.
If there i s  atria l  flutter, s tart with a  shock of 50 J, and i f that fa i l s  increase by increments  of 50 J.

P.359

Postoperative

Aim to mainta in spontaneous  venti lation throughout the procedure.
Turn the patient into the recovery pos i tion with supplementa l  oxygen and recover with ful l  monitoring as  for any anaesthetic.

Specia l  cons iderations

Patients  in chronic AF may have atria l  thrombus , which can embol ize (see above).
Digoxin increases  the ri sk of postcardiovers ion arrhythmia  and should be omitted on the day.
Amiodarone improves  the success  of cardiovers ion to s inus  rhythm.
Defibri l lation paddles  should be kept at least 12.5 cm away from a  pacemaker.
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Anaesthes ia  for implantable defibri l lators
Ia in Wi lson

Procedure Implanting pacemaker/defibri l lator

Time 1–3 h

Pain +

Pos i tion Supine

Blood loss Ni l

Practica l  technique
LA + sedation
GA: ET/IPPV or LMA/SR

Implantable defibri l lators  are placed in patients  who are at ri sk of sudden death due to mal ignant cardiac arrhythmias . Patients  range
from young and otherwise fi t adul ts  with normal  cardiac contracti l i ty, to extremely compromised cardiac patients .
The procedure may be s tra ightforward, when two venous  wires  (sens ing and shocking) are pos i tioned transvenous ly, or complex when
pacemakers  are replaced or the coronary s inus  i s  catheterized to ga in access  to the LV muscle.
The procedure i s  expens ive (£20 000 for the electronic box). In some uni ts  cardiologis ts  provide their own sedation service.
During the procedure VF i s  induced on a  number of occas ions  to test the device. The patient needs  to be sedated during this  phase.
Invas ive monitoring (arteria l  l ine) i s  advisable for any patients  with impaired contracti l i ty.
The cardiologis t usual ly ga ins  access  via  the left cephal ic vein and uses  fluoroscopy to guide the pos i tion of the leads .
Careful  aseps is  i s  important to avoid infection of the prosthes is . IV antibiotics  are usual ly given.
Watch the tota l  doses  of loca l  anaesthetic used by the cardiologis t!

Preoperative

Careful  assessment i s  required to assess  the functional  cardiac reserve. Use loca l  anaesthes ia  and sedation for anyone who i s
compromised.
Ensure resusci tation drugs  and equipment are ava i lable, as  wel l  as  an external  defibri l lator (usual ly appl ied via  s tick-on pads).
Draw up vasopressors  and vagolytic drugs  ready for use (ephedrine/ metaraminol/glycopyrrolate). Have dedicated, ski l led ass is tance.
Insert an arteria l  l ine and large venous  cannula  under l ight sedation.

Perioperative

If sedation i s  chosen give smal l  doses  of midazolam and fentanyl  unti l  comfortable, cooperative, but s leepy, then connect TCI
propofol . Set to run at 0.5–1 µg/ml . Aim for l ight s leep during which the patient mainta ins  thei r own a i rway. Adminis ter addi tional
oxygen. Just before defibri l lator testing deepen the sedation.
P.361

If GA i s  planned ensure recovery i s  planned preoperatively. Light anaesthes ia  only i s  required and care i s  needed on induction as
many of these patients  have l imited cardiac reserve. An X-ray table may not tip and induction may be safer on a  ti l ting trol ley.
ECG is  recorded by the cardiologis t.

Specia l  cons iderations

During VF testing, i f the device does  not work, do not a l low the heart to be s topped for long!
After VF and shocking the BP may remain low for a  short period. Vasopressors  may be required.
If the patient has  an exis ting pacemaker which i s  to be changed and the cardiologis t i s  us ing diathermy, complete loss  of pacemaker
function can occur.
Do not a l low yoursel f to be dis tracted by the range of other activi ties  taking place.
A large plastic sheet (s imi lar to an awake carotid set-up) a l lows  the anaesthetis t access  to the patient's  a i rway without compromis ing
steri l i ty.

P.362

Further reading
Hwang NC, Sincla i r M (ed.) (1997). Cardiac anaesthes ia : a  practica l  handbook. Oxford Univers i ty Press , Oxford.
Kaplan J (ed.) (1998). Cardiac anesthes ia . Grune & Stratton, New York.
Patel  RL, Turtle MRJ, Chambers  DJ et a l . (1993). Hyperfus ion and cerebra l  dys function: effect of di ffering acid-base management during
cardiopulmonary bypass . European Journal  of Cardiothoracic Surgery, 7, 457–64.
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Genera l  principles
Success ful  thoracic anaesthes ia  requires  the abi l i ty to control  venti lation of the patient's  two lungs  independently, ski l ful  management of the
shared lung and a i rway, and a  clear understanding of the planned surgery. Good communication between surgeon and anaesthetis t i s
essentia l .
Patients  undergoing thoracic surgery are commonly older and less  fi t than other patients  (30% are aged over 70 years , 50% are ASA grade 3 or
above). Long-term smoking, bronchia l  carcinoma, pleura l  effus ion, empyema, oesophageal  obstruction, and cachexia  are a l l  common and can
s igni ficantly reduce cardiorespiratory phys iologica l  reserve.
Anaesthes ia–genera l  points

Discuss  the planned procedure and any potentia l  problems with the surgeon.
Optimize lung function before elective surgery—try to s top patients  smoking, arrange preoperative phys iotherapy and incentive
spirometry.
The latera l  decubitus  pos i tion with the operating table ‘broken’ to separate the ribs  i s  used for many operations .
Use the abi l i ty to i solate and venti late each lung independently when i t i s  appropriate.
Mechanica l  venti lation after pulmonary surgery s tresses  suture l ines  and increases  a i r leaks  and the ri sk of chest infection so avoid
postoperative IPPV i f poss ible.
Minimize postoperative respiratory dys function by providing good analges ia  and phys iotherapy.
Prescribe postoperative oxygen therapy routinely to compensate for increased V/Q mismatch. Warmed humidi fied 40% oxygen via  a
facemask i s  recommended after pulmonary surgery. Nasa l  cannulae del ivering oxygen at 3 l i tre/min are better tolerated and
satis factory for most other patients .

Important cl inica l  scenarios , which may be encountered by the thoracic anaesthetis t, are:

Subglottic obstruction of the trachea or carina  ei ther from extrins ic compress ion (retrosternal  thyroid, lymph node masses , etc.) or
invas ion of the lumen, usual ly by a  bronchia l  or oesophageal  carcinoma.
Dynamic hyperinflation of the lungs  fol lowing pos i tive pressure venti lation in patients  with severe emphysema, bul lae, lung cysts , or
in the presence of an a i rway obstruction which acts  as  a  ‘flap va lve’ and resul ts  in gas  trapping. Progress ive lung dis tens ion creates
the mechanica l  equiva lent of a  tens ion pneumothorax. This  increase in intrathoracic pressure and pulmonary vascular res is tance
compromises  venous  return and right ventricular function and dramatica l ly reduces  cardiac output. If undiagnosed the s i tuation can
rapidly degenerate into an ‘EMD arrest’. Emergency treatment i s  to disconnect the patient from the venti lator and open the tracheal
tube to the
P.365

atmosphere, rel ieve any a i rway obstruction, and support right ventricular function. Remember—‘i f in doubt let i t [the trapped gas]
out’!1
Mediastina l  shi fts  can occur due to large pleura l  effus ions , tens ion pneumothorax and latera l  pos i tioning. Signi ficant shi fts  cause
uni latera l  lung compress ion and a  severe reduction in cardiac output. Prompt recognition and correction of the underlying cause i s
vi ta l

Footnotes
1

Conacher I  (1998). Dynamic hyperinflation—the anaesthetis t applying a  tourniquet to the right heart. Bri ti sh Journal  of Anaesthes ia , 81, 116–17.
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Preanaesthetic assessment

Patients  require a  s tandard assessment with particular emphas is  on their cardiorespiratory reserve.
Examine the chest radiograph and CT scans . Check for a i rway obstruction and tracheal  or carina l  dis tortion or compress ion because this
can cause di ffi cul ties  with placement of double lumen tubes .
Patients  with s igni ficant cardiac disease are clearly a  high-ri sk group.

Preoperative assessment of patients  for lung resection
Based on his tory, examination and s imple pulmonary function tests , patients  may be class i fied as :

Cl inica l ly fi t wi th good exercise tolerance and normal  spi rometry—accept for surgery.
Having major medica l  problems, minimal  exercise capaci ty, and gross ly impaired pulmonary function tests—reject for surgery.
Having reduced exercise capaci ty (short of breath on cl imbing two fl ights  of s ta i rs ) and abnormal  spi rometry with or without moderate
coexis ting disease—require assessment as  fol lows  and careful  eva luation of ri sks  and benefi ts  of surgery.

Pulmonary function tests  are often used to determine sui tabi l i ty for lung resection surgery by estimating postoperative lung function. Always
cons ider the resul ts  in the context of patient's  genera l  hea l th and proposed resection.

Genera l ly accepted minimum preoperative va lues  for FEV1 for the fol lowing procedures  are: pneumonectomy >55%, lobectomy >40%,
wedge resection >35% of predicted va lue.
Estimated postoperative FEV1 <800 ml  or postoperative FVC <15 ml/kg suggest a  need for postoperative venti lation and increased
morta l i ty (i t i s  di ffi cul t to generate an effective cough with an FVC <1 l i tre).2
Exercise pulse oximetry can provide a  useful  cl inica l  assessment in di ffi cul t cases . Fa i lure to cover at least 300 m or a  fa l l  in SpO2 of
more than 4% in a  ‘s ix minute walk test’ indicate a  poor prognos is .
The predicted postoperative va lue for pulmonary function tests  i s : preoperative va lue ×(5 - number of lobes  resected)/5.

The goal  i s  for a  postoperative FEV1 >35% of predicted normal  for the patient (0.8–1.0 l i tre for an average man).
Footnote
2

Gass  GD, Olsen GN (1986). Preoperative pulmonary function testing to predict postoperative morbidi ty and morta l i ty. Chest, 89, 127–35.
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Analges ia
A thoracotomy incis ion i s  extremely pa inful . Inadequate pa in rel ief increases  the neurohumoral  s tress  response, impairs  mobi l i zation and
respiration leading to an increase in respi ratory compl ications , and may, in some patients , resul t in a  post-thoracotomy chronic pa in
syndrome. Good analges ia  i s  crucia l  and a  technique combining NSAIDs , a  regional  block, intra-operative opioids , and regular postoperative
ora l  ana lges ia  i s  recommended.
Perioperative intercosta l  nerve blocks  or percutaneous  paravertebra l  blocks  are useful  for thoracoscopic procedures  and can be combined
with postoperative patient-control led opioid analges ia . Unless  speci fica l ly contra indicated, patients  undergoing thoracotomy or
thoracoabdominal  incis ions  should receive continuous  thoracic epidura l  or paravertebra l  regional  analges ia . It i s  important to match the
level  of the block to that of the incis ion – usual ly T5/6 or T6/7. Perioperative epidura l  blockade should be establ i shed cautious ly (3–4 ml  of
0.25% bupivaca ine) as  an extens ive thoracic sympathetic block can cause a  major reduction in cardiac output and severe hypotens ion.
Preincis ion percutaneous  paravertebra l  injection of 0.5% bupivaca ine (0.3 ml/kg) fol lowed by a  continuous  postoperative infus ion of
bupivaca ine (0.5% for 24 h and then 0.25% for 3–4 days ) at 0.1 ml/kg/h via  a  surgica l ly placed paravertebra l  catheter provides  excel lent post-
thoracotomy analges ia .3
Footnote
3

Richardson J, Lönnqvis t PA (1998). Thoracic paravertebra l  block. Bri ti sh Journal  of Anaesthes ia , 81, 230–8.
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Isolation of the lungs

Achieving independent venti lation of the lungs  i s  not a lways  s tra ightforward.
One-lung venti lation (OLV) i s  associated with a  number of compl ications  and should be used only when the benefi ts  outweigh the
risks .
‘Any anaesthetis t us ing this  technique should ensure that they have appropriate tra ining and experience to use this  technique safely’
(NCEPOD Report 1996–97).

Advantages  of OLV

Protects  the dependent lung from blood and secretions .
Al lows  independent control  of venti lation to each lung.
Improves  surgica l  access  and reduces  lung trauma.

Disadvantages  of OLV

One-lung venti lation inevi tably creates  a  shunt and may cause hypoxia .
The correct choice and pos i tioning of endobronchia l  tubes  i s  crucia l .
Increases  technica l  and phys iologica l  cha l lenge.

Indications  for i solation and separation of the two lungs

To avoid contamination of a  lung in cases  of infection, mass ive pulmonary haemorrhage, or bronchopulmonary lavage.
To control  the dis tribution of venti lation in mass ive a i r leaks  or severe uni latera l  lung disease (e.g. giant bul lae or lung cysts ).
Improving access  for surgery i s  a  relative indication for OLV. If i solation of the lung proves  di ffi cul t the need to pursue OLV should be
discussed with the surgeon s ince sati s factory access  can often be achieved by careful  lung retraction.

Techniques

Double lumen endobronchia l  tubes  (DLTs) are the commonest and most versati le approach.
Bronchia l  blockers  (Univent tube or Arndt endobronchia l  blocker) are occas ional ly useful , especia l ly in patients  who are di ffi cul t to
intubate or have dis torted tracheobronchia l  anatomy or a  tracheostomy.
Single lumen endobronchia l  tubes  are of mainly his torica l  interest.

Double lumen endobronchia l  tubes

The commonest method of achieving OLV.
Tradi tional  reusable red rubber DLTs  are s ti l l  used in some specia l i s t centres  but disposable plastic (polyvinylchloride (PVC)) tubes
are probably in wider genera l  use.
Described as  ‘right’ or ‘left’ according to the main bronchus  they are des igned to intubate.
Right-s ided tubes  have a  hole or s l i t in the wal l  of the endobronchia l  section to faci l i tate venti lation of the right upper lobe.
P.369
Sizes  of plastic DLTs  are given in Charriere (Ch) gauge (equiva lent to French gauge), which i s  the external  ci rcumference of the tube in
mi l l imetres . Thus  a  39 Ch tube has  an external  diameter of about 13 mm.
The lumens  of DLTs  are smal l  compared to s tandard s ingle-lumen tubes  used in adults . The internal  diameters  of the lumens  of the 39
and 35 Ch ‘Broncho-Cath’ DLTs  are only 6.0 and 5.0 mm respectively.
Bronchoscopic placement and checking requires  a  narrow scope (less  than 4 mm diameter), idea l ly with an integra l  battery l ight source
for ease of manipulation.
A major contra indication to use of a  DLT i s  very dis torted tracheobronchia l  anatomy or an intra luminal  les ion—placement i s  l ikely to
be di ffi cul t and poss ibly dangerous .

Types  of DLT

Carlens  (left-s ided): has  a  carina l  ‘hook’ to a id correct placement.
Whites  (right-s ided): has  a  carina l  hook and a  s l i t in the tube wal l  for the right upper lobe.
Robertshaw (right- and left-s ided): D-shaped lumens; tradi tional ly a  red rubber reusable tube, now ava i lable as  a  s ingle-use vers ion
and in smal l , medium, and large s i zes .
Single-use PVC (right- and left-s ided): high-volume, low-pressure cuffs ; bronchia l  cuff and pi lot tube coloured blue; radiopaque marker
stripe running to tip of bronchia l  lumen; ava i lable in s i zes  28–41 Ch, e.g. ‘Broncho- Cath’ (Mal l inckrodt) or ‘Sheribronch’ (Sheridan).

Selection of a  DLT

Use the largest DLT which wi l l  pass  eas i ly through the glotti s . 41 Ch or 39 Ch gauge PVC tube (large or medium Robertshaw) for males ,
37 Ch gauge PVC tube (medium Robertshaw) for females . Smal l  individuals  may need a  35 Ch gauge or smal l  Robertshaw tube.
Use a  left-s ided tube unless  the surgery involves  a  left pulmonary resection or abnormal  bronchia l  anatomy is  l ikely to obstruct
intubation of the left main bronchus . A left-s ided tube i s  less  l ikely to block a  lobar bronchus  and gives  a  greater tolerance to shi fts  in
tube pos i tion which inevi tably occur when the patient i s  moved.

Placement of the DLT

Assess  the ri sks/benefi ts  of us ing a  DLT. Examine the radiographs , CT scans , and any previous  bronchoscopy reports  for
tracheobronchia l  anatomy and lung pathology—is  there dis tortion or narrowing which wi l l  interfere with bronchia l  intubation?
Check the Y connector and that the 15 mm connectors  are inserted into the proximal  ends  of the DLT lumens . (Broncho-Caths  come with
these connectors  in a  separate packet.)
Most plastic DLTs  are suppl ied with a  mal leable s tylet which can be used to adjust the curve of the tube to faci l i tate intubation.
Commence intubation with the concavi ty of the endobronchia l  section of the DLT facing anteriorly—once the tip i s  past the glotti s
partia l ly withdraw the s tylet and rotate the tube by 90° to bring the oropharyngeal  curve into the sagi tta l  plane. Turn the patient's  head
to the s ide oppos i te to the
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bronchus  to be intubated (i .e. to the right for a  left-s ided DLT) and gently s l ide the tube down the trachea unti l  res is tance i s  fel t to
further advancement.
At this  s tage treat DLT as  an ordinary ETT—inflate only the tracheal  cuff to achieve a  sea l  and confi rm venti lation of both lungs .
It i s  easy to push plastic DLTs  in too far. The patient's  height i s  the main determinant of correct insertion depth—the usual  insertion
depth to the teeth corner of the mouth in a  patient 170 cm (5 ft 7 in) ta l l  i s  29 cm (depth changes  by 1 cm for every 10 cm (4 in) change in
the patient's  height).4

Cl inica l  confi rmation of DLT pos i tion

The next s tep i s  to check the tube pos i tion and establ i sh i solation of the lungs . Beware of pathology affecting cl inica l  s igns—compare
with preoperative cl inica l  examination findings  and radiology.
Be systematic—it i s  easy to get confused!
Start by checking venti lation through the bronchia l  lumen. Clamp off the gas  flow to the tracheal  lumen at the Y-connector and open the
seal ing cap on the tracheal  lumen to a i r.
Look for movement of the chest—is  there appropriate uni latera l  expans ion?
Lis ten—auscul tate gas  entry to both lungs  and l i s ten at the proximal  end of the open lumen for leaks  around the bronchia l  cuff. Inflate
the bronchia l  cuff 1 ml  at a  time (use a  5 ml  syringe) unti l  the leak s tops . If a  reasonable sea l  cannot be obta ined with <4 ml  of a i r the
tube i s  ei ther incorrectly placed or too smal l  for the patient. Check speci fica l ly that a l l  lobes  are venti lated, especia l ly the right upper
i f us ing a  right-s ided DLT.
Feel—assess  compl iance by ‘bagging’ right, left, and both lungs . Very poor compl iance (high inflation pressures ) which i s  not
expla ined by the patient's  pathology suggests  malpos i tion—peak pressure on OLV should be <35 cmH2O.
Close the sea l ing cap, remove the Y-connector clamp, and then confi rm i t i s  poss ible to i solate and achieve OLV of the oppos i te lung
via  the tracheal  lumen.
Endobronchia l  tubes  often move when the patient i s  placed in the latera l  pos i tion. Recheck i solation and OLV once the patient i s  in
pos i tion and before surgery s tarts .

Fibreoptic bronchoscope

Ideal ly the pos i tion of every DLT should be checked bronchoscopica l ly. At the very least a  sui table bronchoscope must be immediately
ava i lable to assess  DLT placement i f there are cl inica l  problems with the tube or with OLV.
This  i s  inva luable where bronchia l  intubation i s  di ffi cul t and can be used to ‘ra i l road’ the tube into the correct main bronchus . Insert
the bronchoscope via  the bronchia l  lumen, partia l ly withdraw the DLT so i ts  tip l ies  in the trachea, locate the carina  with the scope,
and advance into the appropriate main bronchus , then s l ide the tube into pos i tion.
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Severa l  bronchoscopic s tudies  have shown that up to 80% of DLTs  are malpos i tioned to some extent even when the cl inica l  s igns  are
satis factory. The upper surface of the bronchia l  cuff (blue) should l ie just below the carina  when visua l i zed via  the tracheal  lumen.
Always  confi rm pos i tioning of a  right-s ided tube by bronchoscopy. The latera l  ‘s l i t’ in the wal l  of the dis ta l  bronchia l  lumen should be
al igned with the right upper lobe bronchus .

Management of one-lung venti lation
The phys iology i s  complex and some aspects  remain controvers ia l .5 One-lung venti lation inevi tably creates  a  shunt through the unventi lated
lung and the crucia l  factor in managing OLV i s  to minimize the effects  of this  shunt. Hypoxic pulmonary vasoconstriction and the influence of
anaesthetic agents  upon i t has  l i ttle relevance to the routine cl inica l  management of thoracic anaesthes ia .
Ini tiating OLV

Start with typica l  venti lator settings  during two-lung venti lation (FiO2 0.33, tida l  volume, VT, 10–12 ml/kg, a i rway pressure (PAW) <25
cmH2O).
Increase FiO2 to 0.5 and decrease VT to 8–10 ml/kg before ini tiating OLV.
Clamp the Y-connection to the non-dependent lung and open the sea l ing cap on that lumen of the DLT to a l low the gas  to escape.
Observe the a i rway pressure closely. It wi l l  normal ly increase, often by 30–40%.
If PAW i s  excess ive (>35 cmH2O), or ri ses  very abruptly with each inspi ration, exclude mechanica l  causes  (e.g. a  kinked connector, clamp
incorrectly placed) and DLT malpos i tion or obstruction (e.g. venti lating lobe rather than lung, sputum plugs , opening of tracheal  lumen
against wal l  of trachea).
Adjust VT and venti lation profi le to l imit PAW, idea l ly to <30 cmH2O.
Observe SpO2 and ETCO2 closely. If necessary increase the venti latory rate to mainta in the origina l  minute volume and carbon dioxide
clearance.
Check with the surgeon that the lung i s  col laps ing (this  may take a  few minutes  in patients  with obstructive a i rway disease) and that
mediastinum has  not ‘sunk’ into dependent hemithorax.

Hypoxia  on OLV

Hypoxia  i s  a  frequent compl ication of OLV, and i s  more common when the right lung i s  col lapsed.
It usual ly occurs  after a  few minutes  of OLV (as  oxygen in the nonventi lated lung i s  absorbed).
SpO2 dips  but then often ri ses  aga in a  few minutes  later as  the nonventi lated lung col lapses  more completely and blood flow through
it decreases .
Increase FiO2 and try to ensure an adequate cardiac output.
Confi rm the correct pos i tioning of the DLT—are a l l  lobes  venti lated? Check with a  fibreoptic bronchoscope i f unsure.
P.372

If partia l  col lapse of the venti lated (dependent) lung i s  suspected (‘s inking’ mediastinum) try 5–10 cmH2O PEEP on that lung—this  may
help, but the effect i s  unpredictable.
If s ti l l  hypoxic warn the surgeon, partia l ly reinflate the non-dependent lung and then apply 5–10 cmH2O CPAP via  a  s imple reservoir
bag/APL va lve arrangement (CPAP System, Mal l inckrodt®) suppl ied with 100% oxygen from an auxi l iary oxygen flow-meter or cyl inder.
This  wi l l  rel iably improve saturations—simply insufflating oxygen into the col lapsed non-dependent lung wi l l  not.
If hypoxia  pers is ts  use intermittent inflation of the non-dependent lung with oxygen breaths  from the CPAP ci rcui t—this  needs  to be

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


coordinated with surgica l  activi ty.
If these manoeuvres  are not success ful  return to two-lung venti lation.
Pers is ting with OLV in the face of continuing hypoxia  (SpO2 <92%) i s  dangerous  and can rarely be justi fied.

Returning to two-lung venti lation

Gently suction the non-venti lated lung to clear any blood or pus—use the long suction catheter suppl ied with the DLT.
Close the sea l ing cap on the lumen to the non-venti lated lung and release the clamp on the Y-connector.
Switch to manual  venti lation and reinflate the col lapsed lung under di rect vi s ion us ing susta ined inflations . Inflation pressures  up to
35–40 cmH2O can be required to ful ly re-expand a l l  areas  of the lung.
Return the patient to mechanica l  venti lation and, unless  s igni ficant volumes  of lung have been resected, return to origina l  two-lung
venti lator settings  and FiO2.
Adjust the respiratory rate to mainta in normocapnia .
Always  be prepared to return to OLV immediately should problems occur, e.g. a  large a i r leak from the operated lung.

Bronchia l  blocker technique

A ba l loon-tipped catheter (‘blocker’) i s  manipulated through a  s ingle lumen tracheal  tube into the appropriate main (or lobar)
bronchus  with the a id of a  narrow fibreoptic bronchoscope.
Good lubrication of both bronchoscope and blocker i s  essentia l .
The pos i tion of the blocker should be rechecked after the patient has  been pos i tioned for surgery.
The lung or lobe i s  i solated from venti lation by inflating the ba l loon or cuff within the bronchus . The i solated lung s lowly col lapses  as
the trapped gas  i s  absorbed or escapes  via  the blocker's  narrow centra l  lumen.
Col lapse can be accelerated by venti lating with 100% oxygen for a  few minutes  and then inflating the blocker at the end of expiration
when the lung volume is  at i ts  minimum.
Reinflation of the col lapsed lung usual ly requires  deflation of the blocker and consequently loss  of i solation of the lungs . (A correctly
pos i tioned DLT wi l l  mainta in separation of the a i rways  to each lung unti l  extubation.)
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During pneumonectomy or s leeve resection (bronchia l  reanastomos is ) the blocker has  to be withdrawn to a l low surgica l  access  to the
bronchus .

There are two modern forms  of bronchia l  blocker—both more costly than a  s tandard disposable DLT:

The Univent tube: a  s ingle lumen tube with an internal  channel  in i ts  wal l  conta ining an adjustable blocker bearing a  high-volume,
low-pressure cuff.
The Arndt wire-guided endobronchia l  blocker (COOKTM): a  s ti ff catheter with a  cyl indrica l  cuff and an adjustable ‘wire’ loop at i ts  tip
which guides  the blocker a long the outs ide of a  fibreoptic bronchoscope into the required bronchus . Suppl ied with a  specia l  adapter
which a l lows  i t to be deployed through a  conventional  s ingle lumen or cuffed tracheostomy tube.

Indications  for us ing a  bronchia l  blocker

On the rare occas ions  when i solation of a  lobar bronchus  i s  required (loca l i zed bronchiectas is  or haemorrhage, lung abscess , or
bronchopleura l  fi s tula).
In patients  who are di ffi cul t to intubate or have a  permanent tracheostomy.
To avoid the reintubation required to change to or from a  DLT in patients  receiving pre- or postoperative IPPV.

Footnotes
4

Brodsky JB, Benumof JL, Ehrenwerth J, Ozaki  GT (1991). Depth of placement of left double-lumen endobronchia l  tubes . Anesthes ia  and
Analges ia , 73, 570–2.
Library Holdings
Bibl iographic Links
5

Benumof JL, Al frey DD (1994). Phys iology of one-lung venti lation. In: Mi l ler RD (ed.) Anesthes ia , 4th edn, Ch 52. Churchi l l  Livingstone.
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Rigid bronchoscopy and s tent insertion

Procedure
Endoscopic inspection of the tracheobronchia l  tree—may include biopsy, insertion of a i rway s tents  or removal  of foreign
body

Time 5–20 min

Pain +

Pos i tion Supine with head and neck extended

Blood loss Usual ly minimal

Practica l
techniques

TIVA with propofol  boluses  or infus ion, a l fentani l  and intermittent suxamethonium. IPPV through bronchoscope with oxygen
via  Venturi  needle and Sanders  injector

Preoperative

Check for a i rway obstruction—stridor, tracheal  tumour on CT scan, or foreign body.
Sui table as  a  day case procedure in appropriate patients .
Warn about postoperative coughing, haemoptys is , and suxamethonium myalgia .
Often combined with mediastinoscopy to assess  sui tabi l i ty for lung resection.

Perioperative

Give ful l  preoxygenation.
Confi rm the surgeon i s  in the theatre before inducing the patient.
Boluses  of midazolam (2–3 mg) and a l fentani l  (500–1000 µg) faci l i tate induction and may reduce the ri sk of awareness .
A preinduction ‘taming’ dose of non-depolarizing relaxant (e.g. vecuronium 0.5 mg) can reduce suxamethonium pains .
Normal ly induce in the anaesthetic room, transfer to the theatre with a  face mask, and give suxamethonium just prior to bronchoscopy.
If there i s  potentia l  a i rway obstruction (foreign body or tracheal  compress ion) inhalation induction in the theatre with sevoflurane in
oxygen i s  recommended unti l  the a i rway i s  secure.
Coordinate venti lation with surgica l  activi ty.
Observe or pa lpate the abdomen to detect recovery of muscle tone.
Suction the upper a i rway and confi rm adequate muscle power before removing the scope.

Postoperative

Turn the patient biops ied s ide down to avoid bleeding into the normal  lung.
Si t ful ly upright as  soon as  awake.
P.375
Blood clot can cause severe lower a i rway obstruction requiring immediate intubation, suction, and repeat bronchoscopy.

Specia l  cons iderations

The a i rway i s  unprotected so patients  at ri sk of regurgi tation should be pretreated to reduce the volume and acidi ty of gastric
secretions  (ora l  omeprazole 40 mg the night before and 40 mg 2–6 h before the procedure).
The procedure i s  very s timulating generating a  marked hypertens ive response.
There i s  a  need to obtund extreme cardiovascular responses  and provide profound relaxation but with prompt return of laryngeal
reflexes  and spontaneous  respiration.
Vocal  cords  can be sprayed with loca l  anaesthetic (4% topica l  l idoca ine (l ignocaine)) but this  wi l l  not prevent carina l  reflexes  and may
impair postoperative coughing.
Rarely biopsy can precipi tate a  l i fe-threatening a i rway bleed.
Stent insertion can be technica l ly di ffi cul t and may involve periodic loss  of a i rway control .
A short acting non-depolarizing muscle relaxant can be employed but i t i s  di ffi cul t to achieve the profound para lys is  required us ing
mivacurium.
Bradycardias  caused by repeat doses  of suxamethonium are seldom seen during rigid bronchoscopy in adults . Atropine should be
drawn up but routine adminis tration i s  not recommended s ince this  wi l l  exacerbate any tachycardia .
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Mediastinoscopy/mediastinotomy

Procedure Inspection of s tructures  in superior and anterior mediastinum via  smal l  suprasternal  or anterior intercosta l  incis ion

Time 20–30 min

Pain +

Pos i tion Supine or s l ightly head up, arms  by s ides  and head ring with bols ter under shoulders

Blood loss Usual ly minimal  but potentia l  for mass ive haemorrhage, G&S

Practica l  techniques IPPV via  s ingle lumen tube

Preoperative

Sui table as  a  day case procedure in appropriate patients .
Check for superior vena cava  obstruction and tracheal  deviation or compress ion due to large mediastina l  masses .
Often preceded by a  rigid bronchoscopy (‘Bronch and Med’).

Perioperative

Tape eyes  and check tracheal  tube connectors ; the head wi l l  be obscured by drapes .
Boluses  of IV fentanyl  during surgery.
Insert a  14 or 16G cannula  in lower leg vein after induction (see below).
Watch for surgica l  compress ion of the trachea—monitor tida l  volume and a i rway pressures
Monitor BP in the left arm and put the pulse oximeter on the right hand (see below).

Postoperative

NSAIDs  and PRN paracetamol  and codeine phosphate.

Specia l  cons iderations

There i s  the potentia l  for mass ive haemorrhage from the great vessels—the ri sk i s  increased in patients  with SVC obstruction (hence
the cannula  in the leg): may require immediate median s ternotomy.
The brachiocephal ic artery can be compressed by the mediastinoscope restricting blood flow to the right arm and carotid artery leading
to a  ri sk of cerebra l  i schaemia, hence the pulse oximeter on the right hand to monitor perfus ion.
Mediastinotomy can cause a  pneumothorax.
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Lung surgery: wedge resection, lobectomy, and pneumonectomy

Procedure Excis ion of pulmonary ti ssue ei ther selectively (wedge resection or lobectomy) or a  whole lung (pneumonectomy)

Time 2–4 h

Pain +++++

Pos i tion Latera l  decubitus  with table ‘broken’, elbows  flexed to bring forearms  para l lel  to face with upper arm in gutter support

Blood loss 200–800ml—occas ional ly s igni ficantly more; G&S, cross -match two uni ts  for lobectomy/pneumonectomy

Practica l
techniques

IPPV via  DLT us ing OLV during resection phase. Epidura l  or paravertebra l  regional  anaesthes ia  with catheter for postoperative
analges ia , arteria l  l ine for pneumonectomy and less  fi t patients

Preoperative

Cancer i s  the commonest indication for lung resection—others  include benign tumours , bronchiectas is , and TB.
Assess  the cardiorespiratory reserve and estimate post-resection lung function (see p. 366).
Assess  the a i rway with respect to placement of a  DLT.
Plan the postoperative analges ia  regime.

Perioperative

Select an appropriate DLT and check lung i solation careful ly a fter intubation.
Use a  left-s ided tube unless  the surgery involves  a  left lobectomy or pneumonectomy or abnormal  bronchia l  anatomy is  l ikely to
obstruct intubation of the left main bronchus .
Intravenous  infus ion in upper arm—14 or 16G cannula .
Radia l  arteria l  l ines  function better in the dependent arm as  that wris t i s  usual ly extended.
CVP monitoring can be unrel iable in the latera l  pos i tion with an open chest. Centra l  l ines  are not recommended for routine use but
may be indicated for access  purposes  or postoperative monitoring.
OLV faci l i tates  surgery and prevents  soi l ing of the dependent lung.
Continuous  display of the a i rway pressure/volume loop i s  a  va luable adjunct to monitoring and managing OLV.
P.378
Surgica l  manipulation often causes  cardiac and venous  compress ion which reduces  cardiac output and blood pressure and may cause
arrhythmias .
Suction the a i rway to the col lapsed lung prior to reinflation.
The bronchia l  suture l ine i s  ‘leak tested’ under sa l ine by manual  inflation to 40 cmH2O.
Ti trate IV fluids  to losses  and duration of surgery. Avoid excess ive fluid replacement especia l ly in pneumonectomy.
Preoperative epidura l  or paravertebra l  block with a  surgica l ly inserted catheter. Epidura l  can be used peroperatively but cautious
incrementa l  boluses  are recommended (3 ml  of 0.25% bupivaca ine).

Postoperative

Aim to extubate the patient awake at the end of the procedure and s i t them upright in theatre.
Prescribe continuous  supplementary oxygen—humidi fied i s  preferable but nasa l  cannulae are more l ikely to s tay on the patient in the
ward.
Ensure good analges ia  i s  achieved.
A chest radiograph i s  usual ly required in the recovery room.

Specia l  cons iderations

Occas ional ly patients  with bronchia l  carcinoma may have ‘non-metastatic’ mani festations  (Eaton-Lambert myasthenic syndrome or
ectopic hormone production).
Uni latera l  pulmonary oedema has  been reported on re-expans ion of the col lapsed lung.
Perioperative morta l i ty from pneumonectomy is  5%. Increased pulmonary vascular pressures  predispose to postpneumonectomy
pulmonary oedema which occurs  in 4% of patients  and has  an 80% morta l i ty.
Arrhythmias , especia l ly atria l  fibri l lation, are qui te common after pneumonectomy and many advocate prophylactic digi ta l i zation
(digoxin 500 µg IV over 30 min perioperatively fol lowed by 250 µg/day ora l ly for 4–5 days ).
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Thoracoscopy and video-ass is ted thoracoscopic surgery procedures

Procedure
Inspection of the thoracic cavi ty via  a  telescope passed through an intercosta l  incis ion. Used for dra inage of effus ions , lung
and pleura l  biopsy, pleurectomy, pericardia l  biopsy and window

Time 45 min–2 h

Pain +++/++++

Pos i tion Latera l  decubitus  with table ‘broken’, elbows  flexed to bring forearms  para l lel  to face with upper arm in gutter support

Blood loss Minimal  to 200 ml , G&S

Practica l
techniques

IPPV and OLV via  left-s ided DLT. Percutaneous  paravertebra l  block/catheter or intercosta l  blocks , ± arteria l  l ine

Preoperative

Assess  as  for a  thoracotomy.
Much less  invas ive than thoracotomy with less  postoperative deterioration of lung function.
Discuss  regional  analges ia  and where appropriate PCA.

Perioperative

Cons ider invas ive arteria l  pressure monitoring for high-ri sk or compromised patients .
Intravenous  infus ion in the upper arm; arteria l  l ine in the radia l  artery of the dependent arm.
Boluses  of fentanyl  (50–100 µg) provide sati s factory intra-operative analges ia .
Commence OLV before insertion of the trocar to reduce the ri sk of lung injury.
Good col lapse of the lung in the operative hemithorax i s  required for surgica l  access .
Intercosta l  or paravertebra l  blocks . A paravertebra l  catheter can be inserted under thoracoscopic guidance for more extens ive
procedures .

Postoperative

Extubate, s i t up, and s tart supplementary oxygen in theatre before transfer to recovery.
A chest radiograph i s  required in recovery to confi rm ful l  lung reexpans ion.
P.380
Although a  thoracotomy is  avoided patients  s ti l l  need ba lanced analges ia  as  for lung resection. PCA morphine may be required for 24–
48 h for more pa inful  procedures  such as  pleurectomy, pleurodes is , or wedge resections .
Encourage early mobi l i zation.

Specia l  cons iderations

This  i s  not a  minor procedure—there i s  a lways  the poss ibi l i ty of convers ion to an open thoracotomy.
An epidura l  not usual ly necessary but i s  worth cons idering for bi latera l  procedures .
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Lung volume reduction surgery and bul lectomy

Procedure Non-anatomica l  resection of regions  of hyperinflated and poorly functioning pulmonary ti ssue

Time 2–5 h

Pain +++/+++++

Pos i tion
Median s ternotomy (bi latera l  surgery)—supine with arms  to s ides . Thoracotomy—latera l  decubitus  (as  for lung
resection)

Blood loss 200–800 ml , cross -match two uni ts

Practica l
techniques

Effective thoracic epidura l  preinduction. GA with TIVA, relaxant, DLT—extreme care with IPPV and OLV

Lung volume reduction surgery i s  a  developing surgica l  treatment for severe respiratory fa i lure secondary to emphysema. The a im is  to reduce
the tota l  lung volume to more phys iologica l  levels  by resecting most diseased areas  thereby improving respiratory function. Most of these
patients  belong to a  group in which genera l  anaesthes ia  would normal ly be avoided at a l l  costs !
Preoperative

Patients  require intens ive assessment, careful  selection, and optimization prior to surgery.
Cardiac assessment for lung volume reduction surgery should include coronary angiography and right heart catheterization to eva luate
IHD, ventricular function, and pulmonary artery pressures .
Patients  are often on corticosteroids—perioperative supplementation i s  required.
A clear understanding of pathophys iology and adequate thoracic experience i s  essentia l  for safe anaesthetic management.6

Perioperative

Surgery may be performed via  s ternotomy, thoracotomy, or by videoass is ted thoracoscopic surgery.
There i s  a  serious  ri sk of rupturing emphysematous  bul lae with IPPV caus ing leaks  and tens ion pneumothorax.
Nitrous  oxide i s  contra indicated.
Continuous  spi rometry, invas ive arteria l , and CVP monitoring are essentia l .
P.382
Cl inica l  assessment of DLT placement i s  di ffi cul t—veri fy the pos i tion bronchoscopica l ly.
Limit the ri sk of ‘gas  trapping’ and dynamic pulmonary hyperinflation by del iberate hypoventi lation and permiss ive hypercapnia  (PaCO2

up to 8.5 kPa). Recommend VT 6–8 ml/kg, 10–12 breaths/min, I :E ratio 1:4 and peak a i rway pressure <30 cmH2O.
Disconnect from the venti lator intermittently to a l low the lungs  to ‘empty’.
Bronchospasm and sputum retention with mucus  plugging can be a  problem.
Use col loids  for fluid replacement to minimize the ri sk of pulmonary oedema.

Postoperative

HDU or ICU care wi l l  be required—extubate as  soon as  poss ible.
Anticipate and accept ra ised PaCO2 (7–9 kPa) and adjust FiO2 to mainta in SpO2 in the range 90–92%.
Watch closely for a i r leaks—use a  maximum of 10 cmH2O suction on intercosta l  dra ins .
Requires  excel lent pa in rel ief, ski l led phys iotherapy, and a  pulmonary rehabi l i tation programme.

Specia l  cons iderations

The commonest compl ication i s  prolonged a i r leak—more than 7 days  in 50% of patients .
Morta l i ty from a  recent series  i s  5–10%.
A large-sca le randomized tria l  currently in progress  in the United States .
Patients  with an i solated congenita l  bul la  or ‘lung cyst’ require the same careful  intra-operative anaesthetic management but are
usual ly much fi tter and do not normal ly require invas ive cardiologica l  assessment.

Footnote
6

Conacher ID (1997). Anaesthes ia  for the surgery of emphysema. Bri ti sh Journal  of Anaesthes ia , 79, 530–8.
Library Holdings
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Dra inage of empyema and decortication

Procedure Surgica l  removal  of pus  (empyema) and organized thick fibrinous  pleura l  membrane (decortication)

Time
Drainage 20–40 min
Decortication 2–3 h

Pain +++/+++++

Pos i tion Latera l  decubitus  for thoracotomy

Blood loss
Simple dra inage: minimal
Decortication: 500–2000 ml , cross -match three uni ts

Practica l  techniques
GA with cautious  IV induction, relaxant, intubation, and IPPV
DLT advised for decortication (ri sk of a i r leaks ); s ingle lumen tube adequate for dra inage procedures , arteria l  l ine/CVP

Preoperative

Interpleura l  infection i s  usual ly secondary to pneumonia , intercosta l  dra ins , or chest surgery.
Patients  are often debi l i tated by chronic infection and may be frankly septic. Confi rm the patient i s  on appropriate antibiotic therapy.
Respiratory function i s  often a l ready compromised by pneumonia  or prior lung resection.
Check for the presence of a  bronchopleura l  fi s tula  created by eros ion into the lung.

Perioperative

Empyema is  usual ly dra ined by rib resection and insertion of a  large-bore intercosta l  dra in.
Thoracoscopy may be used to break down loculated effus ion or empyema and free pleura l  adhes ions .
Decortication requires  a  s tandard thoracotomy anaesthetic and epidura l  ana lges ia  s ince pleura l  changes  often preclude a
paravertebra l  catheter.
Decortication frequently causes  s igni ficant haemorrhage, and a i r leaks  are common.
Invas ive arteria l  and CVP monitoring are advised for a l l  but the fi ttest patients .

P.384

Postoperative

Balanced analges ia  with regular paracetamol , NSAIDs  (check renal  function), regional  block (intercosta l  blocks  useful  for dra inage
procedures) and supplementary opioids .
High-dependency care i s  recommended after decortication.

Specia l  cons iderations

The surgica l  principle i s  to remove infected ti ssue including pleura l  ‘peel ’, ful ly re-expand the lung, and obl i terate infected pleura l
space.
Decortication i s  a  major procedure which requires  careful  eva luation of ri sks  and benefi ts  in elderly, fra i l , and s ick patients .
Lobectomy may occas ional ly be required during decortication i f a  mass ive a i r leak or severe parenchymal  lung damage occurs .
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Repair of bronchopleura l  fi s tula

Procedure Closure of communication between the pleura l  cavi ty and trachea or bronchi

Time 2–3 h (for thoracotomy approach)

Pain ++++/+++++

Pos i tion
Keep s i tting upright with the affected s ide ti l ted down unti l  the good lung i s  i solated, then latera l  decubitus  for
thoracotomy

Blood loss 300–800 ml , G&S, cross -match two uni ts  i f anaemic

Practica l
techniques

Rapid IV induction and fibreoptic guided endobronchia l  intubation with DLT
Awake fibreoptic guided intubation with DLT
Intubation with DLT under deep inhalation anaesthes ia  with spontaneous  venti lation

Preoperative

Features  are productive cough, haemoptys is , fever, dyspnoea, subcutaneous  emphysema, and a  fa l l ing fluid level  in the
postpneumonectomy space on the chest radiograph.
The severi ty of symptoms i s  proportional  to the s i ze of the fi s tula—big fi s tulae with large a i r leaks  cause severe dyspnoea and may
necess i tate urgent respiratory support.
Patients  are often debi l i tated with respiratory function compromised by infection and prior lung resection.
Check previous  anaesthetic charts  for ease of intubation and type of DLT used.
Check the anatomy of the lower a i rway careful ly on the chest radiograph—it i s  often dis torted by previous  surgery.
Require supplementary oxygen, a  functioning chest dra in, and IV antibiotics  and fluids .

Perioperative

Key principles  are to protect the ‘good’ lung from contamination and to control  the dis tribution of venti lation.
Smal l  or moderate fi s tulae are usual ly assessed by bronchoscopy and may be amenable to sea l ing with ti ssue glue.
Commence invas ive arteria l  pressure monitoring before induction.
Awake intubation with loca l  anaesthes ia  i s  cons idered to be the safest option but ul timately the choice of technique depends  upon
individual  ci rcumstances . However, fa i lure to adequately i solate the lungs  after induction wi l l  put the patient at grave ri sk.
P.386

IPPV increases  gas  leakage, caus ing loss  of tida l  volume and the ri sk of tens ion pneumothorax.
Endobronchia l  intubation must be under di rect vi s ion with a  fibreoptic bronchoscope to ensure correct placement in the bronchus
contra latera l  to the fi s tula—the potentia l  exis ts  to enlarge the fi s tula  by inappropriate placement.
TIVA i s  recommended—del ivery of volati le agents  may be unrel iable with large gas  leaks . Ketamine may be useful  in high-ri sk
patients .

Postoperative

Plan HDU/ICU care for a l l  but the most s tra ightforward cases .
Minimize a i rway pressures  during venti lation and extubate as  soon as  poss ible.
Use the s tandard post-thoracotomy analges ic regimen but watch renal  function with NSAIDs .

Specia l  cons iderations

Most fi s tulae are postoperative compl ications  of pneumonectomy or lobectomy but some are secondary to pneumonia , lung
abscesses , or empyema.
Anaesthes ia  for repair of bronchopleura l  fi s tula  i s  cha l lenging and i s  not recommended for an ‘occas ional ’ thoracic anaesthetis t!

Tips  for control l ing a  mass ive a i r leak (i .e. unable to venti late effectively)
If a  DLT cannot be pos i tioned satis factori ly the fol lowing are worth attempting:

Intubate with an uncut cuffed 6 mm diameter s ingle lumen tube—pass  a  fibreoptic bronchoscope through the tube into the intact main
bronchus  and ‘ra i l road’ the tube into the bronchus  to i solate and venti late the good lung.
Ask the surgeon to pass  a  rigid bronchoscope into the intact main bronchus  and s l ide a  long flexible bougie or COOK™ a i rway exchange
catheter (which a l lows  jet venti lation) into the bronchus—remove the bronchoscope and ra i l road a  s ingle lumen tube.
If a l l  el se fa i l s  an Arndt endobronchia l  blocker or a  large Fogarty embolectomy catheter passed into the fi s tula  via  a  rigid
bronchoscope may control  the leak temporari ly.
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Pleurectomy/pleurodes is

Procedure
Stripping of parieta l  pleura  from the ins ide of the chest wal l  (pleurectomy)
Production of adhes ions  between parieta l  and viscera l  pleura  ei ther chemica l ly (ta lc, tetracycl ine) or by phys ica l
abras ion (pleurodes is )

Time
Pleurectomy 1–2 h
Pleurodes is  20–40 min

Pain +++/++++

Pos i tion Latera l  decubitus  for open thoracotomy or VATS. May be supine for pleurodes is

Blood loss Minimal  i f thoracoscopic; up to 500 ml  for thoracotomy, G&S

Practica l
techniques

IPPV, DLT, and OLV advised for open/VATS procedures . A s ingle lumen tube i s  usual ly adequate for pleurodes is

Preoperative

Patients  fa l l  into two groups : young and fi t wi th recurrent pneumothoraces  (check for asthma) and older patients  compromised by COPD
or recurrent pleura l  effus ions  (check respiratory reserve).
Check a  recent chest radiograph for pneumothorax and/or effus ion.
A preoperative intercosta l  dra in i s  advised i f pneumothorax i s  present.
Check the planned surgica l  approach.
Discuss  postoperative analges ia  and regional  technique.

Perioperative

Keep a i rway pressures  as  low as  poss ible in patients  with a  his tory of pneumothorax.
Be a lert for pneumothoraces—they can tens ion rapidly on IPPV even with a  dra in in s i tu and can be on the ‘heal thy’ s ide; avoid ni trous
oxide in this  group of patients .
Col lapse the lung during insti l lation of i rri tant to faci l i tate pleura l  coating—if us ing a  s ingle lumen tube preoxygenate and then briefly
disconnect the lungs  from the venti lator.
Aim for ful l  expans ion of the lung at the end of the procedure to appose parieta l  and viscera l  pleura .

Postoperative

Extubate and s i t the patient upright before transfer to the recovery room.
P.388

A chest radiograph i s  needed in the recovery room to check ful l  lung expans ion—suction on intercosta l  dra ins  may be prescribed by the
surgeon to ass is t expans ion.
Pleura l  inflammation can cause severe pa in.
A ba lanced analges ic regimen with regular paracetamol , NSAIDs , and ei ther a  thoracic epidura l  (bi latera l  procedures) or a
combination of morphine PCA with intercosta l  blocks  or, i f feas ible, a  paravertebra l  catheter.

Specia l  cons iderations

Pleurectomy is  usual ly performed for recurrent pneumothorax—combined with s tapl ing of lung ti ssue respons ible for recurrent a i r
leaks  (usual ly apica l  ‘blebs ’ or smal l  bul lae).
Pleurodes is  i s  often used to manage mal ignant pleura l  effus ions  (mesothel ioma, metastatic carcinoma)—there can be large volumes
of fluid caus ing s igni ficant respi ratory compromise.
Patients  with very large pleura l  effus ions  (over ha l fway up the hemithorax on chest radiograph or >1500 ml) are at ri sk of ci rculatory
col lapse when turned ‘effus ion s ide up’ for surgery. The mechanism is  probably a  combination of mediastina l  shi ft and high
intrathoracic pressure on IPPV reducing venous  return and cardiac output. Dra in the effus ion with the patient supine before turning to
the latera l  pos i tion.
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Oesophagectomy

Procedure
Tota l  or partia l  excis ion of oesophagus  with mobi l i zation of s tomach (occas ional ly colon) into chest with anastomos is  to
proximal  oesophagus  to restore continui ty

Time 3–6 h

Pain +++++

Pos i tion Supine with arms  by s ides  and/or latera l  decubitus  for thoracotomy

Blood loss 500–1500 ml ; cross -match two uni ts

Practica l
techniques

IPPV, DLT useful  i f thoracotomy. Art/CVP l ines , urinary catheter, thoracic epidura l  or paravertebra l  catheter for
thoracoabdominal  incis ion

Preoperative

Establ i sh indication for surgery—usual ly oesophageal  cancer but occas ional ly for non-mal ignant disease (benign s tricture, achalas ia).
The anaesthetic plan requires  understanding of the surgica l  approach:
transhiata l : laparotomy and cervica l  anastomos is
Ivor–Lewis : laparotomy and right thoracotomy
thoracoabdominal : left thoracotomy cross ing costa l  margin and diaphragm
McKewan three-s tage: laparotomy, right thoracotomy, and cervica l  anastomos is .
Preoperative malnutri tion or cachexia  i s  common and i s  associated with a  higher ri sk of postoperative morbidi ty and morta l i ty.
Requires  careful  cardiorespiratory assessment.
Plan for the duration of surgery and the need to repos i tion the patient during the procedure.
Preoperative adjuvant chemotherapy may leave res idual  immunosupress ion.
Book HDU or ICU according to the patient's  fi tness  and loca l  protocols .

Perioperative

Cons ider a l l  patients  with oesophageal  disease to be at ri sk of regurgi tation so rapid sequence induction with cricoid pressure i s
advised.
If thoracotomy is  planned use a  DLT and OLV to faci l i tate surgica l  access  and reduce trauma to the lung.
Plan regional  anaesthes ia  according to the surgica l  approach—paravertebra l  LA infus ion with morphine PCA for thoracoabdominal
approach or for laparotomy/thoracotomy a  mid-thoracic epidura l  (us ing 3 ml  boluses
P.390

of 0.25% bupivaca ine perioperatively and postoperative infus ion of 5 mg diamorphine in 50 ml  0.167% bupivaca ine at 2–8 ml/h).
A nasogastric tube wi l l  be required ini tia l ly. It i s  removed for resection and reinserted under surgica l  guidance fol lowing anastomos is .
Do not put an internal  jugular l ine on the s ide required for cervica l  anastomos is .
Monitor core temperature and be obsess ional  about keeping the patient warm (efficient fluid warmer and forced a i r warming blanket).
Stay ahead with fluid replacement—aim for 10 ml/kg/h of crysta l loid plus  col loid or red cel l s  to replace blood loss .
Check Hb (Haemacue® ideal ) and blood gases  intra-operatively—watch for metabol ic acidos is  suggesting inadequate ti ssue perfus ion.
Arrhythmias  and reduced cardiac output caus ing hypotens ion frequently occur during intrathoracic oesophageal  mobi l i zation.
Change DLT to a  s ingle lumen tube to improve surgica l  access  prior to cervica l  anastomos is  (i f performed).

Postoperative

Require intens ive and experienced nurs ing care in a  specia l i s t ward, highdependency uni t or intens ive care.
If cold (<35.5°C) or haemodynamica l ly unstable venti late unti l  the condition improves .
Aim for a  minimum urine output of 1 ml/kg/h.
Use a  jejunostomy or nasoduodenal  tube for early entera l  feeding.

Specia l  cons iderations

Oesophagectomy has  one of the highest perioperative morta l i ty rates  of a l l  elective procedures  (up to 5% even in specia l i s t centres ).
66% of deaths  are from systemic seps is  secondary to respiratory compl ications  or anastomotic breakdown.
Over 30% of patients  suffer a  major compl ication.
Occas ional  practice in anaesthes ia  (or surgery) for oesophagectomy is  not recommended.
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Chest injury
The emergency diagnos is  and ini tia l  treatment of major thoracic trauma is  described on p. 440. This  section deals  with the anaesthetic
management for defini tive repair of ruptures  of the diaphragm, oesophagus , and tracheobronchia l  tree.
Genera l  cons iderations

Serious  chest injuries  are frequently associated with major head, abdominal , or skeleta l  injuries  and appropriate attention and
priori ty must be given to thei r management (cervica l  spine immobi l i zation, laparotomy to arrest bleeding, spl intage of l imb fractures ).
Fewer than 30% of patients  with thoracic trauma require a  thoracotomy but pers is tent bleeding from intercosta l  dra ins  exceeding 200
ml/h i s  an indication for urgent surgery.
Most deaths  from thoracic trauma are due to exsanguination. Good IV access  with two large-bore cannulas  wi l l  a l low rapid infus ion.
Emergency thoracotomy in the resusci tation room is  seldom indicated and i s  rarely associated with a  favourable outcome.
Standard principles  of emergency anaesthes ia  should be appl ied.
Mainta in a  high index of suspicion for tens ion pneumothorax during IPPV—an intercosta l  dra in does  not guarantee protection.
Mass ive a i r leaks  usual ly indicate s igni ficant tracheobronchia l  injury (see below).
Patients  with major thoracic trauma are at high ri sk of multiple organ fa i lure and require postoperative management in an intens ive
care uni t.

Repair of a  ruptured diaphragm

Cl inica l  features  and diagnos is  are described on p. 441.
May present as  a  chronic condition or as  an intestina l  obstruction of herniated bowel—check preoperative fluid and electrolyte s tatus .
The defect should be closed promptly but seldom needs  to be done as  an emergency.
The surgica l  approach i s  via  a  s tandard latera l  thoracotomy or thoracoabdominal  incis ion.
Intra-operative management i s  as  for fundopl ication.
Avoid ni trous  oxide—it dis tends  the bowel  and may make reduction of hernia  more di ffi cul t.
DLT and OLV faci l i tate surgica l  access  for repair.
A nasogastric tube should be used to decompress  the s tomach.

Repair of a  ruptured oesophagus

Cl inica l  features  and diagnos is  are described on p. 442—surgica l  emphysema and pleura l  effus ions  are frequently present.
Other causes  of oesophageal  rupture include excess ive abdominal  s tra ining and uncoordinated vomiting (Boerhaave's  syndrome).
Oesophageal  perforation
P.392

can be caused by foreign bodies  but i s  often iatrogenic (during endoscopic procedures).
Mediastini ti s  i s  fol lowed rapidly by seps is  and systemic inflammatory response syndrome with associated problems of ci rculatory
shock, renal  fa i lure, and ARDS.
The principles  of surgica l  management are ini tia l ly dra inage and prevention of further contamination.
Ini tia l  careful  endoscopic assessment wi l l  determine the extent of oesophageal  dis ruption.
Smal l  tears  in unfi t fra i l  patients  may be managed conservatively with chest dra inage and nasogastric suction but normal ly urgent
surgery i s  required.
Patients  should be s tabi l i zed preoperatively in ICU with chest dra inage, IV fluid replacement, ana lges ia , invas ive monitoring, and
inotropic support.
Intra-operative management i s  as  for oesophagectomy.
Upper and lower oesophageal  injuries  require right and left thoracotomy respectively.
Primary closure i s  poss ible i f the oesophagus  i s  hea l thy, i f not oesophagectomy wi l l  be required.
Arrhythmias , particularly atria l  fibri l lation, are common due to mediastini ti s .
Change the DLT for a  s ingle lumen tube before transfer to intens ive care for postoperative venti lation.
Even patients  who are s table at the end of the repair procedure remain at high ri sk of major compl ications  for severa l  days .
Early postoperative feeding—either parentera l  or via  feeding jejunostomy.
There i s  a  s igni ficant incidence of dehiscence resul ting in oesophagopleurocutaneous  fi s tula  and high morta l i ty.

Repair of tracheobronchia l  injury

Most patients  with s igni ficant tracheal  or bronchia l  dis ruption do not reach hospi ta l  a l ive.
Cl inica l  features  of laryngeal  and tracheobronchia l  injuries  are described on p. 442.
The priori ty i s  100% oxygen and rel ief of tens ion pneumothorax which may require two large-bore intercosta l  dra ins  with independent
underwater sea ls .
If venti lation and oxygenation are acceptable ca l l  for thoracic surgica l  ass is tance and try to assess  and identi fy the s i te of a i rway injury
by fibreoptic bronchoscopy before intubation.
Airway management and anaesthetic principles  apply as  for a  large bronchopleura l  fi s tula  p. 385.
Adequate pos i tive pressure venti lation may be imposs ible with a  s ingle lumen tube.
A torn bronchus  can be i solated by fibreoptic guided intubation of the contra latera l  intact main bronchus  with an appropriate DLT.
An uncut s ingle lumen tube can be bronchoscopica l ly guided past an upper tracheal  tear so i ts  cuff l ies  dis ta l  to the injury.
P.393

Once the a i rway i s  secure and venti lation i s  s tabi l i zed proceed to urgent thoracotomy for repair.
Carina l  dis ruption may require cardiopulmonary bypass  to mainta in oxygenation during repair.
Inappropriate management can lead to later s tenos is  and long-term a i rway problems.
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Other thoracic procedures

Operation Description Time Pain Position/approach Blood loss/X-match Notes

Fibreoptic
bronchoscopy

Visual  inspection
of
tracheobronchia l
tree ± biopsy and
bronchia l
brushings/lavage

5–10
min

Supine None

GA rarely used. Single lumen
tube (SLT) (8–9 mm) with
bronchoscopy diaphragm on
angle piece. IPPV with
relaxant appropriate to
duration. Expect high a i rway
pressures  whi le scope in ETT
. Suction can empty breathing
system

Lung biopsy

Diagnostic
sampl ing of lung
tissue for
loca l i zed or
di ffuse
abnormal i ty

30–
60
min

+++/++++
Latera l/VATS or
mini thoracotomy

Minor/G&S: X-match i f
anaemic

DLT and OLV faci l i tates  VATS
procedures . Patients  with di ffuse
disease can have very poor lung
function—risk of venti lator
dependence and s igni ficant
morta l i ty

Oesophagoscopy
and di latation
(O&D)

Visua l  inspection
of oesophagus  via
rigid or fibreoptic
scope ± di latation
of s tricture with
flexible bougies

5–20
min

+ Supine None

Regurgi tation ri sk so rapid
sequence induction advised. SLT on
left s ide of mouth—watch for
a i rway obstruction and ETT
displacement during procedure.
Flexible oesophagoscopy often
done under IV sedation

Oesophageal
s tent insertion

Endoscopic
placement of
tubular s tent
through
oesophageal
s tricture

10–
30
min

+/++ Supine None

Often emaciated, may be anaemic.
Preop. IV fluids  to correct
dehydration. Rapid sequence
induction, SLT, and awake
extubation in latera l  pos i tion.
Smal l  ri sk of oesophageal  rupture

Fundopl ication

‘Anti reflux’
procedure for
hiatus  hernia—
fundus  of
s tomach wrapped
round lower
oesophagus

2–3
h

++++/+++++

Supine/laparotomy.
Latera l/left
thoracotomy
Laparoscopic
procedure a lso

Moderate/G&S: i f Hb <12 X-
match 2 uni ts

Often obese—check respiratory
function. Rapid sequence induction
or awake fibreoptic intubation
mandatory. Nasogastric tube
required. DLT helpful  for thoracic
approach. Epidura l  or paravertebra l
and PCA recommended

Pectus
excavatum
repair

Correction of
‘funnel  chest’
deformity of
s ternum

3–5
h

+++/++++

Supine—arms to
s ides/midl ine
sternal  incis ion or
subcosta l

Moderate to severe: X-match
3 uni ts

Primari ly cosmetic unless  deformity
severe. Usual ly young fi t adul ts . GA,
IPPV via  SLT and midthoracic
epidura l  recommended. Risk of
pneumothoraces

Thymectomy

Excis ion of
res idual  thymic
ti ssue and/or
thymoma from
superior and
anterior
mediastinum

2–3
h

++/+++
Supine—arms to
s ides/median
sternotomy

Moderate: X-match 2 uni ts

Usual ly for myasthenia  gravis .
Check for a i rway compress ion,
other autoimmune diseases ,
thyroid function and s teroid
therapy. GA, IPPV via  SLT, minimal
or no relaxant and monitoring of
neuromuscular transmiss ion. May
need postop. venti latory support
(see p. 186)
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Intracrania l  pressure (ICP)
Normal  ICP i s  between 5 and 12 mmHg. Changes  in ICP reflect changes  in the volume of the intracrania l  contents  held within the confines  of
the rigid skul l  (bra in substance 1200–1600 ml , blood 100–150 ml , CSF 100–150 ml , ECF <75 ml). Compensatory mechanisms  ini tia l ly reduce the
effect of an intracrania l  space-occupying les ion on ICP. These mechanisms  involve displacement of CSF into the spina l  subarachnoid space,
increased absorption of CSF, and a  reduction in intracrania l  blood volume. However, a  cri ti ca l  point i s  reached when these compensatory
mechanisms  are overwhelmed and a  further smal l  increase in intracrania l  volume resul ts  in a  s teep ri se in intracrania l  pressure (Fig. 19.1). If
a  les ion develops  s lowly i t may reach a  relatively large volume before caus ing a  s igni ficant ri se in ICP. In contrast, a  les ion that appears
relatively smal l  on a  CT scan may have developed quickly a l lowing l i ttle time for compensation.

View Figure

Fig 19.1 Compl iance curve for the intracrania l  contents .

Causes  of ra ised ICP

Increased bra in substance: tumour, abscess , and haematoma.
Increased CSF volume: hydrocephalus , benign intracrania l  hypertens ion.
Increased blood volume:

increased cerebra l  blood flow: hypoxia , hypercarbia , volati le anaesthetic agents
increased cerebra l  venous  volume: increased thoracic pressure, venous  obstruction in the neck, head down ti l t, coughing.

Increased extracel lular fluid: cerebra l  oedema.

Cerebra l  perfus ion pressure (CPP)
CPP i s  the effective pressure that resul ts  in blood flow to the bra in:
CPP = MAP - (ICP + VP).
Venous  pressure (VP) at the jugular bulb i s  usual ly zero or less  and therefore CPP i s  related to ICP and mean arteria l  pressure (MAP) a lone.
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Cerebra l  blood flow (CBF)
Cerebra l  blood flow is  normal ly autoregulated. This  mainta ins  a  constant blood flow between mean arteria l  pressures  (MAP) of 50–140 mmHg.
Outs ide these l imits  of autoregulation cerebra l  blood flow varies  pass ively with perfus ion pressure. In patients  with chronic hypertens ion the
lower and upper l imits  of autoregulation are higher than normal  so that a  blood pressure that may be adequate in a  normal  patient may lead
to cerebra l  i schaemia  in the hypertens ive patient. Autoregulation i s  a lso impaired or abol i shed acutely in the presence of a  bra in ti s sue
acidos is  as  may occur with hypoxia , hypercarbia , acute intracrania l  disease, and fol lowing head injury.
Cerebra l  blood flow varies  with:

Metabol i sm. CBF i s  primari ly determined by the metabol ic demands  of the bra in. CBF i s  therefore increased during epi leptic seizures
and in association with pa in and anxiety. Conversely CBF i s  reduced in coma, hypothermia, and fol lowing the adminis tration of
anaesthetic agent such as  propofol  or barbi turates .
Carbon dioxide tens ion. Hypocapneoa resul ts  in cerebra l  vasoconstriction and a  reduction in CBF. The greatest effect i s  at normal
PaCO2 where a  change of 1 kPa  resul ts  in a  30% change in blood flow. Arteria l  pressure modi fies  the response of the cerebra l
ci rculation to hyperventi lation. High perfus ion pressures  are associated with an increased respons iveness  to hyperventi lation,
whereas  hypotens ion of 50 mmHg abol i shes  the effect of increased or decreased PaCO2 on CBF.
Oxygen tens ion. PaO2 i s  not a  particularly important determinant of CBF, a  va lue of less  than 7 kPa  being required before cerebra l
vasodi latation occurs .
Temperature. Hypothermia  reduces  cerebra l  metabol i sm thereby reducing CBF. Metabol i sm fa l l s  by approximately 5% for every degree
centigrade reduction in body temperature.
Viscos i ty. There i s  no effect on CBF when the haemotocri t i s  between 30 and 50%. CBF wi l l  increase with reduced viscos i ty outs ide this
range.
Anaesthetic agents  (see p. 402).
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Measuring intracrania l  pressure (ICP)
Ventricular
A catheter inserted into a  latera l  ventricle via  a  burr hole i s  the gold s tandard for the measurement of ICP. The catheter i s  connected to ei ther
a  pressure transducer or fibreoptic pressure measuring device This  method a l lows  the dra inage of CSF as  a  treatment option to reduce ICP.
Disadvantages  of the technique are ri sk of haemorrhage at insertion and the ri sk of ventricul i ti s  i f the catheter i s  left in pos i tion for a
prolonged period. This  technique may be di ffi cul t in patients  with cerebra l  oedema and smal l  ventricles .
Subdura l
A hol low bolt i s  inserted into the skul l  via  a  burr hole. The dura  i s  incised and a  pressure transducer or fibreoptic device i s  passed into the
subdura l  space. Haemorrhage and infection are poss ible compl ications . Subdura l  ICP monitoring tends  to underestimate ICP.
Intraparenchymal
Microminiature s i l i cone s tra in gauge monitors  can be inserted into the bra in parenchyma to monitor ICP. These are becoming increas ingly
popular because of thei r ease of insertion and accuracy, particularly in intens ive care when they can be inserted by non-neurosurgica l  s taff.
Extradura l
Catheters  in the extradura l  space are not a  rel iable method of monitoring ICP and have been largely abandoned.
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Genera l  principles  of anaesthes ia  in the presence of ra ised ICP
Identi fy those patients  with a  ra ised ICP preoperatively. Symptoms and s igns  include:

Early:
headache and vomiting
seizures , foca l  neurology, papi l loedema.

Late:
increas ing blood pressure and bradycardia
agi tation, drows iness , coma
Cheyne-Stokes  breathing, apnoea
ips i latera l  then bi latera l  pupi l lary di latation
decorticate then decerebrate posturing.

Investigations : eva luate CT/MRI scans  for the presence of genera l i zed oedema, midl ine shi ft, acute hydrocephalus , and the s i ze of any
les ion and associated oedema.

Management a ims
Do not increase ICP further:

Avoid increas ing cerebra l  blood flow by avoiding hypercarbia , hypoxia , hypertens ion, and hyperthermia. Always  use control led
venti lation to manipulate PaCO2 and ensure good oxygenation. In s i tuations  where autoregulation i s  los t there may be unpredictable
effects  on CBF with even modest increases  in blood pressure. Ensure adequate analges ia  and depth of anaesthes ia .
Avoid increas ing venous  pressure. Avoid coughing and s tra ining, the head down pos i tion, and obstructing the neck veins  with ETT ties .
Avoid further cerebra l  oedema. Whi le patients  are genera l ly fluid restricted, i t i s  important to mainta in intravascular volume and CPP.
Do not use hypotonic solutions  such as  Hartmann's  solution or dextrose-conta ining solutions . Fluid flux across  the blood-bra in barrier
i s  determined mainly by the plasma osmola l i ty not oncotic pressure. Maintenance of a  high normal  plasma osmola l i ty i s  essentia l .
Mainta in CPP: hypotens ion wi l l  resul t in a  decreased cerebra l  perfus ion pressure in the presence of a  ra ised ICP. To preserve CPP,
normotens ion i s  mainta ined prior to opening the dura  us ing fluids  as  wel l  as  catecholamines  i f necessary.
Avoid anaesthetic agents  that increase ICP (see below).

Speci fic measures  to decrease ICP:

Reduce cerebra l  oedema us ing osmotic or loop diuretics , or the two combined. Give mannitol  0.25–1 g/kg as  an infus ion over 15 min or
furosemide (frusemide) 0.25–1 mg/kg. Insert a  urinary catheter in a l l  patients  receiving diuretics .
P.402
Modest hyperventi lation to PaCO2 of 4.0–4.5 kPa  has  a  trans ient effect in reducing ICP for 24 h. Excess ive hyperventi lation wi l l  resul t in
cerebra l  i schaemia, and may resul t in a  loss  of autoregulation. However, remember that ETCO2 i s  lower than PaCO2.
Corticosteroids  are useful  in reducing oedema associated with tumours  and abscesses  but thei r use i s  controvers ia l  in head injury.
They take severa l  hours  to work. Dexamethasone 4 mg 6-hourly i s  often given electively preoperatively.
Cerebrospina l  fluid may be dra ined via  an external  ventricular dra in or ventriculoperi toneal  shunt.
Pos i tion the patient with a  head up ti l t of 30 degrees  to reduce centra l  venous  pressure. Ensure that the MAP is  not s igni ficantly
reduced as  the overa l l  resul t could be a  reduction in CPP.

Anaesthetic agents  and ICP
Volati le agents
Volati le agents  reduce cerebra l  metabol i sm and oxygen demand. However, they a lso increase cerebra l  blood flow and ICP and abol i sh
autoregulation in sufficient doses . Ha lothane causes  the greatest increase in ICP and i soflurane the least. ICP i s  unaffected by concentrations
of less  than 1 MAC of i soflurane. Sevoflurane and desflurane appear to have s imi lar CNS and CVS effects  to i soflurane. Enflurane may cause
seizures , particularly in association with hypocapnoea, and has  no place in neuroanaesthes ia . Ni trous  oxide i s  a  weak cerebra l  vasodi lator
caus ing an increase in CBF and therefore ICP. In addition i t has  been shown to increase cerebra l  metabol ic rate.
Intravenous  anaesthetic agents
Al l  IV anaesthetic agents  decrease cerebra l  metabol i sm, CBF, and ICP with the exception of ketamine, which increases  ICP and should be
avoided in neuroanaesthes ia . Carbon dioxide reactivi ty and autoregulation of the cerebra l  ci rculation are wel l  mainta ined during propofol
and thiopenta l  anaesthes ia . Both offer a  degree of neuroprotection as  a  resul t of reduced cerebra l  metabol i sm and therefore oxygen demand.
Other drugs

Suxamethonium causes  a  ri se in ICP through muscle fasciculation increas ing venous  pressure. However, this  effect i s  moderate, short-
l ived, and of l i ttle cl inica l  relevance. Suxamethonium should s ti l l  be used in acute s i tuations  such as  head injury when rapid
intubation i s  required in the presence of a  potentia l ly ful l  s tomach. In elective cases  intubation and muscle relaxation can be
achieved fol lowing a  non-depolarizing relaxant.
Narcotic analges ics  have l i ttle effect on CBF and ICP i f respi ratory depress ion with a  consequent increase in PaCO2 i s  avoided. Carbon
dioxide reactivi ty i s  mainta ined. Al though there were concerns  ini tia l ly that a l fentani l  may increase ICP this  was  shown to be
secondary to hypotens ion resul ting in cerebra l  vasodi lation and a  consequent increase in cerebra l  blood volume. This  has  not proven
to be s igni ficant i f the drug i s  adminis tered s lowly or infused, and serves  to re-emphas ize the importance of mainta ining MAP.
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Craniotomy

Procedure
Craniotomy for excis ion or debulking of tumours , e.g. meningiomas , as trocytomas . Burr hole biopsy to establ i sh a  ti s sue
diagnos is . Dra inage of cerebra l  abscess

Time 1–12 h

Pain +/+++

Pos i tion Supine, head up ti l t or latera l  decubitus

Blood loss 0–2000 ml , G&S or cross -match two uni ts

Practica l
techniques

ETT, IPPV, arteria l  l ine, CVP

Preoperative

Assess  the patient for symptoms and s igns  of ra ised intracrania l  pressure. Document any neurologica l  defici ts .
Intracrania l  tumours  may be metastatic, the primary s i tes  including the lung, breast, thyroid, and bowel .
Assess  the gag and cough reflexes .
Check the CT/MRI scans  for the s i te and s ize of tumour and features  of a  ra ised ICP. Meningiomas  may reach a  large s i ze before
producing cl inica l  s igns  and i f very vascular may resul t in s igni ficant intra-operative blood loss . The duration and complexi ty of the
procedure are determined by the s i ze, s i te, and vasculari ty of les ions  being excised or debulked.
Patients  receiving diuretic therapy or who have been vomiting may have disordered electrolytes . Patients  receiving preoperative
dexamethasone may be hyperglycaemic.
Restrict IV fluids  to 30 ml/kg/day of normal  sa l ine i f cerebra l  oedema is  present. Avoid glucose-conta ining solutions—they may cause
hyperglycaemia  which i s  associated with a  worse outcome after bra in injury, and a lso reduce osmola l i ty resul ting in increased
cerebra l  oedema.
Sedative premedication should be avoided in patients  with ra ised ICP.
Ensure graduated compress ion s tockings  are fi tted for thromboembol ic prophylaxis . Anticoagulation increases  the ri sk of serious
haemorrhage and i s  best avoided.
Prophylactic or therapeutic phenytoin may be required (a  loading dose of 15 mg/kg fol lowed by a  s ingle da i ly dose of 3–4 mg/kg).
Discuss  with the surgeon the anticipated duration of the procedure s ince this  i s  very variable (multiply the estimate by two!).

Perioperative

Patients  undergoing a  burr hole biopsy require s tandard monitoring. Those scheduled for craniotomy a lso need invas ive blood
pressure and CVP measurement, neuromuscular monitoring, and core temperature. Urine output should be measured in long cases  and
in those who receive diuretics  or mannitol .
P.404
Anaesthes ia  can be induced with thiopenta l  3–5 mg/kg or propofol  1–3 mg/kg, fol lowed by an opioid such as  fentanyl  5 µg/kg and a
nondepolarizing relaxant l ike vecuronium 0.15 mg/kg. Give IV induction agents  s lowly to avoid reducing blood pressure and CPP.
Additional  agents  such as  a l fentani l  10 µg/kg, l idoca ine (l ignoca ine) 1.5 mg/kg or a  betablocker (labeta lol  5 mg increments ) may be
required to attenuate the hypertens ive response to intubation. Lidoca ine spray to the larynx and voca l  cords  may reduce coughing. Use
an armoured ETT to prevent kinking and secure in place with tapes  as  ties  may cause venous  obstruction. Cover and protect the eyes .
Patients  may be placed in the supine or latera l  pos i tion depending on the surgica l  approach. Avoid extreme neck flexion or rotation,
which may impair cerebra l  venous  return, and mainta in a  head up ti l t. If the head i s  turned to the left or the right for surgery, support
the shoulder to reduce the effect of rotation on the neck veins . The head i s  often secured in place us ing a  Mayfield three-point fixator.
The appl ication of the pins  can cause a  marked hypertens ive response which should be prevented by infi l tration of the pin s i tes  with
loca l  anaesthetic. Al ternatively give a  further dose of fentanyl  (1–2 µg/kg), a l fentani l  (10 µg/kg), or propofol  (0.5–1 mg/kg).
Anaesthes ia  i s  mainta ined us ing ei ther i soflurane (<1 MAC) or a  propofol  infus ion. Avoid N2O i f the ICP i s  ra ised. Ensure adequate
analges ia  us ing top-up doses  of fentanyl . Al ternatively use an infus ion of a l fentani l  (25–50 µg/kg/h) or of remifentani l  (0.5 µg/kg/min
unti l  craniotomy, reduced to 0.25 µg/kg/min for the rest of the procedure). Mainta in neuromuscular relaxation throughout with a  non-
depolarizing muscle relaxant such as  atracurium or vecuronium.
Aim for normotens ion for most procedures . Modest hypotens ion i s  required infrequently to improve the surgica l  field for the removal
of very vascular tumours . Mi ld hypocapnoea i s  used in tumour surgery. Aim for a  PaCO2 of 4–4.5 kPa  (30–35 mmHg). Use normal  sa l ine as
maintenance fluid, replacing blood loss  with col loid or blood.
Mainta in normothermia  us ing a  hot a i r warmer, particularly during prolonged procedures . Hypothermia  i s  only indicated for procedures
where the cerebra l  blood supply i s  at ri sk (see vascular les ions).
Use an intermittent pneumatic compress ion device to the ca lves  or feet throughout the procedure for thromboprophylaxis .
Fol lowing the completion of the intracrania l  surgery, closure of the dura  and sca lp takes  at least ha l f an hour. Sudden hypertens ion on
awakening may be treated with smal l  boluses  of propofol , l idoca ine (l ignoca ine), or labeta lol . Avoid coughing on the endotracheal
tube i f poss ible.

Postoperative

Many routine craniotomies  can be managed postoperatively on an adequately s taffed neurosurgica l  ward. Continued monitoring of the
patient's  conscious  level  and neurologica l  s tate i s  essentia l . Cons ider postoperative sedation and venti lation i f there i s  continuing
cerebra l  oedema or i f the patient was  severely obtunded preoperatively.
The majori ty of patients  (>90%) wi l l  experience pa in in the mi ld to moderate range after craniotomy. Codeine phosphate (60–90 mg)
combined with regular paracetamol  i s  usual ly sufficient for postoperative analges ia . If not patient-control led analges ia  with
morphine may be used.

P.405

Specia l  cons iderations

NSAIDs  should only be used for postoperative analges ia  after careful  cons ideration. Whi le they reduce opioid requirements  and
enhance opioid analges ia , they certa inly increase the bleeding time and a  postoperative intracrania l  haematoma is  potentia l ly
disastrous . Many patients  wi l l  a l so have received diuretics  and are potentia l ly hypovolaemic. This  may exacerbate the renal  toxici ty of
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NSAIDs .
A centra l  l ine i s  indicated for the majori ty of craniotomies  to a l low measurement of CVP, infus ion of vasoactive drugs , and the
aspiration of a i r in the case of venous  a i r embol ism. This  i s  most commonly inserted in the antecubita l  fossa  us ing a  long l ine.
However, in experienced hands  the insertion of an internal  jugular l ine does  not worsen ra ised ICP.
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Ventriculoperi toneal  shunt

Procedure CSF dra inage for treatment of hydrocephalus

Time 45–120 min

Pain ++

Pos i tion Supine, head up ti l t

Blood loss Not s igni ficant

Practica l  techniques ETT, IPPV

Shunts  are inserted for hydrocephalus . The CSF i s  diverted from the cerebra l  ventricles  to other body cavi ties  from where i t i s  absorbed. Most
commonly a  ventriculoperi toneal  shunt i s  created. On rare occas ions  ventriculoatria l  or ventriculopleura l  shunts  are inserted. An occipi ta l  burr
hole enables  a  tube to be placed into the latera l  ventricle and i t i s  then tunnel led subcutaneous ly down the neck and trunk and inserted into
the peri toneal  cavi ty through a  smal l  abdominal  incis ion. A flushing device can be placed in the burr hole to keep the system clear, and a
va lve system is  incorporated to prevent CSF dra ining too rapidly with changes  in posture.
Preoperative

As  for craniotomy (p. 403).
Many patients  requiring shunts  are chi ldren and the usual  paediatric cons iderations  need to be remembered.
Patients  often have ra ised intracrania l  pressure.
Emergency cases  may have a  ful l  s tomach requiring a  rapid sequence induction.

Perioperative

Shunt procedures  are shorter and s impler than craniotomies . Use routine monitoring. Arteria l  and centra l  venous  l ines  are not
required.
Antibiotic treatment or prophylaxis  i s  required and s trict antiseps is  protocols  are normal ly fol lowed to reduce the incidence of shunt
infection.
Advancing the trocar to a l low tunnel l ing of the shunt i s  particularly s timulating. Additional  analges ia  and/or muscle relaxation i s
often required at this  s tage.

Postoperative

Any deterioration in the patient's  conscious  level  i s  an indication for a  CT scan to exclude shunt mal function or subdura l  haematoma.

Specia l  cons iderations

Patients  are at ri sk of intracrania l  haemorrhage i f CSF i s  dra ined too rapidly.
Shunts  often block or become infected, requiring revis ion.
Watch for s igns  of pneumothorax as  the trocar i s  placed subcutaneous ly.
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Evacuation of intracrania l  haematoma

Procedure Evacuation of extradura l  or subdura l  haematoma

Time 1.5-3 h

Pain +/+++

Pos i tion Supine, head up

Blood loss 200–2000 ml , cross -match two uni ts

Practica l  techniques ETT, IPPV, arteria l  l ine, CVP

Intracrania l  haematoma may be extradura l , subdura l , or intracerebra l :
Extradura l
Urgent evacuation i s  required and certa inly within an hour of pupi l lary di lation. The haematoma is  usual ly the resul t of a  tear in the middle
meningeal  artery. It i s  vi rtua l ly a lways  associated with a  skul l  fracture, except in chi ldren when a  fracture may be absent.
Subdura l
Subdura l  haematomas  resul t from bleeding from the bridging veins  between the cortex and dura. Early evacuation of acute subdura l
haematomas  improves  outcome. Chronic subdura l  haematomas  occur in the elderly, usual ly a fter trivia l  injury. They present ins idious ly with
headaches  and confus ion and may be evacuated via  burr holes  under loca l  anaesthes ia .
Intracerebra l
Intracerebra l  haematomas  occur secondary to a  head injury, a  bleed from an intracrania l  aneurysm, or in hypertens ive individuals . It may a lso
occur as  a  compl ication of treatment with warfarin.
Preoperative

As  for head injury (p. 420).
Most patients  wi l l  have a  reduced and poss ibly deteriorating GCS.
Intracrania l  pressure wi l l  be ra ised in most patients .
Patients  may have associated injuries  to the chest, pelvis , or abdomen requiring resusci tation and treatment in thei r own right. Protect
the cervica l  spine i f necessary.
Patients  may have a  ful l  s tomach requiring rapid sequence induction.
Check blood clotting profi le and the ava i labi l i ty of blood products  prior to surgery.

Perioperative

As  for craniotomy (p. 403).
Patients  require s tandard monitoring including invas ive blood pressure monitoring. CVP monitoring should be insti tuted in trauma
patients .
P.408
Ensure smooth induction and normotens ion to mainta in CPP us ing catecholamines  i f necessary. Assume that the ICP i s  20 mmHg and
that the minimum acceptable MAP is  therefore 90 mmHg to achieve a  CPP of 70 mmHg.
Ensure head up ti l t; avoid ni trous  oxide, venti late to an ETCO2 of 4 kPa  and give mannitol  (0.5–1 g/kg) and furosemide (fusemide) (0.25–
1 mg/kg) as  required.
Once decompress ion has  occurred there may be a  decrease in systemic blood pressure which can usual ly be treated with volume
replacement.

Postoperative

Venti late those patients  in coma preoperatively, or with a  ‘tight’ bra in at craniotomy, on ITU for 12–24 h postoperatively. Management
can be guided by a  protocol  that a ims  to mainta in CPP and prevent secondary insul ts  to the bra in (see p. 424).

Specia l  cons iderations

It i s  essentia l  for various  teams to communicate and set priori ties  in the management of patients  with multiple injuries . The priori ties
wi l l  vary from patient to patient with evacuation of an intracrania l  haematoma being paramount in one patient, whi le in another
control  of intraabdominal  haemorrhage and cardiovascular s tabi l i zation may be required before evacuation of the intracrania l
haematoma.
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Posterior fossa  surgery

Procedure Excis ion of posterior fossa  tumour

Time 3–14 h

Pain +/+++

Pos i tion See below

Blood loss 100–2000 ml , G&S

Practica l  techniques ETT, IPPV, art l ine, CVP, ?monitoring for venous  a i r embol ism

The posterior fossa  l ies  below the tentorium cerebel l i  and conta ins  the pons , medul la , and cerebel lum. Within the bra instem l ie the main
motor and sensory pathways , the lower crania l  nerve nuclei , and the centres  that control  respi ration and cardiovascular function. An increase
in pressure in this  area  resul ts  in decreased consciousness , hypertens ion, bradycardia , respi ratory depress ion, and loss  of protective a i rway
reflexes . The exi t pathways  for CSF from the ventricular system are a lso located here and i f obstructed resul t in hydrocephalus . Space-
occupying les ions  and surgica l  dis turbance in this  area  can therefore have a  profound phys iologica l  impact.
Preoperative

Patients  with posterior fossa  les ions  may have a  reduced level  of consciousness  and impaired a i rway reflexes . Bulbar pa lsy may lead
to s i lent aspi ration. Pulmonary function must be assessed.
Assess  intracrania l  pressure—it may be ra ised. If hydrocephalus  i s  present, ventricular dra inage may be required before the defini tive
procedure.
Assess  fluid s tatus—the patient may be dehydrated i f vomiting. A reduced intravascular volume wi l l  resul t in hypotens ion on induction
or i f placed in the s i tting pos i tion.
Check electrolytes  and glucose, particularly i f taking diuretics  or s teroids .
Assess  cardiovascular function, particularly the presence of untreated hypertens ion, postura l  hypotens ion, and septa l  defects .

Perioperative

As  for craniotomy (p. 403).
Insert a  nasogastric tube i f the patient has , or i s  at ri sk of, postoperative bulbar dys function.
Further specia l i zed monitoring i s  required for posterior fossa  surgery including monitoring for venous  a i r embol ism (p. 418) and nerve
tract injury. The appropriate electrophys iologica l  monitor used to detect nerve tract injury depends  upon the neura l  pathway at ri sk
during the procedure. Spontaneous  or evoked electromyographic activi ty, somatosensory evoked potentia ls , or bra instem auditory
evoked potentia ls  are frequently monitored.
P.410
Lumbar CSF dra inage i s  occas ional ly requested to improve surgica l  conditions  and to reduce the incidence of postoperative CSF leaks .
Some centres  advocate the avoidance of N2O. In addition to increas ing cerebra l  metabol ic rate and CBF, i t may a lso worsen the
outcome of a i r embol ism. Fina l ly, there i s  a  ri sk that i f N2O is  used once the skul l  i s  closed, any res idual  intracrania l  a i r wi l l  increase
in volume and cause pneumocephalus .
Whi le some sti l l  recommend spontaneous  respiration for posterior fossa  surgery, the consensus  i s  to use muscle relaxation and IPPV.
Surgica l  interference with the vi ta l  centres  may resul t in sudden and dramatic cardiovascular changes . Warn the surgeon s ince more
gentle retraction or dissection usual ly resolves  the problem. Only use drugs  such as  atropine and beta-blockers  i f absolutely necessary
as  they make the interpretation of further changes  di ffi cul t.

Patient pos i tioning
Surgica l  access  to the posterior fossa  requires  the patient to be in the s i tting, prone, or latera l  pos i tion. Careful  attention i s  required in
pos i tioning the patient as  the procedures  are often prolonged.
Si tting pos i tion
The use of this  pos i tion i s  decl ining. It should only be employed where speci fica l ly indicated and by experienced practi tioners . This  pos i tion
provides  optimum access  to midl ine les ions , improves  cerebra l  venous  dra inage, and lowers  intracrania l  pressure. However, s igni ficant
compl ications  include haemodynamic instabi l i ty, venous  a i r embol ism, and the poss ibi l i ty of paradoxica l  a i r embol ism, pneumocephalus ,
and quadriplegia . Absolute contra indications  to the use of this  pos i tion include cerebra l  i schaemia  when upright and awake, and the
presence of a  patent ventriculoatria l  shunt or patent foramen ova le (should be screened preoperatively). Relative contra indications  are
uncontrol led hypertens ion, extremes  of age, and COPD. To achieve this  pos i tion the head and shoulders  are gradual ly elevated with the neck
partia l ly flexed and the forehead resting on a  horseshoe ring mounted on a  frame. Avoid excess ive head flexion s ince this  can cause jugular
compress ion, swel l ing of the tongue and face, and cervica l  cord i schaemia.
Prone pos i tion
This  pos i tion a l lows  good surgica l  access  without the ri sks  speci fica l ly associated with the s i tting pos i tion. Abdominal  compress ion should
be avoided as  i t resul ts  in an increased cerebra l  venous  pressure. This  i s  achieved by adequately supporting the chest and pelvis .
Latera l  pos i tion
The latera l  or ‘park bench’ pos i tion i s  particularly sui table for latera l  les ions  such as  acoustic neuroma or operations  on a  cerebel lar
hemisphere. The neck i s  flexed and the head rotated towards  the floor ensuring that the jugular veins  are not obstructed. Pressure points  over
the shoulder, greater trochanter, and peroneal  nerves  should be protected.
Postoperative

Most patients  can be safely extubated and managed on a  properly s taffed neurosurgica l  ward postoperatively.
P.411

Postoperative a i rway obstruction can occur after posterior fossa  surgery due to macrogloss ia , partia l  damage to the vagus , or excess ive
flexion of the cervica l  spine.
Surgery on medul lary or high cervica l  les ions  carries  a  s igni ficant ri sk of postoperative impairment of respi ratory drive.
The patient should be admitted to ICU for venti lation i f the preoperative s tate was  poor, the surgica l  resection was  extens ive, i f there
is  s igni ficant cerebra l  oedema, or there are intra-operative compl ications .

Specia l  cons iderations

Acoustic neuroma. The facia l  nerve i s  particularly vulnerable and i s  monitored us ing electromyographic needles  placed over the face.
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This  a l lows  the surgeon to identi fy the nerve and when i t i s  at ri sk during dissection. In this  s i tuation neuromuscular blockade should
not be used. Often eighth nerve function i s  a lso monitored to preserve any hearing the patient s ti l l  has . This  requires  a  constant level
of anaesthes ia  so that neurophys iologica l  changes  can be attributed to the surgery rather than variations  in anaesthetic depth. These
requirements  are best met us ing an opioid infus ion (a l fentani l  or remifentani l ) combined with a  constant level  of anaesthes ia  us ing
a  low concentration of an inhalation agent or a  propofol  infus ion.
Venous  a i r embol ism (see p. 418).
Postoperative analges ia  i s  managed as  after craniotomy. Posterior fossa  surgery i s  reputed to cause more postoperative pa in than
supratentoria l  surgery, a l though this  i s  questionable.

Posterior fossa lesions

Tumour Notes

Gl iomas Cerebel lar as trocytomas , ependymomas, particularly ari s ing from the fourth ventricle

Medul loblastoma Often aris ing from the vermis  of the cerebel lum, usual ly in chi ldren

Acoustic neuroma Aris ing from the eighth nerve in the cerebel lopontine angle, usual ly benign

Haemangioblastoma Young adults

Meningiomas Less  common in the posterior fossa

Metastatic tumours

Abscesses  and haematoma

Vascular les ions Aneurysms  of the superior cerebel lar, posterior inferior cerebel lar, and vertebra l  arteries

Developmenta l  les ions Arnold–Chiari  mal formation
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Vascular les ions
Vascular les ions  presenting for surgica l  management are usual ly ei ther intracrania l  aneurysms  or arteriovenous  mal formations .
Intracrania l  aneurysms

Berry aneurysms  occur at vessel  junctions , cerebra l  arteries  having a  weaker, less  elastic muscle layer than systemic vessels . They may
occur in association with atheroscleros is , polycystic kidneys , heredi tary haemorrhagic telangectas ia , coarctation of the aorta , and
Marfan's , Ehlers -Danlos , and Kleinfel ter's  syndromes. Mycotic aneurysms  may occur in rheumatic fever.
The most common s i tes  are the internal  carotid system (41%), the anterior cerebra l  artery (34%), and the middle cerebra l  artery (20%).
They are more common in females , occur mainly in 40–60 year-old age group and in 25% of cases  they are multiple. In the United
Kingdom the incidence i s  10–28 per 100 000 of the population per year. The preva lence of aneurysm is  6% of the population in
prospective angiographic s tudies .
Aneurysms  do not usual ly rupture unti l  they are greater than 5 mm in diameter. They then present as  a  subarachnoid or intracerebra l
haemorrhage. The class ic symptoms of a  subarachnoid haemorrhage are sudden onset of severe headache with loss  of consciousness
that may be trans ient in mi ld cases . Occas ional ly a  patient presents  with a  foca l  neurologica l  defici t due to the pressure of an
enlarging aneurysm on surrounding s tructures .
Grading of subarachnoid haemorrhage (World Federation of Neurosurgeons): the grade of the subarachnoid haemorrhage influences
morbidi ty and morta l i ty. It i s  a l so of va lue in deciding whether to operate or coi l  early (grades  1–3) or to wait (grades  4 and 5):

Grade GCS* Motor deficit

1 15 -

2 13–14 -

3 13–14 +

4 7–12 +/-

5 3–6 +/-

* See p. 421.

Arteriovenous  mal formations

These are di lated arteries  and veins  with no intervening capi l laries .
They may present cl inica l ly with subarachnoid haemorrhage or seizures .
High blood flows  through such les ions  may ‘s tea l ’ blood from surrounding ti ssue leading to i schaemia.
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Compl ications  of aneurysmal  subarachnoid haemorrhage
Neurologica l  compl ications
Rebleeding

The ini tia l  bleed and subsequent bleeds  are the main cause of morta l i ty. The highest ri sk period i s  in the fi rs t 24 h during which there
is  a  ri sk of rebleeding of 4%. After that there i s  a  further ri sk of 1.5% per day for the next 4 weeks .
There i s  a  60% ri sk of death with each episode of rebleeding. The main a im of management i s  to prevent rebleeding by control l ing the
aneurysm surgica l ly by cl ipping i t or angiographica l ly by obl i terating i t endoluminal ly.
Surgery was  previous ly delayed for up to 10 days , as  early surgery i s  more di ffi cul t, and to wait for the peak of vasospasm to pass .
The introduction of nimodipine has  resul ted in earl ier surgery, idea l ly within 72 h of the subarachnoid haemorrhage. Grade 1 or 2
patients  may be operated upon immediately.

Delayed neurologica l  defici t

Delayed neurologica l  defici t may present as  foca l  or di ffuse defici ts  and i s  a  major cause of morbidi ty fol lowing subarachnoid
haemorrhage, and i s  secondary only to rebleeding as  the main cause of morta l i ty.
It i s  associated with vasospasm which i s  caused by substances  released as  the subarachnoid blood undergoes  haemolys is . The most
l ikely spasmogenic agent i s  oxyhaemoglobin.
Al though angiographic vasospasm occurs  in up to 75% of s tudied patients  who have had a  subarachnoid haemorrhage, only ha l f of
these patients  develop delayed neurologica l  defici t. Up to 20% of symptomatic patients  wi l l  develop a  s troke or die of vasospasm
despite optimal  management.
Delayed neurologica l  defici t peaks  3–12 days  and 2 weeks  after the ini tia l  bleed. With increas ingly early surgery for aneurysms, i t i s
now commonly seen postoperatively.
Treatment i s  as  fol lows:

Ca lcium channel  blockers . Nimodipine i s  a  relatively selective ca lcium channel  antagonis t with effective penetration of the
blood-bra in barrier. It i s  s tarted at the time of diagnos is  and continued for 3 weeks  us ing a  dose of 60 mg nasogastrica l ly or
ora l ly 4-hourly. Al ternatively i t can be adminis tered intravenous ly (1 mg/h increas ing to 2 mg/h) ei ther centra l ly or through a
periphera l  vein together with a  fast flow of fluids . Nimodipine may cause systemic hypotens ion which should be aggress ively
treated with fluids  and, i f necessary, catecholamines .
Hypertens ive, hypervolaemic therapy with or without haemodi lution (‘triple H therapy’). This  treatment i s  based on the theory
that vasospasm can be prevented or reversed by optimizing cerebra l  blood flow. Goals  are to increase cardiac output and blood
pressure us ing volume expans ion and then vasoactive drugs . The resul ting haemodi lution may improve cerebra l  blood flow by
reducing viscos i ty. Disagreement exis ts  as  to the
P.414

fluids  and drugs  that should be used and as  to which haemodynamic goals  to a im for. Suggested va lues  are normal  MAP + 15%,
CVP >12 mmHg, haematocri t 30–35%. Some centres  advocate the use of PA catheters  to monitor therapy. Noradrenal ine (0.025–0.3
µg/kg/min) or dobutamine (2–15 µg/kg/min) are used to increase MAP.
In some centres  ba l loon angioplasty or intra-arteria l  papaverine are a lso used.

Hydrocephalus
Blood in the subarachnoid space may obstruct dra inage of CSF and resul t in hydrocephalus  and a  ra ised ICP. Sudden reduction in pressure
with the insertion of a  ventricular dra in may increase the ri sk of rebleeding by reducing the transmural  pressure across  the aneurysm.
Hydrocephalus  must be ruled out by CT scan before attributing neurologica l  deterioration to delayed neurologica l  defici t/vasospasm.
Other neurologica l  compl ications
These include seizures  and cerebra l  oedema.
Medica l  compl ications
Li fe-threatening associated medica l  problems occur in nearly 40% of patients , and account for about 23% of deaths  after subarachnoid
haemorrhage. Many of the cardiorespiratory compl ications  fol lowing subarachnoid haemorrhage are related to the mass ive sympathetic surge
and catecholamine release fol lowing the subarachnoid haemorrhage.

Severe LV dys function and cardiogenic shock can both occur after subarachnoid haemorrhage, and despi te thei r severi ty can be
revers ible with the use of dobutamine. Nearly 45% of patients  with subarachnoid haemorrhage who undergo echocardiography wi l l
have an ejection fraction of <50% or regional  wal l  motion abnormal i ties .
ECG abnormal i ties . Up to 27% of patients  wi l l  have ECG changes  fol lowing a  subarachnoid haemorrhage, T-wave invers ion being the
most common. Other changes  include ST segment abnormal i ties  and Q-wave invers ion. They are s trongly associated with a  poor
neurologica l  grade but are not predictive of a l l -cause morta l i ty.
Neurogenic pulmonary oedema. This  i s  ini tia l ly a  hydrostatic pulmonary oedema resul ting from a  catecholamine-induced increase in
pulmonary artery pressure, fol lowed by damage to the pulmonary microvasculature and an increase in pulmonary capi l lary
permeabi l i ty.
Hyponatraemia. Many patients  with subarachnoid haemorrhage are hypovolaemic and hyponatraemic as  a  resul t of a  natriures is
secondary to excess ive atria l  natriuretic peptide release. Fluid restriction i s  therefore an inappropriate way to correct the
hyponatraemia, which should be managed with sodium repletion.
Other compl ications  include deep vein thrombos is , pneumonia , and hepatic, renal , and GI dys function.

Outcome fol lowing subarachnoid haemorrhage
Approximately 20% of patients  wi l l  die from subarachnoid haemorrhage at the time of the ini tia l  bleed. Of those who survive to reach hospi ta l
a  further 15% wi l l  die within 24 h, and 40% wi l l  make a  good recovery.
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Anaesthes ia  for vascular les ions

Procedure Cl ipping of intracrania l  aneurysm

Time 3–6 h

Pain +/+++

Pos i tion Supine, head up, latera l  or prone

Blood loss 200–2000 ml , cross -match two uni ts

Practica l  techniques ETT, IPPV, art l ine, CVP

Cl ipping an aneurysm involves  the use of microsurgery to apply a  spring cl ip across  the neck of the aneurysm. Aneurysms  aris ing from branches
of the vertebra l  or bas i lar arteries  require a  posterior fossa  craniotomy, whi l s t others  may be reached from a  fronta l  or frontoparieta l
approach. There i s  often a  need to control  the aneurysm prior to cl ipping. Applying a  temporary cl ip to a  vessel  proximal  to the aneurysm
usual ly does  this .
Preoperative

Assess  the effects  of the haemorrhage and any pre-exis ting arteria l  disease on the bra in and other organs .
Ensure adequate fluid intake, and that fluid i s  not being unnecessari ly restricted.
Nimodipine treatment should be insti tuted.
Patients  are ini tia l ly treated with bed rest and analges ia  and are therefore prone to DVT and chest infections . Heparin i s
contra indicated. Ensure graduated compress ion s tockings  are fi tted.
Phenytoin (a  loading dose of 15 mg/kg fol lowed by a  s ingle da i ly dose of 3–4 mg/kg) should be prescribed prophylactica l ly for the
majori ty of patients .
Note the s i te of the intracrania l  aneurysm and discuss  with the surgeon the surgica l  approach planned and the anticipated di ffi cul ty.
Predictable di ffi cul ties  wi l l  influence the decis ion to use induced hypothermia, barbi turates , and other forms  of cerebra l  protection.

Perioperative

As  for craniotomy (p. 403) but note the fol lowing:
Standard monitoring including invas ive blood pressure monitoring should be insti tuted prior to induction. A CVP l ine can be inserted
after induction. It wi l l  be useful  not only intra-operatively but a lso in the postoperative period to help guide triple H therapy.
Ensure adequate venous  access  with a  large-bore cannula .
Aim to avoid increases  in arteria l  pressure that may resul t in aneurysm rupture, but mainta in sufficient cerebra l  blood flow to ensure
adequate cerebra l  perfus ion pressure and help counteract vasospasm. Aim for the preinduction BP ± 10%.
P.416
Hypocapnoea can resul t in cerebra l  i schaemia  after subarachnoid haemorrhage and must be avoided. Venti lation should be adjusted
to mainta in a  normal  PaCO2.
Monitor the core temperature. Al low the temperature to dri ft down unti l  the aneurysm is  secured, then rewarm the patient.
Modern neurosurgica l  practice i s  to use temporary spring cl ips  rather than induced hypotens ion. The latter may s ti l l  be required in
di ffi cul t cases  or i f rupture occurs . In this  s i tuation a im for a  systol ic blood pressure of 60–80 mmHg. Moderate hypotens ion may be
achieved us ing i soflurane (up to 1.5 MAC). Further hypotens ion i s  achieved us ing labeta lol  (5–10 mg increments ). Sodium ni tropruss ide
is  rarely used. Hypotens ion must not be induced in the presence of vasospasm.
If rupture occurs :

ca l l  for help
increase IV infus ions  and s tart blood transfus ion
inducing hypotens ion helps  to reduce bleeding
ips i latera l  carotid compress ion.

Other cerebra l  protection measures  should be cons idered electively i f temporary cl ipping of a  major cerebra l  vessel  i s  planned or in
case of aneurysm rupture. These include inducing hypothermia  to a  temperature of 32 °C and the adminis tration of thiopenta l  (3–5
mg/kg bolus  intravenous ly fol lowed by 3–5 mg/kg/h afterwards). Idea l ly EEG monitoring should be used when infus ing thiopenta l . This
a l lows  the ti tration of the dose to burst suppress ion.

Postoperative

ICU/HDU care i s  required postoperatively for patients  with a  poor grade preoperatively, those who had a  s tormy perioperative course,
and those requiring treatment for vasospasm.
Codeine phosphate and regular paracetamol  may be prescribed for analges ia .
A decrease in the Glasgow coma score (see later) may indicate vasospasm, an intracrania l  haematoma, or hydrocephalus .

Specia l  cons iderations
It i s  becoming increas ingly common to control  intracrania l  aneurysm by the insertion of platinum Gugl ielmi  detachable coi l s  (GDC) via
catheters  inserted in the femoral  artery.

The procedure i s  undertaken in the angiography sui te by neuroradiologis ts . Ensure ski l led anaesthetic ass is tance and the same
anaesthetic and monitoring faci l i ties  that would be ava i lable in theatre for a  cl ipping procedure.
Patients  require genera l  anaesthes ia  us ing techniques  s imi lar to that described for cl ipping aneurysms  except that a  CVP l ine i s  not
commonly used.
It i s  important to mainta in MAP and a  normal  PaCO2.
Rupture of the aneurysm during the procedure occurs  in approximately 1 in 300 cases  and i s  a lmost invariably fata l .
The overa l l  morta l i ty of the procedure i s  5.1% at 6 months .

P.417

Arteriovenous  mal formations  (AVM)

Surgery i s  not urgent unless  the AVM or a  resul ting haematoma is  caus ing pressure effects .
The procedure may be associated with s igni ficant blood loss . Check that blood i s  ava i lable in theatre and ensure adequate IV access .
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Blood may be shunted through the AVM resul ting in relative i schaemia  to the surrounding ti ssue. When the les ion i s  excised, a
relative hyperperfus ion of surrounding ti ssue may occur resul ting in cerebra l  oedema and increased ICP.
There i s  no ri sk of vasospasm and when indicated hypotens ion may be induced with relative safety. This  i s  achieved us ing i soflurane
and/or labeta lol  as  outl ined above.
In chi ldren AVMs can cause high output fa i lure due to intracerebra l  shunt. CCF may be precipi tated by excis ion of the les ion.
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Venous  a i r embol ism

Venous  a i r embol ism (VAE) can occur during any operation in which the operative s i te i s  higher than the right atrium. Its  incidence i s
particularly high during craniotomy in the s i tting pos i tion, and when the surgeon i s  dissecting ti ssues  that do not a l low veins  to
col lapse despi te a  negative pressure within them (e.g. the emissary veins  in the posterior fossa).
VAE causes  pulmonary microvascular occlus ion resul ting in increased phys iologica l  dead space. Bronchoconstriction may a lso develop.
A large volume of a i r causes  frothing within the right atrium leading to obstruction of the right outflow tract and a  reduction in cardiac
output.
Signs  of VAE include hypotens ion, arrhythmias , increased PA pressure, decreased ETCO2, and hypoxia .
N2O may worsen the outcome from VAE a l though i ts  use does  not increase the ri sk of VAE.

Detection of VAE

ETCO2 i s  genera l ly the most useful  monitor as  i t i s  widely ava i lable and sens i tive. Ai r embol ism resul ts  in a  sudden reduction in ETCO2.
Hyperventi lation, low cardiac output, and other types  of embol ism wi l l  a l so resul t in reduction in ETCO2.
Doppler ul trasound i s  the most sens i tive non-invas ive monitor. It uses  ul tra  high-frequency sound waves  to detect changes  in blood
flow veloci ty and dens i ty. Unfortunately, i t i s  not quanti tative and does  not di fferentiate between a  mass ive a i r embol ism and a
phys iologica l ly ins igni ficant a i r embol ism. Pos i tioning the probe and diathermy interference can prove problematic.
Transoesophageal  echo a l lows  determination of the amount of a i r aspi rated but i s  more invas ive, di ffi cul t to place, and needs
experti se to interpret.
Pulmonary artery catheters  are invas ive but sens i tive monitors  for VAE. However, an increase in PA pressure i s  not speci fic for a i r.
The least sens i tive monitor i s  a  precordia l  or oesophageal  s tethoscope to detect a  ‘mi l lwheel ’ murmur. This  i s  only apparent after
mass ive VAE, which i s  usual ly cl inica l ly obvious .

Prevention

Avoid the s i tting pos i tion unless  essentia l .
Elevate the head only as  much as  necessary.
Ensure adequate volaemia  to reduce the ri sk of hypotens ion on s i tting and to ra ise the CVP.
Smal l  amounts  of PEEP (5–10 cmH2O) may reduce the ri sk of a i r entra inment.
A ‘G-sui t’ or medica l  antishock trousers  may be used to increase venous  pressure and reduce hypotens ive episodes  in patients  in the
s i tting pos i tion.

Treatment

Treatment i s  supportive.
P.419
Inform the surgeon, who should flood the operative field with fluid. This  s tops  further entra inment of a i r and a l lows  the identi fi cation
of open veins  that can be cauterized or waxed i f wi thin bone.
Stop N2O i f in use and increase the FiO2 to 1.0.
If poss ible pos i tion the operative s i te below the level  of the heart to increase venous  pressure.
Aspirate a i r from the CVP l ine. The tip should be placed close to the junction of the SVC and the right atrium.
Support the blood pressure with fluid and vasopressors .
If a  large volume of a i r has  been entra ined, and surgica l  conditions  permit, turn the patient into the left latera l  pos i tion to attempt to
keep the a i r in the right atrium.
Commence CPR i f necessary.

Paradoxica l  a i r embol ism

Air embol i  may enter the systemic ci rculation via  Thebes ian veins  in the heart and bronchia l  vessels . It i s  a l so a  poss ibi l i ty i f the
patient has  a  patent foramen ova le. Such defects  may be smal l  and not picked up preoperatively.
Smal l  volumes  of a i r in the systemic ci rculation can have disastrous  consequences .
Intracardiac septa l  defects  are an absolute contra indication to surgery in the s i tting pos i tion.
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Perioperative management of severe head injury
The a ims  of managing patients  with severe head injury are to identi fy and treat promptly l i fe-threatening injuries  (such as  intracrania l
haematoma) and to reduce the incidence of secondary bra in damage. Approximately 30% of patients  with a  severe head injury wi l l  a l so have
s igni ficant extracrania l  injuries . Most head injury morbidi ty resul ts  from a  delay in diagnos ing and evacuating an intracrania l  haematoma or
the fa i lure to correct hypoxia  and hypotens ion. Assessment and resusci tation proceed according to the principles  taught in the advanced
trauma l i fe support system (ATLS). (See a lso p. 437).
Ai rway/breathing
The a i rway must a lways  be managed with cervica l  spine control .

Secure, mainta in, and protect a  clear a i rway. Intubate i f:
the a i rway i s  compromised
there i s  venti latory fa i lure
GCS <9
the patient has  seizures
i t i s  required to faci l i tate CT scan
i t i s  necessary for the management of other injuries .

Management of intubation:
A rapid sequence induction i s  required with cricoid pressure and manual  in-l ine s tabi l i zation of the head and neck.
Use thiopenta l  3–5 mg/kg or propofol  1–3 mg/kg with suxamethonium 1–2 mg/kg and fentanyl  2–5 µg/kg.
Venti late to a  PaCO2 of 4.5–5.3 kPa  (35–40 mmHg).
Mainta in oxygenation (SaO2 >95%).
Mainta in sedation with a  propofol  infus ion (1–3 mg/kg/h).
Insert an orogastric tube; nasogastric tubes  are contra indicated unti l  a  fractured base of skul l  has  been excluded.
Cons ider vasopressors  i f the patient i s  hypotens ive and providing hypovolaemia  has  been corrected/excluded.

Ci rculation
Ensure control  of haemorrhage and maintenance of BP. A s ingle episode of hypotens ion i s  associated with a  doubl ing of morta l i ty.
Hypotens ion in a  head injured patient i s  a  medica l  emergency and must be corrected immediately:

Secure IV access .
Give 0.9% sa l ine as  maintenance fluid.
Mainta in systol ic BP >120 mmHg. Use col loid and blood i f required.
If in doubt insert a  CVP l ine to guide fluid management.
If the patient i s  s ti l l  hypotens ive use vasopressors  (noradrenal ine or other a lpha-agonis t).
P.421
Aim for Hb >10 g/dl .
Do not assume that the head injury or sca lp wounds  cause pers is tent hypotens ion or tachycardia . Extracrania l  injuries  must be
excluded and cons idered in devis ing a  defini tive treatment plan and priori ties .

Paediatric cons iderations

Mainta in BP >90 mmHg.
Cons ider intraosseous  access  i f venous  access  i s  di ffi cul t.
Note that blood loss  from a  sca lp wound may be s igni ficant.
For chi ldren weighing <15 kg, use 4% glucose/0.18% sa l ine as  maintenance fluid.
Beware of hypothermia.

Disabi l i ty

Perform a  rapid assessment of Glasgow coma score (see Table) and pupi l lary responses  on arriva l  and repeat regularly.
Document any l imb weakness , abnormal  eye movements , obvious  crania l  nerve injury, or s igns  of a  fractured base of skul l .

Exposure

Perform a  complete secondary survey and treat injuries  as  required. Log rol l  patient at a l l  times .
P.422

Perform radiography of the cervica l  spine, chest, and pelvis .
Pers is tent hypotens ion indicates  extracrania l  injury.

The Glasgow coma scale and score (normal score is 15)

Response Score

Eye opening response

  Spontaneous ly 4

  To speech 3

  To pa in 2

  None 1

Best motor response (in arms)

  Obeys  commands 6

  Loca l i zation of pa inful  s timul i 5

  Normal  flexion to pa inful  s timul i 4

  Spastic flexion to pa inful  s timul i 3

  Extens ion to pa inful  s timul i 2
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  None 1

Best verbal  response

  Orientated 5

  Confused 4

  Inappropriate words 3

  Incomprehens ible sounds 2

  None 1

Best motor response (upper limbs) Best verbal response (to pain)

Obeys  commands  6 (>2 years ) Orientated 5 (>5 years )

Loca l i zes  to pa in 5 (<2 years ) Words  4 (>1 year)

Normal  flexion to pa in 4 (>6 months) Vocal  sounds  3 (>6 months)

Spastic flexion to pa in 3 (<6 months) Cries  2 (<6 months)

Extens ion to pa in 2 None 1

None 1

Modification of GCS for chi ldren under 5. Us ing this  scoring system the maximum GCS i s  9 at 0–6 months , 11 at 6–12 months , 13 at 1–2 years ,
and 14 at 2–5 years . The eye opening response i s  the same as  for adul ts , the motor and verbal  responses  modi fied for age as  shown in the
Table.

Management of seizures

Give diazemuls  0.1–0.2 mg/kg IV.
Phenytoin 15 mg/kg over 15 min.
Thiopenta l  3 mg/kg i f required.
Recheck ABC.

Management of increased ICP

Give mannitol  0.5 g/kg (wt [kg] × 2.5 = ml  of 20% mannitol ).
Manual ly hyperventi late for 30 s  and reassess  pupi l lary response.

Decis ion to consul t neurosurgica l  uni t

Condition Action

Cri tica l : Not obeying commands  plus  deteriorating GCS
and/or progress ive foca l  s igns  (motor or pupi l lary)

Immediate neurosurgica l  consul tation. Transfer/scan as  agreed. Do not delay

Severe: Not obeying commands  but GCS s table.
Systemica l ly s table

Arrange urgent CT scan. Neurosurgica l  consul tation with CT. Image l ink and
transfer as  appropriate

Moderate: Obeying commands  but impaired
consciousness . GCS s table

If CT scan i s  normal  and GCS i s  s table or improving, observe. If CT scan i s
abnormal , and cl inica l  progress  i s  unsatis factory consul t with neurosurgeons

What the neurosurgica l  uni t needs  to know at time of referra l

Patient's  age and previous  medica l  his tory i f known.
His tory of injury—time, cause, and mechanism.
Neurologica l  s tate:

conscious  level  on arriva l  at hospi ta l
P.423

trend in GCS
pupi l  responses
best motor response.

Cardiorespiratory s tatus , BP, and pulse rate.
Injuries  including skul l  fractures  and extracrania l  injuries .
Management so far:

a i rway protection and venti lation s tatus
ci rculatory s tatus  and fluid therapy
fi rs t a id treatment of associated injuries
drugs  given.

CT scans  (See a lso p. 659)

A CT scan i s  indicated for:
high-veloci ty trauma
neurologica l  s igns  and/or impaired level  of consciousness
skul l  fracture or suspected base of skul l  fracture
deteriorating GCS or new neurologica l  s igns .

The CT scanner i s  a  dangerous  place.
Scan only after the patient has  been resusci tated.
Al l  head injured patients  requiring CT scan should be intubated and escorted by an anaesthetis t.
In some s i tuations  i t i s  appropriate to transfer the patient to the neurosurgica l  centre before scanning.

Transfer of the head injured patient (See a lso pp. 438, 688)
Do not transfer a  patient unti l  l i fe-threatening extracrania l  injuries  have been s tabi l i zed and there i s  no pers is tent hypotens ion.

The patient should be intubated, sedated, and para lysed.
Check ETT and ensure adequate IV access  (x2).

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Patients  must be accompanied by an anaesthetis t and a  nurse, both of whom have appropriate experience.
Monitor and record SpO2, BP (preferably via  arteria l  l ine), ECG, ETCO2, and pupi l lary responses  every 15 min.
Continue cervica l  spine protection.
Treat ra ised ICP as  previous ly described.

Equipment checkl i s t:

adequate oxygen
airway equipment (sel f inflating bag, laryngoscope, ET tube, a i rway, mask, suction)
CT scans
venous  cannulas
fluids
drugs  (anaesthetics , neuromuscular blockers , vasopressors , mannitol , diazemuls , cardiac arrest drugs)
defibri l lator.

View Figure

Fig 19.2 Postoperative and intens ive care management of the severely head-injured adult.
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Postoperative and ICU management of the head injured patient

The management of the head injured patient on the ICU i s  s imi lar for a  postoperative patient and one not requiring surgery. Patients
are best managed us ing a  protocol  des igned primari ly to mainta in an adequate CPP and cerebra l  oxygenation and to identi fy and treat
causes  of secondary bra in insul ts  (Fig. 19.2).
The causes  of secondary insul t are:

intracrania l : haematoma, oedema, convuls ions , hydrocephalus , abscess , hyperaemia
systemic: hypotens ion, hypoxia , hyponatraemia, pyrexia , anaemia, seps is , hypercarbia .

On current evidence, s teroids  should not be routinely adminis tered to patients  fol lowing severe head injury.
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Bra instem death
The most common causes  of bra instem death are head injury, cerebrovascular accidents  (including subarachnoid haemorrhage), cerebra l
tumours , and hypoxic bra in injury. To diagnose bra instem death the patient needs  to ful fi l  certa in preconditions  and have absent bra instem
reflexes .
Preconditions

The patient i s  apnoeic and dependent on mechanica l  venti lation.
The cause of the coma must be establ i shed to be an i rrevers ible s tructura l  cause of bra in injury in an apnoeic patient dependent on
venti latory support.
Revers ible causes  for bra instem depress ion have been excluded: sedatives , muscle relaxants , a lcohol , hypothermia, and metabol ic or
endocrine dis turbances .

Absence of bra instem responses

The tests  of bra instem reflexes  should only be performed once the preconditions  and exclus ion cri teria  are ful fi l led.
The pupi l s  are fixed and do not respond to l ight. The di rect and consensual  responses  should be observed. The pupi l s  are usual ly
di lated but this  i s  not essentia l  for the diagnos is .
The corneal  reflex i s  absent.
There i s  no motor response within the crania l  nerve dis tribution to pa inful  s timul i  appl ied centra l ly or periphera l ly. Spina l  reflexes
may pers is t in bra instem-dead patients , and may even return after an ini tia l  absence.
The oculovestibular reflex i s  absent. There i s  no eye movement in response to the injection of 20 ml  of i ce-cold water into the external
auditory meatus , di rect access  to the tympanic membrane should be veri fied us ing an auroscope. The eyes  should be observed for at
least 30 s  a fter the injection.
There i s  no gag reflex or cough reflex in response to a  suction catheter passed into the pharynx or down the endotracheal  tube.
Apnoea i s  present on disconnection from mechanica l  venti lation. This  test i s  done las t, to avoid unnecessary hypercarbia  should any
of the other reflexes  be present. The patient should be preoxygenated by venti lating with 100% oxygen for 5 min before disconnection.
The patient i s  then disconnected and observed for any respiratory movement for 10 min. The PaCO2 should be measured at the end and
should be high enough to ensure an adequate s timulus  to venti lation (over 6.7 kPa  (50 mmHg) in a  previous ly normal  individual ).
Hypoxia  should be avoided during apnoea. This  can be achieved by pass ing a  suction catheter down the endotracheal  tube and
supplying 5–10 l i tre/min of oxygen and monitoring the SpO2.

Other cons iderations

The diagnos is  of bra instem death should be made by two medica l  practi tioners  with experience in the field, one of who must be the
consul tant in charge of the patient or an ICU consul tant. The second must be one of the above or thei r deputy, have been regis tered for
at least 5 years , and have had previous  experience of the procedure.
Both must sati s fy themselves  that the preconditions  have been met and nei ther should be a  member of the transplant team.
P.427
The tests  must be performed on two occas ions  separated by an adequate time interva l  to sati s fy a l l  concerned.
The diagnos is  should not normal ly be cons idered unti l  at least 6 h after the onset of apnoeic coma or 24 h after the restoration of the
ci rculation i f the cause was  cardiac arrest.
The resul ts  are recorded on a  specia l  form and death i s  certi fied after the second set of tests .
No additional  tests  are required in the United Kingdom, but other countries  may require EEG, carotid angiography, or bra instem evoked
potentia ls .
The time of death i s  the completion of the fi rs t set of bra instem cri teria , and this  should be the time recorded in the notes  and on the
death certi fi cate.
The coroner needs  to be informed of most of these patients  due to the underlying diagnos is , and i f organ donation i s  contemplated.
Care of the relatives  i s  essentia l  at this  time i rrespective of whether the patient i s  to be an organ donor or not.
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Immediate trauma care
Preparation
Advance warning before the arriva l  of a  severely injured patient in the accident department a l lows  accident department s taff to decide
whether to a lert the trauma team. Essentia l  resusci tation drugs , fluid, and equipment should be prepared before the patient's  arriva l .
The trauma team
Trauma patient resusci tation i s  most efficient i f undertaken by a  team of appropriately tra ined doctors  and nurses . In this  way a  variety of
tasks  can be undertaken s imultaneous ly.
Immediate care–ATLS
The Advanced Trauma Li fe Support (ATLS) programme was  establ i shed by the American Col lege of Surgeons1 and provides  a  framework on
which the immediate management of the trauma patient i s  based. The ini tia l  management i s  cons idered in four phases :

primary survey
resusci tation
secondary survey
defini tive care.

Al though the fi rs t two phases  are l i s ted consecutively, they are performed s imultaneous ly. The secondary survey, or head-to-toe examination
of the patient, i s  not s tarted unti l  the patient has  been adequately resusci tated.
Primary survey and resusci tation
The primary survey (“ABC principles”) looks  sequentia l ly for immediately l i fethreatening injuries :

Ai rway with cervica l  spine control .
Breathing.
Ci rculation and haemorrhage control .
Disabi l i ty—a rapid assessment of neurologica l  function.
Exposure—whi le cons idering the envi ronment, and preventing hypothermia.

Airway and cervica l  spine
The priori ty during resusci tation of any severely injured patient i s  to ensure a  clear a i rway and mainta in adequate oxygenation. Ini tia l ly, this
i s  achieved with bas ic a i rway manoeuvres  with or without adjuncts  such as  a  Guedel  or nasopharyngeal  a i rway. Every patient with multiple
injuries  should receive high-concentration oxygen. In the unintubated, spontaneous ly breathing patient this  should be given with a  mask and
reservoir bag (FiO2 = 0.85).
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Assume the presence of a  spina l  injury in any patient who has  susta ined s igni ficant blunt trauma unti l  appropriate clearance procedures
have been completed. This  impl ies  that the patient has  been examined by an experienced cl inician and appropriate radiologica l  procedures
have been completed. A rel iable cl inica l  examination cannot be obta ined i f the patient:

has  susta ined a  s igni ficant closed head injury
is  intoxicated
has  a  reduced conscious  level  from any other cause
has  s igni ficant pa in from an injury, which “dis tracts” attention from the neck.

Tracheal  intubation
Indications  for immediate intubation of the severely injured patient include:

a i rway obstruction unrel ieved by bas ic a i rway manoeuvres
impending a i rway obstruction, e.g. from facia l  burns  and inhalation injury
GCS <9
haemorrhage from maxi l lofacia l  injuries  compromis ing the a i rway
respiratory fa i lure secondary to chest or neurologica l  injury
the need for resusci tative surgery
uncooperative patients  requiring further investigations .

Nasa l  intubation i s  contra indicated in the presence of a  basa l  skul l  fracture because of the ri sk of accidenta l  intracrania l  placement! The
most appropriate technique for emergency intubation of a  patient with a  potentia l  cervica l  spine injury i s :

Manual  in-l ine s tabi l i zation of the cervica l  spine by an ass is tant whose hands  grasp the mastoid processes  and hold the head fi rmly
down on to the trol ley. This  reduces  neck movement during intubation. Traction should not be appl ied to the neck.
Preoxygenation.
Intravenous  induction of anaesthes ia . Al l  anaesthetic induction agents  have the potentia l  to produce or worsen hypotens ion and the
choice of induction agent i s  less  important than the way i t i s  used. Extreme caution i s  essentia l  in patients  who may be hypovolaemic
—if at a l l  poss ible, some fluid resusci tation should precede anaesthetic induction.
Para lys is  with suxamethonium 1.5 mg/kg (though in experienced hands  rocuronium 1 mg/kg i s  acceptable).
Appl ication of cricoid pressure—some advocate the two-handed technique, which may reduce cervica l  spine movement.
Direct laryngoscopy and ora l  intubation.

Placing the patient's  head and neck in neutra l  a l ignment wi l l  tend to make the view at laryngoscopy di ffi cul t—expect 20% of patients  to have a
grade 3 view of the larynx. Use of a  gum-elastic bougie and McCoy levering laryngoscope i s  recommended. If intubation of the patient proves
imposs ible insertion of an LMA may provide a  temporary a i rway, but may not prevent aspi ration. The intubating LMA (ILMA) may be eas ier to
insert in the neutra l  pos i tion and provides  the opportuni ty for bl ind intubation, but cons is tent success  requires  ongoing practice. Needle
cricothyroidotomy with a  14G cannula  fol lowed by jet inflation of oxygen from a  high-pressure source
P.432

(400 kPa) wi l l  provide sati s factory oxygenation but the a i rway i s  not protected and the cannula  i s  subject to kinking and displacement. Surgica l
cricothyroidotomy, us ing a  sca lpel  and a  6.0 mm IV tracheostomy tube, i s  probably a  more rel iable procedure i f the patient cannot be
intubated by conventional  methods .
Breathing—immediately l i fe-threatening chest injuries

javascript:history.back()
javascript:void(0)


Tens ion pneumothorax. Reduced chest movement, reduced breath sounds , and a  resonant percuss ion note on the affected s ide, a long
with respiratory dis tress , hypotens ion, and tachycardia , indicate a  tens ion pneumothorax. Deviation of the trachea to the oppos i te
s ide i s  a  late s ign, and neck veins  may not be dis tended in the presence of hypovolaemia. Treatment i s  immediate decompress ion
with a  large cannula  placed in the second intercosta l  space, in the mid-clavicular l ine on the affected s ide. Once intravenous  access
has  been obta ined, a  large chest dra in (36FG) should be placed in the fi fth intercosta l  space in the anterior axi l lary l ine and connected
to an underwater sea l  dra in.
Open pneumothorax. Any open pneumothorax should be covered with an occlus ive dress ing and sea led on three s ides .
Mass ive haemothorax. This  i s  defined as  > 1500 ml  blood in a  hemithorax and wi l l  resul t in reduced chest movement and a  dul l
percuss ion note, in the presence of hypoxaemia  and hypovolaemia. A chest dra in i s  placed once volume resusci tation has  been
started.

Cardiac tamponade
Cons ider cardiac tamponade whi le examining the chest, particularly i f the patient has  susta ined a  penetrating injury to the chest or upper
abdomen. Dis tended neck veins  in the presence of hypotens ion are suggestive of cardiac tamponade, a l though after rapid volume
resusci tation myocardia l  contus ion may a lso present in this  way. Muffled heart sounds  are qui te meaningless  in the midst of a  busy
resusci tation room. Sophis ticated trauma faci l i ties  wi l l  a l low immediate access  to ul trasound, which i s  the most rel iable method for
diagnos is . If cardiac tamponade i s  diagnosed or suspected after penetrating injury and the patient i s  deteriorating despi te a l l  resusci tative
efforts , an urgent thoracotomy and pericardiotomy wi l l  be required. If there i s  time, this  i s  best undertaken in an operating room; however, in
extremis , resusci tative thoracotomy can be undertaken in the emergency room. In the absence of a  sui tably experienced surgeon,
pericardiocentes is  may provide temporary rel ief from the tamponade whi le awaiting defini tive treatment.
Ci rculation–management of hypovolaemia
Major external  haemorrhage i s  control led with di rect pressure. Hypovolaemic shock can be conveniently divided into four classes  according to
the percentage of the tota l  blood volume lost, and the associated symptoms and s igns . The table provides  rough guidance only. Haemorrhage
alone, in the absence of s igni ficant ti s sue injury, resul ts  in relatively less  tachycardia  and may be eas i ly overlooked, particularly in young, fi t
people who are able to compensate to a  remarkable degree. A fa l l  in systol ic pressure suggests  a  loss  of >30% of tota l  blood volume
(approximately 1500 ml  in a  70 kg adult). A deteriorating conscious  level  due to hypovolaemia  suggests  at least 40–50% loss  of blood volume.

Classification of hypovolaemic shock according to blood loss (adult)

 Class I Class II Class III Class IV

Blood loss  (%) <15 15–30 30–40 >40

Blood loss  (ml ) 750 800–1500 1500–2000 >2000

Systol ic blood pressure Unchanged Normal Reduced Very low

Diastol ic blood pressure Unchanged Raised Reduced Unrecordable

Pulse (beats/min) Sl ight tachycardia 100–120 120 (thready) >120 (very thready)

Capi l lary refi l l Normal Slow (>2 s ) Slow (>2 s ) Undetectable

Respiratory rate Normal Tachypnoea Tachypnoea (>20/min) Tachypnoea (>20/min)

Urine output (ml/h) >30 20–30 10–20 0–10

Extremities Normal Pa le Pale Pale, cold, clammy

Complexion Normal Pa le Pale Ashen

Menta l  s tate Alert Anxious  or aggress ive Anxious , aggress ive or drowsy Drowsy, confused or unconscious
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Two short, large-bore intravenous  cannulas  (14G or larger) should be inserted rapidly. Take blood samples  for FBC, electrolytes , and
cross -match from the fi rs t cannula .
If periphera l  access  i s  di ffi cul t use the external  jugular vein, femoral  vein (avoid in abdominal/pelvic/leg injury), cut-down on a
periphera l  vein (long saphenous  at the ankle), or perform centra l  venous  cannulation. If the centra l  route i s  to be used for rapid fluid
resusci tation a  relatively short, large-bore catheter (e.g. 8.5Fr pulmonary artery introducer sheath) i s  essentia l .
Insert an arteria l  cannula  for blood gas  sampl ing and invas ive blood pressure monitoring. Severely injured patients  wi l l  have a
marked base defici t and i ts  correction by the infus ion of appropriate fluid (not bicarbonate) wi l l  help to confi rm adequate
resusci tation.

Fluids
Crysta l loid or col loid i s  sui table for the ini tia l  fluid resusci tation. The volume s tatus  of the patient i s  best determined by observing the
change in vi ta l  s igns  after a  reasonably large fluid cha l lenge (2 l i tres  of Hartmann's  solution or 1 l i tre of col loid). Fa i lure to improve the vi ta l
s igns  suggests  ongoing haemorrhage, and the need for immediate surgica l  intervention and blood transfus ion. A ful l  cross -match wi l l  take 45
min, group-confi rmed blood can be i ssued in 10 min, and group O blood can be obta ined immediately. It i s  nearly a lways  poss ible to wait for
at least group-confi rmed blood; major incompatibi l i ty reactions  when us ing group-confi rmed blood are extremely rare. Unti l  more data  are
avai lable from studies  on acute trauma patients , the haemoglobin concentration of the severely injured patient should probably be targeted
at greater than 8–9 g/dl .
Al l  intravenous  fluids  should be properly warmed. A high-capaci ty fluid warmer wi l l  be required to cope with the rapid infus ion rates  used
during resusci tation of trauma patients . Hypothermia  (core temperature less  than 35 °C) i s  a  serious  compl ication of severe trauma and
haemorrhage, and i s  an independent predictor of morta l i ty. Hypothermia  has  a  number of adverse effects :

It causes  a  gradual  decl ine in heart rate and cardiac output whi le increas ing the propens i ty for myocardia l  dysrhythmias  and other
morbid myocardia l  events .
The oxyhaemoglobin dissociation curve i s  shi fted to the left by a  decrease in temperature, thus  impairing periphera l  oxygen del ivery in
the hypovolaemic patient at a  time when i t i s  most needed.
Shivering may increase oxygen consumption and compound the lactic acidos is  that typica l ly accompanies  hypovolaemia.
Even mi ld hypothermia  inhibi ts  coagulation s igni ficantly and increases  the incidence of wound infection.

In the presence of uncontrol led haemorrhage:

Aggress ive fluid resusci tation may s imply accelerate bleeding and increase morta l i ty.



Inadequate fluid resusci tation wi l l  cause hypoperfus ion of vi ta l  organs  and may induce l i fe-threatening i schaemia.
Unti l  surgica l  control  of haemorrhage has  been achieved, fluid resusci tation should be targeted at a  blood pressure that wi l l  a lmost
produce ade
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quate vi ta l  organ perfus ion (permiss ive hypotens ion). This  target wi l l  depend on age and coexis ting morbidi ties . In the normal ly fi t
patient a im for a  pressure around 80 mmHg systol ic. In the elderly or those with s igni ficant co-morbidi ty a  systol ic pressure of around
100 mmHg may be more appropriate.
A pol icy of minimal  fluid resusci tation i s  l ikely to be extremely detrimenta l  to patients  with severe head injury. Hypotens ion wi l l
substantia l ly increase the morbidi ty and morta l i ty fol lowing severe head injury and attempts  must be made to mainta in an adequate
cerebra l  perfus ion as  soon as  poss ible. In a  patient with even s l ightly ra ised intracrania l  pressure, this  impl ies  the need for a  mean
arteria l  pressure of at least 90 mmHg.

Once haemorrhage control  has  been achieved, the goals  of fluid resusci tation are to optimize oxygen del ivery, improve microci rculatory
perfus ion, and reverse ti ssue acidos is . Fluid infus ion should be targeted at a  blood pressure and cardiac output that resul ts  in an acceptable
urine output, and a  fa l l ing lactate and base defici t.
Goals for resuscitation of the trauma patient before haemorrhage has been controlled

Parameter Goal

Blood pressure Systol ic 80 mmHg. Mean 50–60 mmHg

Heart rate <120 beats/min

Oxygenation SpO2 >96% (periphera l  perfus ion a l lowing oximeter to work)

Urine output >0.5 ml/kg/h

Mentation Fol lowing commands  accurately

Lactate level <1.6 mmol/l i tre

Base defici t >- 5

Haemoglobin >9.0 g/dl

Disabi l i ty–rapid neurologica l  assessment
The pupi l s  are checked for s i ze and their reaction to l ight. The Glasgow Coma Sca le (GCS) score should be assessed rapidly.
If the patient requires  urgent induction of anaesthes ia  and intubation, remember to perform a  quick neurologica l  assessment fi rs t.
Exposure/environmenta l  control
The patient should be completely undressed and then protected from hypothermia  with warm blankets .
Tubes
Insert a  urinary catheter; urine output i s  an excel lent indicator of the adequacy of resusci tation. Place a  gastric tube; this  wi l l  a l low s tomach
contents  to be dra ined and reduce the ri sk of aspi ration. If there i s  any suspicion of a  basa l  skul l  fracture the orogastric route should be used.
Radiographs
Radiographs  of the chest and pelvis  wi l l  be required for a l l  patients  susta ining s igni ficant blunt trauma.

Glasgow Coma Score

 Response Score

Best verbal  response

Orientated
Confused
Inappropriate words
Inarticulate words
Nothing

5
4
3
2
1

Best motor response

Obeys  commands
Local i zes  pa in
Flexion withdrawal  (s timulus  to supraorbi ta l  notch)
Flexion to pa in (decorticate rigidi ty)
Extens ion to pa in (decerebrate rigidi ty)
Nothing

6
5
4
3
2
1

Eye opening

Eyes  open
Eyes  open to speech
Eyes  open to pa in
No eye opening

4
3
2
1
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Footnote
1

The American Col lege of Surgeons  Committee on Trauma (1997). Advanced trauma l i fe support program for phys icians : Instructor manual .
American Col lege of Surgeons , Chicago.



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
The secondary survey
A deta i led head-to-toe survey of the trauma patient should not be undertaken unti l  the vi ta l  s igns  are relatively s table. The patient must be
continual ly reeva luated so that ongoing bleeding i s  detected early. Patients  with exsanguinating haemorrhage may need a  laparotomy as  part
of the resusci tation phase.
Head injuries
Inspect and pa lpate the sca lp for lacerations , haematomas , or depressed fractures . Check for s igns  of a  basa l  skul l  fracture (racoon eyes ,
Battle's  s ign—bruis ing over the mastoid process , subhyaloid haemorrhage, sclera l  haemorrhage without a  posterior margin,
haemotympanium, cerebrospina l  fluid rhinorrhoea, and otorrhoea).
Bra in injury can be divided into primary and secondary groups . Primary injury (concuss ion, contus ion, and laceration) occurs  at the moment of
impact. Secondary bra in injury i s  compounded by hypoxia , hypercarbia , and hypotens ion.
These factors  must be prevented or treated rapidly. Resusci tation goals  include:

Mean blood pressure of at least 90 mmHg—al lows  for CPP of 70 mmHg in the presence of s l ightly ra ised intracrania l  pressure (e.g. 20
mmHg).
SaO2 >95%.
PaCO2 of approximately 4.5 kPa  (i f mechanica l ly venti lated).

The conscious  level  i s  assessed us ing the GCS, which i s  rel iable and reproducible. The trend of change in conscious  level  i s  more important
than one s tatic reading. The pupi l lary response and the presence of any latera l i zing s igns  must be recorded.
Indications  for intubation and venti lation after head injury
The fol lowing are indications  for intubation and venti lation:

GCS <9.
Loss  of protective laryngeal  reflexes .
Venti latory insufficiency (PaO2 <13 kPa  on oxygen, PaCO2 >6 kPa).
Spontaneous  hyperventi lation caus ing PaCO2 <3.5 kPa.
Respiratory arrhythmia.
Copious  bleeding into mouth (e.g. skul l  base fracture).
Seizures .
To permit CT scanning.
Before transfer to a  regional  neurosurgica l  uni t:

s igni ficantly deteriorating conscious  level , even i f not in coma
bi latera l ly fractured mandible.

Indications  for an urgent CT scan
Indications  for an urgent CT scan include:

Coma after resusci tation.
Deteriorating conscious  level .
Confus ion and foca l  s igns .
P.438
Skul l  fracture and GCS <15, or neurologica l  s igns .
Multiply injured patient not ful ly orientated, and requiring venti lation and/or extracrania l  surgery.
any head injury with previous ly known intracrania l  pathology.

Referra l  to a  neurosurgica l  uni t
Referra l  to the regional  neurosurgica l  uni t i s  indicated for:

Al l  patients  with an intracrania l  mass .
Primary bra in injury requiring venti lation.
Compound depressed skul l  fracture.
Pers is tent CSF leak.
Penetrating skul l  injury.
Patients  deteriorating rapidly with s igns  of an intracrania l  mass  les ion.

Transfer to a  regional  neurosurgica l  uni t
The regional  organization of neurosurgica l  services  in the United Kingdom dictates  the frequent need for interhospi ta l  transfer of patients
with serious  head injuries . Guidel ines  for the transfer of these patients  have been publ i shed jointly by the Neuroanaesthes ia  Society of Great
Bri ta in and Ireland and the Association of Anaesthetis ts  of Great Bri ta in and Ireland.2 The Intens ive Care Society has  publ i shed guidel ines
for the transport of any cri ti ca l ly i l l  patient. A doctor with at least 2 years ' experience in an appropriate specia l ty (usual ly anaesthes ia) and an
adequately tra ined ass is tant should accompany patients  with head injuries .
The patient should receive the same s tandard of phys iologica l  monitoring during transfer as  they would receive in an intens ive care uni t. Al l
notes  (or photocopies ), radiographs , blood resul ts , and cross -matched blood should accompany the patient. The transfer team should carry a
mobi le phone. Head-injured patients  must be adequately resusci tated before transfer (determined by the goals  l i s ted above).
Essentia l  equipment for patient transfer includes :

Portable mechanica l  venti lator.
Adequate supply of oxygen.
Portable, battery-powered multi function monitor:

ECG
invas ive blood pressure monitoring
centra l  venous  pressure monitoring
pulse oximetry
capnography
temperature.

Suction and defibri l lator.
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Battery powered syringe pumps.
P.439

Intubation equipment.
Bag-va lve-mask apparatus .
Venous  access  equipment.

Essentia l  drugs  for the transfer include:

Hypnotics—a propofol  infus ion i s  idea l  for sedating intubated patients .
Muscle relaxants .
Analges ics , e.g. fentanyl .
Mannitol  20%:

Mannitol  (0.5–1.0 g/kg) may be given after discuss ion with the neurosurgeon. This  may reduce intracrania l  pressure and wi l l  buy
time before surgery.

Vasoactive drugs , e.g. adrenal ine, dobutamine.
Additional  resusci tation drugs .

(see a lso p. 688)
Footnote
2

The Neuroanaesthes ia  Society of Great Bri ta in and Ireland and The Association of Anaesthetis ts  of Great Bri ta in and Ireland (1996).
Recommendations  for the transfer of patients  with acute head injuries  to neurosurgica l  uni ts . The Association of Anaesthetis ts  of Great
Bri ta in and Ireland, London.
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Chest injuries
There are s ix potentia l ly l i fe-threatening injuries  (two contus ions  and four “ruptures”) that may be identi fied during the secondary survey:

Pulmonary contus ion.
Cardiac contus ion.
Aortic rupture.
Ruptured diaphragm.
Oesophageal  rupture.
Rupture of the tracheobronchia l  tree.

Pulmonary contus ion

Inspection of the chest may reveal  s igns  indicating cons iderable decelerating forces , such as  seat-bel t bruis ing.
Pulmonary contus ion i s  the commonest potentia l ly letha l  chest injury.
Young adults  and chi ldren have particularly compl iant ribs  and cons iderable energy can be transmitted to the lungs  in the absence of
rib fractures .
The earl ies t indication of pulmonary contus ion i s  hypoxaemia  (reduced PaO2/FiO2 ratio).
The chest radiograph shows  patchy infi l trates  over the affected area  but may be normal  ini tia l ly.
Increas ing the FiO2 may provide sufficient oxygenation—fai l ing that the patient may require mask CPAP or tracheal  intubation and
pos i tive pressure venti lation.
Use smal l  tida l  volumes  (5–7 ml/kg) to minimize volutrauma. Try to keep the peak inspi ratory pressure <35 cmH2O.
The patient with chest trauma requires  appropriate fluid resusci tation but fluid overload wi l l  compound the lung contus ion.

Myocardia l  contus ion

Cardiac contus ion must be cons idered in any patient with severe blunt chest trauma, particularly those with s ternal  fractures .
Cardiac arrhythmias , ST changes  on the ECG, and elevated CK-MB isoenzymes  may indicate contus ion but these s igns  are very non-
speci fic—cardiac troponins  may be s l ightly more speci fic for cardiac contus ion.
An elevated CVP in the presence of hypotens ion i s  the earl ies t indication of myocardia l  dys function secondary to severe cardiac
contus ion, but cardiac tamponade must be excluded.
Echocardiography i s  the best method of confi rming a  cardiac contus ion.
Patients  with severe cardiac contus ion tend to have other serious  injuries  that wi l l  mandate their admiss ion to an intens ive care uni t
—the decis ion to admit a  patient to ICU rarely depends  on the diagnos is  of cardiac contus ion a lone.
The severely contused myocardium wi l l  require inotropic support (e.g. dobutamine or adrenal ine).

P.441
Traumatic rupture of the aorta

The thoracic aorta  i s  at ri sk in any patient susta ining a  s igni ficant decelerating force (e.g. fa l l  from a  height or high-speed road traffic
accident). Only 10–15% of these patients  wi l l  reach hospi ta l  a l ive and of these survivors , without surgery two-thi rds  wi l l  die of delayed
rupture within 2 weeks .
The commonest s i te for aortic injury i s  at the aortic i s thmus, just dis ta l  to the origin of the left subclavian artery at the level  of the
l igamentum arteriosum. Deceleration produces  large shear forces  at this  s i te because the relatively mobi le aortic arch travels  forward
relative to the fixed descending aorta .
The tear in the intima and media  may involve ei ther part of or the whole ci rcumference of the aorta , and in survivors  the haematoma is
conta ined by an intact aortic adventi tia  and mediastina l  pleura .
Patients  susta ining traumatic aortic rupture usual ly have multiple injuries  and may be hypotens ive at presentation. However, upper
extremity hypertens ion i s  present in 40% of cases  as  the haematoma compresses  the true lumen caus ing a  “pseudocoarctation”.
Supine chest radiograph wi l l  show a  widened mediastinum in the vast majori ty of cases . Al though this  i s  a  sens i tive s ign of aortic
rupture, i t i s  not very speci fic—90% of cases  of widened mediastinum are due to venous  bleeding. Whenever practica l  obta in an erect
chest radiograph (providing a  clearer view of the thoracic aorta).
Signs  on the chest radiograph suggesting poss ible rupture of the aorta  are wide mediastinum, pleura l  capping, left haemothorax,
deviation of the trachea to the right, depress ion of the left mainstem bronchus , loss  of the aortic knob, deviation of the nasogastric
tube to the right, fractures  of the upper three ribs  (a l though disputed recently), or fracture of the thoracic spine.
If the chest radiograph i s  equivoca l , further investigation wi l l  be required. Spi ra l  CT scan i s  thought to be a lmost as  good as
arteriography for del ineating aortic injury and a  number of centres  are now us ing transoesophageal  echocardiography to diagnose
traumatic aortic ruptures .
If a  rupture of the thoracic aorta  i s  suspected, the patient's  blood pressure should be mainta ined at 80–100 mmHg systol ic (us ing a
beta-blocker such as  esmolol ), in an effort to reduce the ri sk of further dissection or rupture. The use of pure vasodi lators , such as  SNP,
increases  the pulse pressure and wi l l  not reduce the shear forces  on the aortic wal l . The patient must be transferred immediately to
the nearest cardiothoracic uni t.

Rupture of the diaphragm

Rupture of the diaphragm occurs  in about 5% of patients  susta ining severe blunt trauma to the trunk.
It can be di ffi cul t to diagnose ini tia l ly—the diagnos is  i s  often made late.
Approximately 75% of ruptures  occur on the left s ide. The s tomach or colon commonly herniates  into the chest and s trangulation of
these organs  i s  a  s igni ficant compl ication.
P.442

Signs  and symptoms detected during the secondary survey may include:
diminished breath sounds  on the ips i latera l  s ide
pain in the chest and abdomen
respiratory dis tress .

Diagnos is  can be made on a  pla in radiograph (elevated hemidiaphragm, gas  bubbles  above the diaphragm, shi ft of the mediastinum
to the oppos i te s ide, nasogastric tube in the chest). The defini tive diagnos is  i s  made by insti l l ing contrast media  through the
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nasogastric tube and repeating the radiograph.
Once the patient has  been s tabi l i zed, the diaphragm wi l l  require surgica l  repair.

Oesophageal  rupture

A severe blow to the upper abdomen may resul t in a  torn lower oesophagus  as  gastric contents  are forceful ly ejected.
The conscious  patient wi l l  compla in of severe chest and abdominal  pa in, and mediastina l  a i r may be vis ible on the chest radiograph.
Gastric contents  may appear in the chest dra in.
The diagnos is  i s  confi rmed by contrast s tudy of the oesophagus  or endoscopy.
Urgent surgery i s  essentia l—mediastini ti s  carries  a  high morta l i ty.

Tracheobronchia l  injury

Laryngeal  fractures  are rare.
Signs  of laryngeal  injury include hoarseness , subcutaneous  emphysema, and pa lpable fracture crepi tus .
Tota l  a i rway obstruction or severe respiratory dis tress  i s  managed by intubation or a  surgica l  a i rway-tracheostomy is  indicated rather
than cricothyroidotomy.
Less  severe laryngeal  injuries  may be assessed by CT before any appropriate surgery.
Transections  of the trachea or bronchi  proximal  to the pleura l  reflection cause mass ive mediastina l  and cervica l  emphysema.
Injuries  dis ta l  to the pleura l  sheath lead to pneumothoraces—these wi l l  not resolve after chest dra inage, s ince the bronchopleura l
fi s tula  a l lows  a  large a i r leak.
Most bronchia l  injuries  occur within 2.5 cm of the carina  and the diagnos is  i s  confi rmed by bronchoscopy.
Tracheobronchia l  injuries  wi l l  require urgent repair through a  thoracotomy.
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Abdominal  injuries
The priori ty i s  to quickly determine the need for laparotomy, and not to waste time trying to define precisely which viscus  i s  injured. The
abdomen is  inspected for bruis ing, lacerations , and dis tens ion. Careful  pa lpation may reveal  tenderness . A recta l  examination i s  performed
to assess  sphincter tone and to exclude the presence of pelvic fracture or a  high prostate (indicative of a  ruptured urethra). Diagnostic
peri toneal  lavage, abdominal  ul tra-sound, or CT i s  indicated whenever cl inica l  examination i s  unrel iable:

in patients  with a  depressed level  of consciousness  (head injury, drugs , or a lcohol )
in the presence of lower rib or pelvic fractures
when the examination i s  equivoca l , particularly i f prolonged genera l  anaesthes ia  for other injuries  wi l l  make reassessment
imposs ible.

The relative meri ts  of diagnostic peri toneal  lavage, ul trasound, and CT for the investigation of abdominal  trauma are l i s ted on p. 444.
Indications  of a  pos i tive peri toneal  lavage include:

More than 5 ml  free blood aspirated from the peri toneal  cavi ty.
Enteric contents  aspi rated from the peri toneal  cavi ty.
Lavage fluid leaking into the chest dra ins  or urinary catheter.
100 000×109 red blood cel l s /l i tre, bi le, food, or bacteria  in the lavage fluid.

In experienced hands , ul trasound has  a  sens i tivi ty, speci fici ty, and accuracy comparable to diagnostic peri toneal  lavage and can be done at
the beds ide. Focused assessment with sonography for trauma (FAST) involves  scanning four dis tinct regions  identi fied as  the four Ps :

pericardia l
perihepatic
perisplenic
pelvic.

The use of diagnostic peri toneal  lavage i s  on the decl ine genera l ly but i s  s ti l l  the investigation of choice in the absence of personnel  tra ined
in ul trasound and when the patient i s  too haemodynamica l ly unstable to be transferred to the CT scanner.

Relative merits of diagnostic peritoneal lavage, ultrasound, and CT in blunt abdominal trauma

 Diagnostic peritoneal lavage Ultrasound CT scan

Indication
Diagnos is  of haemoperi toneum in presence of
haemodynamic instabi l i ty

Screening for free fluid or
sol id organ injury in a l l  blunt
trauma patients

Diagnos is  of organ injury in
haemodynamica l ly s table patients

Advantages Fast, 85–98% sens i tivi ty for intraabdominal  bleeding
Fast, sens i tivi ty 83–87%, can
detect free fluid and sol id
organ injury

Most speci fic for injury (92–98%)

Disadvantages
Invas ive, fa lsely indicates  need for laparotomy in some
patients  who could be managed conservatively, misses
injury to diaphragm or retroperi toneum

Operator dependent, misses
diaphragm, bowel , and some
pancreatic injuries

Takes  time to transfer to scanner,
misses  diaphragm, bowel , and
some pancreatic injuries
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Pelvic fractures
Peter Schranz

Pelvic fractures  can resul t in l i fe-threatening occul t haemorrhage. In the hypovolaemic, shocked patient the blood i s  ei ther on the
floor, in the chest, in the abdomen, or in the pelvis .
The bleeding in pelvic fractures  ari ses  mainly from the shearing and tearing of the large veins  l ining the posterior pelvis . Bleeding can
also ari se from the raw, cancel lous  bony surfaces . Arteria l  bleeding accounts  for major bleeding in less  than 10% of cases .
The two main fracture types  respons ible for severe haemorrhage are the open book type (or AP-compress ion) and the vertica l  shear
pattern.
Suspect pelvic fracture after motor vehicle accidents , especia l ly where the victim has  been ejected from the vehicle, pedestrian-vehicle
contact, motorcycle accidents , and fa l l s  from more than 3 m.
Cl inica l  s igns  are variable and unpredictable and the diagnos is  i s  made with AP pelvic radiograph at the end of the primary survey.
Widening of the symphys is  greater than 2 cm or vertica l  displacement of one s ide of the pelvis  indicates  severe dis ruption and a  high
l ikel ihood of major haemorrhage.

Treatment

A widening or diastas is  of the symphys is  of more than 2 cm doubles  the pelvic volume. Emergency treatment a ims  to reduce this
volume and tamponade the bleeding vessels . In the emergency room, ‘clos ing the book’ us ing a  folded sheet wrapped around the
pelvis , and binding the legs  together can buy precious  minutes  during resusci tation.
Providing there are no over-riding a i rway or breathing priori ties , the next s tep i s  rapid, emergency surgica l  s tabi l i zation of the pelvis
with an external  fixator. This  a l lows  s trong purchase of both wings  of the pelvis  by means  of threaded sel f-dri l l ing pins  and a l lows  the
book to be closed by clamping both ha lves  of the pelvis  together, tamponading the underlying venous  bleeding.
Appl ication of an external  fixator should take precedence over laparotomy in the presence of an open book or vertica l  shear pelvic
fracture, otherwise the loss  of tamponade associated with the laparotomy incis ion can lead to catastrophic retroperi toneal  bleeding.
Once the external  fixator i s  appl ied, a  diagnostic peri toneal  lavage can be performed (above the umbi l i cus  to avoid the pelvic
haematoma). Al ternatively emergency focused ul trasound may exclude associated intraperi toneal  bleeding. Laparotmy can be eas i ly
carried out with the external  fixator in place.
The external  fixator can be appl ied in the resus i tation room or the operating theatre depending on loca l  pol icy. The key i s  to apply the
fixator as  rapidly as  poss ible. A recent survey of 31 acute hospi ta ls  revealed that only 8 of them could apply an external  fixator within 1
h.

Associated injuries
Bladder injury 20%, urethra l  injury 14%. Liver and splenic injury, spina l  fracture, other l imb injuries .
P.446
Pitfa l l s

Open fractures  of the pelvis  may be di ffi cul t to diagnose due to vagina l  or recta l  perforation, and have a  30 to 50% morta l i ty.
Beware urethra l  injury. Do not attempt to catheterize i f there i s  marked pelvic dis ruption on the radiograph or marked perineal
bruis ing and urethra l  bleeding. Ca l l  a  surgeon who wi l l  carry out an emergency urethrogram.
If there i s  no improvement in vi ta l  s igns  after external  fixation then look for other causes  of the bleeding, i .e. intraperi toneal
(laparotomy), or arteria l  (angiography) and embol ization.

Anaesthetic cons iderations

These patients  are usual ly in Class  I I I  shock and need early blood transfus ion. Fixators  may be appl ied under LA or GA.
Patients  with a  fractured pelvis  need analges ia . Opioids  are the eas iest early treatment, but an epidura l  i s  effective i f not
contra indicated.
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Spina l  injuries  (see a lso p. 180)
If a  spina l  board has  been used to transfer the patient to hospi ta l  i t should be removed as  soon as  poss ible and certa inly within 1 h. The
patient must be log rol led to enable a  thorough inspection and pa lpation of the whole length of the spine. A safe log rol l  requires  a  tota l  of
five people:

Three to control  and turn the patient's  body.
One to mainta in the cervica l  spine in neutra l  a l ignment with the rest of the body.
One to pa lpate the spinous  processes  for tenderness  or deformities .

The person control l ing the cervica l  spine should command the team.
Thorough clearance of the patient's  spine can be a  complex process :

In the patient who i s  awake, a lert, sober, neurologica l ly normal , and without dis tracting injuries , the spine may be cleared i f there i s
no pa in at rest and, subsequently, on flexion and extens ion.
Al l  other patients  wi l l  require latera l , AP, and open-mouth radiographs  of the cervica l  spine, and latera l  and AP radiographs  of the
thoracolumbar spine.
If the cervica l  spine cannot be seen clearly, down to the junction of the seventh cervica l  (C7) and fi rs t thoracic (T1) vertebrae, a
swimmer's  view (latera l  obl ique with one arm ra ised) wi l l  be required—if these fa i l  to show the C7-T1 junction, a  CT scan wi l l  be
required.
In the obtunded patient, apparently clear, good-qual i ty radiologica l  views  of the enti re spine do not tota l ly rule out the presence of a
s igni ficant l igamentous  injury to the spine. A senior cl inician wi l l  need to decide whether to accept the radiologica l  investigations  as
adequate for declaring the spine clear—there i s  no widespread consensus  on this  contentious  i s sue.

In the conscious  patient, a  deta i led neurologica l  examination should detect any motor or sensory defici ts . Spina l  cord injury can be
categorized as :

incomplete paraplegia
complete paraplegia
incomplete quadriplegia
complete quadriplegia .

Any motor or sensory function below the level  of injury indicates  an incomplete injury. A cervica l  or high thoracic injury may resul t in loss  of
vasomotor tone, with hypotens ion and bradycardia . This  requires  appropriate fluid and vasopressor therapy. The principles  of resusci tation
for the spina l  injured patient are much the same as  for the head injured patient; the cord perfus ion pressure should be mainta ined and
hypoxia  avoided. High-dose methylprednisolone therapy (30 mg/kg within the fi rs t 15 min, fol lowed by 5.4 mg/kg/h for the next 23 h) may
improve neurologica l  outcome i f s tarted within 8 h of the injury.
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Limb injuries
Limb injuries  are rarely immediately l i fe threatening, but should be examined to ensure an adequate ci rculation and absence of neurologica l
defici t. The priori ty i s  to detect injuries  that may be l imb threatening. Fractures  should be a l igned careful ly and spl inted appropriately,
checking for pulses  after each intervention. Tibia l  and forearm fractures  are at particularly high ri sk of caus ing a  compartment syndrome. The
s igns  and symptoms of compartment syndrome are:

Pa in greater than expected and increased by pass ive s tretching of the muscles .
Paraesthes iae.
Decreased sensation or functional  loss  of the nerves  travers ing the compartment.
Tense swel l ing of the involved compartment.
Loss  of pulses  i s  a  very late s ign—a dis ta l  pulse i s  usual ly present in a  compartment syndrome.

Defini tive diagnos is  of a  compartment syndrome is  made by measurement of intracompartmenta l  pressures  us ing a  cannula  connected to a
transducer. In patients  with normal  blood pressure, compartment pressures  in excess  of 30–35 mmHg are indicative of a  compartment
syndrome requiring urgent surgica l  decompress ion (see p. 463).
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Burns  (see a lso p. 599)
The s tandard ‘ABC’ principles  apply to managing patients  with severe burns . Patients  with severe burns  should be s tabi l i zed and transferred
to the nearest burns  centre.

The patient with a  thermal  injury to the respiratory tract may develop a i rway obstruction rapidly—al l  patients  with thermal  or smoke
injury to the respiratory tract must be given humidi fied, high-concentration oxygen.
Measure an arteria l  blood gas  and a  carboxyhaemoglobin level .
Cons ider the need for early intubation in the presence of a l tered consciousness , di rect burns  to the face or oropharynx, hoarseness  or
s tridor, soot in the nostri l s  or sputum, expiratory rhonchi , dysphagia , drool ing and dribbl ing sa l iva .
Having establ i shed intravenous  access , fluid resusci tation i s  s tarted.
Cover burnt areas  with cl ing fi lm.
Use the s imple ‘rule of nines ’ to produce an approximate ca lculation the surface area  of the burn. This  can be ca lculated more
precisely later us ing a  Lund and Browder chart.
In l ine with longstanding North American practice, many burns  centres  are now us ing crysta l loid-based fluid resusci tation protocols .
The estimated fluid replacement us ing crysta l loid i s  27–4 ml/ kg/% burn for the fi rs t 24 h. Ha l f of this  i s  given in the fi rs t 8 h and ha l f
over the next 16 h.
The exact volume of fluid given depends  on vi ta l  s igns , centra l  venous  pressure, and urine output. Patients  with ful l  thickness  burns  of
>10% of the body surface area  wi l l  probably require blood.
Patients  with burns  wi l l  require potent analges ia—this  i s  best given as  ti trated intravenous  opioids .
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Analges ia  for the injured patient
Effective analges ia  should be given to the patient as  soon as  practica l ly poss ible. If the patient needs  surgery imminently, then immediate
induction of genera l  anaesthes ia  i s  a  logica l  and very effective solution to the patient's  pa in. If not, intravenous  opioid (e.g. fentanyl  or
morphine) should be ti trated to the des i red effect. Head injured patients  wi l l  require adequate pa in rel ief for any other injuries . Careful
ti tration of intravenous  morphine or fentanyl  wi l l  provide effective pa in rel ief without s igni ficant respi ratory depress ion. The popular use of
intramuscular codeine in head injured patients  i s  i l logica l . It i s  a  weak opioid and, in equianalges ic doses , i t i s  a  more potent his tamine
releaser than morphine. It has  the same s ide-effects  as  morphine, including the abi l i ty to induce respiratory depress ion and mios is . Non-
steroida l  anti inflammatory drugs  (NSAIDs) provide moderate analges ia  but are relatively contra indicated in patients  with hypovolaemia;
these patients  depend on renal  prostaglandins  to mainta in renal  blood flow.
Loca l  anaesthetic blocks  are idea l  for the acute trauma patient. Unfortunately, relatively few blocks  are both s imple and effective. Femoral
nerve blockade wi l l  provide analges ia  for a  fracture of the femoral  shaft. Intercosta l  nerve blocks  wi l l  provide analges ia  for rib fractures  but
the duration i s  relatively short. Continuous  thoracic epidura l  ana lges ia  wi l l  provide excel lent pa in rel ief for patients  with multiple rib
fractures . This  wi l l  help the patient to tolerate vigorous  phys iotherapy and to mainta in adequate venti lation. Al l  these factors  help to reduce
the requirement for intubation and mechanica l  venti lation.
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The multiply injured patient—common problems
Cl inica l  di lemmas  presented by the patient with multiple injuries  include:

The head injured patient with an abdominal  injury—which of a  laparotomy or bra in CT should be undertaken fi rs t? If the patient i s
haemodynamica l ly unstable the laparotomy has  priori ty. Hypotens ion wi l l  compound any bra in injury and bleeding must be control led
rapidly. If the patient i s  haemodynamica l ly s table, a  CT scan of both the bra in and the abdomen may be appropriate.
The head injured patient with lower l imb fractures . In genera l , in the haemodynamica l ly s table patient, l imb fractures  should be
stabi l i zed as  soon as  poss ible. In the presence of a  s igni ficant bra in injury, intracrania l  pressure should be monitored before
intramedul lary na i l ing of l imb fractures .
The patient with pulmonary contus ion and lower l imb fractures . Intramedul lary reaming wi l l  cause some degree of fat embol ism.
Whether this  resul ts  in s igni ficant ri sk to the patient i s  contentious . In the presence of severe pulmonary contus ion, some orthopaedic
surgeons  would elect to s tabi l i ze lower l imb fractures  temporari ly with an external  fixator before undertaking defini tive na i l ing at a
later date.

Relatives  in the resusci tation room
It i s  increas ingly common for a  relative to remain in the resusci tation room whi le the patient i s  being resusci tated. The trauma team must be
made aware of the presence of the relative and a  member of the emergency department nurs ing s taff should accompany them. Relatives
should be warned before any particularly invas ive procedures  so that they have the option to leave i f they wish.
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Anaesthes ia  for major trauma
Alasdair Dow
Patients  with major trauma often present at night, are poorly prepared, and may require prolonged surgery from di fferent surgica l  specia l ties .
Injuries  that influence cardiorespiratory function may be unrecognized, or present during the course of surgery.
Genera l  cons iderations

Major trauma cases  often require a  number of procedures . Discuss ion by the di fferent surgica l  teams wi l l  determine the best
sequence of procedures . Li fe-saving surgery clearly takes  priori ty, but i t may be necessary/poss ible to perform severa l  procedures  at
once.
Whenever poss ible the patient should be reviewed ful ly preoperatively. Include the notes  and radiographs . Check for chest, cervica l
spine, thoracolumbar spine, and pelvic imaging. Major injuries  are eas i ly missed in A&E.
When the anaesthetis t i s  unable to see the patient prior to theatre a  ful l  hand-over from the trauma team is  essentia l—deta i l s  of
mechanism of injury, current injuries , investigations , resusci tation and treatment a l ready performed, prior heal th problems, and
medications . Blood resul ts  and cross -matched blood should be checked.
In theatre every patient should have a  minimum of a  rapid assessment a long ATLS primary survey l ines  (a i rway, breathing, ci rculation,
and disabi l i ty) prior to undertaking surgery. This  should not delay l i fe-saving surgery.
A high index of suspicion should exis t for injuries  that may not have been apparent at the ini tia l  assessment, but may cause
cardiorespiratory compromise—pneumothorax, spina l  cord injury, cardiac tamponade, fat embol ism, and occul t haemorrhage.
Hypothermia  causes  s igni ficant morbidi ty and should be rigorous ly avoided/treated.

Management of anaesthes ia
Team work
It i s  important to use a l l  the members  of the medica l  s taff in as  efficient a  way as  poss ible. Thus , one should identi fy the members  of the
anaesthetic team and brief each one clearly as  to thei r respons ibi l i ties . Adequate, organized ass is tance i s  essentia l .
Ci rculatory access

Continue resusci tation during transfer to theatre. Do not delay l i fe-saving surgery with attempts  to ful ly resusci tate hypovolaemia  from
surgica l  bleeding.
Warmed venous  access—preferably 14–16G cannulas  or a  7Fr catheter in adults . In patients  with poss ible subclavian injury, place l ines
in the lower l imbs . If venous  access  i s  di ffi cul t cons ider a  cut down/femoral  l ine/external  jugular l ine, or intraosseus  access  in
chi ldren.
Attach one IV l ine to a  high-performance warming system, preferably with an automatic pressurization system. One l ine should be
dedicated for fluid
P.453

resusci tation unless  haemorrhage i s  mass ive: this  ensures  adequate heating of infused fluid. One person should be solely
respons ible for checking and deal ing with a l l  fluid on this  l ine.
An arteria l  l ine should be inserted when practica l . They are not normal ly required immediately and should not delay surgery. Leave a
l imb access ible to perform cannulation during surgery. If the subclavian vessels  have been injured, avoid the upper l imb.
Centra l  venous  access  i s  not usual ly a  priori ty and may be di ffi cul t due to injuries  to the vasculature and hypovolaemia. It i s  best
carried out after fluid resusci tation. A femoral  l ine may be the most practica l  (and quickest) option i f infus ions  of vasopressors/
inotropes  are required.

Airway

Endotracheal  intubation i s  usual . In view of the higher incidence of di ffi cul t intubation in trauma patients , a l l  the usual  equipment
should be ava i lable before s tarting induction of anaesthes ia .
Always  assume a  ful l  s tomach. Place a  gastric tube during surgery to attempt gastric decompress ion. The tube should be placed ora l ly
i f there are associated nasa l/mid-face or base-of-skul l  fractures .

Venti lation
Venti lator settings  may have to be adjusted from ‘normal ’ va lues  to take into account problems that are particular to trauma patients . Patients
with actua l  or potentia l ly ra ised ICP should have their PaCO2 kept at a  va lue of 4.5–5 kPa, to prevent ri ses  in ICP. Patients  with chest trauma
may require the use of specia l  venti lator settings , such as  pressure control , reversed I:E ratio, or permiss ive hypercapnia . It may be necessary
to use an ICU venti lator in these ci rcumstances , especia l ly i f surgery i s  prolonged.
Temperature

An oesophageal/recta l  temperature probe and periphera l  nerve s timulator should be placed before surgery commences .
Try to mainta in body temperature.

Blood loss
Blood loss  i s  dependent on the type(s ) of surgery undertaken, and may be mass ive in thoracic, hepatic, splenic, and pelvic injuries . Cross -
matched blood may be unavai lable—use type speci fic when necessary. A cel l  sa lvage system should be cons idered.
Genera l  and regional  anaesthes ia

Regional  anaesthes ia  may be cons idered as  an adjunct, a l though preoperative urgency, haemodynamic instabi l i ty, coagulopathy, and
the poss ibi l i ty of compartment syndrome often make i t impractica l .
The choice of induction agent depends  on the s i tuation. In shocked patients  without head injury, IV ketamine provides  the best
cardiovascular s tabi l i ty. Induce with 1–1.5 mg/kg s lowly and then add increments  of 25 mg as  required for maintenance.

Problems

Unexpla ined hypotens ion and tachycardia : cons ider hypovolaemia, pneumothorax, pericardia l  tamponade, fat/a i r embol ism.
P.454

Unexpla ined hypoxia  i s  often associated with a  ri se in inflation pressure: cons ider fat embol ism and tens ion pneumothorax.
Unexpla ined hypertens ion: cons ider pa in, ra ised ICP (search for associated neurologica l  s igns , obta in bra in CT scan), or rarely
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traumatic dis ruption of thoracic aorta . Look for di fferent BP between left and right arms, and upper and lower l imbs . Obta in ei ther CT
scan of chest, or transoesophageal  echo in blunt trauma, especia l ly in patients  with rib fractures/sternal  fractures/severe blunt
trauma.

Changing anaesthetic teams
Major trauma cases  often involve prolonged surgery, by multiple teams, and i t i s  qui te l ikely that the anaesthetis t(s ) wi l l  need to hand over
the patient to di fferent anaesthetis t(s ). This  hand-over should be deta i led and convey the fol lowing information:

Nature of patient's  injuries , including s tate of cervica l  spine and thoracolumbar spine clearance.
Any actua l  or anticipated a i rway problems, including plan for a i rway (extubation?) at the end of the procedure.
Ci rculatory s tatus , and volume of cross -matched blood products  ava i lable and ordered.
Preoperative neurologica l  s tatus .
Use of regional  blocks , with reference to poss ible compartment syndrome.
Proposed/completed surgery.
Further investigations  planned after end of surgery.
Disposa l  of patient, e.g. ICU, transfer, extubation in recovery uni t.
Discuss ion with fami ly.

The anaesthetis t should document/s ign the time and deta i l s  of the handover on the anaesthes ia  record. The use of a  problem l i s t in the
patient's  notes  i s  recommended for trauma patients , with an adjacent column to indicate resolution/treatment of each problem. This  wi l l
reduce the chance of ‘minor’ problems being missed during subsequent care.
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Anaesthetic cons iderations  for cervica l  spine fracture
Alasdair Dow
Surgery for cervica l  spine fracture may comprise appl ication of s tabi l i zing devices  (Halo traction, skul l  tongs , plaster jacket) or defini tive
fixation of the bony column. Bony fixation i s  usual ly performed as  a  semi-elective procedure.
Genera l  cons iderations

Patients  wi l l  usual ly have suffered major trauma, a l though fractures  can occur fol lowing minor injury in patients  with pre-exis ting
cervica l  spine disease.
Controversy exis ts  as  to the best method of securing the a i rway for surgery in such patients . Awake intubation i s  safer, in that there i s
less  ri sk of fa i led intubation. However, i t may resul t in coughing, and can be di ffi cul t and unpleasant for the patient. Di rect
laryngoscopy under genera l  anaesthes ia  with manual  in-l ine neck s tabi l i zation (MILNS) has  the disadvantage that i t may be
associated with more neck movement. The anatomica l  features  of the patient as  regards  intubation and the ski l l  of the anaesthetis t
are two additional  factors  in the management of these patients .

Anaesthes ia

Patients  for ha lo traction, skul l  tong appl ication, or other s tabi l i zing procedures  wi l l  usual ly be in ful l  neck immobi l i zation. This  i s
removed fol lowing appl ication of the s tabi l i zing device. Genera l  anaesthes ia  i s  uncommon for such procedures , which are usual ly
performed us ing loca l  anaesthetic. Sedation may be required, and caution should be exercised given the l ikel ihood of associated
injuries . Genera l  anaesthes ia  i s  occas ional ly required for more complex s tabi l i zation or in confused/agi tated/uncooperative patients .
It should be performed a long the l ines  of anterior cervica l  s tabi l i zation.
Patients  for open cervica l  spine s tabi l i zation require ei ther an anterior or posterior approach and, in a  few patients , both.
The anaesthetis t should perform a  ful l  neurologica l  examination before induction of anaesthes ia , to assess  the level  and extent of
any spina l  cord injury. This  i s  particularly important for patients  who are to be turned prone.
Anterior approaches  are usual ly performed in the supine head-up pos i tion, through an obl ique incis ion across  the anterior aspect of
the neck. The posterior approach i s  performed in the prone pos i tion, us ing a  longi tudina l  incis ion. Occas ional ly, fractures  to C1/C2 may
require an approach through the mouth.
Al l  types  of cervica l  s tabi l i zation involve prolonged surgery. Endotracheal  intubation i s  performed ei ther with the cervica l
immobi l i zation device in place, or in the case of a  hard col lar, wi th manual  in-l ine s tabi l i zation to minimize ri sks  of worsening any
neurologica l  injury. Awake fibreoptic intubation i s  the technique of choice, but may not be practica l  in some patients . Use of
remifentani l  sedation (up to 0.25 µg/kg/min) may help suppress  the cough reflex in these patients , but care i s  needed to prevent
bradypnoea and hypoxia . Young patients , or those that are confused, may require an IV induction fol lowed by di rect laryngoscopy. A
range of tubes  and laryngoscopes
P.456

should be ava i lable, and the use of a  tube s tylet or gum elastic bougie i s  recommended.
Arteria l  and venous  l ines  should be placed in the non-dominant or noninjured arm, and must be wel l  secured to prevent kinking. A
forced a i r warming system should be used and urinary catheterization i s  required. Nasogastric decompress ion i s  usual  for prolonged
surgery, or for patients  with pre-exis ting spina l  cord injury.
For prone pos i tioning extreme care i s  needed during turning (involve the surgeon). It i s  suggested that the surgeon controls  the head,
whi le three people perform the turn into the prone pos i tion. The anaesthetis t should hold the ET tube in s i tu, and should be in charge
of timing the turn. Some centres  suggest awake intubation, fol lowed by awake pos i tioning prior to induction of anaesthes ia .
Blood loss  i s  rarely s igni ficant for these procedures , and so del iberate arteria l  hypotens ion i s  not usual ly required.
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Anaesthes ia  for repair of cervica l  spine fracture
Alasdair Dow

Procedure Anterior/ posterior repair of cervica l  fracture

Time 2–6 h

Pain ++/+++

Pos i tion Supine head up or prone for posterior approach

Blood loss 250–1000 ml , ensure cross -match four uni ts

Practica l  technique Usual ly awake intubation, with ora l/nasa l  ETT, then IPPV

Preoperative

Mostly trauma patients , often with other injuries . Sometimes  older patients  with fractures  in a  previous ly diseased cervica l  spine.
Check for other mani festations  of the underlying disease (e.g. rheumatoid).
Check presence/degree of cervica l  spine injury, level  of les ion, and l ikely approach.
Check the need for postoperative venti lation and HDU care. Commoner with high les ions , which may need aggress ive chest
phys iotherapy.
Cons ider the technique of intubation. The patient may be in skul l  traction, which does  not l imit mouth opening but does  l imit neck
movement. Ful l  neck immobi l i zation (with a  hard cervica l  col lar and sandbags/tape) l imits  both neck movement and mouth opening.

Perioperative

Insert arteria l  and venous  l ines , preferably in the same arm.
Intubation: awake nasa l  intubation i s  commonest,3 but a  smal ler tube s ize resul ts . Awake ora l  intubation i s  harder to perform, but
gives  a  larger tube s ize. If the surgeon i s  planning an intraora l  approach, check on whether an ora l  or nasa l  ETT i s  preferred.
Suxamethonium is  contra indicated in patients  with spina l  cord les ions  that are more than 72 h old. In practice, i t i s  rare to need
suxamethonium, given the range of rapid onset non-depolarizing drugs  that are ava i lable.
Pos i tioning should be in combination with the surgeon. Some request check of res idual  neurologica l  function fol lowing awake
intubation and after turning prone.
Check a l l  pressure areas  before draping. Procedures  are prolonged.
Bone graft may be required, and i s  usual ly taken from the i l iac crest.

P.458
Postoperative

PCA morphine i s  usual ly sati s factory.
NSAIDs  are useful .

Specia l  cons iderations

Patients  with acute spina l  cord les ions  may demonstrate s igns  of neurogenic shock, with bradycardia  and hypotens ion (see p. 180).
This  i s  best treated with judicious  use of fluids  and pressor agents , a ided by CVP monitoring. Cervica l  spine surgery i s  rarely performed
in the fi rs t few hours  after injury, which makes  these problems uncommon. However, spina l  hyper-reflexia  may occur in patients  with
longer-s tanding les ions , and these should be treated symptomatica l ly.
Tracheostomy is  not advisable in patients  scheduled for anterior fus ion. Discuss  with the surgeon i f this  i s  a  l ikely option.
CVP l ines  in this  group of patients  should avoid the jugular veins .

Footnote
3

Sidhu VS, Whitehead EM, Ainsworth QP, Smith M, Ca lder I  (1993). A technique of awake fibreoptic intubation. Experience in patients  with
cervica l  spine disease. Anaesthes ia , 48, 910–13.
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Anaesthetic cons iderations  for l imb fractures
Alasdair Dow
Limb fractures  occur in a  wide range of patients , and may be sol i tary or occur as  part of multiple trauma. The urgency of fracture reduction
depends  upon:

The severi ty and s i te of the fracture, e.g. femoral  fractures  are treated before humerus , because of the higher ri sk of fat embol ism
syndrome.
The age of the patient (chi ldren >adults ).
The presence of dis ta l  i schaemia  (emergency).
The presence of an open fracture (emergency).
The presence of compartment syndrome (emergency).
Other associated injuries  (including head injury).
The requirement for other surgery.

Genera l  cons iderations

Although i t i s  di ffi cul t to genera l i ze, there are three main methods  of l imb fracture repair:
closed reduction, fol lowed by s tabi l i zation with plaster/traction/s l ing
open reduction fol lowed by plating/nai l  insertion/bone grafting
external  fixation.

Fat embol ism may occur a  few hours  after injury or up to severa l  days  later and i s  commonest fol lowing tibia l/femoral  fractures . Look
for the cardina l  symptoms of: dyspnoea, confus ion, anxiety, restlessness , or unexpla ined coma. Signs  include: crepi tations  in the
lungs , petechiae in the upper body/conjunctiva , and fluffy white exudates  on fundoscopy. Investigations  reveal  hypoxia  in severe
cases , and pulmonary oedema on the chest radiograph. Lipuria  i s  not a  rel iable s ign. Treatment involves  correction of shock from right
ventricular fa i lure, correction of hypoxia , and urgent s tabi l i zation of the fracture. The role of s teroids  i s  controvers ia l .

Anaesthes ia

The patient should be questioned about the presence of associated injuries , including head injury. Genera l ly, patients  with recent
(<24 h) moderate or severe head injury require careful  cons ideration before proceeding to nonl i fe-saving surgery (see below). The
timing and content of the most recent meal  i s  important, as  gastric emptying may be markedly delayed after severe injury. This  wi l l
influence the type of anaesthetic, and may demand precautions  for the potentia l ly ful l  s tomach.
Blood loss  i s  very variable, and depends  on the length and complexi ty of the repair and the type and age of the fracture. Proximal  l imb
fractures  (femur, humerus) and use of bone grafting tend to be associated with cons iderably larger blood loss . The use of a  tourniquet
wi l l  reduce bleeding, but may be contra indicated because of the fracture type/s i te.
Patients  with recent head injury wi l l  need careful  cons ideration, i f the planned surgery i s  l ikely to be prolonged (>1 h). Genera l
anaesthes ia  can obscure the s igns  of deterioration in conscious  level , and anaesthes ia  may a lso contribute to a  ri se in ICP. Therefore,
cons ideration must be given to
P.460

either delaying surgery, or performing a  crania l  CT scan prior to induction of anaesthes ia . Patients  with actua l  or potentia l ly ra ised ICP
wi l l  benefi t from the placement of an ICP monitor, venti lation to normocarbia , and a  neurosurgica l  di rected technique (see p. 420).
Postoperative analges ia  requirements  depend on the duration, s i te, and nature of surgery to repair the fracture. Closed reductions  can
often be managed with a  combination of perioperative opioid together with NSAIDs/paracetamol/opioid ora l ly. More complex repairs ,
including external  fixation, may require the use of a  PCA.
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Anaesthes ia  for l imb fractures
Alasdair Dow

Procedure Closed/open reduction of l imb fractures

Time 5 min to 3 h

Pain Variable, much less  for closed reductions

Pos i tion Usual ly supine, may be latera l  for some ankle fractures

Blood loss Minimal  for closed reductions , up to 2000 ml  for open femoral  na i l ing/wiring

Practica l  technique
Regional  block a lone
GA ± regional  block ± loca l  infi l tration according to the s i te/nature of reduction

Preoperative

Discuss  with the surgeon the nature and duration of the l ikely repair (MUA may become ORIF).
Check that no other types  of surgery are l ikely or required.
Ensure the absence of other s igni ficant chest/abdominal/head injuries .
Check the s tate of cervica l  spine clearance where relevant.
Check the s tate of hydration of the patient, and the time of the las t food/drink in relation to the time of injury. In practice, the s tomach
may never empty in some patients , particularly chi ldren, and so hard guidel ines  are not useful . It i s  better to be flexible, and i f in
doubt cons ider the patient at ri sk of a  ful l  s tomach.
Ensure a  chest radiograph for a l l  major trauma patients .
Discuss  with the patient/surgeon use of regional  block with regard to compartment syndrome (p. 463).

Perioperative

Ensure large-gauge infus ion/IVI warmer for a l l  open reductions  involving proximal  l imb fractures , i .e. tibia , femur, and humerus . Do not
s i te IV on an injured l imb.
Antibiotic prophylaxis  prior to commencement of surgery/appl ication of tourniquet.
Ensure di rect arteria l  monitoring and capnography for patients  at high ri sk of fat embol ism.
Patients  with pre-exis ting head injury may require ICP monitoring, and postoperative venti lation.

Postoperative
Analges ia  should be discussed with the patient and surgeon. IV morphine via  PCA/continuous  infus ion i s  often combined with NSAIDs  and
other s imple analges ics .
P.462

Specia l  cons iderations
Regional  anaesthes ia  can be a  useful  addi tion for the provis ion of analges ia , and may a lso be used as  the sole anaesthetic for some fracture
reductions  (e.g. Biers  block for wris t fracture reductions). However, the i ssue of a  loca l  anaesthetic block obscuring the neurologica l  s igns  of a
developing compartment syndrome must be cons idered (p. 463). Such s igns  occur relatively late in the natura l  his tory of compartment
syndrome, and i t can be argued that the syndrome should be predicted earl ier. This  can often be done on cl inica l  grounds  of a  high-ri sk injury,
or by di rect repeated measurement of compartment pressure. Despi te this , many surgeons  prefer the anaesthetis t to avoid the use of loca l
anaesthetics  in patients  at ri sk. The best s trategy i s  to discus  the problem with the surgeon beforehand.
Fat embol ism may rarely occur during operative manipulation of a  fracture, especia l ly femoral , tibia l , and humeral  fractures . Two s tages  of
pulmonary injury are ini tia l  RV fa i lure, fol lowed by an ARDS type picture. Increase inspi red oxygen, treat RV fa i lure i f present, and a l low rapid
stabi l i zation of fracture i f poss ible. Steroids  are of dubious  va lue.
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Peter Schranz
Compartment syndrome is  a  serious  l imb-threatening condition that may develop in trauma or intens ive care patients . Tight, unyielding
fascia l  envelopes  surround l imb muscles , nerves , and vessels . When pressures  within these compartments  ri se above capi l lary bed pressure,
perfus ion fa l l s  leading to loca l  i schaemia  of muscles  and nerves . If the pressure i s  not rel ieved within a  few hours  of onset, i rrevers ible
changes  wi l l  occur with muscle necros is  and contracture, plus  nerve and vessel  damage. Signs  and symptoms of compartment syndrome
include:

Pa in mainly over the affected compartment, worsened by pass ive s tretching of the muscles .
Tense swel l ing over the compartment, with drum-tight fascia  and overlying skin.
Paraesthes ia  in the dis tribution of nerves  travers ing the compartment.
Weakness  or para lys is  of the l imb i s  a  late s ign.
Dis ta l  pulses  are usual ly present.

Compartment syndrome should be anticipated in any l imb injury, with or without a  fracture, in crush s i tuations  or accidents  with prolonged
extrication times . The increase in pressure may be due to haemorrhage or oedema. Compartment syndrome can a lso occur with open fractures ,
as  the compartment may not be able to decompress  through the open wound. In unconscious  or obtunded patients  where cl inica l  s igns  may
be masked, or in the presence of spina l  cord injuries , diagnos is  i s  di ffi cul t. In these s i tuations  measurement of the compartmenta l  pressure
may be indicated. This  can be undertaken us ing a  pressure transducer (as  in an arteria l  l ine) attached to a  needle placed into the suspect
compartment.

If the compartmenta l  pressure i s  within 30 mmHg of the diastol ic pressure, diagnos is  i s  confi rmed.
Release a l l  constricting bandages , dress ings  or casts  enci rcl ing the l imb. If this  does  not rapidly rel ieve symptoms, urgent surgica l
fasciotomy wi l l  be required to save the l imb.

Specia l  cons iderations

Keep the l imb at the level  of the heart. Avoid elevation as  this  may decrease perfus ion below cri tica l  levels .
After fasciotomy the l imb should be spl inted to prevent contractures  and the fracture s tabi l i zed to prevent further bleeding.

Loca l  blocks  and compartment syndrome
Avoid loca l  blocks  or epidura ls  i f the patient i s  at ri sk of developing compartment syndrome as  the analges ia  wi l l  mask early s igns  of the
syndrome. The cardina l  symptom is  pa in and this  occurs  early in the syndrome. The ri sk i s  especia l ly high in tibia l  and forearm fractures  so
avoid blocks  in these s i tuations . If there i s  no a l ternative to us ing blocks , i .e. high anaesthetic ri sk patients , then compartment syndrome
needs  to be excluded by intra-operative monitoring of compartment pressure us ing indwel l ing catheters .
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Alasdair Dow

Procedure Cannulated screws, dynamic hip screw (DHS), cemented/uncemented hemi-arthroplasty

Time 30–120 min

Pain +/+++

Pos i tion Supine (?on hip table), occas ional ly latera l

Blood loss 250–750 ml

Practica l  technique
SV LMA and regional  block
Spina l  ± sedation
ET + IPPV

A fractured neck of the femur occurs  predominantly in the older population, usual ly as  a  resul t of osteoporos is  fol lowed by a  fa l l . Thus ,
patients  are often fra i l , old, and female. An estimated 1.7 mi l l ion hip fractures  occurred worldwide in 1990 and this  number i s  increas ing every
year. Three-month morta l i ty i s  approximately 12% increas ing to 21% at 1 year and there may be l i ttle di fference between operative and non-
operative outcomes.4
Preoperative

Preoperative clerking i s  often short on deta i l  in this  group!
The patient wi l l  usual ly be bed bound on skin traction, and may have been in hospi ta l  or unnoticed at home for some days . Al l
medica l  i l lnesses  that occur in the older population apply, plus  pa in, confus ion, and chest infections  as  a  di rect consequence of the
immobi l i ty that conservative s tabi l i zation requires . Dehydrated patients  wi l l  require IV rehydration.
Surgica l  treatment can be ei ther fracture fixation or femoral  head replacement and depends  upon the nature of the fracture, surgica l
preference, previous  mobi l i ty, and l i fe expectancy of the patient. Conservative (nonoperative) management i s  a lways  one option for
the gross ly unfi t.
Determine which procedure i s  to be performed. Cannulated hip screws  are quick, largely non-invas ive procedures  with a  smal l  incis ion
and l i ttle blood loss . Cemented/uncemented hemiarthroplasty i s  a  longer procedure, s imi lar to a  primary hip replacement. Dynamic
hip screw/Richard's  screw and plate are intermediate procedures  (see Table).
A decis ion to delay surgery should be based on a  rea l i s tic attempt to improve the patient's  medica l  condition, rather than a  frui tless
pursui t of ‘normal ’ va lues . A mi ld chest infection i s  unl ikely to improve in a  bedbound elderly patient, whereas  frank pneumonia  with
seps is  and dyspnoea may respond to rehydration, antibiotics , and chest phys iotherapy. Simi larly,
P.465
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a mi ld hypokalaemia  i s  often due to diuretic therapy or laxative use, and i s  unl ikely to precipi tate arrhythmias .
An attempt should be made to control  atria l  fibri l lation preoperatively, to prevent severe perioperative hypotens ion.
Outcome studies  for this  age group suggest that morta l i ty in the heal thy elderly patient i s  s imi lar to younger age groups . However, the
older patient with co-morbidi ty has  a  much poorer outcome.5 Thus , efforts  should be di rected towards  ensuring that identi fi cation and
strati fi cation of ri sk occurs , as  a  resul t of the patient clerking and investigations .

Procedures for fractured neck of femur

Operation Description
Time
(min)

Pain (+
to
+++++)

Position
Blood
loss/XM

Notes

Cannulated
screws

Screws  across  femoral  neck
(previous ly ‘Garden Screws’)

20 +
Supine,
hip
table

-
Minimal ly invas ive, smal l  thigh incis ion. Can be done
with loca l/nerve block and sedation i f necessary. X-ray
guided

Richards  screw
and plate (RSP)

Plate a long femur with
compress ion screw into femoral
head

30–
45

++
Supine,
hip
table

<400 ml Somewhat larger thigh incis ion/blood loss . X-ray guided

Dynamic hip
screw (DHS)

As  RSP
30–
45

++
Supine,
hip
table

<400 ml As  RSP

Dynamic
compress ion
screw (DCS)

As  RSP
30–
45

++
Supine,
hip
table

<400 ml As  RSP

Girdlestone
osteotomy
Removal

Removal  of femoral  head. No
prosthes is

30–
45

++ Supine <400 ml
More extens ive incis ion, head. No prosthes is  but no
prosthes is , hence quicker than below. Limited mobi l i ty
afterwards

Austin Moore
hemiarthroplasty

Replacement of femoral  head.
No cement

60–
90

+++ Supine
400–
600ml

Simi lar to tota l  hip replacement, without acetabular
component

Thompson's
hemiarthroplasty

Replacement of femoral  head.
Cemented

60–
90

+++ Supine
400–
600 ml

Simi lar to tota l  hip replacement, without acetabular
component

Exeter bipolar
Replacement of femoral  head
and acetabular component.
Cemented

60–
90

+++ Supine
400–
800 ml

Simi lar to tota l  hip replacement, with acetabular
component

Perioperative

For fracture fixation the patient i s  usual ly pos i tioned supine on a  ‘hip table’. This  involves  placement of a  prop in the groin, with the
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table supporting the upper body only. Feet are tied into shoe supports , and the table i s  then elevated to a l low radiographic screening
and the surgeon to work at shoulder height. The anaesthetis t must be aware that the patient may s l ide off the lower end of the table.
For hemiarthroplasty the patient i s  latera l  or supine on an ordinary operating table.
Blood loss  i s  variable, and depends  on operator technique, the type of repair used, and the time s ince fracture. Much of the blood loss
that i s  measured i s  old haematoma, but s igni ficant haemorrhage may occur and necess i tate blood transfus ion.
The choice of anaesthetic technique i s  based around patient factors  and the preferences  of the anaesthetis t. Regional  and genera l
anaesthes ia  are both advocated but there i s  l i ttle evidence to support one technique over another.6 The options  include:

Regional  anaesthes ia . Epidura l , spina l , psoas  plexus , and triple nerve block have a l l  been used for operative anaesthes ia  and
for postoperative analges ia . Sedation may be necessary but i t i s  inadvisable to heavi ly sedate patients  without a i rway support,
as  they are often elevated above the view of the anaesthetis t and access  i s  l imited. A confused, disorientated, elderly patient
on an elevated operating table can cause many problems.
Spina l  anaesthes ia  may decrease the incidence of postoperative confus ion and DVT, but can be associated with perioperative
hypotens ion. A smal l  dose of IV ketamine or a l fentani l  may be useful  as  analges ia  when turning the patient before performing
the block.
A l ight genera l  anaesthetic (combined with psoas  plexus  or triple nerve blockade) i s  often better for patients  with
cardiovascular disease and for confused or uncooperative patients . These uni latera l  blocks  cause less  hypotens ive than
centroneuraxis  anaesthes ia  and provide a  degree of postoperative analges ia .
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Check pressure points  after placement on the ‘hip table’, as  patients  are very prone to pressure damage.
Use some form of pass ive or active warming device to prevent hypothermia. Insulate the head and secure a  warming
blanket/polythene sheet around the chest and lower abdomen.
Cemented hemiarthroplasty may be associated with a  marked drop in arteria l  pressure, ETCO2, and heart rate during cement insertion.
Ask the surgeon to reduce insertion pressure and adminis ter fluid and boluses  of ephedrine (occas ional ly adrenal ine 0.57–1 ml  1:10
000 a l iquots  may be required). Incidence may be reduced by improved surgica l  technique (venting the femur prior to cement impaction),
avoiding relative hypovolaemia, and preloading with IV fluid (250–500 ml) before cement insertion (see p. 472).

Postoperative

Pain i s  often only due to the incis ion, which i s  smal l  for cannulated screws  and DHS, but larger for hemiarthroplasty. Fracture pa in wi l l
be reduced through reduction of fracture, but i s  s ti l l  pa inful  on rol l ing and turning in bed.
Postoperative analges ia  can be provided by regular IM or SC morphine. The use of NSAIDs , and more recently tramadol , can be a  useful
addition/ a l ternative to more potent opioid analges ics , but beware of the s ide-effects  in this  elderly population.

Specia l  cons iderations
In poor ri sk patients , cons ider whether postoperative intens ive care may be appropriate. Morbidi ty and morta l i ty ri sks  should be understood
by the patient or relatives  and in some patients , resusci tation s tatus  should be reviewed.
Further reading
Driscol l  P, Skinner D, Earlam R (ed.) (2000). ABC of major trauma, 3rd edn. Bri ti sh Medica l  Journal , London.
Gupta  KJ, Nolan JP (1998). Emergency genera l  anaesthes ia  for hypovolaemic trauma patients . Current Anaesthes ia  and Cri tica l  Care, 9, 66–73.
Ful l  Text
Library Holdings
Bibl iographic Links
Nolan JP, Parr MJA (1997). Aspects  of resusci tation in trauma. Bri ti sh Journal  of Anaesthes ia , 79, 226–40.
Library Holdings
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4

Parker MJ, Handol l  HH (1999). Conservative versus  operative treatment for extracapsular hip fractures . Cochrane Col laboration. Cochrane
Library, i s sue 2.
5

Cous ins  MT (1982). In: Compl ications  of anaesthes ia  operative ri sk: Postgraduate course. New York, Elsevier.
6

Parker MJ, Handol l  HH, Gri ffi ths  R (2001). Anaesthes ia  for hip fracture in adults . Cochrane Col laboration. Cochrane Library, i s sue 4.
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Genera l  principles
Recent advances  in arthroscopic and joint replacement surgery together with the ever-increas ing age of the population have led to a  large
increase in orthopaedic workload. Patients  presenting for hip and knee replacement, in particular, are often elderly and suffer with many
concomitant diseases  such as  diabetes  and cardiovascular compromise. Arthri ti s , wi th poor flexibi l i ty of multiple joints , gives  a  largely
sedentary patient population. Many are obese, often with a  s igni ficant incidence of gastric reflux. Others  are the fra i l  elderly with long-term
poor dietary intake. Surgery to the lower l imbs  i s  associated with a  high incidence of venous  thromboembol ism.
Preoperative

Severe arthri ti s  wi l l  l imit mobi l i ty and may mask poor exercise tolerance due to other medica l  causes . Assessment of cardiovascular
function may be di ffi cul t. Cardiologis t review should be cons idered for patients  with serious  CVS disease who are scheduled for major
surgery (ECG s tress  testing/ echocardiography/angiography, see p. 20).
Patients  are often taking multiple drugs  and s ide-effects/cross -reactions  should be identi fied. Anticoagulants  influence the choice of
anaesthetic technique and may increase the ri sk of perioperative haemorrhage. Steroid therapy needs  to be continued perioperatively.
If centra l  neuraxia l  blockade i s  planned in patients  on thromboembol ism prophylaxis  ensure that the fina l  preoperative dose i s  timed
appropriately (see p. 998).
Anti thromboembol ism measures , e.g. heparin/warfarin/stockings/leg and foot compress ion devices  should be prescribed and used
postoperatively.
Patients  with rheumatoid arthri ti s  are at ri sk of atlantoaxia l  ins tabi l i ty (see p. 160).

Perioperative

Give IV antibiotic prophylaxis  as  per loca l  pol icy. If vancomycin i s  used i t should be given over at least 1 h to prevent hypotens ion.
During surgery access  may be l imited and blood loss  may be s igni ficant. Use a  large-bore cannula  and drip extens ion.
Blood loss  may be increased by certa in types  of bone s tructure, e.g. in Pagett's  disease.
It i s  important, but di ffi cul t, to monitor intra-operative blood loss . Fluids  added for lavage should be from graduated conta iners  or
infus ion bags  and volumes  used careful ly recorded. Patients  should be draped us ing a  system that a l lows  most of this  fluid to be
col lected in the sucker together with the blood loss . Suckers  should be graduated and volumes  frequently checked and recorded.
Arteria l  l ines  are commonly used due to the patient population, di ffi cul ty in ful ly identi fying intra-operative blood loss , and the
incidence of hypotens ion when bone cement i s  used. They are not required for patients  without s igni ficant CVS disease undergoing
uncompl icated primary hip or knee replacement or surgery us ing a  tourniquet.
P.471
CVP l ines  are not genera l ly required. Cons ider them in high-ri sk patients  undergoing revis ion hip arthroplasty.
A urinary catheter should be inserted for prolonged surgery, in patients  with a  s trong his tory of prostatism, or where an epidura l  wi l l
be used postoperatively.
If patients  are breathing spontaneous ly us ing an ordinary oxygen mask, monitor the presence of respi ration and the respiratory rate by
placing a  capnograph sampl ing l ine in the mask. A s tethoscope taped over the trachea i s  useful  to monitor a  clear a i rway and
adequate respiration.
The patient's  temperature should be mainta ined with blood warmers  and warm a i r blankets .

Postoperative
Surgeons  may prescribe regular low/medium doses  of indometacin postoperatively to reduce new bone growth—avoid additional  NSAIDs .
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Cement hypotens ion 1, 2

Hypotens ion when us ing pressurized bone cement i s  a  s igni ficant problem in approximately 10% of patients . It i s  probably related to
release of monomer as  the cement polymerizes  and a lso to showers  of micro fat embol i  caused by the pressurizing. It usual ly only
occurs  during cementing of the femoral  cavi ty in tota l  hip replacement and revis ions .
The incidence i s  thought to be reduced i f the socket i s  absolutely dry prior to insertion of the cement. This  can be achieved by a
combination of good surgica l  technique and an anaesthetic that a l lows  hypotens ion at the operative s i te, as  with subarachnoid block.
A suction catheter should be placed deep into the femoral  cavi ty by the surgeon and gradual ly withdrawn as  the cement i s  pressurized.
The incidence may a lso have been reduced by the use of more modern cements .
Monitor fluid ba lance prior to insertion of cement to ensure that the patient i s  adequately volume loaded.
A fa l l  in SpO2 may be an early s ign of impending hypotens ion or the presence of fat embol i .
Hypotens ion usual ly responds  to normal  doses  of vasopressors  such as  ephedrine. Increase IV fluids  and inspi red oxygen as
necessary.
The incident i s  normal ly short l ived but i f hypotens ion pers is ts  cons ider other causes  of hypotens ion such as  hypovolaemia  or a
perioperative MI.
If hypoxaemia  pers is ts , cons ider s igni ficant fat embol ism.

Footnotes
1

Jones  RH (1975). Phys iologic embol i  changes  observed during tota l  hip replacement arthroplasty. A cl inica l  prospective s tudy. Cl inica l
Orthopaedics , October (112), 192–200.
2

Pitto RP, Blunk J, Koss ler M (2000). Transoesophageal  echocardiography and cl inica l  features  of fat embol ism during cemented tota l  hip
arthroplasty s tudy in patients  with a  femoral  neck fracture. Archives  of Orthopaedic and Trauma Surgery, 120, 53–8.
Ful l  Text
Library Holdings
Bibl iographic Links
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Regional  anaesthes ia

Most orthopaedic operations  are amenable to regional  anaesthes ia , ei ther used a lone with or without sedation, or used as  an
adjuvant to GA. Centra l  neuraxis  blockade and major nerve blocks  are commonly performed.
In major orthopaedic surgery, blocks  may provide useful  postoperative pa in rel ief and reduce the time in recovery compared with
tradi tional  genera l  anaesthes ia .
Some tria ls  show a  reduction in the incidence of perioperative DVT i f regional  anaesthes ia  i s  used.3, 4

Centra l  neuraxis  blockade can be technica l ly di ffi cul t in the elderly arthri tic spine, but success  i s  improved with experience.

Hypotens ive anaesthes ia
Good fixation of cement and joint prosthes is  requires  a  dry, preferably bloodless , surgica l  field at the time of insertion. Regional , particularly
spina l/ epidura l  anaesthetic reduces  bleeding at the surgica l  s i te without the need for other pharmacologica l  hypotens ive anaesthetic
techniques  which are usual ly contra indicated in this  patient group.
Communication
It i s  important to communicate wel l  wi th the surgeon who may not be fami l iar with the di ffi cul ties  faced by the anaesthetis t. Communication
during surgery can be l imited, especia l ly i f the surgica l  team is  us ing modern infection control  systems involving ful l -face helmets  and
personal  fans . Lastly, remember that the orthopaedic theatre i s  one place where anaesthetis ts  are s ti l l  expected to wear facemasks .
Footnotes
3

Modig J (1989). Influence of regional  anaesthes ia , loca l  anaesthetics , and sympathicomimetics  on the pathophys iology of deep vein
thrombos is  [Review]. Acta  Chirugica  Scandinavia , 550 (Suppl .), 119–24 (discuss ion 124–7).
4

Wil le-Jorgensenp et a l . (1989). Prevention of thromboembol ism fol lowing elective hip surgery. The va lue of regional  anaesthes ia  and graded
stockings . Cl inica l  Orthopaedics , October (247), 163–7.
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Tourniquets 5

Many orthopaedic operations  require a  bloodless  field and tourniquets  can be used to achieve this . The use of the tourniquet i s  essentia l ly
the respons ibi l i ty of the surgeon but the anaesthetis t should be aware of the requirements  for safe use of a  tourniquet.

Only pneumatic tourniquets  should be used as  mechanica l  tourniquets  can cause areas  of unpredictably high pressure in the
underlying ti ssues .
Smal l  tourniquets  on fingers  and toes  are dangerous  because they are eas i ly forgotten. It i s  best to use a  rubber band and artery
forceps  and the anaesthetis t should check for thei r removal  at the end.
Express ive exsanguination us ing an Esmarch bandage i s  contra indicated in cases  of tumour or severe infection because of the ri sks  of
dissemination. It i s  a l so contra indicated i f DVT i s  suspected—mass ive fata l  pulmonary embol ism has  been reported.6 It a l so
represents  a  potentia l  ri sk of left ventricular fa i lure from fluid overload. Compress ion of both legs  adds  15% to the ci rculating volume
(800 ml), therefore l imit to one leg only in patients  at ri sk.
Periphera l  arteria l  disease i s  a  relative contra indication to tourniquet use.
Avoid in severe crush injuries .
Sickle cel l  disease: use of tourniquets  i s  controvers ia l . Sickl ing of red blood cel l s  under anoxic conditions  causes  thrombos is , but
some surgeons  use l imb tourniquets  after ful l  exsanguination. If employed, i t should be for as  short a  time as  poss ible.

Si te of appl ication
The upper arm and thigh have sufficient muscle bulk to dis tribute the cuff pressure evenly and are the recommended s i tes . In patients  with
normal  ci rculation, the cuff can be placed more dis ta l ly, particularly round the ca l f, but should not used beyond 1 h.
Cuff width

The American Heart Association concluded that i f a  sphygmomanometer cuff has  a  width of 20% greater than the diameter of the upper
arm or 40% of the ci rcumference of the thigh (to a  maximum of 20 cm), then the pressure in the underlying centra l  artery wi l l  be equal  to
that in the cuff. This  avoids  the need for excess ively high cuff pressures . Modern s i l i cone cuffs  tend to be smal ler than this , measuring
90 mm width (bladder 70 mm) for the arm and 105 mm (bladder 75 mm) for the leg.
The ti ssues  immediately underlying the cuff should be protected with cotton wool . This  i s  not necessary with a  correctly appl ied
modern s i l i cone cuff.
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Pressure

Based on the unsedated patient's  blood pressure measured on the ward preoperatively.
Upper l imb: systol ic BP + 50 mmHg. Lower l imb: twice systol ic BP. This  higher pressure i s  needed because there i s  often not enough
room above the operating s i te for a  ful l -s i zed cuff.

Tourniquet time
The minimum time poss ible compatible with good surgery should be the a im. Noti fy the surgeon at 1 h and remove as  soon as  poss ible after
that. If the operation i s  di ffi cul t, time can be extended to 1.5 h. Two hours  should be regarded as  a  maximum but this  wi l l  not be safe for a l l
patients .
Footnote
5

Kam PC, Kavanaugh R, Yoong FF (2001). The arteria l  tourniquet: pathophys iologica l  consequences  and anaesthetic impl ications . Anaethes ia ,
56, p. 534–45 (review).
6

Boogaerts  JG (1999). Lower l imb exsanguination and embol ism. Acta  Anaesthes iologica  Belgiae, 50, 95–8.
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Tota l  hip replacement

Procedure Prosthetic replacement of femoral  head and acetabulum

Time 2 h

Pain +++

Pos i tion Latera l  or supine

Blood loss 300–500 ml , G&S

Practica l  technique
Spina l , wi th sedation or GA/LMA
IPPV, COETT ± spina l , nerve block, or epidura l

Tota l  hip replacement i s  particularly amenable to spina l  anaesthes ia  and this  can be supplemented with sedation or genera l  anaesthes ia , a
decis ion which may be partly influenced by the patient's  wishes . Post spina l  puncture headache i s  very rare in this  age group with a  25G
needle.
Perioperative

Place 16G cannula  in the lower arm (i f a  latera l  pos i tion i s  anticipated). With proper pos i tioning the drip wi l l  flow freely and this
leaves  the upper arm free for a  NIBP cuff or di rect arteria l  pressure measurement.
Preload with IV fluids  prior to performing the spina l .
Single-shot spina l  (2–3 ml  bupivaca ine 0.5% pla in). In ‘younger’ patients  diamorphine (0.1–0.25 mg) may be added for more prolonged
analges ia .
TCI propofol  with a  target infus ion of 1.5–3 µg/ml  i s  useful  sedation for the latera l  pos i tion, us ing facemask supplementa l  oxygen.
Most patients  are easy to manage with TCI a lone; however, some patients  may be unsettled due to pa in from arthri tic shoulders  and
other joints . Intermittent doses  of midazolam, cautious  narcotics  or entonox/isoflurane via  the Hudson mask may be useful . On
occas ions  induction of genera l  anaesthes ia  i s  required us ing an LMA.
For the supine pos i tion (see below), cons ider an LMA with l ight i soflurane genera l  anaesthes ia .
The addition of intratheca l  narcotic can a lso be used to cover the longer duration of surgery necessary for a  more complex primary hip
replacement, usual ly involving some rebui lding of the acetabulum. It i s  a  sui table technique for up to 2.5 h of surgery. Al ternatively, or
for longer cases , a  combined spina l/epidura l  technique can be used. Postoperative analges ic requirements  rarely require this
approach for an uncompl icated primary hip replacement.
GA (rather than sedation) with epidura l  should be cons idered for any complex primary operation because of the prolonged surgica l
time.
Us ing an epidura l  postoperatively wi l l  necess i tate inserting a  urinary catheter (which a lso helps  monitor fluid ba lance) at some s tage
in the majori ty of patients . This  i s  best performed at the time of surgery.
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If centra l  neuraxis  blockade i s  contra indicated, a  femoral  3 in 1 block or a  psoas  lumbar plexus  plus  latera l  cutaneous  nerve of thigh
block can be used to supplement genera l  anaesthes ia .
Aim to mainta in BP at an adequate level  based on preoperative readings .
Intra-operative antibiotic prophylaxis  wi l l  be required.
Ensure adequate IV fluid load prior to cementing the femoral  component.

Postoperative

The surgeon usual ly prefers  the patients  to be placed on their bed in the supine pos i tion with the legs  abducted us ing a  pi l low to
prevent dis location of the prosthes is .
A technique which leads  to rapid recovery of a i rway control  and patient cooperation i s  therefore an advantage.
Patients  are usual ly mobi l i zed at 24 to 48 h and s imple IM opioids  with regular paracetamol  or NSAIDs  are usual ly sufficient for
postoperative analges ia . If an epidura l  has  been inserted, a  postoperative infus ion can be used but i s  rarely necessary and needs  to
cease prior to mobi l i zation.

Specia l  cons iderations

With the posterior approach the patient wi l l  be in the latera l  pos i tion with the operated s ide up. With other approaches  the patient i s
supine. To some extent pos i tion dictates  technique. Sedation with facemask oxygen i s  much s impler in the latera l  pos i tion where the
airway i s  better mainta ined. If supine, then sedation should ei ther be l ight enough to mainta in a i rway reflexes  or deeper anaesthes ia
with an LMA should be cons idered.
Blood loss  varies  with di fferent types  of bone s tructure and levels  of inflammation. It i s  a l so affected by anaesthetic technique. The
average loss  i s  300–500 ml . A s imi lar amount may be lost in the dra in and ti ssues  postoperatively. Blood transfus ion i s  relatively
uncommon during surgery i f patients  have an adequate preoperative haemoglobin. Group and saved serum is  acceptable i f cross -
matched blood can be provided within 30 min. Haemoglobin should be checked 24 h postoperatively and treated ei ther with
transfus ion or i ron supplements  as  indicated. Patients  with an Hb of >9 g/dl  postoperatively rarely require transfus ion. The decis ion to
transfuse i s  multi factoria l  and includes  genera l  fi tness , continuing surgica l  losses , and loca l  practice. Oxygen therapy for up to 24 h i s
advisable in most patients .
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Revis ion of tota l  hip replacement

Procedure
Revis ion of previous  tota l  hip replacement.
Revis ion may include one or both components

Time 2–6 h depending on complexi ty

Pain +++/++++

Pos i tion Latera l  or supine

Blood loss 1 l i tre, occas ional ly cons iderably more, crossmatch two uni ts

Practica l  technique
Sedation/GA + LMA, combined spina l/epidura l , art l ine ± CVP
IPPV, epidura l  or PCA, art l ine ± CVP

Essentia l ly the same as  primary hip replacement except for the length of surgery, blood loss , and postoperative pa in. The complexi ty of the
surgery i s  very variable. Fi rs t s tage revis ion involves  removal  of old cement. Infection increases  blood loss . One or both components  may be
replaced. Major reconstruction of the acetabulum and/or femur involves  bone graft and wire cages . These operations  are prolonged and
bloody. Discuss  the anticipated operation with the surgeon beforehand, but beware, i t i s  not an exact science.
Preoperative
Genera l  principles  as  for tota l  hip replacement, except:

Patients  are more elderly and usual ly have more medica l  problems.
The operation takes  longer, at least 2–3 h, often more, i .e. too long for a  s ingle-shot spina l .
Blood loss  can be s igni ficant, with 1 l i tre or more commonly lost perioperatively.
Postoperative pa in can be a  s igni ficant problem, perhaps  because of increased surgica l  dissection.

Perioperative

Genera l  set up as  for primary hip replacement, including a  urinary catheter.
If s igni ficant blood loss  i s  anticipated, or the patient's  CVS s tatus  indicates  i t, insert an arteria l  l ine and cons ider a  CVP l ine.
Depending on the length of surgery, the operative pos i tion, and patient factors  a  number of techniques  are sui table. TCI propofol  and
combined spina l/epidura l , spontaneous  breathing with supplementa l  oxygen as  for tota l  hip replacement. For supine patients , or
anaesthetis ts  less  fami l iar with this  operation, an LMA is  advisable. For more complex revis ions , anticipated to take longer than 3 h,
an IPPV technique with epidura l  supplementation may be more appropriate. If centra l  neuraxis  block i s  contra indicated cons ider
supplementing GA with nerve blocks  (femoral  3 in 1 or psoas  compartment lumbar plexus  plus  the latera l  cutaneous  nerve of the
thigh).
P.479

Perioperative blood transfus ion i s  frequently required and blood loss  can be substantia l . Two uni ts  of cross -matched blood should be
avai lable in theatre with the abi l i ty to obta in more within 30 min.

Postoperative

Mobi l i zation varies  with the complexi ty of the revis ion and the s trength of the reconstruction. For pa in rel ief an epidura l  infus ion i s
useful  for up to 3 days , i f needed, or less  i f earl ier mobi l i zation i s  required. PCA i s  a  sui table a l ternative.
Supplementa l  oxygen i s  required, particularly in the case of s igni ficant blood loss  or underlying cardiorespiratory disease.

Specia l  cons iderations
Blood recovery and autologous  transfus ion us ing a  Bratt device or s imi lar i s  often practica l .
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Tota l  knee replacement

Procedure Prosthetic replacement of the knee joint

Time 1.5–2 h

Pain ++++/+++++

Pos i tion Supine

Blood loss
Minimal  with tourniquet, 250–300 ml  without.
G&S

Practica l  technique
LMA, combined sciatic/femoral  blocks
LMA, epidura l  or combined spina l/epidura l  or spina l/nerve blocks
ET, IPPV with ei ther of above or IV opioid

Simi lar patient population to hip surgery. Genera l ly a  shorter operation with less  blood loss  or cement hypotens ion. A tourniquet i s  commonly
used. Postoperative pa in can be extreme and must be anticipated.
Preoperative
As  for hip surgery
Perioperative

The patient i s  a lways  supine and therefore a i rway control  under sedation can be a  problem.
Combination femoral  and sciatic nerve blocks  give good postoperative analges ia  and mobi l i zation (see below). They are eas iest to
combine with l ight GA/LMA. An a l ternative i s  epidura l/GA/LMA. If regional  anaesthes ia  i s  not feas ible a  s tandard GA with
postoperative PCA should be cons idered.
A tourniquet i s  commonly used, therefore perioperative blood loss  i s  not problematic, a l though expect to lose up to 500 ml  (and
frequently more) from the dra ins  in the fi rs t hour postoperatively. There i s  a  trend to reduce use of the tourniquet.
If a  tourniquet i s  used one may see ‘breakthrough’ of tourniquet pa in after about 1 h caus ing CVS s timulation and hypertens ion. This  i s
more common with leg blocks  and i s  treated by deepening anaesthes ia  or adding IV narcotic. In some patients , labeta lol  may be
useful .
Ensure the patient i s  wel l  preloaded before the tourniquet i s  released. A short-l ived reperfus ion event i s  common (fa l l  in BP and SpO2,
ri se in ETCO2) and i s  usual ly best prevented by an infus ion of fluid before and as  the tourniquet i s  released.
An arteria l  l ine i s  only necessary i f CVS disease i s  s igni ficant.

Postoperative

Postoperative pa in i s  usual ly the most s igni ficant problem and this  i s  the main determinant of the anaesthetic technique, as
discussed below.
When blood loss  into the dra ins  continues  to be brisk after the fi rs t 500 ml , the surgeon wi l l  often clamp the dra ins  for a  period of
time.

P.481

Specia l  cons iderations

Genera l  anaesthes ia  supplemented by an epidura l  with postoperative epidura l  infus ion i s  a  common technique. Combined
spina l/epidura l  or spina l/femoral  and sciatic nerve blocks  may avoid the need for GA. Spina l  anaesthes ia  on i ts  own is  sui table for
the operation but leaves  the problem of postoperative pa in. Epidura l  anaesthes ia  on i ts  own may not provide adequately dense
analges ia  or optimal  muscle relaxation for the surgery.
Femoral  and sciatic nerve blocks  have the fol lowing advantages :

Good postoperative pa in rel ief in the fi rs t 12–24 h. Supplement with regular NSAID and ora l  ana lges ics  plus  parentera l  narcotic
(PCA or IM).
Avoids  the need for a  urinary catheter.
Al lows  the patient more mobi l i ty in bed.
Avoids  di ffi cul ties  and compl ications  of an epidura l , including patchy block. When poss ible, perform blocks  at least 30 min
prior to surgery, to a l low onset time for surgica l  anaesthes ia . This  technique usual ly gives  very good postoperative pa in rel ief
but, even with early insertion, i t i s  unusual  for i t to give adequate cover perioperatively for use with sedation a lone. Usual ly i t
i s  combined with spina l  or l ight GA.

Patients  undertake exercises  in the operated leg at 24 h postoperatively and are mobi l i zed out of bed at 48 h. Nerve blocks  fi t wel l  wi th
this  requirement, a l though some surgeons  bel ieve that the epidura l  gives  better analges ic cover for the exercises . If used, i t needs  to
be removed prior to mobi l i zation.

Revis ion of tota l  knee replacement
Same as  primary knee replacement except i t takes  longer, 2 h plus :

The technique i s  as  for primary knee replacement.
If done without a  tourniquet then two uni ts  of blood should be crossmatched.
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Arthroscopic lower l imb procedures
Genera l  principles

The patient population i s  genera l ly younger and fi tter than those having joint replacements .
Smal ler procedures  are done as  day cases  and therefore require a  technique that a l lows  early ambulation and discharge home. The
main procedures  undertaken are EUA, menisca l  surgery or loose body removal , synovectomy, and l igament reconstruction.
Virtua l ly a l l  are done on the knee, though arthroscopy i s  a lso performed on the shoulder (p. 495), ankle, elbow, and wris t.
Many patients  are current or ex-athletes , often footbal l  or rugby players , who can be surpris ingly anxious . Anaesthes ia  induction may
prove di ffi cul t —beware the obese, ‘mature’ rugby player who drinks  heavi ly.

Arthroscopy with or without excis ion of carti lage

Procedure Arthroscopy, EUA, and washout ± excis ion of torn carti lage, removal  of loose body

Time 10–60 min

Pain ++

Pos i tion Supine with leg over s ide of table

Blood loss Ni l

Practica l  technique
GA/LMA
EUA ± washout can be performed under LA a lone

Technique

Premed with paracetamol  and NSAIDs .
LMA/GA, a  ‘s tandard’ day case anaesthetic with IV narcotics .
A tourniquet i s  often used.
Prescribe NSAIDs  and s trong ora l  ana lges ics  to take home.
Many surgeons  insti l  10–20 ml  of 0.5% bupivaca ine ± morphine (10 mg) into the joint cavi ty for postoperative pa in rel ief.
Simple diagnostic/washout arthroscopies  can be performed under loca l  anaesthetic when necessary. Use 1% l idoca ine (l ignocaine) +
adrenal ine to porta l  s i tes  + 20 ml  bupivaca ine 0.25–0.5% insti l led into the joint. Wait for i t to work. Tourniquets  are not wel l  tolerated
for more than a  few minutes . IV analges ia  i s  occas ional ly required.

P.483

Synovectomy

Procedure Arthroscopy with excis ion of synovia l  membrane

Time 1–1.5 h

Pain +++

Pos i tion Supine

Blood loss Ni l

Practica l  technique LMA and GA with femoral  block

Technique

Takes  up to 1.5 h and a  tourniquet i s  used. There may be a  ‘breakthrough’ of tourniquet pa in after about 1 h.
There i s  s igni ficant pa in postoperatively.
Spontaneous  breathing GA with LMA. Add IV narcotic and NSAID and prescribe intermittent narcotics  and NSAID postoperatively
together with ora l  ana lges ics .
A femoral  nerve block s igni ficantly reduces  postoperative pa in.

Cruciate l igament repair

Procedure Arthroscopic reconstruction of anterior cruciate l igament us ing patel lar tendon ± hamstrings

Time 1.5–2 h

Pain +++/++++

Pos i tion Supine

Blood loss Ni l

Practica l  technique

Patel lar tendon repair only: LMA + GA with femoral  block
Patel lar tendon and hamstring repair: LMA +
GA with combined femoral/sciatic blocks
GA + PCA

Technique

These operations  are of two main types : us ing the patel lar tendon only for the repair and us ing both the patel lar tendon and
hamstring l igaments .
Usual ly about 12 h of fa i rly dense analges ia  i s  required prior to mobi l i zation.
If the patel lar tendon only i s  used postoperative pa in i s  less  of a  problem and a  femoral  nerve block i s  very effective for 12–24 h.
If the hamstrings  are used, the operation takes  longer and there i s  more postoperative pa in. Cons ider GA + femoral  and sciatic nerve
blocks  performed prior to induction.
Use weaker concentrations  of bupivaca ine (0.125–0.25%) i f cons idering nerve blocks , so that mobi l i zation/discharge i s  not delayed.
Al ternatively, combine LMA/femoral  nerve block/PCA.
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Ankle surgery
Genera l  principles

Four main types  of procedure: tendon transfers , open reduction and internal  fixation (ORIF) of fractures , joint arthrodes is , and
prosthetic joint replacement.
Ankle arthrodes is  takes  1 to 2 h. Tendon transfer i s  genera l ly shorter than this  and joint replacement may be longer. ORIF i s  variable
depending on the fracture; check with the surgeon and add 30 min to this  time for cleaning/draping and for appl ication of POP at the
end.
Joint arthrodes is  and replacement involve a  more elderly patient population.
These operations  are amenable to regional  anaesthetic techniques , ei ther a lone or, more often, as  a  supplement to a  GA.
Tourniquets  are often used and tourniquet pa in has  to be cons idered.
Patients  may be supine or prone or, occas ional ly, on their s ide.
In the case of ORIF fol lowing trauma, surgery may need to be undertaken urgently i f dis ta l  ci rculation i s  compromised. Beware of the
risk of aspi ration from a  ful l  s tomach and a lso take time to ensure that any other s igni ficant injury has  been properly cons idered and
deal t with.
If regional  block i s  cons idered for ORIF, check that there i s  no concern about the development of compartment syndrome
postoperatively as  the symptoms wi l l  be masked by the block (see p. 463).

Technique

Tendon transfers  las t up to 1 h and are not particularly pa inful  postoperatively. Use an LMA + GA and supplement with IV narcotics  and
an NSAID. Ask the surgeon to infi l trate LA around the surgica l  s i te.
ORIF can be done in the same way i f the patient i s  s tarved. If not, then a  rapid sequence induction and ETT i s  needed for a  GA.
A good a l ternative for the ORIF and any major tendon transfer i s  a  spina l , usual ly with sedation. The addition of intratheca l  narcotic
(e.g. diamorphine 0.1–0.25 mg) prolongs  the period of analges ia  but i t i s  best avoided in the elderly.
Arthrodes is  i s  more pa inful  postoperatively which l imits  the va lue of spina l  anaesthes ia  unless  fol lowed with PCA. A good choice of
technique i s  a  sciatic nerve block, usual ly with LMA + GA, though i t can be performed with sedation a lone i f the block i s  adequate
(perform block at least 40 min prior to incis ion). If undertaken without GA, combine with a  femoral  nerve block as  the saphenous  nerve
(terminal  branch of the femoral  nerve) suppl ies  skin down to the media l  mal leolus  of the ankle. Us ing a  tourniquet at the level  of the
ca l f reduces  the problem of breakthrough tourniquet pa in.
Ankle joint replacement i s  currently carried out in only a  few centres . Check with the surgeon how long they expect to be. GA with sciatic
block i s  practica l .

Procedure Time
Pain (+ to
+++++)

Position Blood loss Practical technique

Tendon transfer/repair Approx. 1 h ++
Supine (ruptured tendo-achi l les
—prone)

Ni l  wi th
tourniquet

LMA + GA with infi l tration of LA by
surgeon
Spina l  i f supine

ORIF of ankle fracture
Variable,
1.5–2 h

++/+++
Supine, occas ional ly on s ide or
prone

Ni l  with
tourniquet

If s tarved, LMA + GA; i f not RSI and
ETT +
GA
Spina l

Arthrodes is  of ankle joint 1.5–2 h +++ Supine
Ni l  wi th
tourniquet

LMA + GA with sciatic nerve block
or postop.
PCA
Spina l

Prosthetic replacement of
ankle joint

2 h plus ++/+++ Supine
Ni l  wi th
tourniquet

Sciatic nerve block with LMA + GA
Spina l
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Foot surgery
Genera l  principles

Most operations  are on the forefoot and toes , e.g. fi rs t metatarsa l  osteotomy, Kel ler's  operation for removal  of bunions , excis ion of
ingrowing toenai l s , and terminal i zation of toes . Other operations  are in the midfoot, such as  tendon transfers  and some osteotomies .
The patient population varies  and many are elderly. Those for terminal i zation of toes  may wel l  have concomitant problems such as
diabetes  and/or CVS disease.
Osteotomies  tend to be pa inful  postoperatively.
Surgica l  time i s  30 min to 1 h.
Many are done as  day cases  and require early ambulation and discharge with adequate pa in rel ief.
Many operations  are amenable to regional  anaesthes ia . Nerve blocks  make a  va luable contribution to postoperative analges ia ,
particularly in osteotomies  or excis ion of the na i l  bed, and promote early ambulation of day cases . However, onset time i s  relatively
long and they need to be performed a  ful l  40 min prior to surgery i f planned without supplementa l  GA. With experience this  can be
made to work wel l  but, for the less  experienced or i f the logis tics  do not a l low i t, i t i s  best to undertake them primari ly for
postoperative pa in rel ief in combination with LMA and GA.
Adrenal ine must not be used for ‘ring’ or ‘web-space’ blocks  and i s  best avoided in ankle blocks  i f periphera l  ci rculation i s  poor.
Breakthrough pa in from the tourniquet can be a  problem, especia l ly i f surgery i s  longer than 45 min. Place the tourniquet as  dis ta l ly as
poss ible to reduce this  effect.
Excis ion of the na i l  bed i s  pa inful  perioperatively and requires  a  relatively deep GA i f not supplemented with a  nerve block.

Technique

Regional  blocks  useful  for foot surgery include ring or web-space or ankle blocks  for toe surgery, ankle block for forefoot surgery and
sciatic nerve block for operations  on the midfoot. Most commonly these blocks  are performed for postoperative pa in rel ief and are
combined with GA.
An a l ternative in a l l  cases  i s  spina l  anaesthes ia .

Site Procedure
Time
(min)

Pain (+ to
+++++)

Position
Blood loss/X-
match

Technique

Toes Excis ion of na i l  bed, terminal i zation 30 min +++ Supine Ni l
Ring or toe web-block with sedation or
LMA/GA

Forefoot Tendon transfers 30–60 +/++ Supine Ni l
LMA/GA + loca l  infi l tration
Ankle block with sedation or LMA/GA

Forefoot
Fi rs t metatarsa l  osteotomy, Kel ler's  op. for
bunions

30–60 +++ Supine Ni l LMA/GA with ankle block or infi l tration

Midfoot Tendon transfers 30–60 + /++ Supine Ni l LMA/GA + loca l  infi l tration

Midfoot Osteotomy 30–60 +++ Supine Ni l LMA/GA ± sciatic nerve block at knee
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Spina l  surgery
Col in Berry
Defini tion

Surgery on the spina l  column between the atlanto-occipi ta l  junction and the coccyx.
May be performed by orthopaedic or neurosurgeons  depending on experti se.
Can be loosely divided into four categories :

decompress ion of the spina l  cord and nerves
stabi l i zation and correction of spina l  deformity
excis ion of spina l  tumours
trauma.

Genera l  principles

May be performed on patients  of a l l  ages  and a l l  s tates  of fi tness . Frequently includes  chi ldren for scol ios is  surgery, young and
middle-aged adults  for decompress ion surgery, and older patients  with degenerative bone and joint disease in need of s tabi l i zation.
Most procedures  are in the prone pos i tion a l though anterior and latera l  approaches  are used. Some procedures  wi l l  involve turning
the patient during the operation.
Airway access  wi l l  be l imited during surgery and so must be secure prior to s tarting.
Excess ive abdominal  or thoracic pressure due to incorrect patient pos i tioning may compromise venti lation and ci rculation. This  must
be corrected at the outset.
Surgica l  blood loss  can be cons iderable and di ffi cul t to control  due to di ffi cul t surgica l  access . Good vascular access , accurate
monitoring of fluid ba lance and sui table replacement fluids  must be establ i shed before surgery s tarts .
Long procedures  necess i tate active prevention of heat loss .
Assessment of spina l  function may be required during the procedure.

The prone pos i tion
A specia l ly des igned mattress  a l lowing unhindered movement of the abdomen and chest (e.g. a  Montrea l  mattress ) should be used to
minimize compl ications  as  outl ined below:

Turning the patient from prone to supine i s  a  team event and requires  formal  tra ining. The principle of ‘log rol l ing’ i s  used to avoid
applying twis ting forces  in the axia l  plane. This  i s  especia l ly important for the poorly supported cervica l  spine, which may be unstable
due to fractures  or degenerative disease. The surgeon should be present as  part of the team for this  manoeuvre.
Pressure on the abdomen appl ies  pressure to the diaphragm and increases  intrathoracic pressure, which in turn decreases  thoracic
compl iance. This  can lead to basa l  atelectas is  and the need for higher lung inflation pressures , particularly in obese patients .
P.489
Raised intra-abdominal  pressure a lso compresses  veins  and decreases  venous  return, which may resul t in hypotens ion or increased
venous  bleeding from the surgica l  s i te.
Accurate assessment of the ci rculation with invas ive arteria l  monitoring and an indwel l ing urinary catheter i s  recommended for a l l
major procedures .
Major spina l  surgery may be relatively contra indicated in obese patients  and those with severe cardiorespiratory disease.
Periphera l  pressure areas  are at particular ri sk in the prone pos i tion. Pi l lows  and s i l i cone pads  should be used judicious ly to protect
a l l  areas . Ensure that the breasts  and geni ta l ia  are not trapped. During long cases  i t may be necessary to move the patient's  l imbs  and
head every hour to avoid s tagnation of periphera l  blood and the development of pressure necros is . Pay particular attention to the
nose, chin, elbows, knees , and ankles .
The arms  are usual ly placed ‘above the head’ which puts  the brachia l  plexus  at ri sk of s tretching or being pressed aga inst the
mattress . Ensure that the axi l lae are not under tens ion after pos i tioning.

Anaesthes ia

Plans  for the recovery period should be made in advance and wi l l  be dictated by loca l  experience. Long cases , those involving
excess ive blood loss , and major paediatric cases  wi l l  need postoperative care in the HDU. Few patients  require postoperative
venti latory support.
Secure venous  access  i s  vi ta l . It may be di ffi cul t to access  the cannula  so an extens ion with a  three-way tap i s  recommended. Insert
two cannulas  i f access  i s  di ffi cul t, i f s igni ficant blood loss  i s  expected, or i f drug infus ions  are required during or after the procedure
(TIVA, PCA).
Choice of anaesthetic wi l l  be dictated by personal  experience but most wi l l  choose an intravenous  induction with muscle relaxation
and opioid supplementation. Both low-flow volati le anaesthes ia  and TIVA are frequently used. Short-acting agents  are preferred to
enable rapid assessment of neurologica l  function at the end of surgery.
If spina l  cord integri ty i s  at ri sk during surgery, i t may be necessary to use spina l  cord monitoring. This  i s  a  specia l i s t service provided
by a  neurophys iologis t but wi l l  require that muscle relaxation i s  a l lowed to wear off. It may be necessary to deepen anaesthes ia
during this  phase, but in rea l i ty this  i s  rarely a  problem. This  technique has  genera l ly superseded the ‘wake up test’ when patients
were woken in the middle of surgery and asked to perform s imple motor functions  before being reanaesthetized.
In patients  with paraplegia  or other large areas  of muscle denervation (2 days–8 months), suxamethonium should be avoided (p. 180).
Ai rway access  i s  l ikely to be l imited once the procedure has  s tarted, so secure ora l  endotracheal  intubation with a  non-kinking tube.
Patients  with unstable necks  due to trauma or rheumatoid arthri ti s  can be intubated us ing awake fibreoptic intubation or with manual
in-l ine s tabi l i zation depending on the degree of instabi l i ty. The tube should be moulded around the face with no bulky joints  adjacent
to the skin. A throat pack may be used to decrease the flow of secretions  onto the pi l low and the tube then secured with adhes ive tape
or fi lm. Attention to deta i l  and the use of padding i s  vi ta l  to ensure no pressure areas  can form.
P.490

Some centres  advocate sel f-pos i tioning by awake patients  in order to minimize pressure problems. Regional  anaesthes ia  with
intravenous  sedation without the need for a i rway support i s  then used.
Most patients  wi l l  be para lysed and venti lated for these procedures  with pos i tional  cons iderations  noted above. Check that
venti lation i s  adequate without excess ive inflation pressures  before surgery s tarts , as  the only recourse may be to return the patient to
the supine pos i tion during surgery i f problems develop. Check the pos i tion of the endotracheal  tube when the patient has  been
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turned.
Blood loss  may be s igni ficant, with venous  oozing proving hard to control . The use of cel l  sa lvage techniques  (see p. 917) i s  advisable
for long procedures  involving instrumentation of multiple levels . Al l  patients  should have samples  grouped and saved and more major
procedures  should have blood cross -matched even i f cel l  sa lvage i s  employed (see below).
Moderate hypotens ion may help to reduce bleeding.
Air embol ism is  a  potentia l  compl ication i f large veins  are exposed in under-fi l led patients . It may be hera lded by sudden
cardiovascular col lapse and loss  of the ETCO2 trace (see p. 418).
Prophylactic antibiotics  wi l l  be prescribed for any procedure involving instrumentation or bone grafting. This  wi l l  be dictated by loca l
pol icy.
The type of analges ia  required wi l l  vary depending on the magnitude of surgery. Minor procedures  (e.g. microdiscectomy) may manage
with NSAIDs  a lone in association with infi l tration of the s i te of operation with loca l  anaesthetic. Most procedures  wi l l  necess i tate
opioids . PCA morphine i s  effective after adequate intravenous  loading. The use of regional  analges ia  i s  encouraged where there i s  no
need to assess  neurologica l  function, and the use of epidura l  and paravertebra l  ana lges ia  i s  growing in populari ty for major
procedures  such as  correction of scol ios is . The catheter i s  usual ly placed by the surgeon at the end of the procedure and infus ions  of
loca l  anaesthetic or opiates  continued for severa l  days  postoperatively.
Effective analges ia  i s  particularly important for surgery to the thoracic spine where postoperative respiratory function wi l l  be
compromised i f ana lges ia  i s  inadequate. Cons ider us ing incentive spi rometry and chest phys iotherapy.

Summary of spinal surgery procedures

Operation Description
Time
(h)

Position Blood loss/X-match
Pain (+ to
+++++)

Notes

Discectomy or
microdiscectomy

Excis ion of herniated
intervertebra l  disc

1–2 Prone Not s igni ficant +/++
Microdiscectomy can be done as
day case

Cervica l
discectomy

Excis ion of herniated cervica l
intervertebra l  disc

2
Prone/head on
horseshoeor ha lo
traction pins

Not s igni ficant ++/+++
May be an emergency with
neurologica l  defici t

Spina l  fus ion ±
decompress ion

Correction of
spondylol i s thes is  or spina l
s tenos is  for pa in or instabi l i ty
—often severa l  levels

1–2
(then
1 per
level )

Prone
500–2000 ml , X-
match 4 uni ts

+++/++++
Usual ly elderly. May take bone
graft from pelvis . Meta l
instrumentation

Cervica l  fus ion ±
decompress ion

Fus ion of unstable neck (e.g.
arthri ti s , trauma)

2–3

Supine or prone.
Cervica l  traction in
place or appl ied at
s tart

300–1000 ml , G&S ++/+++

Neck can be very unstable and
need awake fibreoptic
intubation. Appl ication of
traction pins  very s timulating

Excis ion of
spina l  tumour
(e.g.
vertebrectomy)

Tumours  may be primary or
secondary from any part of the
spine

2–6+
Supine, prone or
latera l  ti l t

Potentia l ly mass ive,
X-match 6 uni t +
clotting factors
ava i lable

+++/++++
Often di ffi cul t surgery with
potentia l  for excess ive blood
loss  and neurologica l  damage

Operation Description
Time
(h)

Position
Blood loss/X-
match

Pain (+ to
+++++)

Notes

Kyphoscol ios is
surgery

Correction of major
spina l  deformities  in
patients  who may have
severe phys ica l
disabi l i ty

3–6+
Supine
and/or
prone

Potentia l ly
mass ive X-
match 6 uni ts  +
clotting factors
ava i lable

+++/+++++

Often in chi ldren which severe restrictive respiratory disease
and coexis ting abnormal i ties . May involve surgery in
abdominal  and thoracic cavi ties . Spina l  nerve monitoring
used in some centres . Mass ive instrumentation sometimes
used. May need postop. ICU for IPPV

Repair of
vertebra l
fracture

Repaired for
neurologica l  deficl t or
instabi l i ty

2–6
Supine
and/or
prone

500–2000 ml , X-
match 4 uni ts

++/++++
Often associated with other major injury (esp. rib fracture).
May be in ICU/IPPV. Neurologica l  defici t often not revers ible.
NB: suxamethonium may be contra indicated
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Shoulder surgery
Ia in Wi lson
Shoulder surgery i s  performed on a  range of patients  from fi t athletes  with recurrent dis location, to the severe rheumatoid with multiple joint
replacements  and severe systemic disease.
Genera l  cons iderations
Soft ti s sue operations  around the shoulder are often extremely pa inful . This  pa in i s  not predictable and may las t for severa l  days , a l though i t
i s  certa inly worst within the fi rs t 2 days .
Anaesthes ia

The patient i s  usual ly pos i tioned with the head dis ta l  to the anaesthetis t requiring particular attention to the securi ty of the a i rway. It
i s  often eas ier to intubate the patient (south-facing RAE or armoured tube) except for shorter procedures  where an LMA may be
sui table. Long venti lator and gas  sampl ing tubes  are required.
Venous  access  should be placed in the oppos i te arm (with a  long extens ion) or at the ankle/foot.
The patient may be placed supine with head up ti l t, la tera l , or in a  deckchair pos i tion. Repeated measurement of the blood pressure
wi l l  detect fa l l s  due to head up pos i tioning and some patients  require increments  of vasopressors  when pos i tioning. When us ing
steep head up ti l t in patients  with compromised cardiovascular function, change posture s lowly and cons ider di rect arteria l  pressure
monitoring.
When the patient i s  placed in the latera l  pos i tion the BP can be measured in the lower arm or in the ankle. When us ing ankle
pressure:

the cuff should be of the correct s i ze
a  control  measurement should be taken in the anaesthetic room and compared with the arm before induction of anaesthes ia
account should be taken of the di fference in vertica l  height from the blood pressure cuff to the head when estimating cerebra l
perfus ion pressure.

Al though blood loss  i s  rarely s igni ficant, patients  may be unable to take ora l  fluids  for some hours  postoperatively.
Regional  anaesthes ia  i s  a  useful  adjunct in shoulder anaesthes ia  and an intersca lene block i s  the method of choice (p. 1012).
Al though procedures  may be performed under regional  anaesthes ia  a lone, loca l  anaesthetic i s  more commonly used to supplement
genera l  anaesthes ia  and to provide postoperative analges ia . When planning an intersca lene block, inform the patient that thei r
whole arm may go numb, and that they may sense that ful l  inspi ration i s  not poss ible when they wake up (phrenic nerve para lys is ).
Intersca lene block i s  contra indicated in patients  with contra latera l  phrenic nerve/diaphragmatic pa lsy, or recurrent laryngeal  nerve
damage. Intersca lene catheters  can be used for prolonged postoperative analges ia .
When an intersca lene block i s  impractica l  infi l tration of loca l  anaesthetics  in reasonable quanti ties  by the surgeon may a lso provide
postoperative analges ia . This  i s  particularly effective in Bankarty's  and capsular shi ft operations .
P.494
For rotator cuff repairs  an epidura l  catheter, placed during surgery over the repair, can be used to supplement postoperative analges ia .
Regular boluses  (10 ml  0.25% bupivaca ine 2–4 hourly) appears  to work better than a  continuous  infus ion.
Potent analges ia  i s  often required for 1–2 days . The combination of PCA opioid/NSAIDs/paracetamol  i s  usual ly effective. Good posture
(s i tting up with the elbow supported on a  pi l low) i s  a l so important.
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Tota l  shoulder replacement
Ia in Wi lson

Procedure Prosthetic shoulder replacement

Time 2–3 h

Pain +++/++++

Pos i tion Supine, head up, or deckchair

Blood loss 250–500 ml

Practica l  technique ET + IPPV, intersca lene block

Preoperative

Many patients  are elderly, severe rheumatoid disease i s  common
Ask about respiratory function/reserve i f planning an intersca lene block (some diaphragmatic function wi l l  be lost for severa l  hours ).
Check the a i rway (particularly in rheumatoid arthri ti s ) and range of neck movement. Some patients  wi l l  need fibreoptic intubation.

Perioperative

Cons ider performing an intersca lene block before inducing anaesthes ia  (see p. 1012).
Measure blood pressure and place intravenous  infus ion on the oppos i te arm with a  long extens ion.
Intubate with a  preformed ‘south-facing’ ETT.
Hypotens ion i s  common when changing to head up pos i tion. Ephedrine (6 mg IV) i s  usual ly effective with fluid loading.
If intersca lene block has  been performed, anaesthes ia  i s  usual ly unremarkable. Sometimes  breakthrough s timulation occurs  during
the glenoid phase (a lso receives  fibres  from T2 which are not a lways  covered by the block).
If no intersca lene block, load the patient with morphine and ask the surgeon to infi l trate with loca l  anaesthetic (20–30 ml  of 0.25%
bupivaca ine).
Antibiotic prophylaxis .
Monitor neuromuscular function at the latera l  peroneal  nerve.

Postoperative

Pain i s  worst in the fi rs t 24 h postoperatively. PCA/intermittent morphine are usual ly sati s factory.
NSAIDs  are useful .

Specia l  cons iderations

Air/fat embol ism is  a  rare event.
In poor-ri sk patients  di rect arteria l  monitoring i s  advised.
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Ia in Wi lson
Other shoulder operations

Most shoulder surgery may be carried out us ing the anaesthetic guidel ines  above. Arthroscopic surgery i s  genera l ly less  pa inful  and
patients  get effective postoperative analges ia  i f the surgeon insti l s  10–20 ml  bupivaca ine 0.5% within the joint space at the end of
surgery.
Bankart's  and capsular shi ft operations  for recurrent dis locations  are more pa inful  for larger, muscular patients  but not genera l ly as
painful  as  cuff repairs  or open acromioplasties .
Mass ive cuff repairs  are often extremely pa inful  and an intersca lene block i s  useful . PCA should be cons idered and a  loading dose of
morphine should be adminis tered during surgery. Cons ider intersca lene catheter with infus ion of LA.
Pa in fol lowing any operation around the shoulder i s  unpredictable and some patients  who have had short procedures  suffer severe
pain for severa l  days . A flexible approach i s  required for analges ia .
Beware the pa in free patient fol lowing major shoulder surgery and connected to PCA morphine. When the regional  block wears  off,
effective analges ia  may take some time to establ i sh.

Other shoulder procedures

Operation Description
Time
(min)

Pain (+ to
+++++)

Position
Blood
loss

Notes

Shoulder cuff
repair

Repair of supraspinatus  tendon
60–
120

++/+++++
Latera l , supine, or
deck cha ir

ns
Cons ider catheter for LA
infi l tration/intersca lene block

Mass ive shoulder
cuff repair

As  above but more exters ive
120–
180

+++/+++++
Latera l , supine, or
deck cha ir

ns
Cons ider catheter for LA
infi l tration/intersca lene block

Subacromia l
decompress ion

Resection of acromion 60 ++/++++
Latera l , supine, or
deck cha ir

ns  

Mumford's
operation

Resection of acromioca lavicular joint 60 ++/++++
Latera l , supine, or
deck cha ir

ns  

Weaver–Dunn Re-forming acromio-clavicular joint 60 ++/+++ Supine ns  

Capsular shi ft Tightening of shoulder joint capsule 120 ++/+++ Supine ns  

Bankart's
procedure

Tightening of shoulder joint capsulre 120 ++/+++ Supine ns  

MUA for frozen
shoulder

MUA to release frozen shoulder
adhes ions

5 +/+++ Supine ns LA in shoulder joint effective

Ozaki  release
Open operation to release frozen
shoulder

30 +/+++ Latera l , supine ns  

Arthroscopic
surgery

Diagnostic, decompress ion,
acromioplasty, or shoulder cuff

30–
120

+/+++ Latera l , deck cha ir ns LA in shoulder joint effective

ns  = not s igni ficant
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Hand surgery
David Conn

Hand and wris t surgery i s  carried out on a  wide range of patients  from the chi ld with congenita l  defects  to the severe rheumatoid with
multiple medica l  problems.
The majori ty of hand surgery procedures  are sui table for loca l  anaesthes ia  day surgery as  the hand and wris t are relatively easy to
anaesthetize with loca l  or regional  techniques , providing intra- and postoperative analges ia . The option of genera l  anaesthes ia  or
additional  sedation i s  based on personal  preference and speci fic indications/contra indications .
Many anaesthetis ts  use GA and ei ther wris t block or surgica l  LA infi l tration very success ful ly.
An upper arm tourniquet i s  a lmost a lways  used for any type of hand surgery with the poss ible exception of surgery for vascular
insufficiency.
Some procedures  such as  carpal  tunnel  release or trigger finger release can be done under loca l  infi l tration a lone.
Intravenous  regional  anaesthes ia  (IVRA) i s  sui table for procedures  below the elbow of 30 min or less . It has  the disadvantage of not
having any postoperative analges ia . Pri loca ine i s  the agent of choice.
Loca l  anaesthetic injection into tight ti s sue planes  such as  the pa lm or carpal  tunnel  may be very pa inful . The pa in can be reduced by
warming the loca l  anaesthetic to body temperature and s low injection through a  fine needle.

Advantages  of regional  techniques  in hand surgery

Abi l i ty to avoid opioids  and deeper levels  of anaesthes ia  (or anaesthes ia  a l together) to faci l i tate early discharge from hospi ta l .
When prolonged analges ia  i s  required for postoperative phys iotherapy: axi l lary or infraclavicular brachia l  plexus  catheter techniques
are the eas iest and most rel iable for hand surgery.
When prolonged sympathectomy is  required fol lowing vascular anastamoses , e.g. finger reimplantation, free-flap recipient s i te, etc.
Paediatric upper l imb surgery i s  a  relative indication because of the excel lent postoperative analges ia .

Contra indications  to regional  anaesthes ia  in hand surgery

Lack of informed consent.
Anticoagulated or coagulopathy when the bleeding may compromise vascular or neurologica l  s tructures .
Where anaesthes ia  wi l l  abol i sh postoperative cl inica l  s igns  such as  compartment syndrome.
Infection over the s i te of needle insertion or mal ignant lymph nodes  in the axi l la  or supraclavicular area.

Tourniquet

Pos i tioning and duration of use wi l l  be an important determinant of whether the patient i s  able to tolerate regional  or loca l
anaesthes ia  a lone.
P.499
Patients  with a  good brachia l  plexus  block wi l l  usual ly tolerate 60 to 90 min of arm ischaemia.
A wris t tourniquet i s  sa id to be less  pa inful  than an arm tourniquet. If a  tourniquet time of greater than 90 min i s  planned then
s imultaneous  wris t and arm tourniquets  can be used. When i schaemic pa in becomes  a  problem the other tourniquet i s  inflated and
the origina l  one deflated.
Blood loss  i s  rarely a  cons ideration because of the use of the tourniquet.
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Anaesthes ia  for hand surgery
David Conn
Anaesthes ia  for hand surgery

Procedure Various—see table

Time 20 min–2 h

Pain +/+++

Pos i tion Supine, arm out on table

Blood loss Minimal

Practica l  technique Regional  analges ia  ± LMA and SV. Tourniquet

Preoperative

Ful l  assessment as  for GA, both because the patient may want a  GA and regional  anaesthes ia  may fa i l .
Patients  are often old, fra i l , and with systemic disease such as  rheumatoid arthri ti s .
Check that patients  can l ie flat for the proposed duration of operation, i f planned to be awake.
Assess  movement of the operative arm. Can the patient achieve the necessary pos i tion for regional  block or the surgery planned?

Perioperative

Make sure the patient's  bladder i s  empty!
Use ful l  monitoring whether or not GA/sedation i s  to be used.
Perform loca l  block with the patient awake or l ightly sedated.
Provide sedation or GA depending on safety and the patient's  wishes . Have equipment and drugs  ready to convert to sedation or GA i f
necessary during the operation.

Postoperative

Surgery involving soft ti s sues  and skin i s  genera l ly less  pa inful  than surgery to the bones  and joints .
NSAIDs  and paracetamol/codeine combinations  are usual ly adequate for the less  pa inful  procedures . Opioids  or regional  catheter
techniques  may be required for the more pa inful .

Specia l  cons iderations

Some patients  dis l ike the postoperative ‘dead arm’ after brachia l  plexus  block. Mid humeral  blocks  a l low the injection of di fferent
concentrations  and di fferent types  of loca l  anaesthetics  to be placed around di fferent proximal  nerves . This  di fferentia l  block a l lows
for recovery of movement and sensation in the non-operative area.
Intersca lene blocks  are poor for hand surgery, often miss ing the ulnar border i f not a l l  the hand.
P.501
Supraclavicular blocks  are rel iable, fas t-onset blocks  for the experienced practi tioner, but carry a  ri sk of pneumothorax and are not
sui table for day case patients .
Axi l lary blocks  are less  rel iable and s lower in onset. The musculocutaneous  nerve i s  missed in this  approach and must be blocked
separately i f innervating the s i te of surgery. The radia l  nerve may a lso be missed, as  i t l ies  latera l  to (behind) the radia l  artery in the
axi l la .
The abi l i ty to augment plexus  anaesthes ia  with elbow or wris t blocks  i s  essentia l  to improve success  rates .
Tourniquet pa in can be reduced by blocking the intercostobrachia l  nerve subcutaneous ly on the media l  aspect of the upper arm above
the level  of the tourniquet.
Adrenal ine-conta ining solutions  should be avoided near digi ts .

Other hand surgical procedures

Operation Description
Time
(min)

Pain (+
to
+++++)

Position
Blood
loss

Notes

Trigger finger
release and
carpal  tunnel
release

 5–15 +
Supine
with arm
abducted

Minimal
These procedures  can usual ly be carried out
under loca l  infi l tration anaesthes ia

Dupuytren's
contractures
(s imple)

Usual ly confined to ulnar border or ulnar
and median dis tribution. Usual ly less
than 30 min tourniquet time

<60 +
Supine
with arm
abducted

Minimal

GA with wris t block or infi l tration. Brachia l
plexus  block with upper arm tourniquet ± GA.
Quick procedure: wris t block with wris t
tourniquet

Dupuytren's
contracture
(complex)

Severe disease or redo procedure may
need skin grafting

60–
120

+
Supine
with arm
abducted

Minimal
Prolonged tourniquet time means  that a
brachia l  plexus  block or a  GA with loca l  bock
is  often required

Swanson's  joint
replacement

MP joint replacement usual ly for
rheumatoid

30
per
joint

++/+++
Supine
with arm
abducted

Minimal
Genera l ly fra i ler patients  with systemic
disease

Tenolys is ,
capsulotomies ,
tendon grafts

These procedures  may need patient
participation to assess  the adequacy of
the procedure

15–60 +/++
Supine
with arm
abducted

Minimal
If hand movement i s  required then any block
must be dis ta l . A wris t block with sedation i s
usual ly adequate

Digi t
reimplantation

Microvascular surgery Hours ++
Supine
with arm
abducted

Minimal
Regional  anaesthes ia  for the sympathectomy
is  helpful . A GA i s  usual ly required because
of the prolonged procedure.

Ulnar head Supine As  pa in i s  severe a  s ingle shot brachia l  block
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excis ion or
trapeziectomy

Surgery for wris t pa in in rheumatiod
disease

30–60 ++/+++ with arm
abducted

Minimal or catheter technique i s  idea l  with or without
a  GA

P.502

P.503

P.504

Further reading
Harrop-Gri ffi ths  W and Dwyer S (1999). Anaesthes ia  and analges ia  for shoulder arthroplasty. In Shoulder arthroplasty (eds . G. Walch and P.
Boi lean). Springer Verlag, Berl in.
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Genera l  principles
Airway safety dominates  a l l  other cons iderations  in ear, nose, and throat (ENT) surgery. The surgeon and anaesthetis t share the a i rway, with
access  for the anaesthetis t (both visua l  and phys ica l ) l imited by drapes  and instruments . The added problems of the underlying pathology
and bleeding into the a i rway during or after surgery may a lso endanger the a i rway.
Planning and communication are essentia l  to ensure that the techniques  and equipment used by the surgeon and anaesthetis t doveta i l  to
provide good conditions  for surgery whi l s t mainta ining a  safe, secure a i rway for the patient. Whenever a  problem with the a i rway i s  suspected
intra-operatively, correcting i t i s  the fi rs t priori ty and the surgery must s top to a l low this  to be done.
Despi te the widespread introduction of sophis ticated monitoring, many ENT anaesthetis ts  s ti l l  regard movement of the reservoir bag with
spontaneous  respiration as  an inva luable s ign of a i rway integri ty and favour this  anaesthetic technique accordingly. To achieve intubation for
spontaneous  respiration, suxamethonium produces  good conditions  most rel iably, but i ts  s ide-effects  can be troublesome, particularly
myalgia  in a  patient population where early ambulation i s  l ikely. Al ternatives  commonly used include mivacurium, propofol , a l fentani l
remifentani l  bolus  or deep inhalational  anaesthes ia .
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Airway management
Airway management during anaesthes ia

Tradi tional ly an endotracheal  tube (ETT) has  been used for the majori ty of ENT work, providing a i rway patency and protection from
aspiration of blood or surgica l  debris .
Many di fferent tubes  and connectors  have been des igned for this , but the most widely used now are the preformed RAE tubes ,
origina l ly described by Ring, Adair, and Elwyn.
For nasa l  and much ora l  surgery an ora l  (south-facing) RAE tube i s  used, a l though a  nasa l  tube (north-facing) a l lows  eas ier surgica l
access  to the ora l  cavi ty.
A recent trend has  been the use of the laryngeal  mask a i rway (LMA), usual ly of the reinforced, flexible type. It appears  to offer good
protection aga inst aspi ration of blood or surgica l  materia l  and avoids  many of the problems associated with tracheal  intubation.
However, surgica l  access  i s  restricted to a  somewhat greater degree and i t i s  more prone to displacement during surgery, with
potentia l ly catastrophic resul ts .

Ai rway management at extubation

Many ENT procedures  create bleeding into the a i rway. It i s  a  sens ible precaution to perform careful  laryngoscopy and suctioning before
extubation in a l l  cases  fol lowing intraora l  or nasa l  surgery, to ensure that the a i rway i s  clear of blood and any throat packs  removed.
Care must be taken not to traumatize any surgica l  s i tes  during suction.
One particular danger s i te for the accumulation of blood i s  behind the soft pa late in the nasopharynx. This  area  i s  not readi ly vi s ible
and blood pool ing here can be aspi rated fol lowing extubation, with fata l  resul ts  (“Coroner's  clot”). This  area  i s  best cleared ei ther by
us ing a  soft suction catheter via  the nose or by rotating a  Yankauer sucker so that i ts  angled tip i s  placed behind the uvula .
Irri tation of the larynx by blood or from recent instrumentation can lead to coughing or laryngospasm fol lowing extubation, particularly
in chi ldren.
The tradi tional  method for reducing this  i s  deep extubation, a  technique particularly sui ted to anaesthes ia  us ing spontaneous
respiration. Anaesthes ia  i s  deepened at the end of surgery by increas ing the concentration of volati le agent, whi l s t discontinuing
ni trous  oxide (to increase the oxygen s tore in the FRC).
After careful  suction a  Guedel  a i rway i s  inserted, the patient turned into the left latera l/head down (tons i l ) pos i tion and extubated
when respiration i s  regular. If turning the patient leads  to coughing or breath holding, wai t unti l  regular respi ration has  returned
before extubating. The patient must be kept in this  pos i tion unti l  a i rway reflexes  return. In smal l  chi ldren, the use of a  pi l low under
the chest may be eas ier to provide the necessary postura l  dra inage.
If suction of the a i rway i s  necessary during the early recovery period, this  can be done us ing a  catheter left just protruding from the
Guedel  a i rway on
P.508

continuous  low suction, taking care not to advance the catheter too far, which could lead to laryngospasm from i rri tation of the larynx.
The major ri sk of us ing deep extubation i s  that of a i rway compl ications  during the recovery phase, such as  obstruction, laryngospasm,
aspiration of blood, or even asphyxiation from large clots . If the technique i s  to be used, therefore, i t i s  essentia l  that high-qual i ty
recovery care i s  ava i lable.
The a l ternative to deep extubation i s  to extubate the patient after laryngeal  reflexes  have returned. This  approach, l ight extubation, i s
being used increas ingly and i s  the method of choice in patients  with a  di ffi cul t a i rway. Light extubation i s  better sui ted to an IPPV-
relaxant anaesthetic rather than a  spontaneous  breathing technique, which often leads  to a  substantia l  period of coughing and breath
holding during the emergence period before extubation.
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Preoperative a i rway obstruction
Assessment

Patients  with preoperative a i rway obstruction usual ly present for surgery ei ther to establ i sh the diagnos is  or to rel ieve the obstruction.
The most common level  for obstruction i s  the larynx, producing s tridor (high-pi tched, inspi ratory noise) and markedly reduced exercise
tolerance. Laryngeal  obstruction may be class i fied as  supraglottic, glottic, or subglottic.
In adults , tumours  are the commonest cause of upper a i rway obstruction, though haematoma or infection (including epiglotti ti s ) i s
a lso poss ible. In chi ldren, infection (croup/epiglotti ti s ) or foreign body i s  more l ikely.
Extreme a i rway obstruction wi l l  cause obvious  s igns  of respi ratory dis tress  at rest. Exhaustion and an obtunded level  of consciousness
are preterminal  s igns  and, i f present, immediate action must be taken to secure the a i rway.
With less  severe disease patients  can compensate for a i rway obstruction very effectively (particularly i f i t develops  s lowly) and
moderately severe obstruction can develop without gross  phys ica l  s igns  being present. Features  which may help to recognize a
substantia l  degree of upper a i rway obstruction include:

a  respiratory pattern with long, s low inspirations  (even at rest) and associated pauses  in speech
worsening s tridor during s leep (his tory from spouse/night nurs ing s taff) or exercise
quiet s tridor may be heard much more clearly as  a  transmitted sound on chest auscul tation.

Les ions  of the oropharynx may produce a i rway di ffi cul ties  during anaesthes ia , but rarely present as  a  l i fe-threatening a i rway problem
and their assessment i s  normal ly s tra ightforward during the preoperative examination. The important features  are the extent of
l imitation of mouth opening and tongue protrus ion, a long with the identi fi cation of any large masses  that may compromise the a i rway.
Other information to help the anaesthetis t assess  the a i rway may come from radiographs  (pla in fi lms  or CT/MRI) or an ENT cl inic
flexible or indi rect laryngoscopy.

Management

For the majori ty of patients  presenting with upper a i rway problems, surgery wi l l  be undertaken as  a  planned procedure, but emergency
intervention to secure the a i rway may be needed for l i fe-threatening a i rway obstruction.
In emergency cases , undue delays  in getting the patient to theatre must be avoided. Whi ls t theatre i s  being prepared hel ium can be
used by facemask to improve flow past the obstruction, i ts  low dens i ty being favourable for turbulent flow. Al though medica l  hel ium is
premixed with oxygen, the FiO2 i s  only 0.21 and additional  oxygen should be used via  a  Y connector. Hel ium should only be used i f i t i s
readi ly ava i lable and i ts  use must not delay the defini tive a i rway management in theatre.
P.510
The main problems for the anaesthetis t in securing a i rway access  are:

Pre-exis ting a i rway obstruction i s  l ikely to be worsened by lying the patient flat, by instrumenting the larynx, or by the use of
genera l  anaesthes ia  (whichever technique i s  used).
Identi fying the laryngeal  inlet may be di ffi cul t because of anatomica l  dis tortion (especia l ly with supraglottic les ions).
Severe s tenos is  may l imit intubation (particularly with mal ignant les ions  at a  glottic or subglottic level ).

There i s  l i ttle evidence to prove the benefi ts  of any one particular anaesthetic technique. However, the use of intravenous  induction
agents  or muscle relaxants  carries  the catastrophic ri sk of ‘can't intubate/can't venti late’ in a  patient unable to breath spontaneous ly.
The three main options  recommended for establ i shing secure a i rway access  are:

Tracheal  intubation under deep inhalational  genera l  anaesthes ia  us ing ha lothane or sevoflurane and di rect laryngoscopy.
Tracheal  intubation under loca l  anaesthes ia  us ing fibreoptic laryngoscopy.
Tracheostomy under loca l  anaesthes ia  (or under deep inhalational  genera l  anaesthes ia  with face mask or LMA in less  severe
cases).

Mason and Fielder1 reviewed the meri ts  of each technique for a i rway obstruction at di fferent levels , but none provides  a  certa in, safe, and
easy way to secure the a i rway and each represents  a  major cha l lenge to the ski l l s  of those involved.

The fina l  decis ion in each case wi l l  be s trongly influenced by the particular ski l l s  and experience of the anaesthetis t and surgeon
concerned.
In chi ldren, deep inhalational  anaesthes ia  i s  the only rea l i s tic option. Delays  in getting to theatre must be avoided because of rapid
and unpredictable decl ine in condition. To minimize upset in a  smal l  chi ld, IV cannulation should be delayed unti l  a fter induction,
which i s  usual ly best done with the chi ld s i tting, being comforted by a  parent. A moderate degree of CPAP i s  very effective at keeping
the a i rway patent as  anaesthes ia  deepens . Once deep, and i f s table, loca l  anaesthetic spray to the larynx can be helpful  in extending
the ava i lable time for laryngoscopy before a i rway reflexes  return. In epiglotti ti s , dis tortion of the epiglotti s  can make recognition of
the glotti s  very di ffi cul t; a  useful  a id i s  to press  on the chi ld's  chest and watch for a  bubble of gas  emerging from the larynx.
Whichever technique i s  used, a  ful l  range of equipment should be prepared, including di fferent laryngoscopes , cricothyroidotomy ki t,
and tubes  in various  s i zes . An endotracheal  tube kept on ice wi l l  be s ti ffer and may be useful  to get past an obstructing les ion.
If complete a i rway obstruction occurs  and a l l  conventional  attempts  to secure the a i rway fa i l , emergency surgica l  access  to the a i rway
is  the only option. Cricothyroidotomy is  preferable to tracheostomy for emergency a i rway access , as  i t i s  quicker to perform, more
superficia l , and less  l ikely to bleed (above the thyroid gland). (See p. 852).
In adults  awake fibreoptic intubation may be di ffi cul t with s tenotic les ions  as  the a i rway may be completely blocked by the scope
during the procedure.

Footnote
1

Mason RA, Fielder CP (1999). The obstructed a i rway in head and neck surgery. Anaesthes ia , 54, 625–8.
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Obstructive s leep apnoea and ENT surgery (see a lso p. 67)

Obstructive s leep apnoea (OSA)2 i s  the most common form of s leep apnoea syndrome. The a i rway obstructs  intermittently during s leep
because of inadequate muscle tone and coordination in the pharynx, the problem usual ly occurring in association with other factors
such as  obes i ty.
OSA may be encountered as  an incidenta l  feature in any setting, but in ENT patients  may speci fica l ly present for operations  to improve
known OSA.
In adults  surgery for OSA may include nasa l  operations  or uvulopalatopharyngoplasty (UPPP), a l though the role of UPPP in OSA i s
controvers ia l  as  i t may render the best treatment for OSA, nasa l  CPAP, less  effective in the long term.
In chi ldren OSA usual ly resul ts  from extreme adenotons i l lar hypertrophy, and adenotons i l lectomy is  performed to rel ieve this .3

Rather than the partia l  obstruction of s imple snoring, OSA produces  tota l  obstruction and repeated episodes  of hypoxia , leading to
arousa l  (though not awakening) and subsequent re-establ i shment of a i rway patency. Multiple episodes  can occur each night, with
oxygen saturation va lues  fa l l ing repeatedly to below 50% in severe cases .
The repeated interruptions  in normal  s leep pattern produce daytime lethargy and somnolence whi l s t the extens ive nocturnal  hypoxia
can lead to pulmonary or systemic hypertens ion with associated ventricular hypertrophy and cardiac fa i lure.
A careful  his tory (from the partner or parent) i s  the most va luable information ini tia l ly. In OSA snoring i s  interrupted by periods  of
s i lent apnoea broken by a  ‘heroic’ deep breath.
Sleep s tudies  reveal  the extent of apnoeas  and associated hypoxaemia  and wi l l  normal ly a l ready have been done in patients  with
known or suspected OSA. If the his tory unexpectedly gives  a  clear picture of OSA the patient should be referred for s leep s tudies
preoperatively unless  surgica l  urgency dictates  otherwise.
In chi ldren with suspected OSA, features  of chronic hypoxaemia  should be sought. These include polycythaemia  and right ventricular
s tra in (large P wave in leads  II  and V1, large R wave in V1, deep S wave in V6). If features  exis t, echocardiography and referra l  for s leep
studies  should be cons idered. In severe cases , corrective otolaryngologica l  surgery should be undertaken before unrelated elective
surgery.
Perioperatively the biggest danger i s  impairment of the respiratory drive and hypoxic arousa l  mechanisms  by the sedative action of
drugs  adminis tered, leading to worsening hypoxia .
P.512
Anaesthetic management i s  a imed at minimizing periods  of sedation and ensuring that venti lation and oxygenation are mainta ined
unti l  the patient i s  adequately recovered. Speci fic points  include:

Preoperative sedative drugs  should be avoided.
Intubation i s  usual ly not a  problem (particularly in chi ldren) unless  other factors  are a lso present.
Long-acting opioids  should be avoided i f poss ible. Use NSAIDs , paracetamol , or loca l  infi l tration where feas ible. Codeine
phosphate may be preferable to morphine.
When needed, long-acting opioids  should be given IV and ti trated careful ly aga inst response.
Close overnight monitoring (including pulse oximetry). Admiss ion to HDU or even ITU may be necessary.
For nasa l  surgery a  nasopharyngeal  a i rway can be incorporated into the nasa l  pack and left in place overnight.

Footnote
2

Loadsman JA, Hi l lman DR (2001). Anaesthes ia  and s leep apnoea. Bri ti sh Journal  of Anaesthes ia , 86, 254–66.
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Warwick JP, Mason DG (1998). Obstructive s leep apnoea syndrome in chi ldren. Anaesthes ia , 53, 571–9.
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Throat packs

A throat pack (wet gauze or tampons) i s  often used around the ETT/LMA to absorb blood that might otherwise pool  in the upper a i rway.
A throat pack i s  particularly useful  during nasa l  operations  where bleeding can be substantia l  and i s  not cleared during surgery.
The pack must be removed before extubation, as  i t can lead to catastrophic a i rway obstruction i f left. Various  systems can be used to
ensure removal :

Tie or tape the pack to the ETT.
Place an identi fi cation s ticker on the ETT or patient's  forehead.
Include the pack in the scrub nurse's  count.
Always  perform laryngoscopy prior to extubation.
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Nasa l  vasoconstrictors

Vasoconstriction i s  used to reduce bleeding in most nasa l  surgery. Coca ine (4–10%) and adrenal ine (1:100 000–1:200 000) are the most
commonly used agents , adminis tered by:

spray
paste/gel
soaked swabs
infi l tration (not coca ine).

The recommended maximum dose of coca ine i s  1.5 mg/kg, though when appl ied us ing swabs  higher doses  can be used as  absorption
is  only partia l . Sympathomimetic activi ty can resul t trans iently after coca ine absorption.
In 1947 Moffett described a  technique for bathing the nasa l  mucosa  with a  solution cons is ting of:

2 ml  coca ine 8%
1 ml  adrenal ine 1:1000
2 ml  sodium bicarbonate 1%.

Origina l ly the procedure was  done with the patient awake and adopting various  pos i tions . Moffett's  solution i s  s ti l l  used (with
assorted modi fications , e.g. coca ine 10% and bicarbonate 8.4%), though normal ly after induction and appl ied ei ther on swabs  or
prepared as  a  gel  with K-Y Jel ly.
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Laser surgery of the upper a i rway
(See a lso p. 653—anaesthes ia  for laser surgery.)

The use of a  CO2 laser may provide advantages  for some types  of ENT surgery by reducing bleeding or destroying tumour cel l s  or vi ruses
(such as  papi l loma vi rus ). The intense heat generated, however, may igni te any combustible materia l  such as  PVC or rubber
endotracheal  tubes .
Techniques  ava i lable are:

Laser-proof tubes : speci fic tubes  (fleximeta l l i c or non-combustible coating) or reflective foi l  wrap on a  regular tube (careful ly
appl ied to the part of tube at ri sk of exposure to laser).
No tube (idea l  for laryngeal  les ions), us ing jet venti lation or highfrequency jet venti lation through a  surgica l  laryngoscope.

For laryngeal  les ions  in chi ldren use deep inhalational  anaesthes ia  with ha lothane by facemask plus  LA spray to larynx.
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Grommet insertion

Procedure Myringotomy and grommet insertion, usual ly bi latera l

Time 5–15 min

Pain +

Pos i tion Supine, head ti l ted to s ide, head ring

Blood loss Ni l

Practica l  technique FM or LMA, SV

Preoperative

Usual ly chi ldren (1–8 years ) and day case i f i t i s  the sole procedure.
Repeated ear infections  therefore check for recent upper respiratory tract infection.

Perioperative

A face mask i s  sui table i f the surgeon i s  happy to work round the anaesthetis t, but an ass is tant i s  needed to adjust the vaporizer, etc.
Insert a  Guedel  a i rway before draping and ensure that the reservoir bag i s  vi s ible at a l l  times  (a  T-piece i s  idea l  i f a  face mask used).
The LMA is  increas ingly used.
Tape the eyes .

Postoperative

PRN paracetemol  or diclofenac ora l/PR—many need no analges ia .

Specia l  cons iderations

If the a i rway i s  not easy with FM, change early to LMA.
Reflex bradycardia  i s  occas ional ly seen related to partia l  innervation of the tympanic membrane by the vagus .
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Tons i l lectomy/adenoidectomy – chi ld

Procedure Excis ion of lymphoid ti ssue from oropharynx (tons i l s ) or nasopharynx (adenoids )

Time 20–30 min

Pain ++

Pos i tion Supine, pad under shoulders , head ring, Boyle–Davis  gag with spl i t blade

Blood loss Usual ly smal l , but can bleed postoperatively

Practica l  techniques
South-facing preformed ETT, SV, or IPPV
Reinforced LMA, SV, or IPPV (but see below)
The tube i s  pos i tioned in the centra l  groove of the blade of a  Boyle–Davis  gag

Preoperative

Take a  careful  his tory to exclude OSA (see p. 511) or active infection.
Check for loose teeth.
Topica l  loca l  anaesthes ia  on hands  (mark s i tes  of veins ).
Obta in consent for PR analges ia .

Perioperative

IV induction and intubation us ing a  relaxant of choice or inhalational  induction with sevoflurane, with intubation ei ther under deep
inhalational  anaesthes ia  or us ing a  relaxant.
Inhalational  induction may be awkward due to the nasopharynx being blocked by the adenoids—a Guedel  a i rway i s  useful .
Rel iable IV access  i s  essentia l , though IV fluids  are not necessary routinely.
Use an uncuffed ora l  tube secured in midl ine, no pack (obscures  surgica l  field).
Tape the eyes .
Meticulous  care i s  needed to ensure that the a i rway i s  not obstructed or displaced by the surgeon intra-operatively, particularly after
insertion or opening of the Boyle–Davis  gag.
A T-piece i s  idea l , but ensure that the reservoir bag i s  not covered so movement can be clearly seen at a l l  times .
Analges ia  with diclofenac PR, morphine or pethidine IV/IM.
Ensure careful  suction (under di rect vi s ion) to clear the oropharynx and nasopharynx of blood at the end of the case.
Insert a  Guedel  a i rway and extubate left latera l/head down (tons i l  pos i tion).

Postoperative

Keep the patient in the tons i l  pos i tion unti l  a i rway reflexes  return.
Deep extubation minimizes  coughing/laryngospasm and lessens  the ri sk of bleeding. Careful  pos i tioning i s  vi ta l  to prevent aspi ration
of blood whi ls t
P.518

sti l l  deep. Ai rway problems can occur during emergence, however, and high-qual i ty recovery care i s  therefore essentia l  i f this
technique i s  used.
Analges ia  with PRN paracetemol  or diclofenac ora l/PR, morphine or pethidine IV/IM.
Leave the IV cannula  in place (flushed with sa l ine) in case of bleeding.

Specia l  cons iderations

Bl ind pharyngeal  suction with a  rigid sucker may s tart bleeding from the tons i l  bed and should be avoided.
Use of NSAIDs  probably increases  bleeding s l ightly (antiplatelet effect), but the cl inica l  importance i s  doubtful .
Loca l  anaesthetic infi l tration of the tons i l  bed has  been used by some.
Beware continual  swal lowing in recovery, a  s ign of bleeding from the tons i l /adenoid bed.
In sui table ci rcumstances , adenoidectomy a lone can be done on a  day case bas is , wi th the parents  careful ly educated to recognize
s igns  of bleeding and able to return quickly in this  event. Tons i l lectomy has  a lso been done as  a  day case, but the potentia l ly
catastrophic consequences  of unrecognized bleeding are l ikely to l imit enthus iasm for this .

Variant Creutzfeldt-Jakob disease

Prions , which accumulate in lymphoid ti ssue such as  the tons i l s  and adenoids , are not rel iably destroyed during s tandard methods  of
surgica l  s teri l i sation.
Inter-patient transmiss ion of prion-borne conditions , including variant Creutzfeldt-Jakob disease (vCJD), via  theatre equipment
contaminated during tons i l lectomy/adenoidectomy is  therefore a  poss ible ri sk, a l though genera l ly perceived to be smal l .
To address  this , in January 2001 the UK Department of Heal th i s sued guidel ines  that a l l  relevant surgica l  and anaesthetic equipment
used for tons i l lectomy/adenoidectomy should be disposable, including laryngoscope blades  and laryngeal  mask a i rways  (revoked Dec.
2001).
It seems sens ible, however, to avoid use of the LMA, and uti l i ze a  s tandard disposable ora l  RAE endotracheal  tube.

Bleeding after adenotons i l lectomy

May be detected in recovery or many hours  later.
Blood loss  may be much greater than readi ly apparent (swal lowed blood).
A senior anaesthetis t must be involved.
Problems include:

hypovolaemia
risk of aspi ration (fresh bleeding and blood in s tomach)
di ffi cul t laryngoscopy because of a i rway oedema and blood
res idual  anaesthetic effect.
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Resusci tate before induction, check Hb (Haemocue® ideal ), cross -match, and give blood as  needed. Be aware that an early Haemocue®
wi l l  fa l l  as  IV fluids  are given.
P.519

Options  are:
Rapid sequence induction: enables  quick intubation to protect the a i rway, assuming that the glotti s  i s  readi ly recognized at
laryngoscopy.
Inhalational  induction left latera l/head down: a l lows  time for laryngoscopy, but i s  an unfami l iar technique to many.

Use a  wide-bore gastric tube to empty the s tomach after the bleeding point has  been s topped.
Extubate when ful ly awake.
Extended s tay in recovery for close monitoring.
A nasopharyngeal  pack i s  occas ional ly needed (secured via  tapes  through the nose) i f bleeding from the adenoids  cannot otherwise
be control led. This  i s  usual ly very uncomfortable–the patient may need midazolam/ morphine to tolerate i t.
Check postoperative Hb.

Tons i l lectomy in adults
As  for a  chi ld, except:

A nasa l  tube i s  preferred by some surgeons .
The procedure i s  usual ly more pa inful  in an adult postoperatively–give morphine in theatre.
The IPPV-relaxant technique i s  used more commonly. Mivacurium is  useful  with a  quick surgeon.
A preoperative ora l  NSAID avoids  suppos i tory use.
Occas ional ly patients  present with a  peri tons i l lar abscess  (quinsy). This  i s  now normal ly treated with antibiotics  and tons i l lectomy
performed later. If dra inage i s  essentia l  because of a i rway swel l ing, i t i s  usual ly aspi rated with syringe and large needle under LA
infi l tration or refrigeration anaesthes ia .
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Myringoplasty

Procedure Reconstruction of perforated tympanic membrane with autograft (usual ly tempora l i s  fascia)

Time 60–90 min

Pain +/++

Pos i tion Supine, head ti l ted to s ide, head ring, head-up ti l t

Blood loss Minimal

Practica l  techniques
South-facing preformed ETT, SV, or IPPV.
LMA (usual ly reinforced), SV, or IPPV

Preoperative

Usual ly young, fi t patients .

Perioperative

Tape the eyes .
Ensure coughing i s  avoided during surgery: LA spray to the larynx, monitor the neuromuscular block i f an IPPV-relaxant technique i s
used.
A dry field improves  the surgica l  view, though this  i s  not as  important as  for s tapedectomy—avoiding hypertens ion and tachycardia ,
and a  head up ti l t are normal ly sufficient.
A routine anti -emetic i s  useful .

Postoperative

PRN paracetemol  or diclofenac ora l/PR; may need morphine.
PRN anti -emetic.

Specia l  cons iderations

Use of N2O may lead to di ffus ion into the middle ear and a  ri sk of the graft l i fting off. Advances  in surgica l  technique have made this
less  important. Discuss  with the surgeon.
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Stapedectomy/tympanoplasty

Procedure Excis ion/reconstruction of damaged middle ear s tructures

Time 2–4 h

Pain +/++

Pos i tion Supine, head ti l ted to s ide, head ring, head up ti l t

Blood loss Minimal

Practica l  techniques
South-facing preformed ETT, SV, or IPPV
LMA (usual ly reinforced), SV, or IPPV
Arteria l  l ine sometimes  used

Preoperative

Patients  are usual ly young and fi t.
Avoid the patient arriving anxious  and tachycardic by us ing adequate sedative premedication. Adding ora l  beta-blocker to the
premedication may be helpful  (atenolol  25–50 mg)—clonidine has  a lso been used.
Check for hypertens ion or other cardiovascular disease, as  these wi l l  l imit the degree to which arteria l  BP can be lowered.

Perioperative

A bloodless  surgica l  field enables  surgery to proceed with greater accuracy. Use s imple measures  fi rs t: smooth induction, potent
opioid preinduction and ensure that coughing at intubation i s  avoided (LA spray to the larynx i s  helpful ).
If an IPPV-relaxant technique used, monitor the neuromuscular block to ensure that coughing i s  avoided during surgery.
Venous  oozing i s  reduced by the head up ti l t. Use of SV lowers  the intrathoracic and therefore the venous  pressures , but may be at the
expense of ra ised PaCO2.
If the surgica l  field i s  compromised by bleeding, despi te s imple measures , bleeding can be reduced by lowering arteria l  BP or heart
rate, though i f arteria l  BP a lone i s  reduced, compensatory tachycardia  may negate the benefi t on the surgica l  field.
Give a  beta-blocker ini tia l ly (IV increments  of propranolol  1 mg, metoprolol  1 mg, or esmolol  infus ion) to reduce the heart rate to <60
beats/min, then use a  vasodi lator (i soflurane, hydra lazine, phentolamine, SNP) to keep the mean arteria l  BP to 50–60 mmHg (in
otherwise heal thy patients ). Al ternatively labeta lol  (combined a lpha/beta-blocker, 5 mg increments ) can be used, though this  gives
less  individual  control  of heart rate and BP.
An arteria l  l ine i s  s trongly advised i f cardiovascular disease i s  present or very potent vasodi lators  (SNP) are used. Adjust the pos i tion
of the transducer
P.522

to level  of heart, though head up ti l t wi l l  further reduce perfus ion pressure to the head.
Tape the eyes .
Give an anti -emetic routinely—prochlorperazine/cycl i zine/ ondansetron.

Postoperative

Give a  regular anti -emetic for 24–48 h.
PRN paracetemol  or diclofenac ora l/PR; may need morphine.

Specia l  cons iderations

N2O di ffus ion into the middle ear may dis rupt surgery, though this  i s  less  important than in myringoplasty. If avoidance requested, can
sti l l  be used unti l  20 min before the end of the case, then discontinued.
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Nasa l  cavi ty surgery

Procedure Submucous  resection (SMR) of septum, septoplasty, turbinectomy, polypectomy, antra l  washout

Time 20–40 min

Pain +/++

Pos i tion Supine, head ring, head up ti l t

Blood loss Usual ly minor

Practica l  techniques
South-facing preformed ETT, SV, or IPPV
LMA (usual ly reinforced), SV, or IPPV
Throat pack

Preoperative

Obstructive a i rways  disease i s  often associated with nasa l  polyps .
Frequently a  combination of above procedures  i s  performed.

Perioperative

Face mask venti lation often needs  a  Guedel  a i rway due to a  blocked nose.
A nasa l  vasoconstrictor i s  usual ly appl ied (LA + adrenal ine infi l tration, coca ine spray/paste, or Moffett's  solution).
Leave eyes  untaped for polypectomy (the optic nerve can be close and the surgeon needs  to check for eye movement).
Suck out the pharynx (particularly “Coroner's  clot” behind the soft pa late) before extubation.

Postoperative

Pos i tion should be left latera l/head down with the Guedel  a i rway in place unti l  a i rway reflexes  return.
Analges ia  with PRN paracetemol  or diclofenac ora l/PR; may need morphine.
The nose i s  usual ly packed producing obstruction of the nasa l  a i rway—if this  i s  dis turbing to the patient, or in cases  of OSA, a
nasopharyngeal  a i rway can be left in overnight with a  smal l  pack placed around i t.
Si t up as  soon as  awake to reduce bleeding.

Specia l  cons iderations

Leave the IV cannula  in overnight, as  can bleed postoperatively.
Septa l  correction can be done in combination with rhinoplasty (septorhinoplasty).
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Microlaryngoscopy

Procedure Examination of larynx us ing operating microscope (+ excis ion/biopsy)

Time 10–30 min

Pain +

Pos i tion Supine, pad under shoulders , head extended

Blood loss Ni l

Practica l
techniques

Microlaryngeal  tube and conventional  IPPV
TIVA and jet venti lation us ing Sanders  injector (O2 + entra ined a i r) via  a  specia l  injector needle attached to the operating
laryngoscope, a  semirigid tracheal  catheter, or a  cricothyroidotomy needle/cannula

Venti lation during microlaryngoscopy
Microlaryngeal  tube and conventional  IPPV

A microlaryngeal  tube i s  a  long 5.0 mm ETT with a  high-volume/lowpressure cuff.
Enables  maintenance of anaesthes ia  with inhalational  agents .
Offers  protection aga inst aspi ration of blood/surgica l  debris  into the lungs  but does  restrict the surgeon's  view of larynx somewhat.
IPPV i s  necessary because of the high res is tance of the microlaryngeal  tube. Use long, s low inspiratory settings  on the venti lator to
provide adequate tida l  volumes .
The inflation pressure in ci rcui t wi l l  be high due to ETT res is tance, but the patient's  a i rway pressures  dis ta l  to the tube should be
lower.

Jet venti lation

Venti lation achieved us ing a  Sanders  injector (O2 + entra ined a i r) via :
Injector needle attached (by a  smal l  screw clamp) to the proximal  end of the operating laryngoscope and venti lation s tarted
when correctly a l igned with the larynx. Various  needle s i zes  are ava i lable with di fferent flow rates . This  technique i s  not
sui table i f a  good view of larynx i s  unobta inable and has  the disadvantage of blowing debris/smoke into trachea with
venti lation.
Semirigid tracheal  catheter (ordinary suction catheter not sui table) with a  tip placed mid-way down the trachea. Specia l
catheters  are ava i lable with a  gas  sampl ing port or made from laser-proof materia l .
Cricothyroidotomy needle/cannula  placed through the cricothyroid membrane under LA before induction and a imed towards  the
carina. Severa l  di fferent vers ions  are ava i lable commercia l ly; a l ternatively a  Tuohy needle has  been used. There i s  the ri sk of
gas  being injected into ti ssues  i f the needle i s  displaced.
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Induce in theatre or use a  microlaryngeal  tube ini tia l ly then remove i t and change to jet venti lation when a l l  i s  ready in theatre
(the latter technique not poss ible i f us ing a  cricothyroidotomy needle).
Ensure that the anaesthetic machine in theatre i s  s i tuated to enable easy FM venti lation at induction/recovery.
TIVA i s  needed for maintenance (propofol  infus ion).
Venti late us ing a  normal  respi ratory rate and adjust inspi ratory flow (a l ter injector settings  or change needle s i ze) to that which
produces  a  s imi lar degree of chest expans ion to conventional  venti lation. Accurate assessment of flows/pressures  i s  not easy
during jet venti lation. Barotrauma is  a  potentia l  ri sk.
Venti lation should be s topped intermittently whi l s t surgica l  work i s  being done.
The main advantage of jet venti lation i s  the minimal  obstruction to the surgica l  view.
At the end of the case, ei ther continue jet venti lation unti l  spontaneous  venti lation i s  re-establ i shed or discontinue and
venti late by face mask or LMA unti l  spontaneous  venti lation recommences .

Preoperative

Patients  are usual ly smokers  and often elderly; CVS/RS problems are common.
Careful ly assess  the a i rway for evidence of obstruction. His tory, examination, ENT cl inic assessment, pla in fi lms , and CT scan may a l l
help, but i f any degree of s tridor i s  present the obstruction must be substantia l  (see p. 509).
Ensure that a l l  equipment i s  ready before induction, including a  cricothyroidotomy ki t, and that surgeon i s  ava i lable for emergency
tracheostomy i f required.

Perioperative

If a i rway obstruction i s  suspected, secure the a i rway ini tia l ly us ing the principles  described on p. 509.
Tape the eyes .
Short-acting opioids  (a l fentani l , remifentani l ) attenuate the hypertens ive response during surgery, which can be profound.
Muscle relaxation i s  usual ly essentia l : mivacurium or intermittent suxamethonium (glycopyrrolate/atropine to prevent bradycardia
with the second dose of suxamethonium).
LA spray to the larynx reduces  the ri sk of laryngospasm, though a i rway protection wi l l  be impaired, so recover in the left latera l , head
down pos i tion.

Postoperative

Analges ia  with PRN paracetemol  or diclofenac ora l/PR.
May develop s tridor postoperatively from oedema of an a l ready-compromised a i rway—dexamethasone 8–12 mg IV i s  sometimes  used
to prevent oedema.

Specia l  cons iderations

Jet venti lation i s  preferable i f laser work i s  planned.
P.526
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Microlaryngoscopy can be used to inject inert materia l  (Teflon) into para lysed voca l  cords  to improve phonation, though this  can lead
to a i rway obstruction i f i t i s  overdone.
High-frequency jet venti lation has  been used, though i t i s  complex and the venti lation i s  not easy to assess .
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Tracheostomy

Procedure Insertion of a  tracheal  tube via  neck incis ion

Time 20–30 min

Pain +/++

Pos i tion Supine, pad under shoulders , head ring, head up ti l t

Blood loss Normal ly smal l , though can bleed from thyroid vessels

Practica l  techniques
IPPV, ETT with tubing going ‘north’, changed to tracheostomy tube during case
LMA i f a i rway i s  not a  problem, IPPV or SV
Can be done under LA

Preoperative

Most tracheostomies  are done for long-term ITU venti lation or a i rway obstruction.
Patients  from the ITU wi l l  a lmost certa inly a l ready be intubated. If venti lation i s  di ffi cul t and oxygenation cri tica l , set up the ITU
venti lator in theatre, us ing TIVA rather than inhalational  agents .
If tracheostomy is  for a i rway obstruction, the principles  described on p. 509 should be used to secure a i rway access .
Ensure a l l  equipment i s  ready before induction, including a  cricothyroidotomy ki t, and that the surgeon i s  scrubbed and ready for
emergency tracheostomy i f required.

Perioperative

When the trachea i s  incised, the ETT i s  withdrawn and a  tracheostomy tube inserted by the surgeon under di rect vi s ion.
Secure the ETT with tape in such a  way as  to a l low easy removal  during the case, and fix the pi lot cuff so i t i s  readi ly access ible.
Aspirate the nasogastric tube (i f present) and clear the oropharynx of secretions  before draping.
Tape and pad the eyes .
Drape the patient to a l low the anaesthetis t access  to the ETT for tube change.
Long tubing i s  needed for the breathing ci rcui t and gas  sampl ing.
Before changing to the tracheostomy tube, preoxygenate for 3–4 min (increas ing volati le agent as  necessary) and check that the
neuromuscular blockade i s  adequate.
Ensure that the scrub nurse has  the correct tracheostomy tube and s teri le catheter mount.
P.528

Deflate the ETT cuff before the surgeons  incise the trachea, so that i t can be reinflated and venti lation continued i f problems occur.
Withdraw the ETT s lowly into the upper trachea (do not remove i t from the trachea unti l  the tracheostomy is  secure and certa in) and
connect the breathing ci rcui t to the new tracheostomy tube via  a  s teri le catheter mount.
Beware a  fa lse passage created during tracheostomy tube insertion, especia l ly in obese patients . Check the pos i tion with capnography
or fibreoptic endoscopy i f in any doubt.
If problems occur, remove the tracheostomy tube and advance the ETT back down the trachea.

Postoperative

Give regular suction to the new tracheostomy (blood, secretions).
Humidi fy the inspi red gases .
Analges ia  in recovery with diclofenac PR or morphine IV. Usual ly l i ttle analges ia  i s  required thereafter.
A new tracheostomy often produces  protracted coughing—morphine, benzodiazepines , or low-dose propofol  are useful  for control .
Give an anti -emetic as  required.
If the tube comes  out, reinsertion can very di ffi cul t in the fi rs t few days—oral  endotracheal  intubation i s  often more practica l . Two
retraction sutures  left in the tracheal  incis ion are useful  for identi fying and opening the s toma.

Specia l  cons iderations

Can be done under LA, though this  i s  di ffi cul t in a  dyspnoeic, s truggl ing patient.
In ITU the procedure i s  now commonly done percutaneous ly us ing a  di latational  technique.
Tracheostomy is  not the idea l  route of approach for emergency a i rway access . Cricothyroidotomy is  more access ible and less  l ikely to
bleed.
An LMA can be used i f tracheostomy is  being done at s tart of a  larger procedure and the upper a i rway i s  normal .
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Laryngectomy

Procedure Excis ion of larynx (epiglotti s  and glotti s )

Time 3–4 h

Pain ++

Pos i tion Supine, pad under shoulders , head ring, head up ti l t

Blood loss Moderate to substantia l ; cross -match two to four uni ts

Practica l  techniques
IPPV, ETT with tubing going ‘north’, changed to tracheostomy tube during case
Arteria l  l ine, urinary catheter, CVP l ine i f surgery l ikely to be long/compl icated or i f indicated by cardiac disease

Preoperative

Some degree of a i rway obstructionis  l ikely, though the patient wi l l  probably have had recent GA (for diagnos is ) to guide a i rway
management. Beware a  worsening a i rway i f some time has  elapsed.
If no recent GA, assess  the a i rway as  for microlaryngoscopy.
Patients  are usual ly smokers ; CVS/respiratory system problems and malnutri tion are common.
The impl ications  of waking up with tracheostomy (communication di ffi cul ty, clearance of secretions , coughing produced by
tracheostomy tube) must be made clear to the patient preoperatively. The speech therapis t wi l l  do much of this .

Perioperative

Tape and pad the eyes  and protect pressure points  with padding.
Insert a  fine-bore feeding tube at induction and fix securely (can be sutured to the nasa l  septum).
Use a  warming blanket, humidi fier, and fluid warmer.
Long tubing i s  needed for the breathing ci rcui t and gas  sampl ing.
Substantia l  blood loss  can accumulate under drapes  at the back of the neck and may not be apparent unti l  the end of the case.
For CVP access , a l l  neck l ines  hinder surgery (though the subclavian can be used); the antecubita l  fossa  or femoral  are normal  routes .
Antibiotic prophylaxis  i s  needed for at least 24 h.
When changing to a  tracheostomy tube, see the precautions  as  for tracheostomy, though an ‘end-stoma’ i s  created making tracheal
access  easy and rel iable.
A long tube (armoured or specia l  preformed) i s  useful  via  tracheostomy to enable the surgeon to work around the new stoma—beware
endobronchia l  intubation.
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Postoperative

HDU care i s  idea l . Humidi fy inspi red gases .
Give regular suction to the new tracheostomy (blood, secretions).
A new tracheostomy often produces  protracted coughing—morphine, benzodiazepines , or low-dose propofol  are useful  to control  this .
Analges ia  with PRN diclofenac PR, morphine IV/IM. Sui table for PCA, a l though analges ic requirements  are surpris ingly low normal ly.
Paracetamol  suspens ion (via  a  nasogastric tube) i s  often useful  a fter the ini tia l  postoperative period.
Give an anti -emetic as  required.

Specia l  cons iderations

Beware of a i r embol i  during dissection—early detection i s  by sudden fa l l  in the ETCO2 level .
Previous  laryngectomy patients  presenting for surgery need specia l  management to venti late via  the s toma. Use a  paediatric facemask
turned through 180°, an LMA appl ied to the neck, or intubate awake after spraying the tracheal  s toma with LA. Insertion of a
tracheostomy tube after laryngectomy is  usual ly easy, though check the s toma for s tenos is  or tumour recurrence and a lways
preoxygenate.
Partia l  laryngectomy, with laryngeal  reconstruction and temporary tracheostomy, i s  favoured by some as  an a l ternative to radiotherapy
in early laryngeal  tumours .
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Radica l  neck dissection

Procedure Excis ion of s ternomastoid, internal , and external  jugular veins  and associated lymph nodes

Time 2–4 h

Pain ++

Pos i tion Supine, pad under shoulders , head on ring ti l ted to s ide, head up ti l t

Blood loss Moderate to substantia l , cross -match two to four uni ts

Practica l  techniques
IPPV, ETT with tubing going ‘north’
Arteria l  l ine, urinary catheter, CVP l ine i f surgery i s  l ikely to be long/compl icated or i f indicated by cardiac disease

Preoperative

Assess  the a i rway careful ly as  there may be an associated head and neck tumour or previous  major surgery.
Often done in conjunction with another procedure such as  laryngectomy.

Perioperative

Tape and pad the eyes  and protect pressure points  with padding.
Use a  warming blanket, humidi fier, and fluid warmer.
Insert a  urinary catheter i f the procedure i s  l ikely to be of long duration.
Long tubing i s  needed for the breathing ci rcui t and gas  sampl ing.
Large bore IV cannula—can bleed briskly from large neck vessels .
Substantia l  blood loss  can accumulate under the drapes  at the back of the neck and not be apparent unti l  the end of the case.
For CVP access , use the femoral  or subclavian vein or the antecubita l  fossa  on the oppos i te s ide from surgery (an antecubita l  l ine on
the same s ide can enter the neck vein and become transfixed by the surgeon). Head and neck venous  dra inage postoperatively i s  via
the jugular veins  on the oppos i te s ide. To avoid poss ible compromise of flow, they should be avoided for cannulation.

Postoperative

Venous  dra inage from the head and neck i s  markedly impaired by removal  of the jugular vein. Head and neck oedema may resul t for
severa l  days . Keep the head up as  much as  poss ible and avoid excess ive IV fluid adminis tration.
Analges ia  with PRN paracetemol  or diclofenac ora l/PR, morphine IV/IM. Surpris ingly low analges ic requirements  normal ly.
Give an anti -emetic as  required.

P.532

Specia l  cons iderations

Beware of a i r embol i  during dissection—early detection i s  by sudden fa l l  in the ETCO2 level
Surgica l  manipulation of the carotid s inus  can produce unexpected bradycardia .
If neck dissection has  previous ly been done on the other s ide, oedema is  usual ly worse and can include the bra in. Dexamethasone 8–
12 mg IV preoperatively (then 4 mg IV 6–hourly) i s  used by many to reduce this .
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Parotidectomy

Procedure Excis ion of parotid gland, usual ly preserving the facia l  nerve

Time 2–5 h

Pain ++

Pos i tion Supine, head ring, head ti l ted to s ide and moderately extended, head up ti l t

Blood loss Usual ly smal l  to moderate, G&S. Greater for mal ignant tumours

Practica l  techniques
South-facing preformed ETT and IPPV normal ly used, though SV can be used for sui table patients
Reinforced LMA and IPPV or SV sui table for some patients

Preoperative

Assess  whether sui table for SV—not for elderly, obese, or those with respiratory disease.
Check the mouth opening i f there i s  a  mal ignant parotid tumour.

Perioperative

The surgeon wi l l  often wish to s timulate the facia l  nerve during the procedure and thus  muscle relaxation may need to be avoided at
that time.
To venti late without relaxant, suppress  the respiratory drive with a  combination of moderate hyperventi lation, substantia l  doses  of
short-acting opioid (a l fentani l  or remifentani l  infus ion), volati le agent, or propofol  infus ion.
If SV i s  used, ensure that the patient i s  settled ini tia l ly us ing a  volati le agent at high levels . Relaxants  can by used for fi rs t 30–40 min
unti l  the facia l  nerve i s  reached.
An LA spray to the larynx i s  useful  to prevent coughing.
Use a  periphera l  nerve s timulator to check that the action of the relaxant has  ended.
Tape and pad the eyes  and protect pressure points  with padding (the surgeon may wish to leave the eye exposed on the s ide of
surgery).
Use a  warming blanket and humidi fier, plus  a  fluid warmer i f bleeding.
Insert a  urinary catheter i f the procedure i s  l ikely to be prolonged.

Postoperative

To minimize the chance of immediate postoperative wound haematoma, keep the head up in recovery and treat hypertens ion early.
Analges ia  with PRN morphine IV/IM, paracetemol  or diclofenac ora l/PR.
Give an anti -emetic as  required.

P.534

Specia l  cons iderations

During dissection the surgeon uses  a  nerve s timulator to identi fy the facia l  nerve, hence the patient must have no substantia l
neuromuscular block (two or more twitches  present).
Large-bore IV access  at s tart, as  can bleed substantia l ly (especia l ly mal ignant tumours ).
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Other ENT procedures

Operation Description
Time
(min)

Pain (+
to
+++++)

Position
Blood
loss

Notes

Mastoidectomy
Clearance of cholesteotoma
from mastoid cavi ty

90–
120

+/++
Head up ti l t,
head ti l ted to
s ide on ring

Minimal

Preformed ETT or LMA, SV, or IPPV.
Bloodless  field needed (see
stapedectomy ). If disease close to
facia l  nerve, surgeon may request no
relaxant used (see parotidectomy )

Dri l l ing of ear exostoses
Excis ion of external  audi tory
(swimmers ') exostoses

60–
90

+/++
Head up ti l t,
head ti l ted to
s ide on ring

Minimal Preformed ETT or LMA, SV, or IPPV

FESS
Functional  endoscopic s inus
surgery

45–
60

+/++
Head up ti l t,
head ring

Smal l

RAE tube or reinforced LMA, SV, or IPPV,
throat pack. Moffett's  solution normal ly
used. Moderate hypotens ion useful  to
decrease bleeding

MUA of nose Correction of nasa l  fracture 1–15 + Supine Smal l
If quick, pre-O2 + propofol  only. If longer,
RAE tube or reinforced LMA + throat pack.
Occas ional ly bleeds  dramatica l ly

Removal  of foreign body
from nose

Removal  of foreign body from
nose, usual ly in chi ld

5–10 ns
Supine, head
ring

ns

Gas  induction. RAE tube or LMA, throat
pack, SV. Avoid FM venti lation i f
poss ible (ri sk of pushing foreign body
down into lower a i rway)

Rhinoplasty
Cosmetic a l teration or
reconstruction of nose us ing
bone/carti lage graft

60–
90

++
Head up ti l t,
head ring

Smal l
RAE tube or reinforced LMA, SV, or IPPV,
throat pack. Moderate hypotens ion
useful  to decrease bleeding

Latera l  rhinotomy
Resection of nasa l  tumour via
latera l  rhinotomy

90 ++
Head up ti l t,
head ring

Moderate
RAE tube or reinforced LMA, SV, or IPPV,
throat pack. Moderate hypotens ion
useful  to decrease bleeding

Uvulopalatopharyngoplasty
(UPPP)

Excis ion of uvula  and lax
ti ssue from soft pa late,
sometimes  us ing laser

20–
30

+++
Supine, pad
under shoulders

Smal l

RAE tube or reinforced LMA, SV, or IPPV.
Laser-proof tube i f needed. Regular
postop. diclofenac. Precautions  for OSA
as  indicated

Submandibular gland
excis ion

Excis ion of blocked/infected
submandibular gland

45–
60

++
Supine, pad
undershoulders ,
head ring

Smal l
RAE tube or reinforced LMA on oppos i te
s ide, SV, or IPPV

Tracheobronchia l  foreign
body removal

Removal  of inhaled foreign
body us ing rigid
bronchoscope, usual ly in
chi ld

10–
30

+
Supine, pad
under shoulders

ns

Deep inhalational  anaesthes ia  us ing
oxygen and ha lothane, a l lowing surgeon
intermittent access . LA spray, atropine
useful  to prevent bradycardias . SV
poss ible through venti lating
bronchoscope. Avoid venti lation i f
poss ible to avoid pushing foreign body
further down

Laryngoscopy in chi ld
Examination of larynx in chi ld,
usual ly for recurrent s tridor or
aspiration

10–
15

+
Supine, pad
under shoulders

ns

Inhalational  induction, LA spray to
larynx. Ei ther SV via  surgica l
laryngoscope (ci rcui t connected to
scope) or use LMA with bars  removed
and perform fibreoptic laryngoscopy
(ideal  for smal l  chi ld and enables  larynx
to be viewed during emergence)

Direct pharyngoscopy
Examination of pharynx us ing
rigid pharyngoscope

10–
15

+
Supine, pad
under shoulders

ns

Check for reflux. Smal l  (6.5–7) ora l  RAE
tube secured on left, IPPV, mivacurium or
intermittent suxamethonium. Risk of
bleeding i f biops ies  done

Endoscopic s tapl ing of
pharyngeal

Divis ion of opening to
pharyngeal  pouch us ing
staple gun endoscopica l ly

15–
20

+
Supine, pad
under shoulders

ns

RSI, smal l  (6.5–7) ora l  RAE tube secured
on oppos i te s ide, IPPV. Surgeon may
want oesophageal  bougie inserted to
help recognise anatomy. NG tube at end
and IV fluids  as  ni l  by mouth postop

Excis ion of pharyngeal
pouch

Excis ion of pharyngeal  pouch
via  external  approach

45–
60

++

Supine, pad
under
shoulders , head
ring

Smal l

RSI, smal l  (6.5–7) ora l  RAE tube secured
on oppos i te s ide, IPPV. Surgeon may
want oesophageal  bougie inserted to
help recognise anatomy. NG tube at end
and IV fluids  as  ni l  by mouth postop

Insertion of (Provox)
speaking va lve

Insertion of speaking va lve
via  tracheo-oesophageal
puncture, fol lowing
laryngectomy

15 +

Supine, pad
under
shoulders , head
ring

ns

Microlaryngoscopy tube inserted via
tracheostomy, IPPV, mivacurium or
intermittent suxamethonium, a l fentani l ,
or fentanyl  to reduce CVS response

No access  to patient whatsoever!
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Pharyngolaryngo-
oesophagectomy

Resection of larynx, pharynx
and oesophagus  for tumour of
hypoharynx, usual ly with
stomach pul l -up. Involves
laparotomy ± thoracotomy

6 h +++

Supine, pad
under
shoulders , head
ring

Major, X-
match 4–
6 uni ts

Prepare as  for laryngectomy with a l l
l ines , plus  double-lumen tube i f doing
horacotomy. Cons ider epidura l
analges ia  for laparotomy/thoracotomy
(us ing pla in LA) with PCA IV morphine to
cover remaining surgica l  s i tes . ITU
mandatory postop.

ns=not s igni ficant
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Genera l  principles
In common with anaesthes ia  for ENT surgery, the main concerns  with anaesthes ia  for intraora l/maxi l lofacia l  procedures  are that of the
shared a i rway plus  the potentia l  for di ffi cul ties  with intubation/a i rway maintenance. Patients  presenting for intraora l  procedures  vary from
the perfectly fi t to the medica l ly compromised.

Nasa l  intubation i s  frequently used in ora l  surgery, to improve access  to the mouth. At the preoperative vis i t check nostri l  patency and
ask about epis taxis  and the use of anticoagulants .
If the nasa l  route i s  chosen for intubation use a  loca l  anaesthetic and/or vasoconstrictor such as  coca ine 5–10%, l idoca ine (l ignocaine)
5% and phenylephrine 0.5% mixture (Co-phenylca ine(r)), or xylometazol ine (Otrivine(r)).
There are many varieties  of nasa l  tube to choose from. One of the best i s  the ‘Polar Preformed North Nasa l ’ from Portex(r). These are
‘north-facing’ tubes  made of soft materia l  and cause l i ttle nasa l  trauma. Sizes  of 6.0, 6.5, and 7.0 mm should be ava i lable. Place in
warm water before use to soften the materia l  even further.
It may be poss ible to perform s imple intraora l  procedures  us ing a  reinforced laryngeal  mask a i rway. However, access  to the mouth i s
inevi tably compromised and the surgeon tends  to dis lodge/occlude the a i rway. Simi larly, for uni latera l  intraora l  procedures  an ora l
endotracheal  tube placed on the oppos i te s ide of the mouth may be acceptable. If in doubt discuss  with the surgeon.
Access  to the a i rway i s  l imited.
Protect the eyes  with tape and eyepads .
Pos i tion the patient with the head at the oppos i te end to the anaesthetic machine.
Stabi l i ze the head with a  horseshoe or head ring. For operations  on the roof of the mouth use a  bols ter under the shoulders  to extend
the neck further.
A long breathing ci rcui t i s  normal ly required.
Throat packs  are frequently used to minimize contamination of the a i rway with blood and debris . Ribbon gauze or tampons  may be
used. It i s  important to have a  robust system in place to ensure that throat packs  are not inadvertently left in s i tu. They should
preferably be included in the swab count and careful  laryngoscopy should a lways  be performed at the end of the procedure.

Extubation

In common with ENT patients , there i s  a  ri sk of aspi ration of blood, pus , and debris . Patients  are therefore best extubated in the left
latera l  pos i tion with head down ti l t.
Some anaesthetis ts  extubate the patient ‘deep’, having used a  spontaneous  breathing technique, whereas  others  use an
opioid/relaxant based technique and prefer to extubate awake.
The use of a  nasotracheal  tube, which does  not s timulate the gag reflex as  much as  an ora l  tube, faci l i tates  the latter approach.
P.543
If a  nasa l  tube has  been used do not remove i t completely on extubation, but withdraw, cut at the 15 cm mark and insert a  safety pin
(to prevent migration). This  wi l l  then serve as  a  nasopharyngeal  a i rway and a lso tamponade any potentia l  nasa l  haemorrhage due to
tube insertion.

Cardiac arrhythmias  (see a lso p. 930)
Cardiac arrhythmias  are common during tooth extraction under deep inhalational  anaesthes ia . Contributory factors  include hypercarbia ,
hypoxia , ha lothane, underlying cardiac disease, l ight anaesthes ia , and injected sympathomimetic agents . Correction of the underlying
problem and increas ing analges ia  i s  usual ly effective. If treatment i s  required beta-blockers  are very effective. Arrythmias  are much less
common with i soflurane or sevoflurane, and the infi l tration of loca l  anaesthetic by the surgeon vi rtua l ly abol i shes  them.
Free-flap surgery

Many major maxi l lofacia l  reconstructions  are performed us ing ti ssue/bone free flaps  (particularly from the radia l  forearm).
These operations  are lengthy, 6–18 h.
Anaesthes ia  i s  as  for plastic surgery free flaps  (see p. 591), with the added compl ication of a  potentia l ly di ffi cul t a i rway, both pre- and
postsurgery.
Surgica l  tracheostomy may help with the latter, and reduce sedative requirements  on ICU.
HDU or ICU care i s  usual ly indicated postoperatively.
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Surgica l  extraction of impacted/buried teeth

Procedure Removal  of teeth

Time 3–45 min

Pain +

Pos i tion Supine, head ring, bols ter under shoulders  i f teeth to be extracted in the roof of mouth

Blood loss Minimal

Practica l  techniques

Nasa l  tube and IPPV. Extubate awake
Nasal  tube and spontaneous  venti lation.
Extubate deep
?LMA and SV

Preoperative

Make a  careful  assessment of the a i rway (see p. 866). Check the nostri l s  for patency.
If the patient has  a  denta l  abcess  there may be marked swel l ing of the face and severe tri smus . Awake fibreoptic intubation may be
necessary.
Obta in consent for an NSAID suppos i tory i f planned.

Perioperative

Cons ider LMA/ora l  tube for s imple/uni latera l  extractions .
Intubate with a  preformed nasa l  tube after applying vasoconstrictor to the nasa l  mucosa  (see above).
Protect the eyes  with tape and pads .
The surgeon should anaesthetize the appropriate terminal  branches  of the maxi l lary divis ion (infraorbi ta l , greater pa latine, and
nasopalatine) and mandibular divis ion (inferior a lveolar, l ingual , bucca l , and menta l ) of the trigeminal  nerve with a  long-acting loca l
anaesthetic (e.g. bupivaca ine 0.5 % with adrenal ine 1:200 000).
Give an intraoperative opioid and NSAID.
IV antibiotics  are adminis tered to minimize the ri sk of infection (benzylpenici l l in 600 mg).
Steroids  (e.g. dexamethasone 8 mg IV) are given to minimize swel l ing.
Extubate in the left latera l  pos i tion with head down ti l t.

Postoperative
Balanced analges ia  with regular paracetamol  and NSAID. Prescribe rescue analges ia  with PRN codeine phosphate or tramadol . Wri te up an
antiemetic. Injectable narcotics  are rarely required on the ward.
P.545

Specia l  cons iderations
Talk to the surgeon to ascerta in the l ikely length of surgery. Remember that some patients  require genera l  anaesthes ia  only because they are
‘denta l  phobic’. The surgica l  extractions  may be s imple and the operative time consequently very short. A short-acting muscle relaxant may be
required.

javascript:history.back()
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Maxi l lary/mandibular osteotomy

Procedure Surgica l  rea l ignment of the facia l  skeleton

Time Lengthy, 4–6 h

Pain ++

Pos i tion Supine, with head up ti l t, head ring

Blood loss Variable. Occas ional ly can be severe. Crossmatch two uni ts

Practica l  techniques Nasa l  tube and IPPV. Extubate awake. Arteria l  l ine

Patients  presenting for orthognathic surgery may have mal formations  i solated to one jaw or may be associated with multiple craniofacia l
deformities  as  part of a  syndrome. They have often had prior denta l  extractions  and preoperative orthodontic work. There are many surgica l
procedures  performed to correct facia l  deformities . Patients  are usual ly in thei r late teens  or early twenties  and are genera l ly fi t and wel l .
Preoperative

Make a  careful  assessment of the a i rway (see p. 866). Check the nostri l s  for patency.
Consent for NSAID i f planned.
Check Hb and cross -match blood as  per surgica l  blood ordering schedule (two uni ts ).
Thromboembol ic prophylaxis  (TEDS, unfractionated or low-molecularweight heparin). Cons ider the use of intermittent pneumatic
compress ion boots  in theatre.

Perioperative

Intubate nasa l ly us ing a  preformed nasa l  tube (see above).
Have an adequate venous  access . Cons ider the use of invas ive pressure monitoring because of the length of surgery.
Put Lacri lube(r) onto the eyes  then protect them with tape and pads .
Pos i tion the patient very careful ly on the operating table. Place the head on a  ring and ti l t the table head up.
Use a  ba lanced anaesthetic technique. Aim for an awake, cooperative patient who can mainta in thei r own a i rway at completion of
surgery. Some teams advocate the use of moderate induced hypotens ion to help minimize blood loss .
Give IV antibiotics .
Use s teroids  (e.g. dexamethasone 8 mg IV) to minimize swel l ing.
Keep the patient warm. Measure the centra l  temperature, warm intravenous  fluids , and use a  heating mattress  and/or hot a i r blower.
P.547
Monitor blood loss  careful ly. The Hemocue(r) i s  an accurate way of tracking haemoglobin concentration in theatre.
The patient's  jaws  wi l l  frequently be wired together on completion of surgery. Ensure that throat packs  are removed and that the
oropharynx i s  cleared of blood and debris  before this  i s  done.
Use an anti -emetic to minimize the ri sk of nausea and vomiting.
Extubate the patient once ful ly awake. Withdraw the nasa l  tube and cut (15 cm mark at the nostri l ) to leave as  a  nasopharyngeal
a i rway.
Prescribe smal l  doses  of intravenous  narcotic to be adminis tered in recovery.
Ensure that you and the nurs ing s taff are fami l iar with the pos i tion of the wires  that hold the jaws  together. Make sure wire cutters  are
with the patient at a l l  times .

Postoperative

Some units  send these patients  to HDU. Others  send them to the ward after a  lengthy period in recovery.
Adminis ter humidi fied oxygen.
Ensure a l l  ora l  ana lges ics  are prescribed in a  soluble form. Injectable narcotics  are rarely required postoperatively.
Continue prophylactic antibiotics  and s teroids  postoperatively as  per your uni t's  protocol .
Prescribe intravenous  fluids . Encourage the patient to take fluid by the ora l  route as  soon as  poss ible.
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Fractures  of the zygomatic complex
These fractures  may occur in i solation or may be associated with damage to the eyebal l  and lacrimal  apparatus . There may be l imitation of
mouth opening due to interference with the movement of the coronoid process  of the mandible by the depressed zygomatic complex.
Fol lowing elevation, the fracture may be s table or unstable and require internal  fixation. Most surgery i s  carried out via  a  tempora l  approach
or a  percutaneous  route through the cheek. Intraora l  and transantra l  routes  have a lso been described but are rarely used. Unstable fractures
require plating or wiring via  skin or intraora l  incis ions .
Preoperative

Assess  the patient careful ly for associated injuries . Treatment of these fractures  does  not have high cl inica l  priori ty. The operation i s
often eas ier i f a  period of time elapses  (5–7 days ) to a l low the associated facia l  swel l ing to disperse.
Make a  careful  a i rway assessment.
Obta in consent for an NSAID suppos i tory i f planned.

Perioperative

Intubate the patient with an ora l  RAE tube. For s imple fracture elevations  an armoured LMA may be used, but discuss  with the surgeon
as  to l ikel ihood of fixation requirement.
Lubricate and protect the eyes .
Pos i tion the patient on the operating table with the head at the oppos i te end to the anaesthetic machine, with the head on a  ring.
Keep the patient warm.
Give antibiotics  and s teroids  as  requested.
Extubate in the latera l  pos i tion with the fractured s ide uppermost.

Postoperative

IV opioids  may be required in recovery.
Ba lanced ora l  ana lges ia  for the ward.

Procedure Time Pain Position Blood loss Practical techniques

Elevation of fractured zygomatic complex
10–45
min

+ Supine, head ring Minimal
Ora l  RAE tube and IPPV
LMA/SV

Internal  fixation of fractured zygomatic
complex

1–3 h ++
Supine, with head up ti l t, head
ring

Variable.
G&S

Oral  RAE tube and IPPV
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Mandibular fractures

Procedure Reduction and fixation of a  fractured mandible

Time 2–3 h

Pain +

Pos i tion Supine, with head up ti l t, head ring

Blood loss Variable. ?G&S

Practica l  techniques
Nasa l  tube and IPPV
Fibreoptic intubation may be required

Mandibular fractures  can be treated by ei ther closed reduction and indirect skeleta l  fi xation (us ing interdenta l  wires , arch bars , or spl ints ) or
by open reduction and di rect skeleta l  fi xation us ing bone plates . When indirect skeleta l  fi xation i s  used the patient's  jaws  are wired together
at the completion of surgery. When di rect skeleta l  fi xation i s  used this  i s  not usual ly the case.
Preoperative

Make a  careful  assessment for associated injuries .
Make a  meticulous  assessment of the a i rway. There may be severe tri smus  and marked soft ti s sue swel l ing (see p. 866).
Assess  nostri l  patency. Remember to look for evidence of basa l  skul l  fracture and CSF leak as  these are contra indications  to nasa l
intubation.

Perioperative

Although planned intubation may appear to be di ffi cul t preoperatively (l imited mouth opening due to tri smus , facia l  swel l ing),
patients  with recent bi latera l  mandibular fractures  are often easy to intubate due to increased anterior jaw movement once
anaesthetized.
However, a i rway maintenance once anaesthetized may not a lways  be easy, due to increased jaw movement and swel l ing.
Gas  induction i s  often di ffi cul t due to pa in when applying the facemask.
If in doubt about the a i rway use preoxygenation with suxamethonium, or awake fibreoptic intubation.

Postoperative
As  for patients  having maxi l lary/mandibular osteotomies .
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Anaesthes ia  for dentis try
Babinder Sandhar
Despi te the Poswi l lo report (1990), which set safety s tandards  required for monitoring and tra ining in outpatient denta l  (or denta l  cha i r)
anaesthes ia ,1 the annual  morta l i ty in the United Kingdom remained at two deaths  per year. In 1998 five denta l  cha i r deaths  prompted further
guidance from the Genera l  Denta l  Counci l  and the Royal  Col lege of Anaesthetis ts . From Apri l  2001, a l l  denta l  anaesthes ia  has  to be
performed in a  hospi ta l  setting by anaesthetis ts  with appropriate postgraduate tra ining. These reports  a lso s tressed the importance of
l imiting genera l  anaesthes ia  only for those patients  in whom use of loca l  anaesthes ia  or sedation i s  not an option.
Genera l  anaesthes ia  for dentis try
Genera l  anaesthes ia  for denta l  procedures  should be reserved for patients  who are unable to tolerate loca l  anaesthes ia , i .e. young chi ldren
or adults  with menta l  disabi l i ty, requiring s imple extractions  or denta l  restoration.2

Faci l i ties
Faci l i ties  should be the same as  for any other day surgery procedure. Standard day case selection cri teria  should be used and patients  with
s igni ficant intercurrent disease should be referred for inpatient treatment. Tra ined s taff are required to ass is t the dentis t and the
anaesthetis t during the procedure and to care for the patient during recovery. Monitoring should continue unti l  the patient i s  ful ly awake.
Short procedures
Simple extractions  are very quick procedures  las ting only a  few minutes , a l lowing rapid recovery and early discharge. Restoration work can
take over an hour.
Shared a i rway
For s imple extractions , a  nasa l  mask i s  commonly used, but laryngeal  mask a i rways  (pla in or flexible) are an a l ternative. Once adequate
anaesthes ia  has  been achieved, a  prop or gag and a  mouth pack are inserted by the dentis t. The anaesthetis t must ensure that the pack does
not obstruct the a i rway and the dentis t that the pack i s  adequately pos i tioned to prevent soi l ing of the lower a i rway with blood or denta l
matter. When the extractions  on the fi rs t s ide are complete, the mouth pack i s  repos i tioned over the denta l  sockets  to absorb any oozing of
blood and a  fresh pack inserted to act as  a  barrier for the second s ide. During extractions , patency of the a i rway must be mainta ined and may
require support of the jaw by the dentis t. For restoration work, intubation and venti lation are required.
P.552
Pos i tioning
There i s  no longer a  place for ‘cha i r denta l  anaesthes ia ’. Postura l  hypotens ion can be eas i ly overlooked and i t i s  now standard practice to
keep patients  supine during anaesthes ia .
Arrhythmias
Denta l  anaesthes ia  i s  associated with a  high incidence of arrhythmias , usual ly related to hypoxia , hypercarbia , inadequate anaesthes ia , and
volati le anaesthetic agents .3 Arrhythmias  are mainly ventricular and may occas ional ly progress  to ventricular fibri l lation. Halothane i s
associated with a  frequency of arrhythmia  of up to 75% in denta l  anaesthes ia  and should be avoided, but i soflurane and sevoflurane can be
used safely. The incidence of hypoxia  can be reduced by us ing 100% oxygen for maintenance. ETCO2 i s  di ffi cul t to measure when us ing a  nasa l
mask but can be monitored properly when us ing an LMA.
Loca l  anaesthetic infi l tration
This  should be used where poss ible to provide analges ia  and reduce the incidence of arrhythmias . However, LA may not be sui table in very
young chi ldren where i t may lead to accidenta l  bi ting and laceration.
Denta l  label l ing
Deciduous  teeth are ass igned letters  A to E in each quadrant and adult teeth are numbered 1 to 8.
Menta l ly disabled patients
These patients  may have di ffi cul ty understanding the procedure and are often anxious . A short-acting anxiolytic agent, such as  ora l
midazolam, and topica l  anaesthetic cream may be helpful . Menta l  disabi l i ty may be part of a  more complex medica l  disorder, such as  Down's
syndrome or other congenita l  abnormal i ty. It i s  important to exclude any s igni ficant cardiac pathology and to give endocardi ti s  prophylaxis
when appropriate (p. 896). Patients  requiring extens ive extractions  or restoration work should be admitted to a  day case uni t for treatment, but
may require an overnight s tay i f medica l ly compromised.
Footnote
1

Standing Denta l  Advisory Committee (1990). Report of an expert working party (Chairman: Professor D Poswi l lo). Genera l  anaesthes ia , sedation
and resusci tation in dentis try.
2

Royal  Col lege of Anaesthetis ts  (1999). Standards  and guidel ines  for genera l  anaesthes ia  for dentis try.
3

Blayney MR, Mal ins  AF, Cooper GM (1999). Cardiac arrhythmias  in chi ldren during outpatient genera l  anaesthes ia  for dentis try. The Lancet 354,
1864–66.
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Anaesthes ia  for s imple denta l  extractions
Babinder Sandhar

Procedure Denta l  extractions

Time 2–10 min

Pain +/++

Pos i tion Supine

Blood loss Not s igni ficant

Practica l  technique Nasal  mask/LMA

Preoperative

Patients  are usual ly chi ldren aged 3–12 years .
Patients  are screened by the dentis t but are not usual ly assessed by a  medica l  practi tioner prior to admiss ion. Beware of undiagnosed
pathology, e.g. heart murmurs , which may need prophylactic antibiotic therapy.
Obta in consent for suppos i tories .

Perioperative

Give pre-emptive analges ia  i f poss ible, e.g. paracetamol  15–20 mg/ kg PO ± diclofenac 1 mg/kg PO.
Apply a  topica l  anaesthetic for cannulation i f IV induction i s  planned.
Propofol  for IV induction, sevoflurane for gas  induction.
Tape the eyes .
Maintenance with a  volati le agent (sevoflurane or i soflurane) or propofol .
Use loca l  anaesthetic infi l tration (by the dentis t) for di ffi cul t extractions , avoid opioids  except in longer cases  or inpatients .
Stabi l i ze the head and neck during the procedure.
Place in the latera l  pos i tion, s l ightly head down at the end.

Postoperative

Advise regular paracetamol  for 12–48 h.
Diclofenac or ibuprofen as  indicated.

Specia l  cons iderations

During extractions , the dentis t may apply cons iderable pressure and the anaesthetis t should apply counter-pressure to support and
stabi l i ze the head and jaw.
Nitrous  oxide can be avoided by adminis tration of other analges ic agents , thus  enabl ing the use of 100% oxygen for maintenance,
minimizing the ri sk of hypoxia .
When us ing a  nasa l  mask, mouth breathing can occur around the denta l  pack resul ting in decreased uptake of the anaesthetic agent
and the patient becoming l ight. This  can be a  problem when us ing short-acting agents  such as  sevoflurane and can be overcome by
us ing i soflurane or by giving increments  of propofol .
P.554
Chi ldren with blocked noses  can be mainta ined us ing an LMA, provided there i s  no associated upper respiratory tract infection.
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Sedation for dentis try
Babinder Sandhar
Patients  who are unwi l l ing or unable to tolerate denta l  treatment under loca l  anaesthes ia  a lone can often be managed by a  combination
technique us ing sedation. These procedures  are usual ly performed by the dentis t in the denta l  cl inic. Ora l  or intravenous  sedation can be
provided by short-acting benzodiazepines  such as  midazolam, but the effects  can be unpredictable especia l ly in chi ldren. Inhalation sedation
can be provided by subanaesthetic concentrations  of ni trous  oxide (up to 50%) in oxygen.4 This  technique i s  a lso known as  relative analges ia .
Whichever route of adminis tration i s  used, i t i s  important to ensure that the patient remains  conscious  throughout.
Genera l  cons iderations

Ideal ly patients  should be ASA 1 or 2.
Patients  wi l l  require an escort for the procedure and to care for them afterwards .
Wri tten instructions  should be provided regarding l imitations  on driving and operating machinery postoperatively. The patients  should
a lso be told to avoid a  heavy meal  prior to treatment.
Inhalation sedation cannot be used in patients  with nasa l  obstruction or those unable to cooperate with breathing through a  nasa l
mask.
Loca l  anaesthetic i s  used in a l l  patients  after the sedation has  been establ i shed.
The patient should be able to communicate throughout the procedure.

Sui table regimes
Suitable regimes  include:

Midazolam 2 mg IV, wai t 90 s , then give 1 mg every 30 s  unti l  sedated.
100% oxygen via  a  nasa l  mask, add 10% ni trous  oxide for 1 min, then 20% for 1 min. Continue increments  of 5% (maximum 50%) unti l
sedated.

Specia l  cons iderations

Do not use mouth props  as  the abi l i ty to keep the mouth open i s  an important indicator of consciousness .
Have flumazeni l  ava i lable to reverse the midazolam i f necessary.
Fol lowing IV sedation the patient must be a l lowed to recover for 1 h before discharge.
Fol lowing ni trous  oxide sedation, 100% oxygen must be adminis tered to prevent di ffus ion hypoxia .
The patient can be discharged once they are able to s tand and walk unaided.

P.556
Footnote
4

Holroyd I, Roberts  GJ (2000). Inhalation sedation with ni trous  oxide: A review. Dent Update, 27, 141–6.
Library Holdings
Bibl iographic Links
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Intraocular pressure
Intraocular pressure (IOP) normal ly ranges  between 10 and 20 mmHg, but trans ient changes  occur frequently with posture, during coughing,
vomiting, or Va lsava  manoeuvres . Such trans ient changes  are normal  and have no bearing on the intact eye. However, when the globe i s  open
during surgery, such trans ient changes  may cause vi treous  extrus ion, haemorrhage, or lens  prolapse.
Factors  affecting IOP
These are in many ways  analogous  to factors  affecting ICP:

Volume of aqueous  humour (determined by the ba lance of production and dra inage).
Choroida l  blood volume (determined by the ba lance of arteria l  flow and venous  dra inage).
Head up pos i tion (via  i ts  a ffect on the above).
The tone in the extraocular muscles .
Mannitol  and acetazolamide: mannitol  (0.5 g/kg IV) reduces  IOP by withdrawing fluid from the vi treous . Acetazolamide (500 mg IV)
reduces  IOP by reducing aqueous  production by the ci l iary body. Both can be used in the medica l  management of glaucoma, but the
anaesthetis t may be required to use them intraoperatively to reduce IOP acutely i f surgica l  conditions  require i t. As  both of these are
diuretics , urinary catheterization may be indicated.
Anaesthetic factors  (see Table).

Anaesthetic factors increasing IOP Anaesthetic factors decreasing IOP

External  compress ion of the globe by a  tightly appl ied facemask
Induction agents , propofol  and thiopenta l , principa l ly by reduction in
arteria l  and venous  pressure

Laryngoscopy, through ei ther a  pressor response, or from stra ining
in an inadequately relaxed patient

Non-depolarizing muscle relaxants , by reduction in tone of extraocular
muscles

Suxamethonium increases  IOP trans iently through i ts  effect on
extraocular muscles

Head up ti l t at 15°, ass is ts  venous  dra inage

Large volumes  of loca l  anaesthetic solution placed in the orbi t.
This  effect i s  trans ient (2–3 min)

Moderate hypocapnia : 3.5–4.0 kPa  reduces  choroida l  blood volume by
vasoconstriction of choroida l  vessels
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Oculomedul lary reflexes
These comprise: oculocardiac, oculorespiratory, and oculoemetic reflexes .

Incidence: 50–80%. Commonly seen in paediatric squint surgery.
Triggers : traction on the extraocular muscles , pressure on the globe.
Afferent arc: fibres  running with long and short ci l iary nerves , via  ci l iary gangl ion, to the trigeminal  gangl ion near floor of fourth
ventricle.
Efferent arc: vagus , fibres  to respiratory and vomiting centre.
Effects : bradycardia , s inus  arrest, respi ratory arrest, nausea.
Prevention: a l l  of these (bradycardia , respi ratory arrest, nausea) can be moderated to some extent by use of loca l  anaesthes ia  (to
abol i sh the afferent arc), avoiding hypercapnia  (which appears  to sens i ti ze the reflex), and prophylactic glycopyrrolate or atropine.

Preoperative assessment
Many patients  presenting routinely for eye surgery are at the extremes  of age. The majori ty of ophthalmic operations  (predominantly cataract
surgery) are performed as  day cases  under loca l  anaesthes ia , and this  proportion i s  increas ing. Most patients  are elderly and may have one or
more serious  systemic diseases . Patients  scheduled for genera l  anaesthes ia  should have routine investigations  performed. Patients  having
cataract extraction under loca l  anaesthes ia , however, do not warrant routine investigation. Many centres  do not routinely s tarve such patients
and a  l ight meal  2 to 3 h preoperatively may be less  dis ruptive for this  elderly population and may faci l i tate better diabetic control .
Preoperative assessment for loca l  anaesthetic cataract surgery should include:

Axia l  length (see p. 565).
INR/APPT i f on warfarin or heparin.
Blood glucose i f diabetic.
Abi l i ty to l ie flat for 1 h (heart fa i lure, arthri ti s , etc.).
Hearing/comprehens ion-wi l l  the patient be able to hear and understand instructions?
Anxiety level -wi l l  sedation be required?
Abi l i ty to tolerate supplementa l  oxygen in high concentration-is  there a  ri sk of CO2 retention, requiring del ivery of a  precise
concentration of supplementa l  oxygen?
Prophylactic antibiotics  are genera l ly not cons idered to be necessary for patients  with cardiac les ions  undergoing routine anterior
chamber (cataract) surgery.
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Genera l  anaesthes ia  versus  loca l  anaesthes ia
Given the nature of the typica l  population of ophthalmic patients , there are a  number of advantages  to avoiding genera l  anaesthes ia . These
include:

Minimization of phys iologica l  dis turbance (including postoperative s leep dis turbance).
Reduced PONV.
Economic advantages-increased patient throughput (ward admiss ions  and theatre throughput), less  demanding on nurs ing resources ,
portering, etc. There are occas ions  when genera l  anaesthes ia  i s  preferable:
Where patients  may refuse the operation under loca l  anaesthes ia . Unless  there are overwhelming ri sks , such patients  should be
offered genera l  anaesthes ia  providing they are ful ly informed about the ri sks  and that they accept them.
In chi ldren and patients  with learning disabi l i ties  or movement disorders .
Some major and lengthy operations  (oculoplastics  and vi treoretina l ) are a lso commonly performed under GA s ince i t i s  unrea l i s tic to
expect patients  to tolerate them otherwise.
In patients  unable to l ie flat and remain motionless  for up to 1 h (a l though most surgeons  can operate in a  ‘deck cha ir’ pos i tion rather
than true supine).
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Loca l  anaesthes ia  for intraocular surgery
Bas ic anatomy
The orbi t i s  40–50 mm deep and pyramidal  in shape with i ts  base at the orbi ta l  opening and i ts  apex pointing to the optic foramen. Its  volume
is  about 30 ml , 7 ml  of which i s  occupied by the globe and i ts  muscle cone, and the remainder being loose connective ti ssue through which
loca l  anaesthetic solutions  can eas i ly spread. The latera l  wal l s  of both orbi ts  form an angle of 90° to each other and the angle between the
media l  and latera l  wal l  of each orbi t i s  45°. The media l  wal l  i s  para l lel  to the saggi ta l  plane.
The globe l ies  in the anterior part of the orbi t and s i ts  high and latera l  (i .e. nearer the roof than the floor and nearer the latera l  than the
media l  wal l ). This  relationship i s  important when cons idering needle access  to the orbi t, which i s  usual ly achieved ei ther media l ly or
inferolatera l ly where the gap between the globe and orbi ta l  wal l  i s  greatest. The sclera  forms  the fibrous  bulk of the globe. Its  thickness  i s  1
mm and a l though tough, i s  eas i ly penetrated by a  sharp needle. Deep to the sclera  i s  the uveal  tract, which comprises  the ci l iary body, the i ri s ,
and the choroid layer. Superficia l  to, and enclos ing the sclera , i s  the membranous  Tenon's  capsule, lying di rectly underneath the conjunctiva .
It i s  eas i ly recognized, as  i t i s  white and avascular, unl ike the vascular sclera  below. The four recti  and two obl ique muscles  control  eye
movement and influence IOP. The latera l  rectus  i s  innervated by the abducens  nerve (s ixth crania l ), the superior obl ique by the trochlear nerve
(fourth crania l ), and a l l  the rest by the occulomotor nerve (thi rd crania l ) [(LR6SO4)3]. The recti  muscles  form the muscle ‘cone’ which encloses
the sensory and motor nerves , ci l iary gangl ion, optic nerve, retina l  artery, and vein. It i s  through this  cone that peribulbar loca l  anaesthetic
drugs  must flow or di ffuse to effect thei r action.
The fourth, s ixth, and thi rd crania l  nerves  enter the cone and pierce the muscles  on their intraconal  surface. These are motor nerves  only. The
sensory supply i s  via  branches  of the trigeminal  (fi fth) crania l  nerve. The fi rs t divis ion of the trigeminal  (ophthalmic nerve, V1) enters  the orbi t
via  the superior orbi ta l  fi s sure and suppl ies  branches  intraconal ly to the sclera  and cornea, and extraconal ly to the upper l id and conjunctiva
after leaving the orbi t via  the superior orbi ta l  notch. The second divis ion (maxi l lary nerve, V2) enters  the orbi t via  the inferior orbi ta l  fi s sure.
Branches  of this  nerve are enti rely extraconal  and supply the lower l id and inferior conjunctiva  after leaving the orbi t via  the inferior orbi ta l
foramen.
The ci l iary gangl ion, lying within the cone, relays  sensory fibres  from the globe to V1, receives  a  parasympathetic branch from the (motor) thi rd
crania l  nerve, and sympathetic fibres  from the carotid plexus .
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Ocular block techniques
Retrobulbar block
Loca l  anaesthetic i s  depos i ted within the muscle cone (retrobulbar intraconal ), blocking the ci l iary gangl ion, sensory nerves  to the sclera  and
cornea, and motor nerves  to the extraocular muscles . This  provides  anaesthes ia  and akines ia  with a  rapid, predictable onset, us ing a  smal l
volume of solution. It i s  not now recommended because of the fol lowing potentia l  compl ications :

globe perforation (incidence 0.1% to 0.7%)
intravascular injection
haemorrhage (incidence 1%)
penetration and injection of the optic nerve sheath (incidence 0.27%) with resul tant optic nerve damage, subarachnoid spread,
bra instem pares is , and cardiopulmonary arrest.

Retrobulbar anaesthes ia  i s  not cons idered further here.
Peribulbar block
Fi rs t described in 1986. Loca l  anaesthetic solution i s  depos i ted within the orbi t but outs ide the muscle cone (peribulbar periconal ). The
compl ication rate i s  therefore reduced.
The most commonly used technique involves  an ini tia l  inferolatera l  injection supplemented with a  media l  injection. A s ingle inferolatera l
injection i s  often adequate for anaesthes ia , but may not be predictable for complete akines ia .

View Figure

Fig. 24.1 Peribulbar block I: inferolatera l  and media l  canthus  injection s i tes .

View Figure

Fig. 24.2 Peribulbar block II : inferolatera l  injection (s ide view).

View Figure

Fig. 24.3 Peribulbar block II I : media l  canthus  injection (top view).

P.563
Procedure

Establ i sh IV access  and monitoring.
When indicated use minimal  sedation, e.g. midazolam 0.5–1.5 mg ± a l fentani l  250 µg or fentanyl  50 µg.
Insti l  topica l  loca l  anaesthetic drops  to anaesthetize the conjunctiva . Amethocaine 1% is  effective but may cloud the cornea.
Oxybuproca ine
P.564

0.4% (Benoxinate(r)) i s  a  better a l ternative, or proxymetaca ine 0.5%, which causes  less  ini tia l  s tinging.
The patient l ies  supine and i s  asked to look s tra ight ahead (primary gaze).
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Palpate the junction of the media l  two-thi rds  and latera l  thi rd of the inferior orbi ta l  rim with the non-dominant hand, where a  groove
is  fel t at the junction of the maxi l la  and zygoma.
Just latera l  to this  point, and 1 mm above the rim, insert a  25G 25 mm standard hypodermic needle (‘long orange’) mounted on a  10 ml
syringe, and pass  s lowly backwards  perpendicular to a l l  planes . Needle entry can be ei ther transcutaneous  or, by retraction of the
lower l id, transconjunctiva l .
If the needle tip contacts  bone, i t i s  redirected s l ightly superomedia l ly, to fol low the orbi t floor once more.
Advance the needle unti l  i ts  tip i s  about level  with the posterior pole of the globe (i .e. unti l  the hub reaches  the plane of the i ri s ). The
globe should be observed careful ly for any s ign of rotation during insertion, indicating sclera l  contact. Avoid the temptation to wiggle
the needle to confi rm that the sclera  i s  unengaged. This  i s  l ikely to increase the ri sk of haemorrhage.
After aspi ration, s lowly inject 6–8 ml  of loca l  anaesthetic. The globe can be pa lpated with the other hand to assess  tens ion. Stop
injecting i f globe becomes  tense/proptosed, or i f the upper eyel id fa l l s , as  this  i s  l ikely to indicate retrobulbar injection, requiring a
much smal ler volume of agent.
As  the needle i s  withdrawn, a  smal l  volume of solution i s  depos i ted in the orbiculari s  of the lower l id.
Fol lowing injection, digi ta l  massage or a  compress ion device (Honan ba l loon) should be appl ied to diss ipate the loca l  anaesthetic
and quickly normal ize intraocular pressure.
Assess  the block after 5–10 min and i f a  greater degree of akines ia  i s  required a  second injection should be performed. In modern
ophthalmic practice a  completely akinetic eye i s  now less  often required and a  second injection doubles  the ri sk of sharp needle
compl ications . Discuss  this  requirement with the surgeon.
Us ing a  s imi lar needle, entry i s  made at a  point just media l  to the caruncle. The needle i s  passed backward with the bevel  facing the
globe, at an angle of 10° to the saggi ta l  plane, di rected towards  the media l  wal l  of the orbi t. If the media l  wal l  i s  contacted, the
needle i s  withdrawn s l ightly and redirected latera l ly.
If both media l  and latera l  injections  are planned, the volume of solution i s  4–5 ml  for each.

The larger volumes  of solution required for peribulbar block tend to cause proptos is  and a  temporary increase in IOP. In the intact globe this
has  no consequence, but wi l l  be problematic when the globe i s  opened for surgery. The ra ised IOP usual ly disappears  when the solution has
diss ipated around the globe, a l ternatively a  Honan ba l loon can be used. This  i s  a  tamponade appl ied to the eye at a  set pressure (25 mmHg),
which compresses  the eye trans iently increas ing IOP further. However, during compress ion, the volume of blood and aqueous  in the eye i s
reduced. Upon release of the tamponade, the ‘empty’ eye becomes  hypotonic and remains  so for about 15 min, unti l  blood and aqueous
volumes  are re-establ i shed.
P.565

Single media l  canthus  injection
The media l  orbi ta l  wal l  runs  di rectly backwards  and i s  separated anteriorly from the optic nerve and major blood vessels  by the media l  rectus
muscle. A s ingle injection technique has  recently been advocated us ing the media l  approach to reduce the ri sk of perforation injury.

A 25G 22 mm short bevel  needle i s  inserted through the caruncle and advanced di rectly posteriorly.
At a  depth of 15–20 mm a  cl i ck i s  fel t (passage through media l  check l igament) and the eyebal l  returns  to primary gaze.
Fol lowing aspi ration, 8–10 ml  of solution i s  injected.
Risks  of globe perforation and haemorrhage may be reduced us ing this  technique, but a  second inferolatera l  injection may be required
(in 10–40% of cases ).
Because needle insertion i s  para l lel  to the media l  orbi ta l  wal l , globe perforation i s  less  l ikely than with the inferolatera l  approach,
and this  may therefore be a  safer technique when the axia l  length i s  greater than 26 mm.
Chemos is  and anterior spread of solution into the soft ti s sues  of the l ids  i s  common, but reduces  fol lowing globe compress ion, and i s
rarely a  problem.

Contra indications

INR >2.5. Whenever poss ible warfarin therapy should be adjusted to reduce the INR to less  than 2.5. If this  i s  cons idered inappropriate
(e.g. in patients  with arti fi cia l  heart va lves ) then the relative ri sks  of a  genera l  anaesthetic must be cons idered. An a l ternative option
is  to use a  sub-Tenon approach or topica l  anaesthes ia  only (see p. 566).
Axia l  length >26 mm. In severely myopic patients  the globe often has  a  long anteroposterior diameter (‘sausage shaped eyebal l ’). This
increases  the l ikel ihood of globe perforation (diagnosed by sudden pa in on injection, loss  of vi s ion, poor red reflex, or vi treous
haemorrhage). Where the axia l  length i s  greater than 26 mm, cons ider s ingle media l  canthus  injection, the sub-Tenon approach,
topica l  anaesthes ia  only, or genera l  anaesthes ia .
Perforated or infected eye.
Patient unable to l ie flat or s ti l l .

Compl ications

As  for retrobulbar (above), but lesser incidence.
The ri sk of compl ications  from peribulbar anaesthes ia , a l though outweighed by the benefi ts , are s ti l l  appreciable: between 1 in 750
and 1 in 360 loca l  anaesthetics  have ‘l i fe-threatening’ and ‘serious ’ compl ications  respectively. The incidence of globe perforation i s
less  than 0.1%.
Retrobulbar haemorrhage can be recognized by rapid orbi ta l  swel l ing and proptos is . The surgeon should be informed immediately and
the pulsation of the centra l  retina l  artery should be assessed. If this  i s  compromised, a  latera l  canthotomy may be required to rel ieve
IOP.
Globe perforation i s  not a lways  obvious . It may be noted at the time of surgery i f the eye becomes  hypotonic, in which case there i s  a
serious  ri sk of retina l  haemorrhage and detachment which may require laser retinopexy or vi trectomy.
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Sub-Tenon block
This  technique i s  ga ining populari ty as  an easy, safe and effective a l ternative to retro- and peribulbar anaesthes ia . It has  the advantage of
avoiding ‘bl ind needl ing’ to the orbi t, and so has  no appreciable ri sk of the compl ications  discussed above. The technique involves  dissecting
beneath Tenon's  capsule and pass ing a  blunt curved cannula  (Southampton cannula) in this  space beyond the equator to depos i t LA solution.
It effectively blocks  the ci l iary gangl ion and the long and short ci l iary nerves . Larger volumes  depos i ted more posteriorly are required to block
the motor nerves  and extraconal  branches  of the ophthalmic and maxi l lary nerves .

Apply topica l  anaesthes ia  to the conjuntiva  and retract the lower l id us ing ei ther an ass is tant or a  speculum.
In the inferonasa l  quadrant, the conjuctiva  i s  l i fted with Moorfield's  forceps  at a  point 5–7 mm from the l imbus  (awake patients  are



asked to look up and out).
A smal l  incis ion i s  made in the conjuctiva  with (blunt) Westcotts  spring scissors  which are then used to dissect inferonasa l ly in a
plane between the sclera  and Tenon's  capsule (Tenon's  capsule i s  white and avascular which dis tinguishes  i t from the vascular
sclera).
Once in this  plane, a  blunt curved Southampton cannula  i s  passed backwards  beyond the equator and 3–5 ml  of loca l  anaesthetic i s
depos i ted. Care must be taken to dissect in the right plane. If the cannula  i s  placed subconjunctiva l ly, this  wi l l  become very apparent
on attempting to inject the solution.
Sub-Tenon block can be used safely in patients  with axia l  lengths  >26 mm. It i s  the block of choice in anticoagulated patients , s ince
any bleeding point can be cauterized di rectly. It may be most eas i ly performed by the surgeon, a l though i t i s  increas ingly being
performed by anaesthetis ts .

Compl ications
Conjunctiva l  haematoma. Occurs  rarely (less  that 0.5%) and i s  usual ly eas i ly treated by cautery.
Topica l/infi l tration anaesthes ia
Anterior segment (principa l ly cataract) surgery can be carried out under:

Subconjunctiva l  injection, where a  smal l  volume of loca l  anasthetic i s  injected near the superior l imbus  by the surgeon.
Topica l  corneoconjunctiva l  anaesthes ia , where topica l  agents  can be used to provide anaesthes ia . Bupivaca ine 0.75% is  effective but
can s ting ini tia l ly and cloud the cornea. Oxybuproca ine 0.4% (Benoxinate(r)) or proxymetaca ine 0.5% are superior.

For both these techniques , anaesthes ia  i s  not as  complete as  with the formal  ocular blocks . The i ri s  and ci l iary body reta in thei r sens i tivi ty
and akines ia  i s  not a  feature. The surgeon and s taff wi l l  need to ensure that good communication i s  mainta ined with the patient at a l l  times .
A mi ld anxiolytic premedication may be useful .
Some surgeons  augment these techniques  with 0.1–0.5 ml  of preservative free l idoca ine (l ignocaine) 1% into the anterior chamber
(intracameral ).
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Local  anaesthetic solutions

The commonest loca l  anaesthetic solution i s  a  1:1 mixture of l idoca ine (l ignocaine) 2% and bupivica ine 0.5–0.75%. Adrenal ine adds
l i ttle to block qual i ty and in best avoided.
Hyaluronidase should be added to promote spread and reduce IOP. Concentrations  of between 10 and 30 uni ts/ml  are used.
Alka l inization and warming of the loca l  agent (to 37 °C) may reduce latency and decrease pa in on injection.
Pri loca ine 3% with felypress in has  recently been advocated as  unsui table for ocular anaesthes ia  by the manufacturers , fol lowing
severa l  cases  of optic atrophy.

The Joint Working Party on Anaesthes ia  in Ophthalmic Surgery1

In 1993 the Royal  Col lege of Anaesthetis ts  and the Col lege of Ophthalmologis ts  jointly publ i shed guidel ines  on the roles  and respons ibi l i ties
of the anaesthetis t in (intraocular) ophthalmic surgery under loca l  anaesthes ia . It was  agreed that an anaesthetis t should be present in such
cases  to give resusci tation should i t be required and to monitor the patient's  genera l  condition throughout. In addition, i t was  recommended
that the anaesthetis t should be respons ible for providing sedation where necessary, adminis tering the loca l  anaesthetic block, and providing
intravenous  access . These recommendations  do not apply to s imple infi l tration anaesthes ia  for extraocular surgery.
In 2001 these guidel ines  were updated with the fol lowing recommendations 2:

Loca l  anaesthes ia  should only be adminis tered by appropriately tra ined s taff.
Surgeons  may adminis ter topica l , sub-conjunctiva l  and sub-Tenon anaesthes ia  without an anaesthetis t present.
An anaesthetis t must be ava i lable when surgery i s  performed under retroor peribulbar block.
An anaesthetis t must be present and have sole respons ibi l i ty for a  l i s t in which sedation i s  used.

Footnotes
1

Royal  Col lege of Anaesthetis ts  and Col lege of Ophthalmologis ts  (1993). Report of the Joint Working Party on Anaesthes ia  in Ophthalmic
Surgery.
2

Loca l  anaesthes ia  for intraocular surgery (2001). Royal  Col lege of Ophthalmologis ts  and Royal  Col lege of Anaesthetis ts .
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Genera l  anaesthes ia  for ophthalmic surgery
The a im is  to minimize increases  in IOP whi ls t mainta ining cardiovascular s tabi l i ty and avoiding overly deep anaesthes ia  in a  population
which i s  l ikely to be elderly and with severa l  co-morbidi ties .
Indications

Patient preference.
Other patient factors  (e.g. movement disorders , dementia , claustrophobia).
Long operations  (e.g. vi treoretina l ).
Multiple operation s i tes  (e.g. oculoplastics  with dis tant graft donor s i te).

Preoperative
In addition to routine consul tation and investigations , the preoperative vis i t should identi fy patients  with co-morbidi ties  such as  diabetes
and cardiovascular disease. Insul in-dependent diabetics  wi l l  often have reduced their morning dose of insul in and wi l l  be fasted. Such
patients  wi l l  require close monitoring of blood glucose, and the insti tution of a  euglycaemic control  regimen.
ETT or LMA?
Unless  contra indicated, the LMA is  idea l . It obviates  laryngoscopy with the consequent adverse effects  on IOP. It produces  minimal
s timulation once in s i tu and permits  l ighter anaesthes ia . The qual i ty of emergence i s  a lso superior (see below).
IPPV or SV?
For minor and extraoccular surgery spontaneous  venti lation i s  acceptable. Control led venti lation has  a  number of advantages  in intraocular
and more major surgery. It a l lows  more precise control  of CO2 (reducing IOP and desens i ti zing the oculomedul lary reflex) and permits  benefi ts
of a  ba lanced technique:

Venti lating via  an LMA is  usual ly uneventful . Avoid high a i rway pressures  (>15 cmH2O, with the ri sk of gastric insuflation) i f poss ible by
adjusting the tida l  volume and us ing a  more symmetrica l  I :E ratio (i .e. 1:1.5 as  opposed to 1:3).
Always  monitor the CO2 waveform. Any change in the waveform usual ly hera lds  a  change in venti lation before i t i s  cl inica l ly apparent
(malpos i tioned LMA, inadequate muscle relaxation).
Use a  nerve s timulator routinely. Coughing and gagging are less  wel l  tolerated by ophthalmic surgeons  than by their orthopaedic
col leagues!

Nitrous  oxide?
Nitrous  oxide should be avoided in vi treoretina l  surgery i f intraocular gas  bubbles  of sulphurhexafluoride (SF6) or s imi lar are planned.
Discuss  this  with the surgeon in advance.
P.569
Supplementary loca l  block?
If used as  a  supplement to GA, the block can be adminis tered after induction. However, s ince the principa l  benefi t of a  loca l  block i s  that i t
avoids  the necess i ty of genera l  anaesthes ia , i f used in addition to GA the ri sk/benefi t ratio for the block i s  now a l tered, and i t may no longer
be justi fied. Probably the only indication for loca l  block in addition to GA i s  for vi treoretina l  surgery, in which case a  sub-Tenon block (with
negl igible ri sk) i s  used.
Emergence without coughing
With an LMA, emergence and LMA removal  are usual ly very smooth. If a  tracheal  tube i s  used, spray the cords  with l idoca ine (l ignocaine) at
intubation. Unfortunately the effect i s  short l ived and may no longer be effective at extubation. Other techniques  are to extubate in a  deep
plane or adminis ter a  bolus  of IV l idoca ine (l ignocaine) (1 mg/kg) or propofol  (30–40 mg) 1 min prior to extubation. It i s  best not to l ighten
anaesthes ia  unti l  surgery i s  complete and the ‘s ticky drapes ’ removed (i f a  block has  been used, drape removal  may wel l  be the most
stimulating part of the operation). Emergence hypertens ion (and the concomitant ra ised IOP), i f i t occurs , can be moderated by the use of IV
l idoca ine (l ignocaine) and/or β blockade.
A s tandard technique

IV induction: propofol  bolus  or TCI.
Ai rway: reinforced LMA i f appropriate.
Use IPPV.
Maintenance: propofol  infus ion (at around 5 mg/kg/hr in the s teady s tate, or at 2.5 µg/ml  i f us ing TCI). Volati le agents  are a lso
sui table.
Venti late the lungs  with oxygen/a i r or oxygen/ni trous  oxide.
Analges ia  provided with ei ther a l fentani l /fentanyl  or a  loca l  anaesthetic block i f indicated.

The fol lowing genera l  points  should be noted:

Tape the non-operative eye.
Access  to the a i rway may be l imited by drapes , trays  of instruments , and equipment overlying the area. Have a  low threshold for
moving everyone out of the way to inspect the a i rway i f you suspect di ffi cul ties .
The prophylactic use of glycopyrrolate (200 µg) wi l l  reduce the volume of sa l iva  pool ing behind the LMA (which can otherwise spi l l  from
the corner of the mouth and soak through the surgica l  drapes). It may a lso reduce the incidence and severi ty of ‘oculocardic’
bradycardias .

Postoperative
Analges ia  requirements  are usual ly modest, especia l ly i f supplementa l  loca l  anaesthes ia  i s  used. Nausea and vomiting i s  common in squint
surgery, but less  so in the majori ty of other cases . Droperidol  (75 µg/kg) has  been shown to be effective prophylaxis  in squint surgery.
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Cataract extraction and Intraocular Lens  (IOL) Implant

Procedure Phacoemuls i fi cation of opaci fied lens , removal  and replacement with arti fi cia l  intraocular implant

Time 20–40 min

Pain +

Pos i tion Supine

Blood loss Ni l

Practica l  technique
Local  technique
LMA (armoured), SV/IPPV
COETT (RAE, armoured), IPPV

Preoperative

Check the axia l  length (less  than 26 mm for peribulbar block) and INR i f necessary. For operations  under loca l  anaesthes ia , the patient
must be able to l ie flat and s ti l l .
Often ‘day case’ surgery.

Perioperative

Use supplementa l  oxygen (via  nasa l  cannulas ).
Monitor BP, SpO2, and nasa l  expired CO2 i f poss ible. The latter serves  as  an indicator of apnoea and i s  useful  i f sedation i s  used. Be
aware that the use of sedation may serve to dis inhibi t rather than sedate some patients .
If sedation i s  required, 0.5–1.5 mg midazolam, with 25–50 µg fentanyl  or 250 µg a l fentani l  can be used. This  i s  best employed just
before block insertion. The patient should then be a l lowed to awaken aga in when in theatre to ga in thei r cooperation and avoid
s leeping, snoring, and a i rway problems.

Postoperative
Simple ora l  ana lges ics  only are required.
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Strabismus  surgery

Procedures Extraocular surgery for correction of squint-may be uni latera l  or bi latera l

Time 60–90 min

Pain +

Pos i tion Supine

Blood loss Ni l

Practica l  technique
LMA (armoured), IPPV/SV
COETT (RAE, armoured), IPPV

Preoperative

The patient population i s  mainly chi ldren (the commonest ophthalmic operation in chi ldren).
May be ‘day case’ procedures .
Preoperative analges ia  (20 mg/kg soluble paracetamol).
Consent for suppos i tories .

Perioperative

Higher incidence of oculocardiac reflex; have atropine prepared.
Suxamethonium should be avoided because tone in the ocular muscles  remains  abnormal  for up to 20 min, making surgica l
assessment and correction di ffi cul t.
Control led or spontaneous  venti lation, via  LMA or tracheal  tube, i s  used. Control  of CO2 may reduce the incidence and severi ty of the
oculocardic reflex.
Al l  anaesthetics  affect eye movement and the pos i tion of neutra l  gaze (Guedel 's  s igns ). Propofol  may affect this  the least, and the
rapid recovery i t a ffords  a l lows  early assessment of the correction in recovery. Anaesthes ia  with volati le agents  should be of sufficient
depth to ensure neutra l  gaze.
Recta l  diclofenac (1 mg/kg).
Opioids  may be avoided, thereby reducing the incidence of PONV.

Postoperative

Postoperative pa in i s  mi ld and can be treated with ora l  ana lges ics  and topica l  anaesthetic eye drops .
There i s  a  high incidence of PONV. Droperidol  (75 µg/kg) i s  effective prophylaxis .
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Vitreoretina l  surgery

Procedures
Intraocular surgery
Vitrectomy, cryotherapy, laser, plombage, insertion of oi l  and/or gas , sclera l  banding (‘explant’)

Time 90–180 min

Pain +/++

Pos i tion Supine

Blood loss Ni l

Practica l  technique
LMA (armoured), IPPV
COETT (RAE, armoured), IPPV

Preoperative

The patient population i s  genera l ly aged 60–70 years . May have comorbidi ties , e.g. hypertens ion, i schaemic heart disease, and
diabetes .
Patients  often present for repeat surgery. They may have undergone fa i led attempts  to improve their vi s ion and their preoperative
anxiety may be high.
May be retina l  detachments  and therefore semiurgent.

Perioperative

Surgery i s  characterized by a l ternating periods  of intense and minimal  s timulation. Achieving a  depth of anaesthes ia  and analges ia  to
accommodate these extremes  i s  not easy without concurrent loca l  block.
Operations  are often prolonged and performed largely in the dark.
Axia l  length i s  usual ly high (profound myopia  causes  retina l  detachment) so retro/peribulbar blocks  are contra indicated. A sub-Tenon
block in addition to GA i s  idea l .
If necessary, can be performed under loca l  anaesthes ia , but the duration of surgery makes  this  di ffi cul t in the majori ty of patients .
Control led venti lation i s  usual . LMA/propofol/a l fentani l  technique i s  idea l .
Intraocular tamponade with gas  (SF6 or C3F8) may be used, usual ly towards  the end of the case. Surgeons  vary in thei r cons ideration of
ni trous  oxide. It i s  often recommended that ni trous  oxide be discontinued 20 min beforehand. It may be better to omit i t a l together
because surgeons  seldom give notice and i t i s  probably not wise to interfere with the equi l ibrium of the anaesthetic at a  time when
muscle relaxation i s  being a l lowed to wear-off.
Cryotherapy and sclera l  indentation are very s timulating and should be pre-empted with boluses  of a l fentani l  i f a  block i s  not used.
Beware ‘l ightening’ the patient too soon at the end of surgery. The other eye i s  often examined, and poss ibly cryocauterized, at the end
of the case.

P.573

Postoperative

With a  block the postoperative analges ic requirement i s  minimal  and PONV is  rare.
Otherwise use s imple ora l  ana lges ics .
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Dacrocystorhinostomy

Procedures Probing of tear duct, insertion of dra inage tube, formation of s toma between lacrimal  sac and nasa l  mucosa

Time 30–90 min

Pain +

Pos i tion Supine, s l ight head up

Blood loss Can be relatively bloody, with soi l ing of nasopharynx

Practica l  technique
COETT (RAE, armoured), IPPV
LMA (armoured), IPPV

Perioperative

Lacrimal  surgery can range from s imple probing of the tear ducts , to insertion of tubes  or formal  dacrocystorhinostomy (DCR). The latter
is  usual ly done under GA.
DCR may be bloody. Blood wi l l  pass  into the nasopharnx and oropharynx. Topica l  vasoconstrictor solutions  (pledgelets  soaked in
Moffat's  solution) placed after induction may minimize this .
A s l ight head up ti l t and del iberate moderate hypotens ion (or avoidance of hypertens ion) further improves  the operative field.
Intubation (ora l  RAE or reinforced tube) protects  the lower a i rway defini tively, but a  reinforced LMA is  commonly used where topica l
vasoconstriction, moderate hypotens ion, and surgica l  cooperation are ava i lable. A throat pack should be used in any case.
Control led venti lation, by faci l i tating moderate hypocapnia , may a lso contribute to mucosa l  vasoconstriction and improved operative
field. If us ing an LMA, pos i tive pressure venti lation may reduce the l ikel ihood of blood soi l ing the lower a i rway.

Postoperative

Postoperative analges ia  i s  provided by ora l  NSAIDs  and paracetamol/codeine.
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Penetrating eye injury

Procedures EUA, debridement, closure of punctum.

Time 30–45 min

Pain +/+++

Pos i tion Supine

Blood loss +

Practica l  technique
COETT (RAE, armoured), IPPV
LMA (armoured), IPPV

Preoperative

Although relatively s tra ightforward in adults , this  can be di ffi cul t to manage in chi ldren. The essentia l  danger i s  that elevation of IOP
either pre- or perioperatively, ri sks  extrus ion of the vi treous , haemorrhage, and lens  prolapse.
Pa in, eye rubbing, crying, breath holding, and screaming wi l l  elevate IOP. IV sedation may be required to control  such a  chi ld.
Give analges ia  (ora l  or recta l  paracetamol  or NSAIDs). Opioids  should be avoided i f poss ible (or at least used cautious ly and with an
anti -emetic) s ince vomiting wi l l  a l so affect IOP adversely.
Patients  may have a  ful l  s tomach. Traumatized chi ldren may s ti l l  have a  ful l  s tomach severa l  hours  postinjury.

Perioperative

Suxamethonium causes  a  trans ient increase in IOP and there i s  good reason to avoid i ts  use when the eye i s  open. However, induction
agents  reduce IOP and so moderate i ts  effects . The ri sks  imposed by suxamethonium should be ba lanced aga inst the ri sks  imposed by
a  ful l  s tomach. Each case i s  di fferent and the assessment should include the nature of the eye injury-s ize of penetration, degree of
exis ting damage.
If in doubt, use suxamethonium fol lowing a  large dose of induction agent. There are, however, two practica l  a l ternatives  to
suxamethonium:

Wait. If immediate operative repair i s  not imperative (and i t seldom is ) the case can be deferred unti l  the s tomach i s
cons idered safe. Prokinetic agents  may be of use.
If no a i rway problems are anticipated, use a  rapid sequence technique with rocuronium (1 mg/kg), or ‘high-dose’ vecuronium
(0.15 mg/kg).
The pressor response to intubation can be moderated by IV l idoca ine (l ignoca ine) (1 mg/kg), IV esmolol , or prepriming with
induction agent immediately prior to intubation.

Opioids  may be used as  part of a  ba lanced technique.

P.576

Postoperative
Analges ia  can be provided by paracetamol/codeine preparations  and ora l/ recta l  diclofenac.
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Other opthalmic procedures

Operation Description
Time
(min)

Pain (+
to
+++++)

Position Blood loss Notes

Moh's
reconstruction

Plastics  procedure on eyel ids
after excis ion of basa l  cel l
carcinoma

45–
60

+ Supine Ni l
May be under loca l , but may require use
of fat or fascia  taken from the thigh so GA
may be preferred

Enucleation
Removal  of globe for tumour
or chronic infection

60–
90

++ Supine +
Anaesthetic technique as  for vi treoretina l
surgery. Loca l  techniques  not appropriate

Evisceration
Removal  of globe contents  for
later replacement with
prosthes is

60–
90

+ Supine Ni l
Anaesthetic technique as  for vi treoretina l
surgery. Loca l  techniques  not appropriate

Syringing of
tear ducts  in
babies

 30 + Supine
Stra ightforward technique. SV
via  LMA. Throat pack to absorb
any ‘wash’

EUA of eyes  in
babies

 
10–
20

+ Supine
Beware oculocardic reflex.
Have atropine 10 µg/kg
prepared

P.578
Further reading
Hami l ton RC (1995). Techniques  of orbi ta l  regional  anaesthes ia . Bri ti sh Journal  of Anaesthes ia , 75, 88–92.
Library Holdings
Bibl iographic Links
Ripart J et a l . (1996). Media l  canthus  (caruncle) s ingle injection periocular anesthes ia . Regional  Anesthes ia  and Pa in Management, 83, 1234–8.
Wong DHW (1993). Regional  anaesthes ia  for intraocular surgery. Canadian Journal  of Anaesthes ia , 40, 635–57.
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Genera l  principles
Anaesthes ia  for plastic surgery provides  many chal lenges  for the anaesthetis t owing to the wide spectrum of activi ty and range of techniques
required. Success  or fa i lure of surgery may depend on careful  manipulation of the patient's  phys iology to achieve optimal  conditions . Close
cooperation between anaesthetic and surgica l  teams i s  vi ta l .
Procedures  encountered on plastic surgery l i s ts  may range from s imple excis ion of skin les ions  to extens ive and lengthy reconstruction
fol lowing trauma or mal ignant disease. Operations  are often extremely specia l i zed and some procedures  may only be performed in
des ignated centres  in the United Kingdom.
Anaesthetic technique
Variety of surgery
The complexi ty of anaesthes ia  ranges  from the routine to the extremely cha l lenging. Some extens ive procedures  (e.g. free flap repairs  or
craniofacia l  reconstruction) may involve invas ive monitoring with extens ive blood loss , and may require postoperative intens ive care support.
Day case anaesthes ia
Minor procedures  are sui table for surgery as  a  day case, e.g. correction of prominent ears , Dupuytren's  fasciectomy, or the excis ion of skin
les ions .
Regional  techniques
Minor body surface procedures  may be performed under loca l  anaesthetic infi l tration a lone. Upper or lower l imb surgery i s  especia l ly
sui table for regional  or periphera l  nerve block. Sedation to supplement a  regional  technique may be required in anxious  patients  or for
longer procedures . Propofol  (1–2 mg/kg/h with addition of a l fentani l  20 µg/ml) supplemented with a  smal l  dose of midazolam (1–2 mg) i s
effective. Signi ficant body surface procedures  (e.g. excis ion and grafting of skin tumours ) can be accompl ished in those unfi t for genera l
anaesthes ia  us ing extens ive infi l tration of loca l  anaesthes ia  and intravenous  sedation. Incrementa l  sedation with ketamine (10 mg) and
midazolam (1 mg) i s  a  safe and potent analges ic/sedative combination in the elderly.
The di ffi cul t a i rway
Patients  with head and neck pathology caus ing a i rway di ffi cul ty are often encountered. Ai rway di ffi cul ty may arise from anatomica l  deformity
due to tumour, trauma, infection, previous  operation, or scarring. Competence in di ffi cul t a i rway techniques  (e.g. fibreoptic intubation) i s
required. The ‘shared a i rway’ i s  regularly a  feature of head and neck surgery. Discuss  with the surgeon what tube you propose to use, and by
what route, to achieve the best surgica l  access  (ora l , nasa l , convers ion to tracheostomy?). How is  the tube to be secured (tied, taped,
s ti tched)?
Poor access  to patient
The operating s i te may be extens ive (e.g. burns  debridement) or multiple (e.g. free flap procedures). This  may produce added di ffi cul ty with:
P.581

Heat conservation. It may be di ffi cul t to achieve enough access  to the patient's  body surface area  to mainta in temperature. Heated
underblankets  are useful .
Monitoring. ECG leads , the pulse oximeter probe, and blood pressure cuff may a l l  be di ffi cul t to pos i tion adequately.
Vascular access . Pos i tion cannulas  remote from the operative field. Use femoral  vessels  or the foot i f necessary. Long extens ion sets
are needed.

Smooth emergence
Avoid the patient coughing and s tra ining at the end of the procedure. This  wi l l  put tens ion on del icate suture l ines  and increase bleeding and
haematoma formation, especia l ly for facia l  procedures . The combination of propofol  maintenance and the laryngeal  mask a i rway produces  a
particularly smooth emergence.
Attention to deta i l
Success ful  anaesthes ia  for plastic surgery requires  thoroughness  and careful  attention to deta i l . Patients  for aesthetic surgery wi l l  have high
expectations  and wi l l  be wel l  informed.
Analges ia
Pain rel ief i s  a lways  a  cha l lenge to anaesthetis ts  and i s  a  major qual i ty i s sue. In practice, effective pa in control  may be more readi ly
achievable in patients  recovering from plastic surgery for severa l  reasons :

Most procedures  are performed on the body surface. These tend to be less  pa inful  than procedures  involving the body cavi ties  and are
usual ly amenable to loca l  anaesthetic infi l tration. Continuous  catheter techniques  may be useful  in l imb procedures .
Patients  recovering from head and neck procedures  are often surpris ingly comfortable despi te extens ive surgery.
Major body cavi ties  and abdominal  musculature are usual ly not involved. The pa in experienced after abdominoplasty i s  s igni ficantly
less  than pa in fol lowing laparotomy.
Plastic surgery procedures  seldom involve new fracture of long bones .
The gastrointestina l  tract i s  usual ly unaffected. The ora l  route for drugs  i s  frequently ava i lable which may make dos ing and
adminis tration of analges ics  s impler.

javascript:history.back()


Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Long operations
Patients  undergoing compl icated reconstructive procedures  may be in theatre for many hours . Give careful  cons ideration to:

Vascular access . Check that l ine placement wi l l  not interfere with the s i te of surgery. Invas ive arteria l  monitoring i s  highly des i rable to
faci l i tate blood pressure monitoring, to a l low regular blood gas  estimations , and to avoid frequent blood pressure cuff cycl ing. A
centra l  venous  l ine wi l l  ass is t with estimations  of intravascular volume and provide dependable venous  access  in the postoperative
period. Si te at least one large-bore periphera l  (14–16G) cannula  for fluid adminis tration in theatre. A smal l  cannula  (20–22G) i s  helpful
for patient-control led analges ia .
Blood loss . Ensure blood has  been cross -matched. The ini tia l  dissection i s  usual ly the period of most blood loss  and a  moderate
hypotens ive technique may help to l imit this . Thereafter losses  may be ins idious  and ongoing. Aim to keep track by swab weighing,
visua l  es timation, regular haemoglobin, or haematocri t es timations .
Fluid ba lance. Urinary catheterization i s  essentia l . Ensure careful  monitoring of fluid ba lance, especia l ly in chi ldren and in patients
with poor cardiorespiratory function.
Body temperature. Monitor core temperature (e.g. recta l , nasopharyngeal , or oesophageal ). Mainta in temperature by us ing low fresh
gas  flows , a  heatmoisture exchange (HME) fi l ter, warmed IV fluids , a  warm ambient theatre temperature (e.g. 24 °C), a  heated mattress ,
or external  warming blankets  (e.g. ‘Ba i r Hugger’). Take care not to overheat. Cons ider reducing the temperature of external  warming
blankets  before the des i red temperature i s  reached s ince overshoot often occurs .
Pos i tioning. Ensure that s tructures  such as  the cervica l  spine or brachia l  plexus  are not in pos i tions  of s tress . Take care with pressure
areas . Make l ibera l  use of cotton wool  padding (‘Gamgee’) over bony prominences . Ra ise the heels  off the table us ing foam pads  or
boots .
DVT prophylaxis . Venous  thromboembol ism is  often ini tiated during surgery. Al l  patients  should receive perioperative subcutaneous
heparin 5000 uni ts  twice da i ly (or da i ly low-molecular-weight heparin), thromboembol ism (‘TED’) s tockings , and intermittent ca l f
compress ion whi l s t in theatre.
Nasogastric tube. Cons ider emptying the s tomach. Chi ldren are especia l ly prone to gastric dis tens ion during prolonged procedures .
Eye care. Lightly tape and pad the eyes  for protection. Avoid excess ive padding, s ince this  may negate the natura l  protection afforded
by the bony orbi t. Prophylactic antibiotic ointment i s  unnecessary. Do not a l low corneal  abras ion to develop from surface drying.
ET tube cuff pressure. Cuff pressure wi l l  gradual ly increase i f N2O is  used. Where poss ible, recheck the cuff pressure at interva ls  during
the case. Al ternatively, fi l l  the cuff with N2O-conta ining gas  or sa l ine from the s tart.
Postoperative care. Discuss  the preferred s i te of postoperative care with the nurs ing s taff and surgica l  team. Surgeons  often prefer
patients  to return to the plastic surgery ward where wound care and nurs ing observation may be
P.583

more attuned to the speci fics  of the operation. Closer patient observation, invas ive monitoring, and regular blood gas  estimation may
be more achievable in an intens ive/high-dependency uni t. In practice, there i s  seldom confl i ct. The s i te for immediate postoperative
care i s  principa l ly dictated by the genera l  condition of the patient.
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Breast reduction

Procedure Reduction of breast s i ze by glandular resection. Usual ly bi latera l

Time 3 h

Pain ++

Pos i tion
Supine, 30° head up. Arms  may be pos i tioned on boards , or with elbows  flexed and hands  placed behind the upper part
of the buttocks

Blood loss 500 ml , G&S

Practica l
techniques

IPPV via  ETT or LMA

Preoperative

Bi latera l  breast reduction i s  not primari ly an aesthetic procedure. These patients  may suffer from severe neck and back pa in.
Participating in exercise and sport i s  not poss ible. There may be symptoms of emotional  dis turbance.
Patients  are usual ly fi t and wel l , aged 20–40 years . Many surgeons  exclude patients  with a  body mass  index >30 due to a  higher
incidence of wound breakdown, infection, and haematoma formation.
A mastopexy i s  a  surgica l  procedure for correcting breast ptos is  when breast volume is  adequate. Anaesthetic impl ications  are s imi lar.
Blood loss  i s  less .
FBC and group and save. Cross -matching i s  genera l ly unnecessary except for larger reductions .
Timing in relation to the menstrua l  cycle i s  unimportant.
Al l  patients  should receive DVT prophylaxis  (TED s tockings  and heparin 5000 uni ts  SC 12-hourly).

Perioperative

Patients  should receive a  ba lanced GA. IPPV may be preferable s ince the surgeon often puts  pressure on the chest wal l  during surgery.
IPPV wi l l  mainta in sati s factory chest expans ion with good aeration, control  of PaCO2 and help minimize blood loss . An LMA is  usual ly
satis factory for IPPV.
Loosen and remove the theatre gown prior to induction. Place ECG electrodes  on the patient's  back. Lie the patient on ‘incontinence
pads ’ to absorb blood loss .
Take care to pos i tion the patient careful ly on the operating table. The anaesthetic machine i s  usual ly at the head end. Ensure that the
chest and arms  are symmetrica l . Confi rm that the cannulas  are fi rmly pos i tioned and their plastic caps  covered with ‘gamgee’ i f the
hands  are to be pos i tioned behind the buttocks . Loca l  pressure damage to skin may otherwise ensue. Drip extens ion sets  are needed
and ensure that the drip runs  freely.
P.585
Blood loss  depends  on surgica l  technique. Use of cutting diathermy causes  less  bleeding than a  sca lpel . Infi l tration with di lute
adrenal ine-conta ining loca l  anaesthetic helps  reduce blood loss . Al l  surgeons  have their own recipe. Check the dosage being used, in
practice this  i s  seldom a  concern (see l iposuction).
Fewer than 5% of patients  usual ly require transfus ion. Mi ld fa l l s  in haemoglobin are wel l  tolerated in this  predominantly young
patient group.
Moderate reductions  may involve removal  of 500 g of ti s sue per breast.

Postoperative

Bi latera l  breast reduction does  not cause s igni ficant postoperative pa in. Fol lowing a  dose of longer-acting opioid towards  the end of
surgery, regular s imple analges ics  and NSAIDs  are adequate. Intravenous  PCA i s  genera l ly unnecessary. An occas ional  dose of IM
opioid may be required.
Haematoma formation i s  an early compl ication. Occas ional ly nipple perfus ion may be compromised and require decompress ion of the
pedicle. Return to theatre may be indicated. Later compl ications  include wound infection, dehiscence, and fat necros is .

Specia l  cons iderations
Occas ional ly patients  for mass ive breast reduction are encountered (>1 kg ti ssue removal  per breast). Two to four uni ts  of blood should be
crossmatched. The compl ication rate i s  higher. Older patients  may have coexis ting cardiopulmonary disease and require further investigation.
Intubation and IPPV i s  the preferred technique.
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Breast augmentation

Procedure Bi latera l  or uni latera l  augmentation of breast s i ze

Time 90 min

Pain ++/+++

Pos i tion
Supine, 30° head up. Arms  may be out on boards , or with elbows  flexed and hands  placed behind the upper part of the
buttocks

Blood loss Minimal

Practica l
techniques

Spontaneous  venti lation or IPPV via  LMA

Preoperative

The ava i labi l i ty of this  procedure on the NHS depends  on cl inica l  need. Breast augmentation may be performed for:
Reconstruction fol lowing mastectomy.
Correction of breast asymmetry. Minor asymmetry i s  common. In i ts  most severe form there may be uni latera l  absence of breast
ti ssue and pectora l i s  major muscle (Poland syndrome).
Aesthetic bi latera l  augmentation. Ava i labi l i ty i s  usual ly via  private funding.

Patients  are usual ly fi t and wel l . Check FBC.

Perioperative

Pos i tion on the operating table as  for breast reduction.
Conventional  augmentation involves  creation of a  subcutaneous  pocket for a  s i l i cone implant via  an inframammary incis ion.
Modern techniques  involve ini tia l  pocket formation by the insertion of an inflatable capsule mounted on an introducer via  a  smal l
incis ion in the anterior axi l lary l ine. This  i s  then removed and the implant inserted. Early recovery i s  good and there i s  less
postoperative discomfort.

Postoperative

Postoperative discomfort may be related to the s i ze of the implants . Large implants  cause more ti ssue s tretching and postoperative
pain. In genera l , breast augmentation appears  to cause more discomfort than breast reduction. Give regular NSAIDs  and s imple
analges ics . Opioid analges ia  may be needed but PCA techniques  are seldom required.
Haematoma formation may require early return to theatre. Later compl ications  include infection, capsule formation, prosthes is
rupture, or skin eros ion.

P.587
Specia l  cons iderations

There has  been association made between s i l i cone breast implants  and development of systemic symptoms suggestive of connective
tissue diseases . This  association has  not been proven fol lowing data  from large s tudies .
Soybean oi l -fi l led implants  have been withdrawn from use in the United Kingdom. There are insufficient data  concerning the long-term
consequences  of soybean oi l  breakdown. Sa l ine implants  are not perceived as  sufficiently rea l i s tic and are unpopular with many
women.
Breast reconstruction fol lowing mastectomy is  common. Options  include insertion of a  breast implant, reconstruction with a  pedicled
myocutaneous  flap (e.g. lati ss imus  dors i  or transverse rectus  abdominis  muscle ‘TRAM’), or a  free flap repair (usual ly TRAM).
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Correction of prominent ears
Correction of prominent ears

Procedure Surgica l  correction of prominent ears , usual ly caused by the absence of an antehel ica l  fold. May be uni latera l

Time 1 h

Pain +

Pos i tion Supine, 30° head up

Blood loss Minimal

Practica l  techniques Day case anaesthes ia , flexible LMA and spontaneous  venti lation

Preoperative

Patients  are usual ly chi ldren aged 4–10 years  and fi t. May not present for surgery unti l  teenage or early adul thood.
Surgery i s  offered as  chi ld grows  older and i s  aware of prominent ears . Often precipi tated by teas ing at school . Chi ld may be sel f-
conscious  and anxious .
Obta in consent for suppos i tories .

Perioperative

Day case anaesthetic technique.
Anaesthetic machine usual ly at the foot end.
PONV is  common. A propofol  maintenance i s  wel l  tolerated.
Avoid morphine. Use shorter-acting opioids  (fentanyl  or a l fentani l ) and NSAIDs .
The surgeons  use extens ive LA/adrenal ine infi l tration to a id surgery. This  provides  good analges ia .
20 ml/kg crysta l loid IV may improve the qual i ty of early recovery.

Postoperative

NSAIDs  (e.g. ibuprofen syrup 20 mg/kg/day, or 100 mg three times  a  day 3–7 years , 200 mg three times  a  day 8–12 years ) and paracetamol
20 mg/kg four times  a  day prn.
Dress ings  should be fi rm without being excess ively tight. Sca lp discomfort and i tching can be a  source of discomfort.
Excess ive pa in may be due to haematoma formation and requires  a  return to theatre for dra inage.

Specia l  cons iderations
Al low time for extens ive bandaging at the end of the operation. If a  COETT i s  used early reduction in anaesthetic depth wi l l  lead to coughing
when the head i s  manipulated for bandage appl ication. An LMA is  idea l .
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Facel i ft (rhytidectomy)

Procedure Surgica l  reduction of facia l  folds  and wrinkles  to create a  more youthful  appearance

Time 3–4 h. More extens ive procedures  6–8 h

Pain +

Pos i tion Supine, 30° head up

Blood loss Minimal

Practica l  techniques IPPV via  LMA or ETT, hypotens ive technique, facia l  nerve blocks

Preoperative

NHS funding i s  not ava i lable for these procedures .
Most patients  are aged 45–65 years . Patients  are usual ly fi t and wel l . They may have high expectations  of anaesthes ia  and surgery and
may have undergone previous  facel i ft procedures .
NSAIDs  should be discontinued for at least 2 weeks  prior to surgery.

Perioperative

Many surgeons  in the United States  perform routine facel i ft procedures  under LA infi l tration a lone. Cost constra ints  in patients  who
are sel f-funding have contributed to this  practice. Standard practice in the United Kingdom is  for GA. Facel i fts  should a lways  be
regarded as  major procedures .
Incis ions  are placed in concealed areas  (e.g. preauricular, extending up to the tempora l  region within the ha i r). The skin i s  mobi l i zed
by subcutaneous  undermining and wrinkles/skin folds  are improved by traction. Redundant skin i s  excised. Surgery i s  adapted to sui t
the needs  of the patient and may include forehead l i ft, upper and lower blepharoplasty, and removal  of submenta l/ submandibular
fat. It i s  occas ional ly combined with septorhinoplasty.
Discuss  the choice of a i rway device with the surgeon (e.g. ora l  tube or nasa l  north-facing). Cons ider us ing a  throat pack i f there i s  nasa l
surgery.
The anaesthetic machine i s  usual ly at the patient's  foot end. Long breathing system tubing and drip extens ion sets  are required.
A moderate hypotens ive technique (70–80 systol ic) and 30° head up ti l t wi l l  help minimize blood loss  and improve surgica l  conditions .
LA infi l tration and discrete nerve blocks  provide good postoperative pa in rel ief.
Use a  warming blanket.

Postoperative

A smooth emergence i s  important to avoid bleeding beneath del icate suture l ines . A propofol  maintenance and flexible LMA are idea l .
Avoid postoperative shivering (treat with pethidine 25 mg IV). Bleeding and haematoma formation may require an early return to
theatre.
P.590
Pain i s  not a  prominent feature. Discomfort i s  attributed to platysma tightening. Postoperative NSAIDs  and s imple analges ics  are
required. Marked pa in should ra ise the suspicion of haematoma formation.

Specia l  cons iderations

The observed benefi ts  from facel i ft procedures  may only las t 3–5 years . Repeat operations  are common. Some patients  may undergo
severa l  facel i fts  during their l i fetime.
Recent advances  have involved more extens ive procedures  with deeper ti s sue undermining. These are a l l  performed under GA. The
compos i te facel i ft mobi l i zes  platysma, cheek fat, and orbiculari s  occul i  muscle. This  flap i s  then repos i tioned en bloc with the
overlying skin. Compl ications  are more frequent.
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Free flap surgery

Procedure The transfer of ti s sue from a  donor s i te and microvascular anastomos is  to a  dis tant recipient s i te

Time Variable depending on procedure. Minimum 4 h, often 6–8 h or longer

Pain +++

Pos i tion Variable. Usual ly supine. May require pos i tion change during surgery

Blood loss Often 4–6 uni ts

Practica l  techniques ET + IPPV, arteria l  + CVP l ines , urinary catheter, epidura l  catheter for lower l imb flaps

Preoperative

Free flaps  are most commonly used to provide ti ssue cover fol lowing trauma or resection for mal ignancy. It i s  a  widely used
reconstructive technique. Understand what operation i s  proposed and what the a ims  of surgery are.
Typica l  procedures  are:

Free transverse rectus  abdominis  muscle (TRAM) myocutaneous  flap to reconstruct a  breast fol lowing mastectomy.
Free graci l i s  muscle flap to cover an area  of lower l imb trauma with ti ssue loss .
Free radia l  forearm fasciocutaneous  flap to the oropharynx fol lowing tumour excis ion.

The a im of anaesthes ia  i s  to produce a  hyperdynamic ci rculation with high cardiac output, adequate vasodi lation, and wide pulse
pressure. Patients  with lower l imb trauma are often young and fi t. Patients  with head and neck cancer are often smokers  with
ischaemic heart disease. The elderly or patients  with l imited cardiorespiratory reserve may not be sui table for surgery.

Perioperative

Be prepared for a  long surgica l  procedure. Al l  patients  should receive a  ba lanced GA. Regional  anaesthes ia  a lone i s  seldom
appropriate for these long procedures . Isoflurane i s  the inhalational  agent of choice due to i ts  beneficia l  effects  on systemic vascular
res is tance (SVR). Propofol  maintenance i s  a lso idea l  s ince i t lowers  SVR, i s  rapidly metabol i zed, anti -emetic, and may avoid the
postoperative shivering particularly associated with volati le agents  (there i s  some in vi tro evidence that propofol  may be more
favourable for microvascular flow by avoiding the effect of volati les  on red cel l  membrane s ti ffness ).
P.592
A regional  block i s  helpful  to supplement anaesthes ia . The sympathetic block and dense analges ia  produce excel lent conditions  for
graft surviva l . Lower l imb flaps  are especia l ly sui table. Surgery on multiple s i tes  may not a l l  be covered by the block. Skin grafts  are
often taken from the leg to cover a  muscle flap.
Anaesthetic management requires  a  good practica l  knowledge of ci rculatory phys iology. Blood flow through the microvasculature must
be optimal  to help ensure flap surviva l . Blood flow is  primari ly influenced by changes  in perfus ion pressure, ca l ibre of vessel , and
blood viscos i ty (Hagan–Poiseui l le formula). We only have a  superficia l  understanding of the phys iology of the microci rculation. Much
of our anaesthetic management i s  based on perceived wisdom, rather than on the resul ts  of randomized control led tria ls .
Monitor core (e.g. recta l , oesophageal ) and periphera l  temperature. Insulate the skin probe from any overlying warming blanket. Aim
for a  normal  or even supranormal  core temperature and a  core-periphera l  di fference of <2 °C. This  must be achieved by the time that
microvascular anastomos is  i s  commenced. A widening of the core-periphera l  temperature di fference may hera ld vasoconstriction.
Loca l  vascular spasm may jeopardize the surgery.
Correct any preoperative fluid defici t and commence volume loading. Continue maintenance crysta l loid, and add 10 ml/kg col loid bolus
(e.g. Gelofus ine or Hetastarch) as  required to expand the intravascular volume. Aim for CVP 12 mmHg (or 2–4 mmHg above basel ine),
urine output 2 ml/kg/h, widened pulse pressure, and low SVR. Col loid wi l l  expand the intravascular volume more effectively than
crysta l loid. Transplanted ti ssue lacks  intact lymphatics  and excess  crysta l loid may contribute to flap oedema. Take care to avoid
excess ive volume loading in the elderly who are more prone to develop pulmonary oedema.
Moderate hypotens ion and haemodi lution during the early phase of dissection may help l imit blood loss . Thereafter, mainta in
systol ic arteria l  pressure (SAP) at >100 mmHg or higher depending on preoperative blood pressure recordings .
Viscos i ty i s  closely related to haematocri t (Hct). Viscos i ty ri ses  dramatica l ly when Hct >40%. Aim for an Hct of 30%, which in theory gives
the best ba lance between blood viscos i ty, arteria l  oxygen content, and ti ssue oxygen del ivery.
Dextran reduces  platelet adhes iveness  and factor VIII  concentration. It may help mainta in graft patency. Depending on surgica l
preference, give 500 ml  Dextran 40 during the procedure, and include 500 ml  in the da i ly IV fluid for 2–3 days .
Potent vasodi lators  (e.g. sodium ni tropruss ide, hydra lazine, and phenoxybenzamine) are unnecessary. Sufficient vasodi lation can be
produced by the anaesthetic agent provided that the patient i s  warm, volume loaded, pa in free, and normocarbic. Ni fedepine 10 mg
given with the premed and continued three times  a  day for 5 days  in high-ri sk patients  such as  smokers , diabetics , and arteriopaths
may improve flap surviva l . Chlorpromazine 1–2 mg IV (di lute a  50 mg ampoule to give a  1 mg/ml  solution for injection) i s  useful  to
narrow a  widened core-periphera l  temperature di fference
P.593

when a l l  other factors  have been corrected. The surgeon may use papaverine di rectly on the vessels  to prevent loca l  spasm.
Prophylactic antibiotics  are given at induction and may be repeated during the procedure.

Postoperative

Aim for a  smooth emergence.
Continue meticulous  care wel l  into the postoperative period. Flap observation i s  a  specia l i zed nurs ing ski l l  and care i s  often best
provided on the plastic surgica l  ward. The need for HDU/ITU may be dictated by patient factors .
Vasoconstriction from cold, pa in, low ci rculating volume, hypotens ion, or hypocapnia  wi l l  put the flap at ri sk and needs  prompt
correction.
Treat shivering with pethidine 25 mg IV. Continue with warming blanket in recovery.
The heal th of the flap i s  monitored cl inica l ly. Hourly observations  include a  ‘flap chart’ where temperature, colour, and arteria l  pulses
(us ing a  Doppler probe i f poss ible) are monitored. A pa le, pulseless  flap with s luggish capi l lary fi l l ing may indicate problems with the
arteria l  supply. A swol len, dusky flap, which blanches  eas i ly with a  brisk capi l lary return, indicates  a  venous  outflow problem. An early
surgica l  decis ion needs  to be made concerning re-exploration.
Analges ia  by continuous  epidura l  i s  idea l  for lower l imb flaps . An axi l lary brachia l  plexus  catheter (e.g. continuous  infus ion of 0.25%
bupivaca ine 5 ml/h for 2–3 days ) i s  useful  for procedures  on the forearm and hand.
Careful  cons ideration should be given as  to whether more invas ive analges ic techniques  are justi fied for procedures  on the upper
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torso (e.g. thoracic epidura l  or intrapleura l  ana lges ia). Potentia l  ri sks  may outweigh the benefi ts . These patients  often do very wel l
with IV patient control led analges ia  (PCA). For head and neck proedures  IV PCA i s  best.
Atti tudes  vary concerning perioperative NSAIDs . They are va luable analges ics  and reduce platelet adhes iveness . They may produce
increased oozing fol lowing lengthy and extens ive surgery. Adminis tration postoperatively when clot i s  more establ i shed may be
preferable.

Specia l  cons iderations

The reimplantation of severed digi ts  or l imbs  should be managed as  for a  free flap.
A ‘pedicle flap’ i s  constructed when arteriovenous  connections  remain intact but the ra ised flap i s  rotated to fi l l  a  neighbouring defect.
Examples  include rotation of rectus  abdominus  muscle to fi l l  a  s ternal  wound, rotation of pectora l  muscle to reconstruct a  defect in the
s ide of the neck fol lowing tumour excis ion, or pedicled lati ss imus  dors i  breast reconstruction. Whi ls t the procedure may be technica l ly
more s imple than free ti ssue transfer, the anaesthes ia  requires  s imi lar attention to deta i l .
Overa l l  free flap surviva l  i s  >95%. Flap fa i lure wi l l  resul t in further reconstructive procedures . Patients  in poor genera l  condition with
coexis ting disease have the highest ri sk of flap fa i lure.
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Liposuction

Procedure Vacuum aspiration of subcutaneous  fat via  a  smal l  skin incis ion and a  specia l i zed blunt-ended cannula

Time Variable 30–90 min

Pain +

Pos i tion Variable, depending on s i te. Usual ly supine

Blood loss 1–40% of the volume of fat aspi rated, depending on infi l tration technique

Practica l  techniques Loca l  infi l tration with IV sedation LMA and spontaneous  venti lation

Preoperative

Procedure may be used for:
l ipoma removal
gynaecomastia
reducing the bulk of transplanted flaps  to make them more closely contour the surrounding skin
cosmetic removal  of subcutaneous  fat (‘l iposculpture’) in the abdominal  wal l , thighs , buttocks , and arms.

Patients  presenting for aesthetic surgery are often fi t and wel l .

Perioperative

The tota l  amount of fat aspi rated depends  on patient requirement and surgica l  judgement.
Fat i s  infi l trated with di lute loca l  anaesthetic with adrenal ine. Back and forth movement of the cannula  dis rupts  fatty ti s sue which i s
then aspirated ei ther by suction apparatus  or syringe. Injection of fluid helps  fat breakdown and a ids  aspi ration.
There are severa l  recipes  for subcutaneous  infi l tration solutions : 1000 ml  warmed Hartmann's  conta ining 50 ml  1% l idoca ine
(l ignocaine) and 1 ml  1:1000 adrenal ine i s  popular. 1 ml  infi l trate per 1 ml  aspi rate i s  commonly used (superwet technique).
The tumescent technique refers  to a  large volume of LA/adrenal ine infi l trate to produce ti ssue turgor. Developed as  an outpatient
technique and performed without additional  anaesthes ia  or sedation. 3 ml  infi l trate per 1 ml  aspi rate are often used. There i s  l i ttle
evidence that this  technique i s  superior to the superwet technique, and may produce more compl ications . It may provide unsatis factory
anaesthes ia  when used a lone. Additional  sedation or genera l  anaesthes ia  may be necessary.
P.595
Blood loss  depends  on the volume of LA/adrenal ine infi l trate used. Loss  i s  approximately 1% of the volume of the aspi rate for the
tumescent technique. This  may increase to 40% without subcutaneous  infi l tration.
Extens ive l iposuction phys iologica l ly resembles  a  burn injury and large fluid shi fts  resul t. Commence IV infus ion for aspi rates  >1500
ml . Replace aspi rate 1:1 with IV crysta l loid.

Postoperative

Pressure dress ings  are usual ly appl ied.
Monitor urine output.
Encourage ora l  fluids .
Check Hct fol lowing extens ive l iposuction (>2500 ml  aspi rate).
Bruis ing can be cons iderable.
Use NSAIDs  and s imple analges ics  for pa in rel ief.

Specia l  cons iderations

Dose safety l imits  for large-volume LA infi l tration are controvers ia l . Doses  s igni ficantly higher than the conventional  l idoca ine
(l ignocaine) toxic dose (5 mg/kg) are often used, e.g. 30–70 mg/kg. This  may be poss ible due to the adrenal ine producing s lower drug
absorption, the poor vasculari ty of fat, and the aspi ration of much of the infused solution before the drug has  been absorbed.
Compl ications  are associated with excess ive l iposuction. In the United Kingdom aspiration i s  restricted to approximately 2 l i tres  of fat.
Cons iderably higher volume procedures  have been reported especia l ly in the United States  (in excess  of 10 l i tres ). Deaths  have
occurred from pulmonary oedema and l idoca ine (l ignocaine) toxici ty. Morbidi ty i s  related to high aspi ration volume and high l idoca ine
(l ignocaine) dosage.
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Skin grafting

Procedure Free skin grafts  appl ied to surgica l ly created raw surfaces  fol lowing debridement, or to granulating wounds

Time Variable 30 min–2 h

Pain ++/+++ (especia l ly the donor s i te)

Pos i tion Variable. Depends  on the area  to be grafted. Usual ly supine

Blood loss Ni l  for s imple grafts . Extens ive debridement and grafting of burns  may require 6–8 uni ts

Practica l
techniques

GA/LMA spontaneous  respiration (with latera l  cutaneous  nerve of thigh or femoral  3:1 block i f thigh donor s i te). Spina l  for
lower l imb surgery

Preoperative

Patient assessment i s  influenced by the indication for grafting:
Patients  for s imple excis ion and grafting of i solated les ions  may be otherwise wel l .
Elderly patients  for excis ion/grafting of skin les ions  or pretibia l  lacerations  may be in poor genera l  hea l th. A loca l  or regional
technique may be preferable to a  GA.
Patients  with extens ive burns  for debridement and grafting require careful  assessment. In extreme cases  ful l  intens ive care
may be under way.
Skin grafting may be a  component of more major surgery, e.g. provis ion of skin cover to a  free muscle flap.

Assess  the s tatus  of fluid resusci tation fol lowing burns . Note the urine output and fluids  currently prescribed. Check Hct and FBC,
clotting, U+E, ABGs , chest radiograph.

Perioperative

Ful l  thickness  skin graft (FTSG). Cons is ts  of epidermis  and dermis . Used in smal l  areas  where the thickness , appearance, and texture
of skin are important. Usual ly harvested with a  sca lpel . The donor s i te needs  to be closed di rectly:

postauricular skin for grafts  to the face
groin or antecubita l  fossa  to the hand for management of flexion contractures .

Spl i t skin graft (SSG). Cons is ts  of epidermis  and variable portion of dermis . Much wider usage than FTSG. Usual ly harvested with a  skin
graft kni fe or power-driven dermatome. Donor s i tes  wi l l  hea l  spontaneous ly within 2 weeks . Donor s i tes  are chosen according to the
amount of skin required, colour and texture match, and loca l  convenience. Meshing i s  used to
P.597

expand the extent of the area  that the graft i s  required to cover. Common donor s i tes  are:
thigh
flexor aspect of forearm, upper arm
abdomen.

FTSG can be harvested by subcutaneous  LA infi l tration us ing 27G needle. Addition of hya luronidase a ids  spread (e.g. 1500 IU to 100 ml
of LA solution).
SSG can be harvested us ing EMLA cream. It should be appl ied at least 2 h in advance and covered with an occlus ive dress ing.
Anaesthes ia  does  not extend into the deeper dermis  so the technique i s  unsui table for FTSG. Latera l  cutaneous  nerve of thigh (LCNT)
or femoral  3:1 block provides  useful  anaesthes ia  of a  thigh donor s i te.
Excess  harvested skin can be s tored at 4 °C for 2–3 weeks .

Postoperative

The SSG donor s i te i s  a  potentia l ly pa inful  wound. Supplement with loca l  anaesthes ia  (LCNT or femoral  block) where poss ible.
The type of dress ing i s  important for donor s i te comfort.‘Ka l tostat’ a lginate dress ing impregnated with LA (e.g. 40 ml  0.25% bupivaca ine)
is  commonly used. Dress ings  are di ffi cul t to secure on the thigh and frequently s l ip when the patient mobi l i zes . A thin adhes ive fabric
dress ing (e.g. s teri le ‘Mefix’) i s  used by some surgeons  and may afford better protection and donor s i te comfort. The dress ing i s  soaked
off a fter 2 weeks .
NSAIDs  and s imple analges ics  are usual ly required for 3–4 days . Itching fol lows  when the acute pa in settles  and heal ing i s  under way.

Specia l  cons iderations : burns  patients

Extens ive debridement and grafting of burns  i s  a  major procedure. These patients  should receive a  ba lanced GA. Current management
is  to a im to debride burnt ti s sue and cover with SSG at the earl ies t opportuni ty (often within 48 h). This  converts  the burn to heal thy
surgica l  wound. Potentia l  sources  of seps is  are eradicated, fluid shi fts  are less , and intens ive care management tends  to be more
stable.
Two anaesthetis ts  may be required. Two surgica l  teams wi l l  cons iderably speed up the procedure and help minimize compl ications .
Blood loss . Ensure 6–8 uni ts  are cross -matched. Debrided ti ssue bleeds  freely. Losses  can be di ffi cul t to estimate particularly in smal l
chi ldren. Regularly check Hct and mainta in at approximately 30%.
Temperature control . A large exposed body surface area  wi l l  lose heat rapidly by radiation and evaporation. Measure core
temperature. Use a l l  methods  ava i lable for heat conservation. Li ttle body surface area  may be ava i lable for warming blankets .
Mainta in the operating theatre at 25 °C.
Monitoring. Placement of non-invas ive monitoring devices  may be di ffi cul t. An arteria l  l ine faci l i tates  measurement of blood pressure
and blood sampl ing. A centra l  venous  l ine i s  va luable to provide rel iable venous  access  for this  and future procedures , and help in the
management of intravascular volume. Mainta in s trict aseps is  during l ine insertion.
P.598

Cannulas  may need to be s ti tched. Try to place through intact skin. A urinary catheter i s  essentia l .
Suxamethonium is  contra indicated except in the fi rs t 24 h fol lowing burn. Mass ive K+ release may cause cardiac arrest.
Postoperative care. Return to the burns  uni t. Large body surface area  burns  (e.g. >40%) or those with additional  injury (e.g. smoke
inhalation) may need continued venti lation on ITU unti l  warm and s table.
Analges ia  i s  best provided by IV opioids  ei ther as  PCA or continuous  infus ion. Suggest early intervention of the acute pa in team.
Dress ing changes  may be helped by Entonox or ketamine/midazolam sedation.

javascript:history.back()
javascript:void(0)
javascript:void(0)


Antibiotics  and early nutri tion are important to increase surviva l .



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Burns-early management
Genera l  cons iderations

The emergency management of severe burns  (EMSB) as  practised by the Austra l ian and New Zealand Burn Association has  been
adopted in the United Kingdom by the Bri ti sh Burn Association.
The ini tia l  primary and secondary survey, fami l iar to a l l  providers  of ATLS (Advanced Trauma Li fe Support), i s  s tandard practice no
matter what the cause of trauma. EMSB seeks  to address  the particular needs  of the burnt patient.
Do not a l low the burn to detract from the detection and management of injuries  that are an immediate threat to l i fe
Coexis ting injury i s  particularly l ikely in patients  injured by explos ions , fa l l s  from height, or fi re associated with road traffic accidents .
Fi re i s  the most common cause of burn in adults . Sca lding i s  the most common cause in chi ldren.
Injury may be associated with a lcohol  intoxication, epi lepsy, or a  psychiatric i l lness . Most injuries  occur at home. Always  cons ider
assaul t. Burns  in chi ldren are common non-accidenta l  injuries .
Morta l i ty i s  related to patient age, tota l  body surface area  (TBSA) burnt, and burn depth.

Airway (with cervica l  spine control )

Burns  to the head and neck may rapidly cause a i rway obstruction from mass ive oedema. Inhalation of hot gases  usual ly causes  a i rway
injury above the larynx. Signs  of potentia l  a i rway compromise include s inged nasa l  ha i rs , hoarse voice, productive ‘brassy’ cough, and
soot in the sputum.
Cl inica l  judgement i s  needed to decide i f elective intubation, as  opposed to continuous  observation, i s  the best course of action in
patients  with face and neck burns . Maximum wound oedema occurs  12–36 h postinjury, a l though the a i rway may be compromised much
earl ier. If there i s  any doubt, then there i s  no doubt-intubate and venti late without delay. Use an uncut endotracheal  tube s ince
oedema can be cons iderable. Early intubation i s  a  vi ta l  intervention before patient transport i f the future of the a i rway i s  in any
question. Delay may resul t in severe a i rway di ffi cul ty and subsequent intubation may be imposs ible.

Breathing

Adminis ter oxygen 15 l i tre/min via  a  facemask with a  reservoir bag.
Venti lation may be required in patients :

unconscious  from coexis ting trauma or from the inhalation of toxic substances  such as  carbon monoxide (CO)
developing acute respiratory fa i lure due to smoke inhalation or blast injury
in need of extens ive resusci tation, sedation, and analges ia  fol lowing a  major burn.

P.600
Circulation (with haemorrhage control )

Hartmann's  solution i s  the international ly accepted resusci tation fluid for burns . It i s  cost-effective and readi ly ava i lable. Col loid
solutions  offer no benefi t in early fluid management. As  wound oedema settles , fluid requirements  reduce and tend towards
maintenance requirements .
Burns  >25% TBSA produce a  systemic inflammatory response. Widespread increase in capi l lary permeabi l i ty may resul t in genera l i zed
oedema.
Remove a l l  jewel lery. Insert cannulas  through intact skin wherever poss ible. Insti tute IV fluids  for burns :

>15% TBSA in adults
>10% TBSA in chi ldren.
Weigh the patient i f feas ible. Fluid requirement in fi rs t 24 h i s  3–4 ml/ kg/% TBSA burnt:
Give ha l f ca lculated fluid in fi rs t 8 h. Give remainder in next 16 h.
Time of injury marks  the s tart of fluid resusci tation.

Replace bleeding from coexis ting trauma with blood. Replace losses  from vomiting with normal  sa l ine (or dextrose sa l ine in chi ldren).
Fluid requirements  are greater in chi ldren. Add their da i ly maintenance needs  (as  dextrose sa l ine) to the ca lculated Hartmann's
requirement according to:

4 ml/kg/h for the fi rs t 10 kg
2 ml/kg/h for the next 10 kg
1 ml/kg/h for each additional  kg thereafter.

Al l  ca lculated va lues  are a  guide only. Monitor urine output and ensure a  minimum of:
0.5 ml/kg/h adult
1 ml/kg/h chi ld >30 kg.

If output i s  inadequate then give 5–10 ml/kg Hartmann's  bolus  and increase the next hour's  fluids  to 150% of the planned volume.
Test urine for haemochromogens  (myoglobin/haemoglobin) ari s ing from muscle damage and red cel l  breakdown. If pos i tive:

Increase urine output to 1–2 ml/kg/h.
Alka l inize urine. Add 25 mmol  bicarbonate to each l i tre of Hartmann's .
Promote diures is . Add 12.5 g mannitol  to each l i tre of Hartmann's .

Neurologica l  defici t

Head injury i s  common in burns  associated with road traffic accidents , fa l l s , blasts , or explos ions .
Carbon monoxide (CO) poisoning i s  a  common cause of a l tered consciousness  (see specia l  ci rcumstances-inhalational  injury).
Other causes  of a l tered level  of consciousness  include a lcohol , epi lepsy, and psychiatric conditions .
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View Figure

Fig 25.1 Adult and paediatric burn charts .

P.601

Exposure (with temperature control )

Remove a l l  clothing to assess  the extent of burn injury. If clothing i s  s tuck to the skin, cut around the area  leaving the adherent fabric
in place. Keep the patient warm.
Assess  %TBSA burnt by reference to an adult or paediatric burn chart (see Fig. 25.1). The ‘rule of 9s ’ conveniently divides  the adult body
surface into multiples  of 9%. This  i s  inaccurate for smal l  chi ldren. The pa lmar surface of a  patient's  hand approximates  to 1%TBSA.
Assess  burn depth. Burn wounds  may be superficia l  or deep. In practice, most injuries  are a  mixture of both:

Superficia l . Cons is t of burns  to the epidermis  only (sunburn, flashburns) or involving the superficia l  part of the dermis
(producing a  bl i s ter). Heal ing wi l l  occur spontaneous ly without grafting. These burns  are pa inful  and pinprick sensation i s
preserved.
Deep. Cons is t of deep dermal  burns  (no capi l lary refi l l  beneath the bl i s ter s ince blood vessels  are destroyed) or ful l  thickness
(involving enti re epidermis  and dermis , poss ibly including underlying s tructures ). Burns  may have a  white, waxy appearance.
Pinprick sensation i s  los t.
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Immediate wound care

Fi rs t a id to the burn wound involves  cool ing the wound with cold running water. This  helps  reduce production of inflammatory
mediators  and reduces  ti ssue damage. Continue cool ing for at least 20 min. Take care to prevent hypothermia, especia l ly in the young
chi ld. Cool ing the burn surface i s  an effective analges ic.
Burn wounds  are ini tia l ly s teri le. Cover with a  clean sheet whi l s t continuing early management.
Consul t with the receiving burn uni t concerning the choice of dress ings  for transfer. Si lver sulphadiazine cream may be appl ied
l ibera l ly and covered with s imple dress ings . Cl ingfi lm i s  useful  to l imit evaporation and heat loss . Avoid tight dress ings . Elevate
burned l imbs .

Monitoring

SpO2, ECG, NIBP. Carbon monoxide poisoning wi l l  make the pulse oximeter read towards  100%. Check ABG on a  machine with a  co-
oximeter.
Use an arteria l  l ine for the unconscious , major burns , or inhalational  injury.
Insert a  urinary catheter.
Monitor core temperature.
Use a  nasogastric tube for large burns  (>20% adult, >10% chi ld). Gastropares is  i s  common.
Take blood for FBC (including haematocri t), urea/creatinine, electrolytes , cross -match, COHb. Check blood sugar (especia l ly in chi ldren).

Analges ia

Al l  burns  are pa inful . Whi ls t skin sensation i s  los t over deep burns , the surrounding area  i s  very pa inful . Most wounds  are mixed
superficia l  and deep.
Severe s tress  and emotional  trauma requires  effective sedation/ analges ia .
Give IV morphine, ti trating dose to effect. Use a  morphine infus ion or PCA to continue.

Escharotomy

Eschar i s  the coagulated dead skin of a  ful l -thickness  burn. It cannot expand as  ti s sue oedema progresses .
Ci rcumferentia l  burns  to l imbs  may resul t in l imb i schaemia.
Ci rcumferentia l  burns  to the trunk may reduce chest wal l  compl iance and impede venti lation.
Escharotomy is  performed in theatre. It i s  the release of the burn wound by incis ion down to subcutaneous  fat. Lines  of incis ion are
longi tudina l ly a long the media l  and latera l  s ides  of l imbs . On the trunk, latera l  incis ions  run longi tudina l ly a long the anterior axi l lary
l ine, and extend to the costa l  margin or upper abdomen. These l ines  are connected by two anterior incis ions . Both are convex upwards ,
one across  the upper chest, and the other across  the upper part of the abdomen.
Ensure blood i s  ava i lable, bleeding can be extreme.
Patients  are often a l ready sedated and venti lated. Conscious  patients  wi l l  need additional  sedation and analges ia . Ful l  thickness
burns  are pa inless , but incis ions  wi l l  extend onto normal  skin for a  short dis tance.
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Specia l  ci rcumstances
Inhalation of toxic substances

CO poisoning i s  common. Check blood for COHb. It i s  important for diagnos is . The severi ty of symptoms may not correlate wel l  wi th
COHb level . Poisoning may mimic a lcohol  intoxication.
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CO resul ts  in reduced O2 carrying capaci ty of arteria l  blood and ti ssue hypoxia . PaO2 i s  normal . CO a lso binds  avidly to other haem-
conta ining compounds , especia l ly the cytochrome system. The ha l f-l i fe of COHb is  250 min when breathing room a i r, reduced to 40 min
when breathing 100% O2. Oxygen therapy should be continued s ince a  secondary peak of COHb after 24 h occurs  and i s  attributed to
washout from cytochromes.
Symptoms of COHB poisoning are shown in the table:
Other toxic products  of combustion may include: cyanide, ammonia , phosgene, hydrogen chloride, fluoride or bromide, and complex
organic compounds . These toxic substances  may produce:

A chemica l  burn to the respiratory tract.
Inters ti tia l  lung oedema, impaired gas  exchange, and ARDS.
Systemic acid/base dis turbances .
Hydrofluoric acid binds  serum Ca2+ and causes  hypocalcaemia.

COHb (%) Symptoms

0–15 None (smokers )

15–20 Headache, mi ld confus ion

20–40 Nausea and vomiting, disorientation, fatigue

40–60 Hal lucinations , ataxia , fi ts , coma

>60 Death

Chemica l  burn

Hands  and upper l imbs  are the most frequently affected areas .
Staff should protect themselves  with gloves , apron, and facemask.
Remove contaminated clothing as  early as  poss ible. Store in a  secure conta iner for disposa l .
Industria l  or household a lka l i s  and acids  are commonly used chemica ls . Examples  include bleach, washing powder, dis infectants ,
dra in cleaner, pa int s tripper. Immers ion in complex hydrocarbons  (petrol , diesel ) without igni tion may cause systemic toxici ty.
Phosphorus  burn may resul t from fi reworks  or mi l i tary appl ications .
Tissue damage continues  unti l  the chemica l  i s  neutra l i zed or di luted by washing with water. Continuous  and prolonged (1 h) i rrigation
with cold water from the outset i s  vi ta l  for a l l  burns  (except elementa l  Na, K, or Li ).
Speci fic treatments  include:

Hydrofluoric acid. Highly toxic. Used in the glass  industry. 2% TBSA can be fata l . Inactivate toxic F-ions  by appl ication of topica l
ca lcium gluconate burn gel , 10% Ca gluconate loca l  injections  into the burn wound, and cons ider intra-arteria l  or IV (Bier's
block) Ca  gluconate infus ions .
P.604

Phosphorus . White phosphorus  igni tes  spontaneous ly when exposed to a i r. It can be extinguished by water. Apply copper
sulphate solution which converts  phosphorus  to black cupric phosphide.
Bi tumen. Common injury in the United Kingdom from road maintenance. It i s  l iquid at 150 °C and causes  burns  due to the effects
of hot l iquid. Cool  with water. Remove with vegetable or paraffin oi l .

Electrica l  burn

Low vol tage (<1000 V) produces  a  loca l  contact burn. The 50 Hz A.C. domestic supply i s  particularly l ikely to cause cardiac arrest. Muscle
spasm may prevent release of the electrica l  source. There i s  no associated deep ti ssue damage.
High vol tage (>1000 V) causes  flash burn or deep ti ssue damage due to current transmiss ion. High-tens ion cables  usual ly 11 000 or 33
000 V. Produces  an entrance and exi t wound. May require fasciotomy under GA. Severe renal  impairment may resul t from
haemochromogens  released from muscle and red cel l  damage.
Lightening s trike (ul tra  high tens ion, high current) has  a  very high morta l i ty fol lowing di rect s trike. Side flash i s  more common where a
nearby l ightening s trike produces  current that flows  over the surface of the victim. Superficia l  burns  may resul t. Current may flow up
one leg and down the other producing an entry and exi t wound. Respiratory arrest i s  common. ‘Lichtenberg flowers ’ i s  a  pathognomonic
splashed-on pattern of skin damage resul ting from l ightening s ide flash.

Transfer to burn centre

The Bri ti sh Burn Association cri teria  for transfer to a  burn centre are:
Burn >10%TBSA adult or >5%TBSA chi ld, and any patient with ful l  thickness  burn >5%TBSA.
Burn to specia l  areas : face, hands , feet, geni ta l ia , perineum, major joints .
Electrica l  or chemica l  burns .
Inhalational  injury.
Ci rcumferentia l  burn to the l imbs  or chest.
Patients  at the extremes  of age.
Patients  with poor medica l  condition which may compl icate management.
Burns  with associated major trauma. Whether the patient i s  ini tia l ly managed in a  burn centre or a  trauma centre wi l l  depend
on the nature of the coexis ting injury.
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Other plastic surgica l  procedures

Operation Description
Time
(min)

Pain (+
to
+++++)

Position
Blood loss/
X-match

Notes

Abdominoplasty
Excis ion of redundant lower abdominal
skin

120
++ to
+++

Supine G&S LMA or ETT, IPPV

Carpal  tunnel
release

Release of flexor sheath at the wris t to
rel ieve median nerve entrapment

30 +
Supine,
arm
board

ns
(tourniquet)

LA infi l tration, or brachia l  plexus  block, or day
case GA

Dupuytren's
contracture

Excis ion of contracted pa lmar fascia
60–
90

+
Supine,
arm
board

ns
(tourniquet)

Brachia l  plexus  block, or day case GA

External  angular
dermoid

Excis ion of congenita l  dermoid cyst
usual ly from latera l  supraorbi ta l  ridge

30 ns
Supine,
head
ring

ns LMA and spontaneous  venti lation

Flexor/extensor
tendon repair

Repair of hand tendons  fol lowing
trauma. Often multiple. May be
extens ive. May involve nerve/vessel
repairs

30–
120+

+ to
++

Supine,
arm
board

ns
(tourniquet)

Brachia l  plexus  block ± GA, LMA and
spontaneous  venti lation, IPPV for extens ive
repairs

Gynaecomastia
Excis ion or l iposuction of excess  male
breast ti s sue

45
+ to
++

Supine ns LMA and spontaneous  venti lation

Hypospadius
repair

Correction of congenita l  abnormal i ty of
male urethra . Usual ly infant

90 ++ Supine ns
LMA and spontaneous  venti lation. Caudal
block

Insertion of
ti ssue expander

Subcutaneous  insertion of sa l ine-fi l led
s i las tic bags , often sca lp

45
+ to
++

Supine,
head
ring

ns LMA and spontaneous  venti lation

Minor body
surface
procedures

Suture of lacerations , dog bi tes , excis ion
of smal l  skin tumours , cysts , s inus  tracts ,
l ipomas , abcesses , etc.

30 +
Usual ly
supine

ns
LA infi l tration or loca l  block. LMA and
spontaneous  venti lation

Neck, axi l la , or
groin dissection

Block dissection of regional  lymph nodes
to excise secondary mal ignant disease

90–
120

++
Supine,
head
ring

2 uni ts LMA or ETT, IPPV

Preauricular
s inus

Excis ion of congenita l  s inus  tract, often
bi latera l

45 +
Supine,
head
ring

ns LMA and spontaneous  venti lation

Pretibia l
laceration

Excis ion of pretibia l  wound and SSG 45
+ to
++

Supine ns Spina l  or GA

Repair sacra l
pressure sore

Debridement and loca l  flap repair
60–
90

ns
Latera l
or
prone

G+S

Beware autonomic hyperreflexia  in
paraplegics . Variable requirement for
anaesthes ia . Maybe ni l /IV sedation or GA. ETT
+ IPPV for prone pos i tion

Syndactyly
Release of congenita l  fus ion of two or
more digi ts . Maybe bi latera l . May require
FTSG

60–
180

++ Supine
ns
(tourniquet)

LMA and spontaneous  venti lation. ETT + IPPV
for extens ive repairs

Umbi l icoplasty Correction of protruding umbi l i cus 30 + Supine ns LMA and spontaneous  venti lation

ns  = not s igni ficant.
SSG = spl i t skin graft.
FTSG = ful l  thickness  skin graft.
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Genera l  principles
A wide range of patients  present for gynaecologica l  surgery. Many are young and fi t, wi l l  be undergoing relatively minor procedures , and are
l ikely to be going home on the same day. Others  wi l l  be inpatients  undergoing more major surgery, some with gynaecologica l  tumours . Many
wi l l  be elderly, requiring operations  that rel ieve pelvic floor prolapse.

Many gynaecologica l  patients  are extremely apprehens ive, even for relatively minor surgery.
The genera l  principles  of day surgery apply to many gynaecology l i s ts .
Postoperative nausea and vomiting (PONV) i s  a  particular problem. In some patients  this  i s  a  major concern. With high-ri sk patients
cons ider us ing techniques  that may reduce the incidence of PONV, e.g. TIVA and regional  anaesthes ia . Give prophylactic anti -emetics ,
particularly to patients  with a  previous  his tory of PONV.
Pelvic surgery i s  associated with deep vein thrombos is  (DVT). Ensure that adequate prophylactic measures  have been taken to reduce
the ri sk.
Younger females  may be taking the contraceptive pi l l , which may need to be s topped before some operations . Guidel ines  are
suggested on p. 13.
Vagal  s timulation may occur during gynaecologica l  surgery ei ther during cervica l  di latation, traction on the pelvic organs  or the
mesentery, or during laparoscopic procedures .
Take care during patient pos i tioning. Patients  are often moved up or down the table, when a i rway devices  can be dis lodged and
disconnections  can occur. Many patients  wi l l  have pre-exis ting back or joint pa in, which may be worsened in the l i thotomy pos i tion.
There i s  a  potentia l  for common peroneal  nerve injury i f the legs  are supported in s ti rrups .
An open abdominal  wound wi l l  rapidly lose heat. Ensure that patients  are kept warm during laparotomies . A warmed a i r mattress  i s
particularly useful .
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Minor gynaecologica l  procedures

Procedure D&C, hysteroscopy, oocyte retrieva l

Time 20–30 min

Pain +

Pos i tion Supine, l i thotomy

Blood loss Ni l

Practica l  technique LMA, SV, day case

Minor operations  that enable access  to the endometria l  cavi ty through the cervix include:

D&C (di latation and curettage). Largely superseded now by hysteroscopic examination.
Hysteroscopy: the surgeon i s  able to visua l i ze the endometria l  cavi ty us ing a  rigid scope. The hysteroscope i s  flushed with crysta l loid
to enable better visua l i zation. Fluid volume is  measured to ensure there i s  no uterine perforation (volume recovered less  than the
volume infused).
A brief genera l  anaesthetic may be requested for an oocyte retrieva l  procedure. Patients  wi l l  have received prior hormonal  s timulation
to induce the production of oocytes  in the ovaries . These are removed with the a id of ul trasound through a  transvagina l  approach. This
may a lso be performed us ing heavy sedation.

Preoperative
Many of these patients  wi l l  be day cases . Premedicate with rani tidine and diclofenac, or obta in permiss ion for recta l  adminis tration
perioperatively.
Perioperative
Spontaneous  venti lation us ing a  facemask or LMA, propofol  (infus ion or intermittent bolus ) or volati le.
Postoperative
Simple ora l  ana lges ics , plus  anti -emetic of choice.
Specia l  cons iderations

Vagal  s timulation may occur with cervica l  di latation, so have antichol inergic drugs  immediately ava i lable.
Stimulation may a lso induce laryngospasm-ensure adequate depth of anaesthes ia .
There i s  a  ri sk of uterine perforation through the fundus  whenever surgica l  ins truments  are introduced through the cervix and into the
endometria l  cavi ty. Antibiotics  are usual ly prescribed i f this  i s  thought to have occurred. A smal l  perforation can be treated expectantly,
larger perforations  may require a  laparoscopy to eva luate the extent of the perforation.
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ERPC STOP (VTOP)

Procedure ERPC (evacuation of reta ined products  of conception). STOP/VTOP (suction or vagina l  termination of pregnancy)

Time 10–20 min

PainM +

Pos i tion Supine, l i thotomy

Blood loss Usual ly minimal

Practica l  technique LMA, SV, day case

Preoperative

ERPC: remaining products  of conception may have to be surgica l ly removed after an incomplete miscarriage. This  usual ly occurs
between 6 and 12 weeks ' gestation. Substantia l  blood loss  may have occurred preoperatively, and may continue perioperatively. IV
access  and crysta l loid/col loid infus ion are required i f haemorrhage appears  anything more than trivia l .
STOP/VTOP is  a  procedure undertaken up to 12 weeks ' gestation.

Perioperative

LMA or FM, fentanyl . The surgeon usual ly requests  an IV bolus  of oxytocin (Syntocinon 5–10 uni ts ) to help contract the uterus  and reduce
bleeding. This  drug can cause an increase in heart rate. The use of ergometrine, a  vasoconstrictor, for the same purpose i s  decl ining
because i t s igni ficantly ra ises  arteria l  pressure.
Avoid high concentrations  of volati le agents  due to the relaxant effect on the uterus . TIVA with propofol  infus ion, or more usual ly
intermittent bolus , i s  idea l .

Postoperative
Simple ora l  ana lges ics  and anti -emetic of choice.
Specia l  cons iderations

Pregnancies  beyond 12 weeks  can be terminated surgica l ly by di latation and evacuation (D + E). The procedure i s  s imi lar to a
STOP/VTOP, but there i s  greater potentia l  for blood loss . Larger doses  of oxytocin may be required, and intubation should be
cons idered i f there are symptoms of reflux oesophagi ti s .
If a  pregnancy has  gone beyond 16 weeks , i t may be terminated medica l ly with prostaglandin. These patients  may s ti l l  require an ERPC,
and should be managed s imi larly to a  reta ined placenta  (see p. 725).
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Laparoscopy/laparoscopic s teri l i zation

Procedure Intra-abdominal  examination of gynaecologica l  organs  through a  rigid scope ± cl ips  to fa l lopian tubes

Time 15–30 min

Pain +/++

Pos i tion Supine, l i thotomy, head down ti l t

Blood loss Ni l

Practica l  technique
COETT, IPPV
LMA, SV, day case

Preoperative

Usual ly young and fi t adul ts .
Obta in consent for suppos i tories

Perioperative

Use a  short-acting non-depolarizing muscle relaxant. ‘Top-ups ’ may be required. Monitor with a  nerve s timulator and use reversa l
agents  i f necessary at the end.
Intubate with an ora l  tracheal  tube.
Give a  short-acting opioid (e.g. fentanyl ) and PR NSAID (e.g. diclofenac 100 mg).
Encourage the surgeon to infi l trate the skin incis ions  with loca l  ana lges ia .
An a l ternative technique for uncompl icated short procedures  i s  to use spontaneous  venti lation and an LMA. This  i s  only sui table for
non-obese patients  and the potentia l  for gastric regurgi tation and aspiration must be assessed careful ly. If gas  insuflation i s
hampered by abdominal  muscle tone, deepen anaesthes ia  or use a  smal l  dose of mivacurium, and ass is t venti lation unti l  the return
of SV.

Postoperative
Further opioids  (morphine) may be required.
Specia l  cons iderations

As  many of these procedures  are short and may only take 10–15 min, mivacurium is  a  logica l  muscle relaxant to use. Intermittent use of
suxamethonium has  unwanted s ide-effects .
Bradycardias  are common, due to vaga l  s timulation. Atropine should be readi ly ava i lable. Many anaesthetis ts  adminis ter
glycopyrrolate prophylactica l ly at induction.
Shoulder pa in i s  common postoperatively due to diaphragmatic i rri tation. It can be di ffi cul t to treat, and i s  reduced by expel l ing as
much carbon dioxide from the abdomen as  poss ible at the end of the procedure.
P.614

Occas ional ly, surgica l  ins truments  damage abdominal  contents , and a  laparotomy is  required. Severe blood loss  may resul t.
Very rarely carbon dioxide gas  may be inadvertently injected intravascularly, resul ting in gas  embolus . This  resul ts  in
venti lation/perfus ion mismatch, with a  fa l l  in ETCO2, impaired cardiac output, hypotens ion, arrhythmias , and tachycardia . If this  i s
thought to have occurred, the surgeon should be a lerted, ni trous  oxide should be discontinued, and the patient should be resusci tated
(p. 844).
If contemplating us ing an LMA premedicate with ora l  rani tidine (150–300 mg).
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Transcervica l  resection of endothel ium (TCRE)

Procedure Endoscopic resection of endometrium

Time 40 min

Pain +

Pos i tion Li thotomy

Blood loss Variable

Practica l  technique LMA, SV

Preoperative

Patients  are usual ly pre-menopausa l .
May have anaemia.

Perioperative

Spontaneous  breathing technique with LMA is  usual ly sati s factory.
Give a  short-acting opioid (e.g. fentanyl ) and PR NSAID (e.g. diclofenac).
Routine IV fluids  are unnecessary.
Take care with pos i tioning (l i thotomy pos i tion).

Postoperative

Patients  usual ly s tay overnight.
Stronger opioids  (e.g. morphine) are occas ional ly required.

Specia l  cons iderations

A condition s imi lar to ‘TURP syndrome’ may compl icate this  procedure. During surgery, the endometria l  cavi ty i s  i rrigated with a
pressurized glycine solution and systemic absorption of water may occur. This  i s  more l ikely with prolonged surgery, or i f the
endometrium is  particularly vascular. The syndrome is  characterized by fluid overload, which may compromise cardiac output, cause
pulmonary oedema, and resul t in electrolyte abnormal i ties , particularly hyponatraemia. Treatment i s  as  for TURP syndrome (p. 628).
Blood loss  i s  di ffi cul t to assess  during and after the procedure because of the di lutional  effect of the i rrigation fluids . Only very rarely
is  a  blood transfus ion required.
Newer techniques  are being evolved to reduce the degree of fluid dis tens ion of the uterine cavi ty, making i t a  safer and shorter
procedure.
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Abdominal  hysterectomy
Abdominal  hysterectomy

Procedure Removal  of uterus  through abdominal  incis ion (may a lso include ovaries  as  bi latera l  sa lpingo-oophorectomy)

Time 1 h, often longer

Pain +++

Pos i tion Supine, head down

Blood loss 250–500 ml , G&S

Practica l  technique ETT, IPPV, PCA

Patients  may be anaemic i f they have had menorrhagia  or postmenopausa l  bleeding.
Renal  function may be abnormal  i f an abdominal  mass  has  been compress ing the ureters .
Many patients  are anxious  and require premedication.
Postoperative nausea and vomiting (PONV) i s  common.
Ensure prophylaxis  for deep vein thrombos is  (DVT) has  been ini tiated.

Perioperative

Ora l  intubation and venti lation.
If a  Pfannenstei l  (‘bikini  l ine’) incis ion i s  anticipated bi latera l  i l ioinguina l  blocks  with bupivica ine markedly reduces  postoperative
pain (the patient must be warned of the poss ibi l i ty of femoral  nerve involvement).
Profound muscle relaxation i s  required to enable the surgeon to ga in optimal  access .
Antibiotic prophylaxis  i s  usual ly required.
Head down pos i tioning i s  often requested which may cause venti lation pressures  to ri se and diaphragmatic compress ion. Centra l
venous  pressure wi l l  increase and gastric regurgi tation i s  a lso more l ikely.
Blood loss  i s  variable; some hysterectomies  bleed more than expected. Cross -match blood early i f bleeding appears  to be a  problem.
Heat loss  through the abdominal  incis ion can be s igni ficant. Use a  warm a i r blanket over the upper body during the operation.

Postoperative

Patients  usual ly do wel l  wi th a  PCA supplemented with loca l  anaesthetic blocks  or wound infi l tration and regular NSAIDs . It i s  a  good
idea to add an anti -emetic drug to the opioid to reduce the incidence of PONV. Cycl i zine (up to150 mg) or droperidol  (5 mg) can be
added to a  50 ml  syringe with 50 mg morphine.
P.617
Oxygen therapy may be required for 24 h postoperatively or longer. Patients  usual ly tolerate nasa l  cannulas  better than face masks .

Specia l  cons iderations

Epidura l  ana lges ia  i s  a l so effective for posthysterectomy pa in, particularly in patients  who have had midl ine (‘up and down’) incis ions ,
and may a lso reduce the incidence of PONV. However, morbidi ty from their use prevents  many people from us ing them for routine
hysterectomy.
Wertheim's  hysterectomy is  undertaken in patients  who have cervica l  and uterine mal ignancies . The uterus , fa l lopian tubes , and often
the ovaries  are removed but, in addi tion, the pelvic lymph nodes  are dissected out. These operations  take much longer and there i s  a
potentia l  for substantia l  blood loss . Invas ive monitoring, in the form of centra l  venous  access  and di rect arteria l  pressure monitoring,
should be cons idered. Epidura l  ana lges ia  i s  useful  for the postoperative phase.
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Vagina l  hysterectomy

Procedure Removal  of the uterus  through the vagina

Time 50 min

Pain +/++

Pos i tion Li thotomy

Blood loss Variable, usual ly less  than 500 ml

Practica l  technique
LMA, SV, caudal
Spina l

Preoperative
A degree of uterine prolapse enables  the operation to be performed more eas i ly. Patients  are therefore usual ly older and may be fra i l  wi th
underlying cardiac or respi ratory problems.
Perioperative

A spontaneous  breathing technique with LMA is  usual . Give a  longeracting IV opioid (e.g. morphine 5–10 mg or pethidine 50–100 mg)
and supplement with NSAIDs .
A caudal  with 20 ml  bupivica ine 0.25% improves  postoperative analges ia , but beware toxic levels  (see below).
Spina l  anaesthes ia  (3 ml  bupivaca ine 0.5%) with or without supplementa l  sedation i s  a  sati s factory a l ternative.
The surgeon usual ly infi l trates  the operative field with a  vasoconstrictor to reduce bleeding. Loca l  ana lges ia  infi l tration at the same
time wi l l  a id postoperative analges ia . Monitor the cardiovascular system careful ly during this  period, and ensure that safe doses  of
these drugs  are not exceeded.
Take care with pos i tioning. Many patients  wi l l  have hip and/or knee arthri ti s , and may have had surgery to these joints . Lloyd-Davis  leg
s l ings  may be preferable to leg s ti rrups  i f leg joints  articulate poorly. The common peroneal  nerve may be compressed in leg s ti rrups .
Keep the patient warm, preferably with a  warmed a i r blanket.

Postoperative

This  operation i s  much less  pa inful  than an abdominal  hysterectomy. If opioids , NSAIDs  and loca l  ana lges ia  infi l tration/caudal  have
been given intraoperatively, further analges ia  needs  are often very modest (IM opioids ).
Elderly patients  wi l l  require supplementa l  oxygen for at least 24 h postoperatively.

Specia l  cons iderations

The procedure i s  often supplemented by ei ther an anterior or posterior repair which reduces  bladder or bowel  prolapse through the
vagina.
P.619

It i s  usual ly not poss ible to remove the fa l lopian tubes  and ovaries  during a  vagina l  hysterectomy because of the restricted surgica l
field.
Laparoscopica l ly-ass is ted vagina l  hysterectomy (LAVH) i s  des igned to enable the uterus , fa l lopian tubes , and ovaries  to be removed
through the vagina. The operation begins  with a  laparoscopy, at which the broad l igament i s  identi fied and detached. There i s  a  ri sk of
haemorrhage and ureteric damage at this  s tage. The anaesthetic principles  for laparoscopy apply except that a  longer-acting muscle
relaxant and an endotracheal  tube should be used. Once satis factory mobi l i ty of the gynaecologica l  organs  has  been achieved at
laparoscopy, they are then removed through a  vagina l  incis ion. PCA analges ia  should be cons idered postoperatively.
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Ectopic pregnancy

Procedure Laparotomy to s top bleeding from ruptured tubal  pregnancy

Time 40 min

Pain ++/+++

Pos i tion Supine

Blood loss Can be mass ive, cross -match 2 uni ts

Practica l  technique ETT, IPPV, PCA

Preoperative

The presentation i s  very variable. At one end of the spectrum a  s table patient may have i l l -defined abdominal  pa in and amenorrhoea,
and at the other a  patient may present with l i fe-threatening abdominal  haemorrhage. At least one large-bore IV cannula  should be
inserted prior to theatre, and crysta l loids , col loids , or blood products  infused according to the cl inica l  picture.
FBC, cross -match, and poss ibly a  clotting screen should be requested on admiss ion.
Seek help from a  second anaesthetis t i f the patient i s  unstable.

Perioperative

Rapid sequence induction.
Careful  IV induction i f blood loss  i s  suspected. Use etomidate or ketamine i f shocked.
Continue intravenous  fluid resusci tation.

Postoperative

Clotting abnormal i ties  are not uncommon i f large volumes  of blood have been lost. Send a  clotting screen for analys is  i f necessary,
and organize fresh frozen plasma and platelet infus ions  i f indicated.
Actively warm the patient in the recovery room with heated blankets  i f poss ible.
Set up an intravenous  infus ion or a  PCA device for postoperative analges ia .

Specia l  cons iderations

Stable patients  may undergo a  diagnostic laparoscopy. Be aware that the pneumoperi toneum may impede venous  return resul ting in
hypotens ion.
Many centres  now perform the whole operation through the laparoscope as  a  routine, and only convert to a  laparotomy i f there are any
compl ications .
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Other gynaecologica l  procedures

Operation Description
Time
(min)

Pain (+
to
+++++)

Position
Blood
loss/X-
match

Notes

Simple
vulvectomy

Excis ion of vulva 90 +++ Li thotomy G&S  

Radica l
vulvectomy

Excis ion of vulva  and lymph
nodes

150 ++++ Li thotomy 2 uni ts Epidura l  ana lges ia  recommended

Investigative
laparotomy

Abdominal  assessment of pelvic
mass

150 ++++ Supine 2 uni ts
Ovarian tumours  may be adherent to adjacent
structures , e.g. bowel  and mesentery. Potentia l ly large
blood loss

Sacrocolpopexy
Abdominal  repair of vaul t
prolapse

60 +++ Supine G&S  

Oophorectomy Removal  of ovaries 40 +++ Supine G&S  

Anterior repair Repair of anterior vagina l  wal l 20 ++ Li thotomy Ni l
Often combined with vagina l  hysterectomy. LMA ±
caudal

Posterior repair Repair of posterior vagina l  wal l 20 ++ Li thotomy Ni l
Often combined with vagina l  hysterectomy. LMA ±
caudal

Colposuspens ion
Abdominal  procedure for s tress
incontinence

40 +++ Supine G&S COETT, IPPV

Cone biopsy
Removal  of the terminal  part of
the cervix through the vagina

30 ++ Supine G&S May bleed postoperatively. LMA, SV

Myomectomy
Abdominal  excis ion of fibroids
from uterus

60 +++ Supine G&S Blood loss  may be greater than expected. COETT, IPPV

Sacrospinous
fixation

Vagina l  operation for vaul t
prolapse

40 ++ Li thotomy Ni l  

Shi rodkar suture
Insertion of suture around cervix
to prevent recurrent miscarriage

20 ++ Li thotomy Ni l May need to take anti reflux precautions  (see p. 744)
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Anaesthetic cons iderations  for cystoscopic procedures

Includes  cystoscopy, transurethra l  resection of the prostate (TURP), bladder neck incis ion, transurethra l  resection of bladder tumour,
ureteroscopy and/or s tone removal  or s tent insertion.
The majori ty of patients  are undergoing procedures  for benign prostatic hypertrophy or carcinoma of the bladder. The incidence of both
these conditions  increases  markedly over the age of 60 years  and bladder cancer i s  smoking-related, so patients  frequently have
coronary artery disease and chronic obstructive a i rways  disease.
FBC, creatinine, and electrolytes  should be checked preoperatively because bladder cancers  can bleed ins idious ly. Both bladder cancer
and benign prostatic hypertrophy can cause an obstructive uropathy/renal  impairment and drugs  and technique should be chosen
accordingly.
Flexible cystoscopy i s  largely used for diagnostic purposes , does  not require ful l  bladder dis tens ion, and can normal ly be performed
under loca l  anaesthetic. Biops ies  can be taken this  way with only a  smal l  amount of discomfort and ski l led surgeons  can perform
retrograde ureteric catheterizations . Occas ional  patients  ins is t on sedation or GA for flexible cystoscopy. Midazolam or propofol  i s
idea l .
Rigid cystoscopy requires  genera l  anaesthes ia , due to scope diameter and the use of i rrigating solution to dis tend the bladder and
al low visua l i zation of the surgica l  field. If large volumes  of i rrigant are absorbed systemic compl ications  due to fluid overload can
resul t (see TURP syndrome p. 628).
Spina l  anaesthes ia  works  wel l  for rigid cystoscopic procedures , and i s  commonly used for TURP. Sensory supply to the urethra ,
prostate, and bladder neck i s  from S2–S4. Sensory supply to the bladder, however, i s  from T10–T12 so a  higher block i s  required. Many
patients  wi l l  request sedation. In the elderly population 1–2 mg midazolam (± fentanyl  50 µg) i s  usual ly adequate. Higher doses  may
resul t in loss  of a i rway control , confus ion, and restlessness . A low-dose propofol  infus ion i s  an a l ternative.
Hyperbaric bupivaca ine usual ly produces  a  higher block than the i sobaric solution, especia l ly when the injection i s  performed with the
patient in the latera l  pos i tion and then turned supine. 3 ml  ‘heavy bupivaca ine’ 0.5% usual ly gives  a  block to T10. Do not ti l t the patient
head down unless  the block i s  not sufficiently high. Al ternatively 3 ml  pla in bupivaca ine wi l l  give an adequate block for TURP, but may
not be adequate for transurethra l  bladder surgery.
Patients  with chronic chest disease tend to cough on lying flat. During surgery under regional  block coughing can serious ly impair
surgica l  access . Sedation can help to reduce the cough impulse.
Patients  with spina l  cord injuries  (see p. 180) often require repeated urologica l  procedures . Bladder dis tens ion during cystoscopy i s
very s timulating and prone to cause autonomic hyperreflexia  so a  GA or spina l  i s  advisable—check previous  anaesthetic charts .
Take particular care pos i tioning elderly patients  in l i thotomy, especia l ly those with joint replacements .
P.625
Peni le erection can make cystoscopy di ffi cul t and surgery hazardous . It usual ly occurs  due to surgica l  s timulation when the depth of
anaesthes ia  i s  inadequate and can usual ly be managed by deepening anaesthes ia . If the erection s ti l l  pers is ts  smal l  doses  of
ketamine can be useful .
Antibiotic prophylaxis  i s  required when there i s  a  proven urinary tract infection or a  potentia l  for infection due to an indwel l ing
catheter or urinary obstruction. Patients  at ri sk of acquiring deep-seated infection, i .e. those with abnormal  or prosthetic heart va lves ,
prosthetic joints , or aortic grafts  wi l l  need prophylaxis  routinely, with the addition of Gram-pos i tive cover (see p. 896).
DVT prophylaxis : graduated compress ion s tockings  are genera l ly cons idered adequate in low-risk patients  undergoing cystoscopic
procedures , as  most wi l l  mobi l i ze rapidly fol lowing surgery. However, low-dose heparin should a lso be used in patients  with
additional  ri sk factors  or those who have recently undergone other surgery and a  period of immobi l i ty.

Postoperative compl ications  of rigid cystoscopic procedures

Perforation of the bladder can occur and can be di ffi cul t to recognize, especia l ly in the presence of a  spina l  block, which may mask
abdominal  pa in. Perforations  are class i fied as  extraperi toneal , when pa in i s  sa id to be maximal  in the suprapubic region, and
intraperi toneal  when there i s  genera l i zed abdominal  pa in, shoulder tip pa in due to fluid tracking up to the diaphragm, and s igns  of
peri tonism. Intraperi toneal  perforations  need fluid resusci tation and urgent surgery to prevent progress ive shock.
Bacteraemia  can have a  very dramatic onset with s igns  of profound septic shock. Usual ly there i s  a  rapid response to IV fluids  and
appropriate antibiotics  i f the diagnos is  i s  made in time. Always  suspect this  diagnos is  with unexpla ined hypotens ion after a
seemingly s tra ightforward urinary tract instrumentation.
Bladder spasm is  a  pa inful  involuntary contraction of the bladder occurring after any cystoscopic technique, most commonly in patients
who did not have an indwel l ing catheter preoperatively. The diagnos is  i s  supported by the fa i lure of i rrigation fluid to flow freely in
and out of the bladder. It responds  poorly to conventional  analges ics  but i s  often eased by smal l  doses  of IV benzodiazepine, e.g.
diazepam 2.5–5 mg or Buscopan (hyoscine butylbromide) 20 mg IV or IM.
Bleeding and fluid overload are deal t with below under anaesthes ia  for TURP.
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Transurethra l  resection of the prostate (TURP)

Procedure Cystoscopic resection of the prostate us ing diathermy wire

Time 30–90 min, depending on the s i ze of the prostate

Pain +

Pos i tion Li thotomy ± head down

Blood loss Very variable (200–2000 ml), can be profuse and continue postop. G&S

Practica l  techniques
Spina l  ± sedation
GA, LMA, and SV
GA, ET, and IPPV

Preoperative

Patients  are frequently elderly with coexis tent disease.
Check for renal  impairment.
Uncontrol led heart fa i lure presents  a  particularly high ri sk due to fluid absorption.
Assess  menta l  s tate and communication-spina l  anaesthes ia  i s  di ffi cul t i f the patient i s  confused or deaf.

Perioperative

Insert a  large cannula  (16G) and use warmed IV fluids  as  rapid transfus ion i s  occas ional ly necessary.
Spina l  anaesthes ia :

in theory eas ier to detect s igns  of fluid overload (see below)
shown in some, but not a l l , s tudies  to reduce blood loss
2.5–3 ml  bupivaca ine (pla in or hyperbaric) i s  usual ly adequate
frequent BP check–hypotens ion unusual  with the above doses  but can be sudden
check BP at end when the legs  are down (unmasks  hypotens ion).

GA:
cons ider intubation i f the patient i s  very obese or has  a  his tory of reflux
intraoperative fentanyl  or morphine plus  diclofenac 100 mg PR provides  adequate analges ia ; unusual  to need opioids
postoperatively.

Blood loss  can be di ffi cul t to assess . In theory can be ca lculated from measuring Hb of discarded i rrigation fluid. In practice i t i s
commoner to visua l ly assess  the volume and colour, but this  can be very mis leading. Checking the patient's  Hb with a  beds ide device
(e.g. Haemacue(®)) i s  useful . Blood loss  i s  genera l ly related to the s i ze and weight of prostate ti ssue
P.627

excised (normal ly 15–60 g), the duration of resection, and the experti se of the operator.
Antibiotic prophylaxis  (as  above under genera l  cons iderations).
Obturator spasm (see below under transurethra l  resection of bladder tumour).
Fluid therapy: crysta l loid can be used ini tia l ly. Bear in mind that a  s igni ficant volume of hypotonic i rrigating fluid may be absorbed so
do not give excess ive volumes  and never use dextrose. Cons ider switching to a  col loid i f hypotens ion resul ts  from the spina l . Give
blood, rather than further clear fluid, i f blood loss  appears  large and the patient i s  hypotens ive.

Postoperative

There i s  genera l ly l i ttle pa in, but discomfort from the catheter or bladder spasm may be a  problem (see above under genera l
cons iderations).
Bladder i rrigation with sa l ine via  a  three-way catheter continues  for approximately 24 h, unti l  bleeding i s  reduced. Clot retention can
give a  very dis tended pa inful  bladder and require washout, sometimes  under anaesthetic.
Bleeding can continue and require further surgery-resusci tation may be necessary preoperatively.
Measure FBC, creatinine and electrolytes  the fol lowing day.

Specia l  cons iderations

Hypothermia  may resul t when large volumes  of i rrigation fluid are used (the fluid should be warmed to 37 °C)
If the prostate i s  very large (>100 g), a  retropubic prostatectomy may carry fewer compl ications .
The ri sk of compl ications  increases  with resection times  of more than 1 h. If a  tra inee surgeon embarks  on a  resection which i s  l ikely
to take longer than this  cons ider seeking senior surgica l  ass is tance or l imiting the resection to one lobe only, leaving the other to be
done at a  later date.
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TURP syndrome

This  i s  a  combination of fluid overload and hyponatraemia, which occurs  when large volumes  of i rrigation fluid are absorbed via  open
venous  s inuses . Irrigation fluid must be non-conductive (so that the diathermy current i s  concentrated at the cutting point), non-
haemolytic (so that haemolys is  does  not occur i f i t enters  the ci rculation), and i t must have neutra l  vi sua l  dens i ty, so that the
surgeon's  view is  not dis torted. For these reasons  i t cannot conta in electrolytes  but cannot be pure water. The most commonly used
irrigant i s  glycine 1.5% in water, which i s  s l ightly hypotonic (osmola l i ty 220 mmol/l i tre).
Some i rrigation fluid i s  normal ly absorbed, at about 20 ml/min, and on average patients  absorb a  tota l  of 1–1.5 l i tres , but absorption of
up to 4–5 l i tres  has  been recorded. In cl inica l  practice i t i s  a lmost imposs ible to accurately assess  the volume absorbed.
The amount absorbed depends  upon the fol lowing factors :

Pressure of infus ion—the bag must be kept as  low as  poss ible to achieve adequate flow of i rrigant, usual ly 60–70 cm, never
more than 100 cm.
Venous  pressure—more fluid i s  absorbed i f the patient i s  hypovolaemic or hypotens ive.
Duration of surgery/large prostate-problems are more common with surgery las ting more than an hour or with a  prostate
weighing more than 50 g.
Blood loss—large blood loss  impl ies  a  large number of veins  open.

The syndrome is  more l ikely to occur in patients  with poorly control led heart fa i lure or hyponatraemia. Do not increase the ri sks  of
fluid overload by giving an unnecessari ly large volume of intravenous  fluid.
The syndrome cons is ts  of pulmonary oedema, cerebra l  oedema, and hyponatraemia. Glycine i s  a  non-essentia l  amino acid which
functions  as  an inhibi tory neurotransmitter and i t i s  unclear whether glycine toxici ty plays  a  part in the syndrome. The syndrome carries
a  s igni ficant morta l i ty unless  i t i s  recognized and treated promptly. Signs  wi l l  be detected earl ier in the awake patient than in an
anaesthetized patient in whom i t might not be suspected unti l  the postoperative period.
Early s igns  and symptoms wi l l  include restlessness , headache, tachypnoea, and may progress  to respiratory dis tress , hypoxia , frank
pulmonary oedema, nausea, vomiting, confus ion, convuls ions , and coma. In the anaesthetized patient the only clue may be
tachycardia  and hypertens ion. The diagnos is  can be confi rmed by finding a  low serum sodium. An acute fa l l  to <120 mmol/l i tre i s
a lways  symptomatic.
If detected intra-operatively bleeding points  should be coagulated, surgery terminated as  soon as  poss ible, and IV fluids  s topped.
Give furosemide (frusemide) 40 mg and check serum Na and Hb. Support respi ration with oxygen or intubation and venti lation i f
required. Adminis ter intravenous  anticonvulsants  for fi tting.
If Na  <120 mmol/l i tre cons ider giving hypertonic sa l ine (NaCl  3%) us ing the fol lowing formula . You are a iming to correct the serum Na to
125–130 mmol/ l i tre and to reverse neurologica l  changes . The rate of correction
P.629

should not be more than 12 mmol/l i tre in the fi rs t 24 h. The volume of 3% sa l ine (in ml ) which wi l l  ra ise the serum Na by 1 mmol/l i tre
is  twice the tota l  body water (TBW) in l i tres . TBW in men i s  about 60% of body weight, i .e. for a  70 kg man:

ca lculate TBW = 70 × 0.6 = 42 l i tre
therefore 84 ml  3% sa l ine wi l l  ra ise serum Na by 1 mmol/l i tre
1008 ml  3% sa l ine over 24 h wi l l  ra ise serum Na by 12 mmol/l i tre.
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Transurethra l  resection of bladder tumour

Procedure Cystoscopic diathermy resection of bladder tumour

Time 10–40 min

Pain +/++ and bladder spasm

Pos i tion Li thotomy

Blood loss 0- >500 ml

Practica l  technique
GA with LMA
Spina l  ± sedation

Preoperative

Most common in smokers—check for IHD, COAD.
Check Hb, chronic blood loss  i s  common.
Check renal  function.
Refer to previous  anaesthetic charts  as  many patients  have repeated surgery.

Perioperative

Obturator spasm occurs  when the obturator nerve, which runs  adjacent to the latera l  wal l s  of the bladder, i s  di rectly s timulated by the
diathermy current. It causes  adduction of the leg and can serious ly impair surgica l  access  and increase the ri sk of bladder perforation.
It can usual ly be control led by reducing the diathermy current.
Antibiotic prophylaxis  as  above.
If resection i s  l imited and postoperative i rrigation i s  not planned the surgeon may request a  diuretic to ‘flush’ the bladder—check that
the patient i s  not hypovolaemic.

Postoperative

Pain can be a  problem with extens ive resections—NSAIDs  are useful  (check renal  function).
Bladder spasm is  common (see p. 625).
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Open (retropubic) prostatectomy

Procedure Open excis ion of gross ly hypertrophied prostate

Time 60–120 min

Pain +++

Pos i tion Supine

Blood loss 500–2000 ml , cross -match four uni ts

Practica l  technique ETT, IPPV, ± epidura l

Preoperative

Elderly men, as  for TURP.
Check renal  function.

Perioperative

Prepare for major blood loss  with a  large IV cannula , a  blood warmer, heated blankets , etc.
A Pfannenstiel  type incis ion i s  used.
Use an epidura l  cautious ly intra-operatively to avoid exacerbating hypotens ion due to blood loss .
Cel l  sa lvage techniques  can be useful  where blood loss  i s  expected to be substantia l .

Postoperative

An epidura l  i s  useful .
Ensure adequate chest phys iotherapy.
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Radica l  prostatectomy

Procedure Open complete excis ion of mal ignant prostate

Time 120–180 min

Pain ++++

Pos i tion Supine

Blood loss 1000– >3000 ml , cross -match four uni ts

Practica l  techniques ETT, IPPV, ± epidura l

Preoperative

Patients  are only selected i f they are <70 years  and reasonably fi t.
Cons ider booking an HDU bed depending on loca l  practice.

Perioperative

Prepare for the poss ibi l i ty of very large blood loss  with a  large IV cannula , blood warmer, etc.
Cons ider us ing arteria l  and CVP l ines , particularly in patients  with cardiovascular disease.
Ensure bank blood i s  ava i lable and reorder intra-operatively as  necessary.
Take measures  to prevent heat loss , e.g. warm a i r blanket.
Ai r embol ism is  a  poss ible compl ication.

Postoperative

Urine output i s  di ffi cul t to measure due to i rrigation.
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Nephrectomy

Procedure Excis ion of kidney for tumour, other pathologies , or l ive donor

Time 1–2.5 h

Pain +++/++++

Pos i tion Supine or latera l  (kidney pos i tion)

Blood loss Depends  on pathology, 300– >3000 ml . G&S/cross -match as  required

Practica l  technique ETT + IPPV ± thoracic epidura l

Preoperative

Ascerta in the pathology before deciding on the technique and monitoring.
Check Hb—renal  tumours  can cause anaemia  without blood loss .
Check BP and renal  function—‘non-functioning’ kidney/renovascular disease associated with renal  impairment and hypertens ion.
Check serum electrolytes—renal  tumour can cause inappropriate ADH secretion.
Check the chest radiograph i f there i s  a  tumour—there may be metastases , pleura l  effus ions , etc.

Perioperative

Common surgica l  practice in the United Kingdom is  for laparotomy via  a  paramedian or transverse incis ion for a  tumour and a  loin
incis ion with retroperi toneal  approach for other pathologies  or donor nephrectomy.
Loin incis ion requires  the ‘kidney pos i tion’, i .e. latera l  with patient extended over a  break in the table—a marked fa l l  in BP i s  common
on assuming this  pos i tion due to reduced venous  return from the legs  and poss ible IVC compress ion. Further compress ion during
surgery may resul t in a  severe reduction in venous  return and cardiac output.
Ask the surgeon about the predicted extent of surgery—a large tumour may necess i tate extens ive dissection, poss ibly via  a
thoracotomy, or opening of the IVC to resect tumour margins , in which case sudden, torrentia l  blood loss  poss ible. Occas ional ly the IVC
is  temporari ly clamped to a l low dissection and to control  haemorrhage; this  gives  a  sudden fa l l  in cardiac output. Inform the surgeon
i f BP fa l l s  suddenly, have col loid and blood checked and ava i lable to infuse immediately under pressure, and have a  vasoconstrictor or
inotrope such as  ephedrine prepared.
Large IV cannulas , blood warmer, CVP and arteria l  l ine i f the procedure i s  anything other than an uncompl icated, non-mal ignant
nephrectomy.
Heminephrectomy is  occas ional ly performed for a  wel l -loca l i zed tumour or in a  patient with only one kidney (beware precarious  renal
function). Blood loss  can be large as  vessels  are more di ffi cul t to control .
P.634
If an epidura l  i s  used a  high block wi l l  be required postoperatively but use i t cautious ly intra-operatively unti l  bleeding i s  under
control .

Postoperative

Al l  approaches  are pa inful—epidura ls  are useful  but need to cover up to T7/8 for a  loin incis ion. PCA or opioid infus ion i s  an
a l ternative.
Intercosta l  blocks  wi l l  give analges ia  for severa l  hours .
NSAIDs  are useful  i f renal  function i s  good postoperatively and the patient i s  not hypovolaemic.
Monitor hourly urine output.
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Cystectomy

Procedure
Excis ion of bladder plus  urinary divers ion procedure (e.g. i lea l  conduit) or bladder reconstruction (orthotopic bladder
formation)

Time 2–3 h (longer with bladder reconstruction)

Pa in ++++

Pos i tion Li thotomy + head down

Blood loss 700- >3000 ml , cross -match four uni ts

Practica l
technique

ETT, IPPV, ± epidura l , arteria l  l ine/CVP

Preoperative

Check for IHD, COAD, renal  function, and FBC.
Book an HDU bed depending on loca l  practice and coexis ting medica l  problems.
Cons ider autotransfus ion intra-operatively.
Ensure thromboprophylaxis  i s  prescribed.
Cons ider preoperative IV hydration to compensate for hypovolaemia  due to ‘bowel  prep’.

Perioperative

Prepare for major blood loss—large IV cannulas , blood warmer, CVP, and di rect arteria l  monitoring are routine.
Ensure bank blood i s  ava i lable and reorder intra-operatively as  necessary.
A nasogastric tube i s  necessary because prolonged postoperative i leus  i s  common.
May need aggress ive fluid replacement (guided by CVP) from the s tart to compensate for bowel  prep and action of the epidura l  i f used.
Use an epidura l  cautious ly intra-operatively—there wi l l  be plenty of time after the main blood-los ing episode to establ i sh an
adequate block for postoperative analges ia .
Take measures  to prevent heat loss , e.g. warm a i r blanket.
Give antibiotic prophylaxis  because the bowel  i s  opened.
Blood loss  can be ins idious  due to loss  from pelvic venous  plexuses—weigh swabs , but the accuracy of this  i s  poor due to inclus ion of
sa l ine washes  and urine.
If blood sa lvage i s  used discontinue i t when the bowel  i s  opened.
Air embol ism is  a  poss ible compl ication as  in any major pelvic surgery.

Postoperative

Epidura l  or PCA i s  advisable for at least 2 days .
NSAIDs  are useful , but ensure good renal  function before prescribing.
P.636
Use CVP to guide fluid replacement-requirements  are usual ly very large due to intraperi toneal  loss  and i leus .
Urine output via  a  new i lea l  conduit i s  di ffi cul t to monitor as  dra inage tends  to be pos i tional .
Leakage from a  ureteric anastomos is  may present as  urine in the abdominal  dra in—confi rm by comparing the biochemistry of the
dra inage fluid and urine from the conduit.
HDU or ICU are idea l  for the immediate postoperative period.
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Percutaneous  s tone removal

Procedure Endoscopic excis ion/l i thotripsy of renal  s tone via  nephrostomy

Time 60–90 min

Pain ++/+++

Pos i tion Prone obl ique

Blood loss Variable, 0–1000 ml

Practica l  techniques ETT and IPPV

Preoperative

Usual ly heal thy young and middle-aged adults , but s tones  may be due to underlying metabol ic problem or due to bladder dys function
from neurologica l  disabi l i ty.
Check renal  function.

Perioperative

Patient ini tia l ly in the l i thotomy pos i tion to insert ureteric s tents , then turned to semiprone to place nephrostomy posterolatera l ly
below the twel fth rib, under radiographic control .
There i s  the potentia l  to dis lodge l ines  and for pressure area  damage.
Cons ider an armoured ETT to prevent kinking, and secure wel l .
Tape and pad the eyes .
Support the chest and pelvis  to a l low abdominal  excurs ion with venti lation.
Support and pad the head, arms, and lower legs .
Check venti lation during and after pos i tion changes .
May need to temporari ly interrupt venti lation for radiographs .
Give antibiotic prophylaxis  i f there i s  infected, obstructed urine.

Postoperative

Pain from nephrostomy is  variable.
NSAIDs  (check renal  function), IM morphine, or ora l  codeine/paracetamol .

Specia l  cons iderations

Hypothermia  can occur i f large volumes  of i rrigation fluid are used.
Insertion of nephrostomy is  often close to the diaphragm with poss ibi l i ty of breaching the pleura , caus ing pneumothorax or
hydrothorax—if in doubt perform a  chest radiograph postoperatively.
Rupture of the renal  pelvis  i s  a  recognized compl ication when large volumes  of i rrigant may enter the retroperi toneal  space.
Gram-negative septicaemia  i s  poss ible i f the urine i s  infected.
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Extracorporeal  shock wave l i thotripsy

Procedure Non-invas ive fragmentation of renal  s tones  us ing pulsed ul trasound

Time 20–40 min

Pain +/++

Blood loss Ni l

Practica l  techniques
Sedation for adul ts
GA, LMA for chi ldren

In the early days  of extracorporeal  shock wave l i thotripsy patients  were suspended in a  water bath in a  semi-s i tting pos i tion, which produced
a number of problems for the anaesthetis t. Developments  in the 1980s  meant that a  water bath was  no longer required and more recent
refinements  of the ul trasound beam have made i t less  uncomfortable for the patient so that with some current l i thotriptors  only a  few
patients  need anaesthes ia  or sedation.
Preoperative

Patients  often undergo repeated attempts  at l i thotripsy, so refer to previous  treatment records  where poss ible.
Premedication with ora l  diclofenac + IM pethidine i s  usual ly effective for treatment.

Perioperative

Put the patient in the latera l  pos i tion with arms  above the head.
Renal  s tones  are located us ing ul trasound or an image intens i fier and the shock wave focused on the s tones .

Postoperative

Mi ld discomfort only—oral  analges ics  or NSAIDs  (beware renal  function) are adequate.

Specia l  cons iderations

The shock wave can cause occas ional  dysrhythmias , which are usual ly sel fl imiting. If pers is tent the shock waves  can be del ivered in
time with the ECG (refractory period). Judicious  use of antichol inergics  (glycopyrrolate 200 µg) wi l l  increase the heart rate and increase
the frequency of del ivered shock.
Pacemakers  can be deprogrammed by the shock wave-seek advice from a  pacemaker technician.
Energy from shock waves  i s  released when they meet an a i r/water interface—it i s  advised to use sa l ine, rather than a i r, for ‘loss  of
res is tance’ i f s i ting an epidura l .
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Renal  transplant

Procedure Transplantation of cadaveric or l ive donor organ

Time 90–180 min

Pain ++/+++

Pos i tion Supine

Blood loss Not s igni ficant–500 ml

Practica l  techniques ETT and IPPV, CVP

Preoperative

Usual  problems related to chronic renal  fa i lure and uraemia  (see p. 110).
Chronic anaemia  i s  common (Hb usual ly around 8 g/dl ).
There has  usual ly been recent haemodia lys is , therefore there i s  some degree of hypovolaemia  and poss ibly res idual  anticoagulation.
Check postdia lys is  potass ium.
Note s i tes  of any A-V fi s tulae and avoid potentia l  s i tes  when placing the IV cannula .

Perioperative

Fluid load prior to induction-wide swings  in arteria l  pressure are common.
Commonly used agents  include i soflurane, atracurium, fentanyl  (or morphine) due to renal  disease.
Insert a  triple lumen centra l  l ine with s trict aseptic technique and monitor centra l  venous  pressure.
Prior to graft insertion, gradual ly increase CVP to 10–12 mmHg (us ing col loids  or crysta l loids ) to mainta in optimal  graft perfus ion and
promote urine production.
Mainta in normothermia.
Most centres  use a  cockta i l  of drugs  once the graft i s  perfused to enhance surviva l  (e.g. hydrocorti sone 100 mg, mannitol  20% 60 ml ,
furosemide (frusemide) 80 mg or more). Have these prepared.

Postoperative

PCA morphine i s  a  sui table analges ic. Epidura l  i s  a l so poss ible, but there i s  a  danger of bleeding on insertion (res idual
anticoagulation from haemodia lys is , poor platelet function, etc.) and problems with fluid loading and mainta ining blood pressure
postoperatively.
Avoid NSAIDs .
Monitor CVP and urine output hourly. Mainta in mi ld hypervolaemia  to promote diures is .
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Other urologica l  procedures

Operation Description
Time
(min)

Pain (+
to
+++++)

Position
Blood
loss/X-
match

Notes

Ureteroscopy
Investigate obstruction, remove
stones

20–
60

+ Li thotomy ns
LMA + SV Check renal  function. Antibiotic prophylaxis  i f
urinary obstruction

Insert ureteric
s tent

To rel ieve ureteric obsruction, us ing
image intens i fier

20 + Li thotomy ns LMA + SV Antibiotic prophylaxis

Remove
ureteric s tent

Cystoscopy to retrieve s tent
10–
20

+ Li thotomy ns
Awake, or LMA + SV Usual ly poss ible with flexi  scope
and LA

Insert
suprapubic
catheter

Transcutaneous  insertion of catheter
into ful l  bladder

15 +
Li thotomy
or supine

ns
Sedation + LA, or LMA + SV Often patients  with
neurologica l  disease

Laser
prostatectomy

Transurethra l  laser to prostate
40–
90

+ Li thotomy ns
Spina l . LMA + SV. ET + IPPV
Minimal  blood loss  and absorption of i rrigant, sui table
for less  fi t patients

Bladder neck
incis ion

Transurethra l  diathermy incis ion of
prostate at narrowed bladder neck

15 ++ Li thotomy ns
LMA + SV
Younger patients  than TURP

Urethroplasty
Reconstruction of urethra  narrowed
by trauma or inflection—very
variable procedure

90–
240

++++ Li thotomy
300–
2000 ml

ET + IPPV ± epidura l  Beware prolonged l i thotomy.
Cons ider epidura l  for postoperative pa in

Nesbi tt's
procedure

Stra ightening of peni le deformation
from Peyronie's  disease

60–
120

+++ Supine ns LMA + SV Cons ider caudal  or peni le block

Circumcis ion Excis ion of foreskin 20 ++ Supine ns
LMA + SV + LA Caudal  or peni le block useful . Topica l
l idoca ine (l ignoca ine) gel  to take home. LA a lone
poss ible in fra i l  elderly

Urethra l
di latation

Stretching of narrowed urethra  with
seria l  di lators

10 +
Li thotomy
or supine

ns LMA or spina l

Urethra l
meatotomy

Incis ion to widen urethra l  meatus 10 + Supine ns LMA + SV

Orchidectomy
Remove testi s/es—through goin or
scrotum depending on pathology

20–
45

++ Supine ns
LMA + SV + i l ioinguina l  block Need to block to T9/10 i f
us ing regional  block due to embryologica l  origins

Vasectomy
Divis ion of vas  deferens  via  scrota l
incis ion

20–
40

++ Supine ns LA. LMA + SV Often under LA

Pyeloplasty
Refashioning of obstructed renal
pelvis  via  loin incis ion.
Chi ldren and young adults

90–
120

++++
Latera l
‘kidney
pos i tion’

300–
500 ml

ET + IPPV + epidura l/PCA Simi lar cons iderations  as
nephrectomy. May be s igni ficant blood loss  in chi ldren
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Genera l  principles
Patients  presenting for l iver transplantation have ei ther acute hepatic fa i lure or end-stage l iver disease. The majori ty of transplants  are
performed semielectively in those with end-stage disease. Worldwide, the commonest indication for hepatic transplantation i s  now hepati ti s
C ci rrhos is .
Preoperative assessment includes  investigation/treatment of:

jaundice, hyponatraemia, asci tes , pleura l  effus ions , diabetes
renal  fa i lure
systemic vasodi latation with hypotens ion, cardiac fa i lure
poor nutri tional  s tate and decreased muscle mass
portopulmonary syndromes  (associated severe porta l  and pulmonary hypertens ion leading to right ventricular fa i lure and potentia l
cardiac arrest intra-operatively)
hepatopulmonary syndromes  (hypoxia  and intrapulmonary shunting occurs  in 0.5–4% of patients  with ci rrhotic l iver disease)
varices  (oesophageal , gastric, recta l , abdominal  wal l )
coagulopathy (prolonged prothrombin time, low platelet count, fibrinolys is ).

Haemodynamic instabi l i ty can resul t from cardiac involvement in the underlying process  (e.g. a lcohol ic cardiomyopathy), from pericardia l
effus ions , or from ci rculatory fa i lure due to di latation and low systemic vascular res is tance. Anaemia  resul ting in a  low plasma viscos i ty
further reduces  systemic vascular res is tance.
Surgica l  techniques  vary, but there are a  number of common features .

Stage one of the operation i s  dissection (which involves  laparotomy) and haemostas is  (including tying off varices ). The l iver i s
exposed, the anatomy defined, and s l ings  placed around the major vessels .
Stage two of the operation i s  the anhepatic phase during which the hepatic artery, porta l  vein, hepatic veins , and bi le duct are divided.
The l iver, together with i ts  included portion of vena cava, i s  then removed and the donor l iver implanted. Anastomoses  are made
between donor and recipient vena cava, and recipient and donor porta l  vein. Venous  return during this  phase i s  severely compromised
leading to haemodynamic instabi l i ty. Venovenous  bypass  i s  employed in some centres  to faci l i tate venous  return from the lower part
of the body (femoral  vein to right internal  jugular or brachiocephal ic vein). During this  s tage, patients  with acute l iver fa i lure may
become profoundly hypoglycaemic, a l though this  i s  less  common in patients  being transplanted for chronic l iver disease.
Stage three of the procedure i s  the postreperfus ion phase, beginning with the re-establ i shment of blood flow through the l iver (porta l
vein to vena cava). This  may be accompanied by a  mass ive reperfus ion syndrome, compris ing release of cytokines , complement
activation, trans ient reduction in core temperature, arrhythmias , and hypotens ion. Immediately after reperfus ion, there i s  a  rapid
elevation in plasma K+ as  i t i s  washed out of the l iver graft (up to 8–9 mmol/l i tre).

P.647
As  the cel l  membranes  of the graft begin to function normal ly, electrolyte gradients  are restored and a  fa l l  in plasma K+ ensues  (sometimes
producing ventricular ectopics ). Hypotens ion at this  s tage resul ts  from myocardia l  depress ion and subsequently from vasodi latation.
Myocardia l  depress ion usual ly resolves  within 2 or 3 min, but the vasodi latation may pers is t for 1 to 2 h. Fol lowing reperfus ion, the hepatic
artery i s  reanastomosed and fina l ly the bi le duct reconstructed, ei ther by di rect duct-to-duct anastomos is , or by construction of a  Roux loop.
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Liver transplantation

Procedure Transplantation of enti re l iver

Time 4–10 h

Pain
Variable, but less  than other comparable procedures  (e.g. gastrectomy, thoracotomy). Back pa in/shoulder pa in may be a
feature. PCA (occas ional ly epidura l ) effective

Pos i tion Supine, arms  out

Blood loss
0–4000 ml , cross -match 10 uni ts  (ini tia l ly, then use uncrossmatched i f necessary). Cel l  saver mandatory (typica l ly reinfuse
2000 ml). FFP— typica l ly 12 uni ts

Practica l
techniques

ET, IPPV—deta i l s  below

Preoperative

Includes  investigation and correction of the factors  mentioned above.
Usual  tests  include: FBC, U&E, clotting, ECG, echo, s tress  ECG/dobutamine s tress  echo, chest radiograph, l iver/chest CT, spi rometry,
immunology, vi rology, and hepatic angiographic MRI scan.
Preoperative fluids  are not routinely adminis tered except in patients  with renal  fa i lure/hyperacute l iver fa i lure (dextrose-based
solutions).

Perioperative

Establ i sh periphera l  venous  and arteria l  access  before induction.
Induce anaesthes ia  (propofol , thiopenta l , or etomidate) and relaxant (atracurium). Vasopressors  may be required.
Venti late to normocapnoea us ing oxygen-enriched a i r and volati le agent (i soflurane or sevoflurane). Es tabl i sh infus ion of an opioid
agent (a l fentani l , remifentani l , or fentanyl ). Patients  undergoing transplantation for fulminant l iver fa i lure are at ri sk of ra ised
intracrania l  pressure. In this  patient group volati le agents  must be avoided and TCI propofol  used. ICP monitoring may be used
depending upon the jaundice-encephalopathy interva l  (0–7 days  a lways—raised ICP in 70% of cases , 7–28 days  occas ional ly—raised ICP
in 20%, 28–90 days  seldom—raised ICP in 4%).
Establ i sh centra l  venous  and pulmonary arteria l  monitoring. Transoesophageal  echocardiography (TOE) may be used in some centres .
Insert a  large-bore nasogastric tube.
Lines  for venovenous  bypass  can ei ther be placed by the surgica l  team us ing femoral  cut downs , or inserted percutaneous ly, us ing
extracorporeal  membrane oxygenation l ines  (21Fr in the right internal  jugular and right femoral  veins ). These are used both for
venovenous  bypass  and large vascular access . Venovenous  bypass  uses  heparin-carmeda bonded ci rcui try, so systemic anticoagulation
is  not necessary.
P.649
The patient's  temperature must be vigorous ly mainta ined as  hypothermia  eas i ly develops  especia l ly during the anhepatic phase, or
with mass ive transfus ion. Forced warm a i r blankets  should be placed over the patient's  head, upper chest, arms, and another over the
legs .
Fluids  are adminis tered by a  rapid infus ion system and are warmed through a  counter-current heating mechanism (e.g. Level -1 system
with high-flow disposables  and high-flow taps , a l lowing transfus ion of 600 ml/min at body temperature). Perioperatively and
postoperatively, the haematocri t i s  mainta ined between 0.26 and 0.32 by infus ion of blood, and the right end-diastol ic volume index
mainta ined at 140 ml/m2 by infus ion of other col loida l  fluids  as  appropriate.
FFP i s  transfused approximately two uni ts  per uni t of blood transfused. Clotting i s  monitored and fine-tuned by thromboelastography.
Anti fibrinolytic agents  are commonly adminis tered—tranexamic acid (15 mg/kg bolus  then 5 mg/kg/h by infus ion) i s  given during the
anhepatic phase.
A dextrose-conta ining solution i s  infused continuous ly to mainta in blood sugar. K+ and Ca 2+ should be monitored regularly during
surgery and supplemented when required to mainta in normal  va lues . Hypocalcaemia  i s  common during the anhepatic phase as  a
resul t of chelation with unmetabol i zed ci trate. This  can lead to cardiac depress ion and poor clotting. Recheck electrolytes  immediately
prior to graft reperfus ion.
Severe metabol ic acidos is  i s  common but rarely needs  correction. At the s tart of reperfus ion, a  bolus  dose of 10 mmol  of ca lcium is
adminis tered to protect the patient aga inst the cardiac effects  of potass ium released from the l iver graft. Progress ive hypotens ion
fol lows  reperfus ion. This  may be severe and require smal l  intravenous  doses  of adrenal ine (50 µg) to mainta in mean arteria l  pressure
at a  cl inica l ly acceptable va lue (above 70 mmHg). In severely i l l  patients , an infus ion may be required.
Coagulopathy with defibrination and thrombocytopaenia  may a lso occur at graft reperfus ion. Treatment includes  bolus  doses  of
anti fibrinolytic drugs  and platelets , as  guided by the thromboelastograph. The haemodynamic and biochemica l  mayhem of graft
reperfus ion should resolve rapidly in the event of a  functioning l iver graft. Pers is ting acidos is  or hypocalcaemia  are suggestive of graft
primary non-function, which represents  a  transplantation emergency. This  may necess i tate urgent retransplantation.
There i s  no proven s trategy for avoiding renal  fa i lure, other than optimizing fluid ba lance and avoiding any nephrotoxins .

Postoperative

Patients  should be managed on the ICU. Early extubation i s  often feas ible. As  a  resul t of improved techniques , the mean intens ive care
stay posttransplant can be reduced to 6 h.
Analges ia : PCA/epidura l/paravertebra l  blocks  have a l l  been used to good effect. Epidura l  ana lges ia  i s  poss ible in only a  minori ty of
cases  because of coagulopathy. Avoid NSAIDs  (interaction with ca lcineurin inhibi tors  to induce renal  fa i lure).
P.650

Postoperative fluids : maintenance fluid/nasogastric feed at 1.5 ml/kg/h. Give blood/HAS/FFP to mainta in CVP at 10–12, haematocri t at
0.26–0.32, and PT >23 s .
Bleeding postoperatively i s  relatively uncommon (5–10%).
Graft primary non-function occurs  in up to 5% of cases , requiring retransplantation.
Hepatic artery thrombos is  occurs  in 0.5–5% of cases . Thrombectomy may be attempted, but super-urgent regrafting may be necessary.
Other postoperative problems include seps is  (10–20%) and acute rejection (up to 40%). These are managed medica l ly with good
resul ts .
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Immunosuppress ion i s  usual ly s tarted with s tandard triple therapy (s teroid/azathioprine/tacrol imus) and then ta i lored to the
individual . Other drugs  in current use include cyclosporin (ciclosporin), mycophenolate mofeti l , rapamycin, anti lymphocyte globul in,
and OKT3.
Long-term resul ts  of l iver transplantation are encouraging. One-year surviva l  figures  in major centres  now run between 85–95%, with a
good longterm qual i ty of l i fe.
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Hepatic resection

Procedure Resection of l iver ti s sue

Time 3–12 h

Pain As  for transplantation

Pos i tion Supine, arms  out

Blood loss 1000 ml , cross -match 10 uni ts

Practica l  technique ET, IPPV. Deta i l s  below

The major indication for hepatic resection i s  metastatic colorecta l  adenocarcinoma. Most patients  presenting for hepatic resection are
otherwise relatively fi t. Stigmata  of l iver disease and s igni ficant jaundice are unusual  except in those presenting for radica l  hepatic resection
for cholangiocarcinoma, where some patients  require bi l iary s tenting or dra inage preoperatively to reduce jaundice prior to major surgery. The
principles  underlying anaesthes ia  for this  group of patients  are s imi lar to those for any patient undergoing a  major laparotomy.
Major l iver resection usual ly resul ts  in 75% of the functional  hepatic ti s sue being removed. As  the remaining hepatocytes  function poorly for
some days  fol lowing surgery, short-acting drugs  should be used. Drugs  which might compound postoperative hepatic encephalopathy, or
which rely on hepatic metabol i sm, should be avoided (e.g. benzodiazepines). Most resections  are accompl ished with minimal  blood loss  but
unexpected catastrophic haemorrhage may occur.
Liver resection operations  commence with perihepatic dissection and identi fi cation of the vascular anatomy. Once this  has  been defined (in
particular the relationship of les ions  to the hepatic veins ), resection of the l iver can take place. Intra-operative diagnostic ul trasound i s  often
used to pinpoint les ions  requiring resection. Bleeding occurs  ei ther from vascular inflow to the l iver (porta l  vein, hepatic artery), or by venous
back bleeding from the hepatic venous  system. Usual ly, branches  of the hepatic artery and porta l  vein to the segment of l iver to be resected
have been l igated, so inflow bleeding should not be a  major problem. In practice, the l ine of resection often passes  through a  watershed
area, between vi ta l  and devi ta l i zed ti ssue, and remaining inflow bleeding may require additional  control  by intermittent cross -clamping of
vascular inflow to the rest of the l iver. This  resul ts  in a  degree of i schaemiareperfus ion injury to the remaining l iver ti s sue, and potentia l ly
poor postoperative l iver function.
Very radica l  l i ver resections  are now poss ible where the l iver i s  tota l ly excised, a long with i ts  included portion of vena cava, and dissected ex
vivo on the bench fol lowing perfus ion with ice-cold preservation solution. Heal thy parts  of the l iver are then attached to a  Goretex vena cava
graft and reimplanted. The anaesthetic technique for this  prolonged and di ffi cul t procedure i s  very s imi lar to that for l iver transplantation.
Preoperative

As  for any major abdominal  surgery, but including screening of l iver function and coagulation.

P.652
Perioperative

Al l  patients  undergoing major l iver resection should be invas ively monitored and have large venous  access . Ei ther a  12Fr high-flow
centra l  l ine or a  pa i r of 7.5Fr Swan-Ganz introducer catheters  may be substi tuted.
Thoracic epidura l  ana lges ia  i s  uti l i zed to good effect postoperatively.
The anaesthetic technique employed should be a imed at preserving hepatic blood flow and minimizing l iver injury. Arti fi cia l
venti lation of the lungs  with oxygen-enriched a i r and a  volati le agent i s  the best way of achieving this . Isoflurane and desflurane are
associated with the best preservation of hepatic blood flow.

Fluid management

Maintenance of a  high centra l  venous  pressure used to be common to reduce the ri sk of a i r embol ism but i t i s  associated with an
increased ri sk of venous  back bleeding.
A reduced centra l  venous  pressure substantia l ly reduces  venous  back bleeding, but there i s  a  theoretica l ly increased ri sk of a i r
embolus . This  approach has  dramatica l ly reduced transfus ion requirements , with no reported adverse consequences . Techniques  for
reducing the centra l  venous  pressure include epidura l  boluses  and head up (reverse Trendelenburg) ti l t. Aim for CVP of 0–2 mmHg and
systol ic BP of 70–80 mmHg.
Intra-operative blood sampl ing a l lows  accurate transfus ion replacement. Fresh frozen plasma is  occas ional ly a lso required in cases  of
mass ive haemorrhage, in cases  where there i s  a  prolonged hepatic inflow cross -clamp time, or where very l i ttle hepatic ti s sue
remains . As  with patients  undergoing l iver transplantation, active warming measures  should be taken to mainta in the patient's
temperature and minimize any coagulopathy.

The overa l l  resul ts  of radica l  hepatic resection are very encouraging with many cases  treated that were previous ly cons idered inoperable.
Many remain disease free 5 years  fol lowing resection. In those cases  where recurrences  ari se, further hepatic resection i s  often poss ible.
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Laser i s  an acronym for Light Ampl i fi cation by Stimulated Emiss ion of Radiation. Laser l ight represents  an intense beam of energy that
is  capable of vaporizing ti ssues . Lasers  have numerous  medica l  and surgica l  appl ications , but a lso create unique hazards  to patients
and s taff.
Light i s  a  form of radiant energy that spans  the mid-range of the electromagnetic spectrum. It i s  released as  photons  and travels  as  a
wave.
In a  laser tube, the appl ication of an energy source on a  las ing medium creates  s timulated emiss ions  of photons . These bounce back
and forth between careful ly a l igned mirrors , and are focused into a  high-intens i ty beam. The l ight produced i s  monochromatic (a l l  the
same wavelength) and coherent (a l l  the wave peaks  moving synchronous ly at the same ampl i tude).
Lasers  are defined by their wavelengths , which a lso determines  thei r colour. Some lasers  are outs ide the vis ible spectrum. The
wavelengths  and colours  of currently ava i lable medica l  lasers  are outl ined in the table. Laser wavelength and colour
Laser l ight s triking a  ti s sue surface may be:

Reflected. Reflection off shiny surfaces  may damage the eyes  of s taff in the vicini ty.
Transmitted to deeper layers . Lasers  pass  through ti ssues  to a  variable depth, which i s  partia l ly determined by the wavelength.
Scattered. Shorter wavelengths  induce greater scattering.
Absorbed. This  produces  the cl inica l  effect, when the absorbed l ight i s  converted to heat. Organic ti s sue conta ins  various
substances  capable of absorbing l ight. These are termed chromophores , and include haemoglobin, col lagen, and melanin.
Each substance has  a  particular absorption spectrum, which i s  determined by i ts  chemica l  s tructure. For example,
oxyhaemoglobin, which i s  targeted in vascular les ions , has  absorption peaks  at 418 nm, 542 nm, and 577 nm. Laser l ight at or
close to these frequencies  wi l l  be the most effective.

Laser wavelength and colour

Laser type Wavelength (nm) Colour

Dye laser 360–670 Blue to red

Argon 488–515 Blue/green

Hel ium–neon 633 Red

Ruby 694 Red

Nd–YAG 1064 Near-infrared

Carbon dioxide 10 600 Far-infrared
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Safety aspects

A des ignated tra ined laser safety officer (usual ly a  tra ined member of the nurs ing or medica l  s taff) should be present at a l l  times
when a  laser machine i s  in use. An i l luminated l ight should display outs ide the theatre when the laser i s  in operation.
Laser l ight can be reflected off mirror-l ike surfaces . Medica l  ins truments  used with lasers  should have matt, rather than shiny,
surfaces .
The eye i s  the most susceptible ti s sue to injury by laser l ight. Retina l  and corneal  damage can occur, depending on the frequency of
the beam. Al l  operating room personnel  must wear safety glasses  appropriate for the laser in use. These should have s ide shields  to
protect the latera l  aspect of the eye. If an anaesthetized patient i s  receiving laser radiation near the eyes , protective matt meta l l i c eye
covers  can be appl ied.
Damage to skin can occur, depending on the type of laser in use. Theatre workers  do not normal ly need to protect aga inst skin damage,
as  they wi l l  be able to move away from the path of an aberrant beam. Apart from the area  being treated, anaesthetized patients  must
have a l l  exposed skin covered with drapes . These should be made of absorbable materia l  and not plastic, which i s  potentia l ly
combustible. Tissue adjacent to the les ion can be protected with mois tened pads  or swabs . In a l l  cases , the eyes  should be taped
closed and covered with mois t swabs . Plastic tape i s  much more combustible than canvas-type tape and should be avoided.
Some skin preparation fluids  are flammable, and should not be used during laser surgery.
Laser l ight can igni te plastic and rubber materia ls . During laser therapy to les ions  within the a i rway careful  cons ideration has  to be
given to the method of a i rway maintenance during the procedure. The s implest approach i s  to avoid us ing a  tracheal  tube a l together,
and to employ Venturi  venti lation. This  involves  the use of a  high-pressure oxygen source and entra inment of atmospheric a i r. The
injector i s  placed in the lumen of a  rigid laryngoscope or bronchoscope which i s  open at both ends , and permits  entra inment of
oxygen-enriched a i r during inspi ration and escape of carbon dioxide and exhaust gases  during expiration. This  system of a  ‘tube within
a  tube’ i s  safe, and reduces  the chance of barotrauma-induced pneumothorax or pneumomediastinum. Intravenous  anaesthes ia  i s
usual ly employed to ensure an adequate depth of anaesthes ia  during Venturi  venti lation. It i s  a l so important to prevent the patient
from moving or coughing during this  procedure, so a  sui table muscle relaxant should be adminis tered, and neuromuscular
transmiss ion monitored with a  nerve s timulator.
If the use of an endotracheal  tube cannot be avoided, unmodified conventional  tubes  cannot be used because they support
combustion and can potentia l ly cause a i rway fi res . Speci fica l ly-prepared non-flammable laser tubes  are ava i lable, e.g Laser-Trach(tm)
tracheal  tubes  (Sheridan). Al ternatively, tracheal  tube protectors , e.g. Laser-Guard(tm) (Xomed) can be wrapped around conventional
tubes . These have an adhes ive inner s i lver foi l  and an outer sponge covering, which i s  saturated in sa l ine prior to use. The cuffs  of
both these tubes  are vulnerable, and should be protected by damp pledgets . The cuff should be fi l led with sa l ine, which can be mixed
with methylene blue so that i t becomes  obvious  i f the cuff i s  punctured.
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Both ni trous  oxide and oxygen support combustion. If us ing a  ci rcui t rather than an oxygen injector, 30% oxygen and a i r i s  a  sens ible
choice. If a i r i s  not ava i lable, oxygen and ni trous  oxide can be used, but take specia l  care to protect the tube cuff.
A laser plume, composed of smoke and gas , accompanies  the use of medica l  lasers . Efficient smoke evacuation must be mainta ined
close to the operative s i te.
If a  fi re occurs  in an a i rway during laser surgery, the flow of anaesthetic gases  (including oxygen) should be s topped, and the tube
removed. The area  should be flushed with water, fol lowed by venti lation with 100% oxygen. Spontaneous  breathing in a  s i tting
pos i tion should be the main objective, but reintubation may be necessary i f a i rway oedema is  severe. A tracheostomy may a lso be
necessary.
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Examples  of medica l  lasers
Pulsed dye laser
This  was  developed with the a im of selective absorption by blood vessels . The l ight i s  emitted at a  wavelength that targets  red blood
corpuscles  within blood vessels . The energy i s  diss ipated within the dermis , and causes  only minimal  epidermal  scarring. This  type of laser i s
used mainly for treating port wine skin les ions . Chi ldren requiring laser therapy to these les ions  wi l l  often be subjected to multiple
treatments , usual ly under genera l  anaesthes ia . Postoperative pa in may be a  problem, particularly i f large areas  are treated. Combinations  of
paracetamol  and NSAIDs  may be effective, but occas ional ly opioid analges ics  are required.
Carbon dioxide laser
These lasers  have a  long wavelength (10 600 nm) which i s  outs ide the vis ible spectrum, and are preferentia l ly absorbed by water. Target cel l s
are heated to the point of vaporization by the beam. They penetrate to only a  very sha l low depth, so ti ssue damage can be di rectly observed.
They are used in aesthetic facia l  surgery, to reduce the wrinkl ing associated with ageing, and in ENT practice to vaporize voca l  cord and a i rway
les ions . Care must be taken to avoid eye and a i rway injury (see above).
Nd-YAG laser
This  laser i s  a l so outs ide the vis ible range, and, unl ike the CO2 laser, i s  transmitted through clear fluids  and absorbed by dark matter. It can
penetrate to a  depth of 1 cm. It has  multiple appl ications , including a i rway neoplasms, vascular mal formations  and ophthalmic surgery.
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The anaesthetis t working in the medica l  imaging department may be expected to use old or unfami l iar equipment in a  s trange and
potentia l ly ‘hosti le’ envi ronment i solated from the support normal ly ava i lable in a  theatre sui te:

The same s tandard of care (e.g. preoperative assessment, tra ined ass is tant, minimum monitoring s tandards , resusci tation faci l i ties ,
and recovery care) must be provided i rrespective of where the anaesthetic i s  given.
Patients  need accommodation for assessment and postprocedure recovery —a day case ward i s  idea l  i f not too far from the medica l
imaging department.
Al l  anaesthetis ts  should undertake an accompanied fami l iari zation sess ion before working ‘solo’ in the imaging department.
Discuss  your needs  with the radiographers  and ask about thei r requirements .

Indications  for anaesthes ia

Infants  or uncooperative chi ldren.
Older chi ldren or adults  with psychologica l , behavioura l , or movement disorders .
Intubated patients  such as  acute trauma victims  and patients  receiving intens ive care.
Analges ia , sedation, or anaesthes ia  may a lso be required for interventional  procedures  performed under CT or poss ibly MRI guidance.
Smal l  babies  (under 2 months) wi l l  often s leep through a  scan i f given a  feed and wrapped up wel l .

Patient cons iderations

Most are chi ldren so appropriate ski l l s  in paediatric anaesthes ia  are essentia l .
Some patients  (e.g. chi ldren with CNS tumours ) required repeated scans  and benefi t from cons is tency in s taff and techniques .
Patients  for elective scans  are rarely ‘normal ’. Check the indications  for scan and the nature of the underlying pathology—
developmenta l  delay, epi lepsy, mal ignancy, psychiatric, and movement disorders . Signi ficant cardiovascular and respiratory problems
are uncommon but beware of ‘syndromes’ with CVS mani festations .

Anaesthes ia—genera l  points

A preanaesthetic vi s i t, assessment, and any investigations  should be completed before the patient arrives  in the imaging department.
Take a  look around the department and locate the nearest resusci tation faci l i ties  (sel f-inflating bag and mask, portable oxygen,
‘crash’ trol ley, and defibri l lator)—confi rm that your ass is tant and the radiographers  a lso know where these are!
Have a  plan for managing an ‘arrest’ s i tuation. Access  for resusci tation in scanners  i s  usual ly poor. Ask the radiographers  how to get
the patient out rapidly—they should practice this  regularly.
P.661
Check whether the anaesthetic machines  are us ing piped gases  or cyl inders . If us ing cyl inders  confi rm that a  ful l  spare oxygen cyl inder
is  immediately ava i lable.
Make sure you understand ful ly how any unfami l iar equipment works—especia l ly the venti lator and disconnect a larms. Do not
proceed unti l  you are happy.
Plan the location of the anaesthetic machine, suction, and monitoring and the configuration and routing of the breathing system in
advance.
Decide where to induce the patient—a dedicated induction area  may not be ava i lable or may be very smal l .
Certa in equipment configurations  (e.g. anaesthetic machine in scan room and monitors  in control  room) may require two anaesthetis ts
to manage the patient safely.
Ensure sati s factory recovery faci l i ties  are ava i lable, i .e. an appropriately equipped recovery bay and an experienced recovery nurse
near the scanner or arrangements  for safe transfer of the patient to an operating department recovery room.
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Anaesthes ia  for computed tomography (CT)
A CT scanner uses  a  rotating X-ray beam and detector coupled to a  control l ing and s ignal -process ing computer to generate images  of
transverse ‘s l i ces ’ of body ti ssues . Older machines  scan the s l i ces  in a  series  of discrete s teps , but modern ‘spi ra l ’ CTs  acquire image data  in
a  s ingle continuous  pass . In modern machines  individual  scans  take a  few seconds  and a  complete s tudy may only require 5–10 min.
Equipment

The CT scanning envi ronment does  not restrict the type of equipment used, but space i s  often l imited so compact anaesthetic
machines  and monitors  are more practica l .
Patient, anaesthetic machine, and monitors  must a l l  be vis ible from the control  room.

Techniques

The patient's  head i s  usual ly access ible during CT scanning so an LMA may be used i f the patient does  not require IPPV or a i rway
protection.
A variety of anaesthetic (and sedation) techniques  can be used—inhalation or intravenous  induction and maintenance with
spontaneous  or control led venti lation. The fina l  choice should be determined by the equipment ava i lable and the patient's  needs ,
e.g. a i rway protection, control  of ra ised intracrania l  pressure, or respi ratory support.
Only ‘l ight’ anaesthes ia  to produce immobi l i ty and lack of awareness  i s  required.

Hazards

CT scanning generates  potentia l ly harmful  ionizing radiation so i t i s  preferable for the anaesthetis t to monitor the patient from
outs ide the scan room. If i t i s  necessary to remain near the patient wear appropriate radiation protection.
Cannulas , catheters , dra ins , and endotracheal  tubes  can be pul led out during transfers  and by movement of the patient through the
scanner—ask the radiographer how far the table wi l l  move and check that l ines  and breathing system do not snag other equipment.

Contrast media

Modern intravascular contrast media  for X-ray imaging uti l i ze highly iodinated, non-ionic, water-soluble compounds .
Common agents  are iohexol  (Omnipaque™) and iopamidol  (Niopam™), which are monomeric, and the dimeric compound iodixanol
(Vis ipaque™). Concentrations  equiva lent to 300–320 mg of iodine per ml  are typica l ly used.
You may be asked to adminis ter intravenous  contrast to anaesthetized patients . The volume required varies  with the preparation,
investigation, age, and body weight but may be up to 150 ml  (see Table).

Investigation
Volume (ml)

Adult Child

CT head 50–100 10 + 2 ml/kg (up to adult dose)

CT body 100–150 10 + 2 ml/kg (up to adult dose)

Aortography 100 –

Urography 2–3 ml/kg 2–3 ml/kg
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Contrast i s  vi scous  and can be di ffi cul t to inject through smal l  cannulas  or injection ports  (take the bung off and inject via  the hub of
the cannula).
Check the timing of injection with the radiographer because some ‘dynamic’ investigations  (e.g. aortography) require contrast to be
adminis tered as  the scan i s  occurring.
Intravenous  iodine-conta ining contrast media  occas ional ly trigger a l lergic reactions  (ask about iodine sens i tivi ty).
These agents  may cause renal  fa i lure in patients  who are dehydrated or have impaired renal  function so ensure adequate hydration in
patients  who have been s tarved for GA. Lactic acidos is  can be precipi tated in patients  taking biguanides  (metformin) and these ora l
hypoglycaemics  should be s topped 48 h before the scan.

Practica l  cons iderations

Meta l -conta ining objects  such as  ECG leads , pressure transducer cables , or cl ips  lying in the X-ray beam wi l l  cause artefacts  so route
them away from the area  to be scanned.
Scans  of the thorax or abdomen may require brief periods  of apnoea, i .e. ‘breath-holds ’, to reduce artefacts  caused by respiratory
movement. Both para lysed and spontaneous ly breathing patients  can be venti lated manual ly at this  point and their lungs  held in
inspiration for the few seconds  needed to perform each individual  scan.
The patient's  arms  usual ly need to be pos i tioned above the head during thoracic or abdominal  scans . Wide adhes ive tape i s  useful  for
securing the l imbs  (keep a  rol l  on the anaesthetic machine).
Intens ive care patients  requiring CT scans  should be managed l ike any inter-ICU transfer with ful l  transport monitoring and venti latory
support. Idea l ly the ICU res ident or consul tant should supervise the patient and review the scan with the reporting radiologis t. Getting
such patients  into and out of the scanner can be a  s low process .
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Anaesthes ia  for magnetic resonance imaging (MRI)
MRI i s  a  versati le imaging tool  free from the dangers  of ionizing radiation. A computer creates  cross -sectional  or three-dimens ional  images
from minute radio-frequency s ignals  generated as  hydrogen nuclei  are fl ipped in and out of a l ignment with a  powerful  magnetic field by high-
frequency magnetic pulses .

Non-invas ive but has  unpleasant aspects—the subject has  to l ie motionless  in a  long narrow noisy tunnel  with the part of body to be
imaged closely surrounded by an ‘aeria l  coi l ’ creating a  very claustrophobic envi ronment.
A typica l  sequence of scans  las ts  15–25 min but complex scans  may take much longer.
Up to 3% of adul ts  cannot tolerate scanning without sedation or anaesthes ia .
Provis ion of safe anaesthes ia  for MRI requires  specia l i zed equipment and careful  organization—unl ike CT you cannot s imply take a
standard machine and monitor to the MRI scanner.

Hazards
Combining MRI with anaesthes ia  creates  severa l  problems—some arise from the effects  of the magnetic fields  on anaesthetic equipment and
some from the effects  of anaesthetic equipment on the scanner.

Most scanners  use a  superconducting magnet to generate a  high-dens i ty s tatic magnetic field, which i s  a lways  present. Field s trength
is  measured in tes la  (T)—most scanners  use 0.5–1.5 T magnets  (about 10 000 times  the Earth's  magnetic field).
Near the scanner (>5 mT) the s tatic field exerts  a  powerful  attraction on ferromagnetic materia ls  (e.g. sci ssors , gas  cyl inders ,
laryngoscopes) which can become projecti les . Electric motors  (e.g. in syringe drivers ) may run erratica l ly and any information s tored on
magnetic media  (credi t cards , cassette tapes , or floppy disks ) wi l l  be erased. The magnetic field decreases  as  dis tance from the
scanner increases-beyond the 0.5 mT boundary or outs ide the scan room can be cons idered safe.
Devices  (e.g. hypodermic needles ) made from sta inless  s teel , which i s  not ferromagnetic, can be taken into the scan room. If you are
unsure about an object don't ri sk i t!
Osci l lating magnetic fields  induce eddy currents  in electrica l  conductors  (e.g. ECG leads , meta l l i c implants ). These currents  may dis rupt
or damage electronic equipment (including pacemakers ) and cause heating effects  that can resul t in burns .
Large masses  of meta l  (e.g. anaesthetic machines , gas  cyl inders ) near the scanner or smal l  amounts  of non-ferrous  meta ls  within the
threedimens ional  volume being scanned can dis tort the magnetic fields  caus ing poor qual i ty images .
The scan room is  usual ly shielded to prevent external  electrica l  interference from swamping the MR s ignals . Al l  electrica l  equipment
within the scan room must a lso be ful ly shielded and electrica l  conductors  entering the room (e.g. monitoring cables ) require specia l
radio-frequency fi l ters .
P.665
Rapidly changing magnetic fields  cause mechanica l  vibrations  and extremely loud ‘knocking’ noises , which can potentia l ly damage
hearing.

Equipment
Two a l ternative approaches  are feas ible:

specia l i zed ‘MRI compatible’ equipment within the scan room, or
conventional  equipment outs ide the scanner's  magnetic field in the control  room.

Standardizing on one option keeps  anaesthetis t, anaesthetic machine, and monitors  together. Choice depends  upon space, funds , expected
frequency of GAs , and individual  preference. Us ing conventional  equipment at a  dis tance avoids  crowding the scanner, i s  less  expens ive, and
al lows  faul ty monitors  to be substi tuted. The anaesthetis t can regulate the anaesthetic and monitor the patient without being in the scan
room and hazards  can be reduced by applying the s imple rule that ‘nothing enters  the scan room except the patient and the trol ley’.
A typica l  set-up i s  as  fol lows:

Induction area  adjacent to but outs ide the scan room (beyond the 0.5 mT boundary) equipped with a  compact conventional  anaesthetic
machine and monitoring.
Piped gases , scavenging, and suction in both the induction area  and the control  room.
Non-magnetic tipping trol ley for patient transfer into the scanner.
Compact (e.g. wal l  mounted) anaesthetic machine and venti lator in the control  room with a  10 m coaxia l  (Ba in) breathing system.
Respiratory gas/agent analyser with capnograph display fi tted with an extended sampl ing tube (increases  the response time by 5–10
s).
MRI-compatible pulse oximeter (fibreoptic patient probe and shielded cable).
ECG with MRI-compatible (carbon fibre) patient leads  and electrodes .
NIBP machine with an extended hose, non-meta l l i c connectors , and a  range of cuffs .

Practica l  cons iderations  and techniques

Phys ica l ly and ‘magnetica l ly’ restricted access  makes  patient observation and treatment di ffi cul t so a  secure a i rway i s  a  priori ty.
Neonates  and young babies  (< 2 months) wi l l  often s leep through a  short scan i f fed, wrapped up, and placed on their s ide in the
scanner.
Babies  and smal l  chi ldren (< 15 kg), any patient with an intracrania l  space-occupying les ion, suspicion of ra ised ICP, or needing a
protected a i rway—use intubation and IPPV.
Larger chi ldren and adults  (i f no ri sk of ra ised ICP)—use LMA and spontaneous  venti lation.
If intubating a  patient for a  head scan use a  RAE tube. It keeps  the connectors  and breathing system clear of the head coi l .
Tape the va lve on the pi lot tube of a  cuffed ETT or LMA so that i t l ies  outs ide the volume to be scanned or the meta l  of the spring wi l l
dis tort the images .
P.666

Sedation with ora l  or IV benzodiazepines  may be used by radiologis ts  for heal thy but claustrophobic adults . Patients  with severe back
or root compress ion pa in may a lso require s trong analges ia  to tolerate pos i tioning for a  scan.
The role of sedation for MRI scanning in chi ldren i s  unclear. Some chi ldren's  centres  have reported successes  with s tructured sedation
programmes  run by dedicated sedationis ts . However, the safety of having heavi ly sedated chi ldren in the medica l  imaging department
without di rect anaesthetic supervis ion has  been questioned.
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Tips  for IPPV through a  10 m long breathing system

Use a  system which functions  as  a  ‘T-piece’ (Mapleson D or E) so dead space i s  unaffected by length. Ayres  T-piece and coaxia l  Ba in
systems work wel l  and are both sui table for venti lating babies  and smal l  chi ldren.
Airway pressures  measured near the venti lator may not accurately represent dis ta l  pressures  at the endotracheal  tube.
Tida l  volume del ivered to the lungs  wi l l  be reduced by ‘compress ion losses ’ of the gas  within the system and by expans ion of the
tubing during inspi ration.
As  a  resul t of these effects  IPPV us ing a  s imple pressure generator (e.g. Penlon Nuffield 200 with a  Newton va lve) may not be effective
in chi ldren weighing more than 15 kg.
Tida l  volume loss  in the system can make i t di ffi cul t to compensate for s igni ficant leaks  round uncuffed tracheal  tubes—change to a
s l ightly larger tube so the leak i s  minimal .
Increased expiratory res is tance of some systems (e.g. Ayres  T-piece) generates  a  pos i tive expiratory pressure which increases  with the
fresh gas  flow.

Scanning intens ive care patients

The same cons iderations  apply as  for CT scanning (see above) but potentia l  hazards  are greater so the ri sk/benefi t ba lance should be
assessed careful ly.
Do not scan patients  who are haemodynamica l ly or otherwise unstable.
Electronic pressure transducers , meta l -conta ining ICP ‘bol ts ’, temporary pacing wires , and conventional  ECG leads  must be removed
before the patient enters  the scan room.
Ful l  checks  (and i f necessary pla in radiographs) must be performed to confi rm there are no hazardous  meta l l i c implants  or foreign
bodies  present.
Patients  who are s table on inotrope infus ions  can be scanned but the infus ion pumps  must remain at a  safe dis tance from the magnet
—ideal ly outs ide the scan room. Prepare dupl icate pumps  in the control  room with extended infus ion l ines  threaded with the
breathing system into the scan room. Connect the patient to the running infus ions  whi le outs ide the room, check they are s table, and
then move them into the scanner.

Patient and s taff safety

To avoid accidenta l  injury a l l  patients  having an MRI scan must complete a  screening/consent form. In the case of chi ldren or sedated
ICU patients  these must be completed on their behal f by relatives  or s taff.
P.667

To prevent injury and property damage a l l  s taff must s imi larly complete a  screening questionnaire and leave meta l l i c objects , pagers ,
credi t cards , etc. outs ide the room.
The greatest dangers  ari se from ferromagnetic implants  or foreign bodies—certa in types  of arti fi cia l  heart va lves , old cerebra l
aneurysm cl ips , or s teel  spl inters  in the eye, where movement could dis rupt va lve function or precipi tate intracrania l  or vi treous
haemorrhage respectively.
Patients  and s taff with cardiac pacemakers  must remain outs ide the 0.5 mT boundary.
Anaesthetized and sedated patients  should have their ears  protected to prevent noise-induced auditory damage.
Intravenous  MRI contrast media  are paramagnetic but do not conta in iodine and have a  high therapeutic ratio. Side-effects  include
headache, nausea and vomiting, loca l  burning and weals  (incidence 2.4%). Severe hypotens ion/anaphylactoid reactions  are rare
(approximately 1:100 000).
Commonly used agents  are Magnevis t™ (gadopentetate) at a  dose of 0.2–0.4 ml/kg and Omniscan(tm) (gadodiamine) at 0.2 ml/kg.

Cardiac arrest

Do not attempt advanced l i fe support in the scan room.
Do NOT a l low the cardiac arrest team into the scan room.
Start bas ic l i fe support with a  non-meta l l i c sel f-inflating bag and chest compress ions .
Remove the patient from the scan room on a  non-magnetic trol ley and continue resusci tation outs ide the 0.5 mT boundary.

Further reading
Edwards  M-B (1998). Prosthetic heart va lves  implanted in the United Kingdom 1986–1997, 2nd edn. UK Heart Va lve Regis try.
Hatch DJ, Sury MRJ (2000). Sedation of chi ldren by non-anaesthetis ts . Bri ti sh Journal  of Anaesthes ia , 84, 713–14.
Library Holdings
Bibl iographic Links
Menon DK, Peden CJ, Ha l l  AS, Sargentoni  J, Whitwam JG (1992). Magnetic resonance for the anaesthetis t Part I : phys ica l  principles ,
appl ications , safety aspects . Anaesthes ia , 47, 240–55.
Library Holdings
Bibl iographic Links
Peden CJ, Menon DK, Hal l  AS, Sargentoni  J, Whitwam JG (1992). Magnetic resonance for the anaesthetis t Part I I : anaesthes ia  and monitoring in
MR units . Anaesthes ia , 47, 508–17.
Library Holdings
Bibl iographic Links
Shel lock FG (1996). Pocket guide to MR procedures  and meta l l i c objects : update 1996. Lippincott-Raven, Phi ladelphia .
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Phys iologica l  effects  of ECT

Cardiovascular
Immediate: parasympathetic s timulation (bradycardia , hypotens ion)
Later (after 1 min): sympathetic s timulation (tachycardia , hypertens ion, increased myocardia l  oxygen consumption,
dysrhythmias )

Cerebra l  effects
increased cerebra l  oxygen consumption
increased cerebra l  blood flow
increased intracrania l  pressure.

Other
increased intraocular pressure
increased intragastric pressure.

Preoperative assessment

ECT i s  commonly carried out in elderly patients  who may have a  variety of coexis ting disease processes . A careful  preoperative
assessment should a lways  be undertaken.
The majori ty of patients  wi l l  be taking psychiatric drugs , many of which have the potentia l  to interact with anaesthetic agents  (p. 205).
Patients  are commonly poor his torians  and care should be taken to assess  compl iance with preoperative fasting.
ECT i s  a  repeated procedure so a lways  s tudy the previous  anaesthetic notes  to see the effect of the anaesthetic on seizure
modi fication.
ECT i s  commonly carried out at i solated s i tes  and appropriate personnel  and resusci tative faci l i ties  must be ava i lable.
Sedative premedication i s  not indicated and may prolong recovery.

Contra indications  to ECT

Absolute: recent myocardia l  infarction, recent CVE, intracrania l  mass  les ion.
Relative: uncontrol led angina, congestive cardiac fa i lure, severe osteoporos is , major bone fractures , glaucoma, retina l  detachment.
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Anaesthes ia  for ECT

Aims. Rapid induction, attenuation of undes i rable phys iologica l  effects , appropriate seizure modi fication, rapid recovery.
Induction. Preoxygenation should be performed prior to induction. Methohexi tone (0.75 mg/kg) was , for years , the most commonly used
induction agent, but has  now been withdrawn. Propofol  (1–2 mg/kg) i s  now the agent of choice, giving rapid onset and offset and
obtunding of the cardiovascular response. Thiopenta l , ketamine, and etomidate have a l l  been success ful ly used.
Muscle relaxants . Suxamethonium (0.5 mg/kg) i s  most commonly used. Low-dose mivacurium (0.08 mg/kg) has  been tried, but a l though
recovery was  found to be good, seizure modi fication was  inadequate. If mivacurium is  used, the dose should be at least 0.15 mg/kg
and reversa l  wi l l  probably be necessary. Longer-acting agents  are not genera l ly sui table.
Ai rway maintenance. Providing there are no ri sk factors  for aspi ration the a i rway can normal ly be mainta ined with an ora l  a i rway and
mask unless  longer-acting muscle relaxants  are used. Ass is ted venti lation with 100% oxygen i s  recommended unti l  spontaneous
respiration has  returned. A bi te block i s  commonly used during the seizure period to prevent damage to the l ips , tongue, or teeth.
Atropine premedication was  commonly used to prevent the bradycardic response seen in the immediate phase response.
Bradyarrythmias  are particularly common during s timulus  ti tration, where subconvuls ive s timul i  are used to determine seizure
threshold, but routine atropine premedication i s  no longer recommended due to the detrimenta l  effects  of atropine on myocardia l
work and oxygen demand.
Sympathetic attenuation. Sympathetic s timulation in patients  with cardiovascular disease may be undes i rable. Various  agents  such as
GTN, sodium ni tropruss ide, hydra lazine, and propanolol  have been tried but there i s  no consensus  on their use. Pretreatment with
beta-blockers  may be useful  (e.g. ora l  atenolol  50 mg preoperatively) or esmolol  infus ion (50–200 µg/kg/min) may be used intra-
operatively.
Recovery. The post-icta l  s tage i s  occas ional ly associated with a  period of agi tation, confus ion or aggress ive behaviour. Avoidance of
excess ive s timulation during the recovery phase may help attenuate this . Sedation with benzodiazepines  or ha loperidol  may be
required.
Side-effects . Exacerbation of i schaemic heart disease, cardiac rupture, long bone fractures , inhalation of teeth, etc. have a l l  been
reported. Morta l i ty fol lowing ECT i s  reported as  0.03%.

Further reading
Cheam EW, Cri tchley LA, Chui  PT, Yap JC, Ha  VW (1999). Low dose mivacurium is  less  effective than succinylchol ine in electroconvuls ive therapy.
Canadian Journal  of Anaesthes ia , 46, 49–51.
Library Holdings
Bibl iographic Links
Mayur P, Shree R et a l . (1998). Atropine premedication and the cardiovascular response to electroconvuls ive therapy. Bri ti sh Journal  of
Anaesthes ia , 81, 466–7.
Library Holdings
Bibl iographic Links
Royal  Col lege of Psychiatri s ts  (1995). The ECT handbook (Counci l  Report CR 39). Gaskel l , London
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Genera l  principles
Anaesthes ia  for the unprepared battlefield patient encompasses  the ski l l s  of resusci tation, anaesthes ia , postoperative intens ive care, and
patient transfer. Surgery for less  severely injured and semielective cases , such as  the delayed primary suture of wounds , demand anaesthetic
techniques  that a l low rapid recovery and early onward evacuation. Anaesthes ia  i s  conducted in the austere, i solated, and potentia l ly very
mobi le envi ronment of the field surgica l  team or field hospi ta l  associated with the ever-present threat of personal  injury.
The austere envi ronment
To a l low mi l i tary surgery and anaesthes ia  of an acceptable s tandard requires :

shel ter
electrici ty for l ight, heating, and equipment
water supply (clean).

The battle casual ty
Al though the majori ty of mi l i tary personnel  are fi t, the s tress  of mi l i tary operations  may reveal  previous ly undiagnosed disorders  such as
ischaemic heart disease. The battle casual ty i s  l ikely to be:

cold, exhausted, dehydrated, and fi l thy
in haemorrhagic shock
frightened or suffering from post-traumatic s tress
temporari ly deaf from high explos ive.

Injuries  suffered may be blunt trauma from vehicle accidents  and fa l l s  or high-veloci ty penetrating miss i le injuries . These wounds  are often
extens ive, multiple, and a lways  contaminated. Repeated operations  for debridement, delayed primary suture, and skin graft are required.
Most casual ties  reaching the surgica l  team a l ive wi l l  have l imb injuries . Burns  are particularly common, and explos ions  may resul t in
pulmonary and intestina l  blast injury.
Anaesthetic equipment
Ideal ly a l l  equipment used in the field should be:

robust
compact and l ightweight
s imple to use
accord with United Kingdom and international  s tandards .

Power source
The electrici ty supply in a  field medica l  uni t i s  from generators  that must be of sufficient power to cope with maximal  demands . Idea l ly a l l
electrica l  i tems  should have an independent battery supply as  back up.
Oxygen
The logis tica l  problem of the supply of medica l  gases  in the field i s  complex. Cyl inders  or oxygen concentrators  may be uti l i zed. Where oxygen
suppl ies  are l imited, venti lators  should be electrica l ly driven and oxygen added to the ci rcui t as  needed. This  a l lows  scarce oxygen to be
reserved for preoxygenation, the immediate postoperative period, and the cri tica l ly i l l .
P.675
Refrigeration
Refrigeration i s  required for the s torage of blood and temperature-sens i tive drugs .
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Anaesthetic technique—inhalational  anaesthes ia
Draw-over anaesthes ia  i s  the most sui table inhalational  technique for use in the field; i t can be employed us ing spontaneous  or control led
venti lation, i s  not dependent on a  compressed gas  supply, and requires  only l ight portable equipment. The requirements  are:

one-way patient va lve and sel f-inflating bag
low-res is tance vaporizer, e.g. OMV or Ohmeda PAC
oxygen T-piece and reservoir (a  length of tubing).

As  most casual ties  are unprepared for surgery, rapid sequence induction, intubation, and control led venti lation i s  employed. A s tandard
balanced inhalational  technique for battle casual ties  involves :

Assessment and resusci tation—with oxygen i f ava i lable.
Preoxygenation—5 l i tre/min of 90% oxygen from a  concentrator adminis tered with a  drawover ci rcui t wi l l  give an FiO2 of 40–50%.
Rapid sequence induction with cricoid pressure. Ketamine i s  the favoured induction agent in potentia l ly shocked patients , a l though i t
may not be appropriate in patients  with head or eye injuries .
Control led venti lation. Mainta in neuromuscular blockade with vecuronium.
Draw-over anaesthes ia  with i sofluorane or ha lothane in a i r.
Oxygen supplementation as  required.
Supplementary opioid analges ia , usual ly morphine.
Reverse and then extubate awake, head down latera l .
Al ternatively transfer sedated and venti lated to intens ive care i f ava i lable.

In non-emergency cases  such as  planned delayed primary suture or change of dress ings  a  spontaneous  breathing draw-over technique can be
used with a  facemask or laryngeal  mask a i rway. Oxygen supplementation wi l l  be required as  respi ratory depress ion wi l l  occur.
Ci rcle anaesthes ia  could have advantages  in the field in terms  of savings  in oxygen and volati le agent. However, monitoring of inspi red
oxygen, ETCO2, and anaesthetic agent i s  mandatory, which adds  complexi ty.
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Anaesthetic technique—tota l  intravenous  anaesthes ia
Ketamine as  a  sole anaesthetic agent

Ideal  for ‘roads ide anaesthes ia ’.
Can be adminis tered IV 1–2 mg/kg or IM 10 mg/kg or a  combination of IV/IM.
Sympathetic tone i s  mainta ined.
Airway control  i s  not usual ly lost (a l though this  should not be assumed).
Emergence phenomena can be unpleasant and may be reduced by concurrent use of midazolam. This  diminishes  some of the safety
features  of ketamine.
Causes  increases  in intracrania l  and intraocular pressures .

Ketamine and midazolam by infus ion

A technique for use with control led venti lation.
IV induction: midazolam 0.07 mg/kg + ketamine 1 mg/kg.
Maintenance by infus ion. Mix ketamine 200 mg, midazolam 5 mg, and 0.9% sa l ine to a  volume of 50 ml .
Infus ion rate in ml/h = (patient's  body weight in kg)/2.
The mixture has  a  shel f l i fe of 72 h.
Unpleasant dreams or ha l lucinations  are rare.
Blood pressure and pulse rate tend to be mainta ined.

Propofol  and a l fentani l

A technique for use with control led venti lation in casual ties  with an uncompromised ci rculation.
IV induction with s tandard doses  of a l fentani l  and propofol .
Mix propofol  500 mg and a l fentani l  2.5 mg.
Ini tia l  infus ion of approximately 10 mg/kg/hr of propofol .
Reduce gradual ly to 5 mg/kg/h according to cl inica l  s igns .
Rapid clear-headed recovery with low incidence of nausea.

P.678
Regional  techniques
Nerve blocks  can be of va lue in providing an adjunct to postoperative pa in but are of l imited va lue as  a  sole method of anaesthes ia  as  war
wounds  do not respect anatomica l  boundaries . Loca l  anaesthetic infi l tration by the surgeon i s  encouraged. Spina l  anaesthes ia  i s
contra indicated in shock. Epidura l  anaesthes ia  may have a  place in the rear hospi ta l  where aseps is  can be confidently observed.
Analges ia  in the field—a s imple approach
The fol lowing approach i s  appl icable to postoperative patients  as  wel l  as  the casual ty arriving in the resusci tation department of the field
hospi ta l :

Resusci tate as  required.
Morphine IV 2 mg every 3 min unti l  comfortable.
Assess , dress , and spl int wounds . Apply traction to fractures .
Morphine 10 mg IM 2–hourly PRN so long as  the respiratory rate i s  >8/min, the systol ic blood pressure i s  >90 mmHg, and the casual ty i s
respons ive and in pa in.
Cons ider nerve blocks  i f practica l .
Cons ider Entonox or ketamine for manipulations .
Reassess  frequently, and remember that worsening pa in may indicate a  developing compl ication, e.g. compartment syndrome or
seps is .
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The ICU patient going to theatre
The planning, transfer, and monitoring of a  cri ti ca l ly i l l  patient on intens ive care, who needs  surgery, can be a  cha l lenge for the anaesthetis t.
Phys iologica l  ins tabi l i ty should be anticipated, detected, and acted upon promptly and effectively.
In some instances  the surgery may be planned a  day or two in advance, such as  in the multiple trauma patient who needs  further orthopaedic
work. In such cases  the patient should be in a  reasonably s table s tate at the time of planned surgery. Other types  of surgery may be of a  much
more urgent nature, e.g. peri toni ti s  or haemorrhage. These cases  are more l ikely to be septic or hypovolaemic and may decompensate intra-
operatively. Both senior anaesthetis ts  and surgeons  should be involved.
Consent
The decis ion to operate must be taken by the surgeon and intens ivis t a fter cons idering a l l  the ri sks  and benefi ts  of surgery in a  cri ti ca l ly i l l
patient. Informed consent i s  often imposs ible as  the patient may be sedated or comatose. Whi ls t the fami ly i s  not able to give consent in
law, thei r support i s  inva luable, and whenever poss ible the reasons  for surgery and ri sks  should be discussed with them.
Preoperative assessment

Do not forget routine aspects  of the preoperative assessment just because the patient i s  a l ready cri tica l ly i l l , i .e. his tory of previous
anaesthetics , chronic medica l  conditions , a l lergies , etc.
Assess  the patient's  current condition from discuss ion with ICU medica l  and nurs ing s taff and from information on the observation
charts . If the patient i s  venti lated check the depth of sedation and doses  of drugs  used.
Assess  haemodynamic s tabi l i ty and note the current fluid requirements  and rate/concentration of inotrope infus ions . Ensure that
there i s  an adequate supply of inotrope prepared for theatre. Cons ider which vasopressors  may be required.
Note the patient's  oxygen requirement and, i f venti lated, the compl iance, minute volume, and PEEP etc. to predict the venti lator
settings  that wi l l  be necessary in theatre. If the patient has  severe ARDS with cri ti ca l  oxygenation and poor compl iance the theatre
venti lator may be inadequate and i t may be necessary arrange to use an ICU venti lator. Current pol icy in many ICUs  i s  to use high PEEP,
i f necessary, to achieve oxygenation in ARDS but to keep peak pressure <30 cmH2O. This  commonly resul ts  in hypercapnia , but as  long
as  the arteria l  pH i s  >7.25, i s  cons idered preferable to worsening lung injury.
Check intravenous  access  and cons ider i f any additional  cannulas  may be required. Many ICU patients  have had a l l  periphera l  access
removed.
Assess  the patient's  fluid ba lance and decide whether additional  monitoring wi l l  be helpful .
Check which antibiotics  the patient i s  receiving and whether any doses  wi l l  be due in theatre.
Check the most recent FBC, U&E, and blood gases , and ensure that blood has  been cross -matched and i s  ava i lable.
P.681
If you are taking the patient to a  more remote faci l i ty such as  the X-ray department, ensure that you have adequate anaesthetic
ass is tance and bear in mind the di ffi cul ties  in patient access  and monitoring.

Transfer to theatre

You are respons ible for the safe transfer of the patient to and from theatre.
Fami l iari ze yoursel f with the transport equipment and ensure i t i s  functioning before you leave the ICU.
If the patient i s  a l ready venti lated establ i sh on the transfer venti lator before leaving the ICU to ensure adequate venti lation can be
mainta ined. Most current transfer venti lators  have a  PEEP faci l i ty.
If the transfer may be pa inful  or dis tress ing to the patient, cons ider deepening the level  of sedation.
If the patient i s  not a l ready sedated and venti lated decide whether to induce in ICU, the anaesthetic room, or theatre. Factors  to
influence your decis ion should be safety aspects , ava i lable ass is tance, haemodynamic instabi l i ty, and patient comfort.
Monitor the patient as  ful ly as  poss ible en route.
Take time to disentangle a l l  l ines , re-establ i sh ful l  monitoring, and check IV access  before the s tart of surgery. Access  to the patient
can very di ffi cul t under the drapes .

Perioperatively

The patient i s  l ikely to require additional  anaesthetic. This  can be TIVA or a  volati le agent, plus  a  muscle relaxant. If an epidura l  i s
a l ready in s i tu and the patient i s  s table, this  can be ‘topped up’ to provide analges ia , but i t i s  rarely practica l  or particularly
advantageous  to s i te an epidura l  at this  s tage i f prolonged postoperative venti lation i s  anticipated.
Anticipate and prepare for a  worsening of the patient's  haemodynamic s tate due to additional  anaesthetic, blood loss , or seps is .
Anticipate the need for rapid transfus ion and ensure a  s tock of col loid solutions  and blood in theatre with pressure bags  or a  rapid
infus ion device.
Continue a l l  invas ive monitoring and act swi ftly to reverse any deleterious  changes . Judge fluid requirements  us ing CVP or PCWP,
measured losses , and urine output rather than blood pressure.
If surgery i s  prolonged check Hb, clotting, and acid-base s tatus  regularly.
Give antibiotics  as  indicated.
Complete an anaesthetic chart and record a l l  fluids  given, blood loss , inotrope changes , etc.

Transfer back to ICU

Inform ICU when surgery i s  about to finish to plan s taffing or ass is t in the transfer.
Ensure the patient i s  s table before leaving theatre.
Take the same care establ i shing venti lation and monitoring as  on the trip to theatre.
Ensure you give a  ful l  verbal  and wri tten handover to the ICU medica l  and nurs ing s taff and communicate the surgeon's  postoperative
requirements .
Ensure the patient i s  safely establ i shed on the ICU venti lator and haemodynamica l ly s table before pass ing on respons ibi l i ty to the
ICU team.
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Anaesthes ia  for the septic patient
In the management of a  patient who i s  haemodynamica l ly unstable due to seps is , or blood loss  the anaesthetis t has  a  key role in improving
and mainta ining ti ssue oxygenation perioperatively. A prolonged period of poor organ perfus ion may lead to multiple organ fa i lure, which
carries  a  very high morta l i ty.
Most cases  of seps is  wi l l  be intra-abdominal  requiring a  laparotomy for a  perforated viscus . Other cases  wi l l  include surgery for soft ti s sue
infections , urologica l  or gynaecologica l  seps is , and intrathoracic seps is . Patients  requiring a  laparotomy for gastrointestina l  obstruction or
bleeding may a lso be unstable due to hypovolaemia  and the same principles  of resusci tation apply, a l though they are less  l ikely to develop a
systemic inflammatory response syndrome (SIRS) than the septic patient.
Defini tion

Seps is , and the body's  response to i t, has  been defined by consensus  conference of the American Col lege of Chest Phys icians  and
Society of Cri tica l  Care Medicine as  a  combination of two or more of the fol lowing conditions  occurring as  the response to infection:

temperature >38 °C or <36 °C
heart rate >90 beats/min
respiratory rate >20/min or PaCO2 <4.3 kPa

WBC >12 000/mm3 or >10% immature forms.
Severe seps is  i s  defined as  seps is  plus  hypoperfus ion, organ dys function or hypotens ion.
Septic shock i s  defined as  seps is  plus  hypotens ion, despi te adequate fluid resusci tation, plus  organ perfus ion abnormal i ties .
Systemic inflammatory response syndrome (SIRS) has  the same defini tions  as  seps is  but can occur as  a  response to a  number of
insul ts  other than infection, e.g. pancreati ti s , multiple trauma.

Pathology
The response to seps is  involves  a  large number of chemica l  mediators , acting via  complex and interactive pathways , some of which are pro-
and others  anti inflammatory. In a  septic patient, the severi ty of i l lness  i s  determined more by the nature of the inflammatory response than
by the infection i tsel f.
Most abdominal  seps is  i s  caused by Gram-negative bacteria  which conta in endotoxin in thei r outer membrane. Endotoxin i s  a
l ipopolysaccharide impl icated in macrophage and monocyte activation and the release of numerous  mediators  including tumour necros is
factor-α (TNF-α), interleukin 1 (IL-1) and other cytokines , plus  prostaglandins , leukotrienes , the complement and fibrinolytic systems, platelet-
activating factor, and ni tric oxide (NO).
Pathologica l  effects  caused by these mediators  include vasodi latation, increased capi l lary permeabi l i ty, impaired ti ssue oxygen uti l i zation,
and myocardia l  depress ion.
Preoperative assessment

Class ica l  s igns  of seps is  are pyrexia , tachycardia , warm bounding peripheries , and hypotens ion.
P.683
These s igns  are not a lways  seen, particularly in:

young chi ldren
the very elderly
patients  with pre-exis ting pathology, e.g. severe cardiac fa i lure
patients  on s teroids  or beta-blockers
patients  moribund from advanced seps is .

Other s igns  may include confus ion, drows iness , cool  peripheries , tachypnoea, hypoxia , and ol iguria .

Interpretation of investigations  in the septic patient

FBC: expect high WBC with neutrophi l ia  (a  low WBC is  evidence of overwhelming seps is ). A low platelet count i s  common in severe
seps is .
U&E: urea  and sodium ra ised proportionately more than creatinine indicates  dehydration, disproportionately high creatinine indicates
renal  impairment.
Coagulation screen: increased INR indicates  septic coagulopathy (unless  on warfarin).
Blood sugar: usual ly ra ised, low sugar indicates  advanced seps is  or hepatic dys function.
Arteria l  blood gases : metabol ic acidos is  i s  common; there may be compensatory hyperventi lation unless  the patient i s  very obtunded.
Hypoxia  i s  common in severe seps is .
Blood lactate: high, confi rming ti ssue hypoxia  as  the cause of acidos is . If acidotic with normal  lactate check creatinine and urine
output (renal  fa i lure i s  the most l ikely cause of non-lactic acidos is  in the septic patient, another cause i s  diabetic ketoacidos is ).
The chest radiograph may show ‘wet lungs ’ or non-cardiogenic pulmonary oedema, which may progress  to changes  of ARDS.
The combination of cl inica l  s igns  plus  investigations  should give an indication of the severi ty of i l lness , resusci tation required, and
necessary postoperative support.

Resusci tation, monitoring, and planning

Anticipate and prepare for a  deterioration in the patient's  condition intraoperatively. Anaesthes ia  wi l l  reverse any haemodynamic
compensation by i ts  vasodi latory and negative inotropic effects . Surgery may ini tia l ly worsen the septic s tate by further releas ing
bacteria , endotoxins , and cytokines , in addition to blood and fluid loss .
For these reasons  patients  in septic shock wi l l  benefi t from time spent improving their fi l l ing s tatus  and establ i shing monitoring
preoperatively. If you cons ider that the patient requires  further resusci tation plan where and how to undertake i t. It may be poss ible
on the ward but i s  usual ly more efficient and effective i f undertaken by the anaesthetis t in the anaesthetic or recovery room.
Plan the patient's  postoperative care as  far as  poss ible in advance. If there are no ICU beds  ava i lable cons ider requesting a  prolonged
stay in theatre recovery. The more notice the nurses  are given to arrange s taffing the more l ikely any of these options  are to be
poss ible. A recurrent recommendation in reports  of the Confidentia l  Enquiry into Perioperative Deaths  (CEPOD)
P.684

is  for increased provis ion of HDU beds  and for better use to be made of them. The 1999 CEPOD report speci fica l ly s tates  that the
surgica l  and anaesthetic management for s ick elderly patients  must include the planning of appropriate postoperative care, in an HDU
if necessary.
The fol lowing vascular access  and monitoring should be establ i shed during the resusci tation phase, before induction of anaesthes ia :
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two functioning, large-bore intravenous  cannulas
CVP l ine
arteria l  l ine
urinary catheter
cons ider a  pulmonary artery catheter or other means  of monitoring cardiac output (e.g. oesophageal  Doppler) in advanced
seps is , or i f there i s  pre-exis ting cardiac fa i lure or severe respiratory disease which would make interpretation of the CVP
potentia l ly mis leading.

Whi le establ i shing monitoring adminis ter oxygen and continue giving fluid. Fluids  can be crysta l loid or col loid, preferences  vary
between insti tutions  and between countries . Col loids  are l ikely to remain in the ci rculation longer, particularly in the septic patient
with ‘leaky’ capi l laries , and to resul t in a  smal ler tota l  volume of fluid infused.
Ensure blood i s  cross -matched and ava i lable—transfuse the patient with blood i f anaemic or actively bleeding. Hb wi l l  a l so fa l l  due to
haemodi lution and there may be excess ive blood loss  due to a  septic coagulopathy.
If antibiotics  have not been s tarted, check that blood cul tures  are taken fi rs t.
Give antibiotics  at the correct time and in the correct dose; check the ward chart as  doses  are not infrequently missed when patients
are being prepared for theatre. Unless  the infecting organism has  a l ready been identi fied use ‘best guess ’ antibiotics  (see p. 902). If
the patient has  recently received an appropriate course of antibiotics  switch to your hospi ta l 's  ‘second l ine’ choice. Severa l  antibiotics
can accumulate and produce toxic s ide-effects  in renal  fa i lure but a  normal  dose should be used ini tia l ly to ensure that a  therapeutic
level  i s  reached. It i s  much better to s tart with a  broad range of antibiotics  at high doses , which can be rapidly reduced when the
patient shows  s igns  of improving, than to provide inadequate cover to a  very s ick patient.

Induction and maintenance of anaesthes ia

Rapid sequence induction should be used in any patient who i s  acutely i l l  due to seps is  from any source as  gastric s tas is  i s  common.
Any induction agent i s  l ikely to cause an exaggerated fa l l  in BP so use cautious ly.
Insert a  nasogastric tube i f one i s  not a l ready in place.
The use of epidura l  blockade i s  controvers ia l  in seps is :

a  potentia l  bacteraemia  may be cons idered to be a  contra indication
coagulopathy may preclude s i ting of the epidura l
hypotens ive effects  are l ikely to be exaggerated and di ffi cul t to reverse
P.685

i f s i ting of an epidura l  not contra indicated by other factors , cons ider inserting a  catheter but waiting unti l  the patient i s  s table
before establ i shing the block.

Ei ther a  volati le or TIVA can be used but a  shocked patient wi l l  probably have a  reduced requirement to mainta in anaesthes ia  and any
agent wi l l  have a  more pronounced effect on BP than usual .
The effects  and duration of action of opioids  may be increased due to impaired hepatic and renal  perfus ion; use cautious ly i f the
patient i s  to be extubated postoperatively. Additional  opioid can be given on emergence from anaesthes ia  when opioid effects  can be
assessed.
Avoid NSAIDs  in patients  who are pers is tently hypotens ive or septic.

Importance of ti s sue oxygenation maintenance intraoperatively

Do not wait unti l  the patient arrives  in ICU postoperatively before insti tuting the principles  of organ support—any delay in revers ing
shock wi l l  only increase the chances  of multiple organ fa i lure and death.
Intra-operative hypotens ion should be treated promptly and appropriately as  i t i s  poorly tolerated in the elderly and patients  with pre-
exis ting medica l  conditions .
Inadequate fluid replacement and intra-operative hypotens ion i s  ci ted in severa l  CEPOD reports  as  a  major factor in postoperative
morta l i ty.
Remember that a  normal  ECG does  not exclude s igni ficant coronary artery disease and a  normal  serum creatinine does  not exclude
renal  impairment. Renal  function can fa l l  by 80% before serum creatinine increases  above normal .
Patients  with pre-exis ting renal  impairment are far more l ikely to develop renal  fa i lure after a  period of hypoperfus ion.
Renal  blood flow fa l l s  dramatica l ly below a  mean arteria l  BP of 60–80 mmHg. This  threshold i s  higher in patients  who are normal ly
hypertens ive.
Normal  BP does  not indicate adequate organ perfus ion, as  BP may be mainta ined by vasoconstriction at the expense of adequate
perfus ion.
Maintenance of hepatosplanchnic perfus ion i s  probably most important in the prevention of multiple organ fa i lure, but a lso the most
di ffi cul t to monitor.

Means  of monitoring ti ssue oxygenation in theatre

Urine output (a im for 0.5 ml/kg/h in adults ).
Arteria l  blood gases  (a im to reduce metabol ic acidos is ).
Mixed venous  oxygenation i f PA catheter in s i tu. Normal  S[v with bar above]O2 >75%; this  i s  reduced in shock with inadequate ti ssue
oxygen del ivery or increased uti l i zation. However, in septic shock, reduced ti ssue oxygen extraction can occur and give normal  or high
S[v with bar above]O2. The trend in va lues  i s  more useful  than a  one-off measurement.
Periphera l -core temperature di fference (normal  <2 °C), more useful  in low cardiac output s tates/hypovolaemia  than hyperdynamic
seps is .
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Means  of restoring and mainta ining ti ssue oxygenation in theatre
Fluids

Continue to give fluids  a iming for CVP 8–10 mmHg, PCWP >12 mmHg.
Pulmonary oedema is  poss ible in septic patients  due to increased capi l lary permeabi l i ty. However, as  long as  ICU faci l i ties  are
avai lable, there i s  genera l ly a  better outcome and faster recovery from pulmonary oedema than from multiple organ dys function
resul ting from inadequate fluid resusci tation.
Theoretica l ly, col loid should s tay in the ci rculation longer than crysta l loid and reduce the ri sk of pulmonary oedema.
Estimate blood loss , monitor Hb regularly, and give blood to keep Hb at 9–10 g/dl .
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Inotropes/vasoconstrictors

If BP and urine output remain low, despi te an adequate CVP, an inotrope or vasoconstrictor should be s tarted.
Increments  of ephedrine or metaraminol  are a  reasonable choice ini tia l ly but only have a  short-l ived effect. Cons ider an infus ion of
adrenal ine/ noradrenal ine (epinephrine/norepinephrine).
In seps is  a  high-output, vasodi lated s tate i s  l ikely, making noradrenal ine (norepinephrine) the fi rs t choice. If a  mixed picture (with
cardiac depress ion) i s  more l ikely, or you are treating ‘bl ind’ without a  pulmonary arteria l  catheter, adrenal ine (epinephrine) may be
more appropriate. Where the major feature i s  one of an inadequate output with a  ra ised SVR, dobutamine may be cons idered.
However, dobutamine may resul t in hypotens ion during anaesthes ia  and i s  often less  easy to use than adrenal ine (epinephrine) unti l
the ful l  haemodynamic picture can be measured.

Oxygen and PEEP

Oxygenation may be impaired by non-cardiogenic pulmonary oedema due to increased capi l lary permeabi l i ty in seps is .
Increase FiO2 unti l  SaO2 i s  at least 95%.
Cons ider adding pos i tive end expiratory pressure (PEEP), 5 cmH2O ini tia l ly, i f the patient i s  s ti l l  hypoxic when FiO2 0.5. Most modern
anaesthetic machines  have a  PEEP faci l i ty, ei ther integra l  with the venti lator or as  an optional  va lve. Increase PEEP to 10 cmH2O i f
required fol lowing an a lveolar recrui tment manoeuvre (hold lungs  on inspi ration at 40 cmH2O for 5–10 s ).
On the latest anaesthetic machines  pressure control  inverse ratio venti lation i s  sometimes  ava i lable and should be cons idered i f the
patient remains  hypoxic on high FiO2 and PEEP.

Venti lation

Increased capi l lary permeabi l i ty in seps is  may reduce lung compl iance and produce high a i rway pressures  or low tida l  volumes  i f
pressures  are l imited.
If the patient was  acidotic preoperatively he was  l ikely to be hyperventi lating in compensation. If a  high minute volume is  not
suppl ied by mechanica l  venti lation intra-operatively the acidos is  may worsen and cause a  further deterioration.
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There i s  increas ing evidence in ARDS that the shear forces  caused by venti lation with normal  or high pressures/tida l  volumes  can
exacerbate lung injury. In patients  with early ARDS, peak a i rway pressure should be l imited to 30 cmH2O and tida l  volume to <10 ml/kg,
unless  there i s  ri sk of resul tant hypoventi lation caus ing a  profound acidos is  (pH <7.2).

Further reading
Extremes  of age. Report of the National  Confidentia l  Enquiry into Perioperative Deaths  (1999).
Taka la  J (1999). Multiple organ fa i lure: cl inica l  features  and pathogenes is . In Intens ive care medicine (ed. J Bion), pp. 22–34. BMJ Books ,
London.
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Transferring the cri tica l ly i l l
Jonathan Purday
Safe transfer demands  experienced s taff and careful  preparation. Severa l  s tudies  have demonstrated that patients  are often inadequately
resusci tated and monitored during transfer. Specia l i zed transport teams have been shown to improve outcome but are not a lways  ava i lable or
appropriate.
Reasons  for transfer

Intrahospi ta l  transfer, e.g. from the emergency department to the operating theatre, radiology, or ICU.
Interhospi ta l  transfer, e.g. from the dis trict genera l  hospi ta l  to neurosurgery or paediatric ICU for specia l i s t therapy or investigation.

Dangers  of transfer

Deranged phys iology worsened by movement (acceleration/ deceleration leads  to cardiovascular instabi l i ty).
Cramped conditions .
Isolation.
Temperature and pressure changes .
Vehicular accidents .
15% of patients  develop avoidable hypoxia  and hypotens ion.

Principles  of safe transfer

Staff experienced in intens ive care and transfer (usual ly consul tant or regis trar plus  experienced nurse)
Specia l i s t transport teams may improve outcome, but may cause delay.
Use of appropriate equipment and vehicle.
Extens ive monitoring.
Careful  s tabi l i zation.
Continuing reassessment.
Direct handover.
Documentation and audit.

The transfer vehicle

Should be customized with adequate space, l ight, gases , electrici ty, and communications .
Mode—cons ider urgency, mobi l i zation time, geography, weather, traffic, and costs .
Cons ider a i r i f over 150 mi les  (remember decreas ing PaO2 a t a l ti tude, expanding a i r spaces  requiring naso/orogastric tube,
temperature, noise, and vibration).

Problems during transfer

Vibration leads  to fa i lure and innacuracy of non-invas ive BP, and invas ive monitoring should be used i f at a l l  poss ible.
Access  to the patient may be l imited.
Acceleration/deceleration may lead to cardiovascular instabi l i ty.
P.689
Hypothermia, particularly during transfer between vehicles , may be a  problem.
Pulse oximeters  may be unrel iable in cold, moving patients .

Aeromedica l  transfer

Hazards  depend on whether the craft i s  rotary (hel icopter) or fixed wing (a i rcraft).
Hel icopters  fly at relatively low a l ti tude and therefore avoid some of the problems of a i rcraft.
High a l ti tude decreases  the partia l  pressure of oxygen—at 1500 m arteria l  PaO2 i s  about 5.6 kPa  (75 mmHg). Most a i rcraft are
pressurized to 1500–2000 m.
Decreased barometric pressure leads  to an expans ion of gas -fi l led cavi ties  (patients  should have nasogastric tubes  and may need
chest dra ins ).
Pressurizing the cabin pressure to sea  level  can decrease these problems but this  increases  fuel  costs !
Air in the endotracheal  tube should be replaced by sa l ine.

Advantages/disadvantages  of di fferent modes  of transport

 Road Helicopter Airplane

Best dis tance <50 mi les 50–150 mi les >150 mi les

Speed Slow Fast, particularly i f di rect Fast—may be s lowed by numbers  of transfers

Cost Low Expens ive Very expens ive

Patient access Good Usual ly poor Good

Noise and vibration Moderate Poor Moderate—poor on takeoff/landing

Alti tude None Low High

Speci fic paediatric cons iderations

Hypothermia  i s  a  greater ri sk, particularly in the infant. Centra l  temperature should be monitored and warming mats , ‘bubble wrap’,
hats , etc. employed to mainta in temperature.
Secure IV access  i s  paramount prior to departure.

Equipment

Must be robust, l ightweight, and battery operated.
A portable venti lator with adequate disconnection and high-pressure a larms, plus  the abi l i ty to a l ter minute volume, FiO2, I :E ratio,

javascript:history.back()
javascript:void(0)
javascript:void(0)
javascript:void(0)


and pos i tive end expiratory pressure.
An oxygen supply sufficient for the trip and a  reserve of 1–2 h.
A portable monitor for ECG, invas ive pressures , non-invas ive blood pressure, oxygen saturation, ETCO2, and temperature.
P.690

Adequate battery supply for monitor and infus ion pumps-a  transformer may a l low ambulance power supply to be used.
Defibri l lator and suction source (usual ly fi tted in the ambulance).
Transfer drug and intubation boxes  (a l ready prepared)-separate ones  for adul t and paediatric use.
A mobi le phone.
A warming blanket.
A check l i s t, observations  sheet, and pens .

Calculating oxygen reserves

 Operation time (min) for different minute volumes at FiO2 1.0

Size of oxygen cylinder (volume (litres)) Minute volume 5 litre/min Minute volume 7 litre/min Minute volume 10 litre/min

D (340) 56 min 42 min 30 min

E (680) 113 min 85 min 61 min

F (1360) 226 min 170 min 123 min

Battery l i fe

This  can vary greatly, depending on manufacturer, but must be known.
Remember the charge time i s  usual ly cons iderable.
Battery l i fe wi l l  vary depending on the rate of infus ion.

Battery life for pump running at 5–10 ml/h

Type Battery life (estimated) (h) Charge time (estimated) (h)

Graseby 3100 3 14

Alaris  IVAC 6 24

Graseby Omnifuse 8 18

Preparation

Ensure meticulous  s tabi l i zation prior to transfer.
Take a  ful l  his tory and make a  thorough examination.
Ful l  monitoring including invas ive BP and CVP where indicated.
Blood tests , radiographs , and CT prior to transfer.
Expla in procedure to patient and fami ly.

Check l i s t for preparation
A: a i rway

Is  the a i rway safe? If in doubt intubate.
P.691

Cervica l  spine control -this  must be adequate i f there i s  a  his tory of trauma.

B: breathing

Portable venti lator—mode, inspi red oxygen concentration, minute venti lation. Check blood gas  on the portable venti lator prior to
departure.
Sel f-inflating (AMBU(®)) bag in the event of a  venti lator/oxygen fa i lure.
Suction.
Adequate sedation, analges ia , and relaxation
Adequate O2 reserves .
Insert a  chest dra in i f there i s  any chance of a  pneumothorax (e.g. fractured ribs ).

C: ci rculation

Two large-bore IV cannulas  and restored blood volume.
Control  external  bleeding.
Invas ive BP, CVP, and PAWP when indicated.
Inotropes—if in doubt have them mixed and ready to run.
Insert a  urinary catheter and monitor output.

D: disabi l i ty

GCS (mannitol , IPPV).
Note pupi l lary s igns .
Naso/orogastric tube.

E: exposure

Temperature loss .
Spl int long bones .
Pumps  and batteries .

F: forgotten?
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Al l  notes , referra l  letter, resul ts , radiographs  (including CT scans), and blood products .
Inform the receiving uni t that you are leaving the base hospi ta l .
Inform relatives .
Take contact numbers .
Take warm clothing, mobi le phone, food, and credi t card/money for the team!
Plan for the return journey.
Medica l  indemnity and insurance for death or disabi l i ty of transfer s taff.

Equipment and drug box guidelines

Airway and breathing

Suction equipment Stethoscope

Face masks , a i rways , sel f-inflating big with reservoir Gum elastic bougie

Endotracheal  tubes , connectors , and tles
Tracheostomy tubes  and tracheal  di lators  (i f
appropriate)

Laryngoscopes , spare batteries

Circulation

Cannulas  + IV dress ings  and tape Syringes  and needles

IV fluids  and giving set Mini  sharps  receptacle

Resuscitation drugs

Adenos ine Hydrocorti sone

Adrenal ine Lidoca ine (l ignocaine)

Amiodarone Metoprolol

Atropine Naloxone

Calcium chloride Noradrenal ine

Diazemuls (®) Sa lbutamol  nebul i zers

Dextrose Sodium bicarbonate

Furosemide (frusemide) Sodium chloride 0.9% ampoules

GTN spray Pla in drug labels

Sedation/muscle relaxants

Propofol Atracurium or vecuronium

Midazolam Suxamethonium

Paediatric equipment–extras

Paediatric oxygen mask with reservoir bag Smal l  cannulas

Appropriate sel f-inflating bag with reservoir (for s i ze of patient). Masks  and
airways

Intraosseus  needle

Endotracheal  tube selection 10% dextrose 500 ml  for infus ion

Laryngoscope and s tylets Paediatric drug doses  book and resusci tation card

McGi l l  forceps  and suction catheters
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Further reading
Intens ive Care Society (1997). Guidel ines  for transfer of the cri tica l ly i l l  adul t in the UK. Intens ive Care Society, London.
Guidel ines  Committee of the American Col lege of Cri tica l  Care Medicine (1993). Guidel ines  for the transfer of cri ti ca l ly i l l  patients . Cri tica l  Care
Medicine, 21, 931–7.
Library Holdings
Bibl iographic Links
Wal lace PGM, Ridley SA (1999). Transport of cri ti ca l ly i l l  patients . Bri ti sh Medica l  Journal , 319, 368–71.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
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Phys iology and pharmacology
From early in the fi rs t trimester of pregnancy, a  woman's  phys iology changes  rapidly, predominantly under the influence of increas ing
production of progesterone by the placenta. The effects  are widespread:

Cardiac output increases  by approximately 50%. Diastol ic blood pressure fa l l s  in early to mid-trimester and returns  to prepregnant
levels  by term. Systol ic pressure, a l though fol lowing the same pattern, i s  less  affected. Centra l  venous  and pulmonary arteria l  wedge
pressures  are not a l tered by pregnancy.
Cardiac output increases  further in labour, even with effective epidura l  ana lges ia . Cardiac output peaks  immediately after del ivery. It
i s  in this  period, when the preload and afterload of the heart are changing rapidly, that women with impaired myocardia l  function are
at greatest ri sk.
Uteroplacenta l  blood flow is  not autoregulated and so i s  dependent on the uterine blood pressure.
Aortocaval  occlus ion occurs  when the gravid uterus  rests  on the aorta  or the inferior vena cava. Even in the absence of maternal
hypotens ion, placenta l  blood supply may be compromised in the supine pos i tion. After the 20th week of gestation, a  left latera l  ti l t
should a lways  be employed. If ei ther mother or fetus  i s  symptomatic, the degree of ti l t should be increased.
The plasma volume increases  50% by term whi le the red cel l  mass  only increases  by 30%, resul ting in the phys iologica l  anaemia  of
pregnancy.
Pregnant women become hypercoagulable early in the fi rs t trimester. Antepartum maternal  deaths  from pulmonary embol ism occur
most commonly in the fi rs t trimester. Plasma concentrations  of factors  I , VII , VIII , IX, X, and XII  are a l l  increased. Anti thrombin II I  levels
are depressed.
Arteria l  carbon dioxide partia l  pressure fa l l s  to approximately 4.0 kPa. The functional  res idual  capaci ty i s  reduced by 20% resul ting in
a i rway closure in 50% of supine women at term. This , in combination with a  60% increase in oxygen consumption, renders  pregnant
women at term vulnerable to hypoxia  when supine.
In labour pa inful  contractions  and excess ive breathing of Entonox can resul t in further hyperventi lation and marked a lka los is  may
occur. An arteria l  pH in excess  of 7.5 i s  common.
Gastric emptying and acidi ty are l i ttle changed by pregnancy. However, gastric emptying i s  s lowed in establ i shed labour and a lmost
hal ted i f sys temic opioids  are adminis tered for analges ia  in labour. Barrier pressure (the di fference in pressure of the s tomach and
lower oesophageal  ‘sphincter’) i s  reduced, but the incidence of regurgi tation into the upper oesophagus  during anaesthes ia , in
otherwise asymptomatic individuals , i s  not s igni ficantly di fferent in the fi rs t and second trimesters .
By 48 h postpartum, intra-abdominal  pressure, gastric emptying, volume, and acidi ty are a l l  s imi lar to non-pregnant controls . Al though
lower oesophageal  sphincter tone may take longer to recover, mask anaesthes ia  i s  acceptable 48 h after del ivery in the absence of
other speci fic indications  for intubation.1
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Renal  blood flow increases  by 75% by term and glomerular fi l tration rate by 50%. Both urea  and creatinine plasma concentrations  fa l l .
Neurologica l  ti s sue has  a  greater susceptibi l i ty to the action of loca l  anaesthetics  during pregnancy. MAC is  reduced in pregnancy.
The volume of dis tribution increases  by 5 l i tres , a ffecting predominantly the polar water-soluble agents . Lipid-soluble drugs  are more
affected by changes  in protein binding. The fa l l  in a lbumin concentration increases  the free active portion of acidic agents , whi le bas ic
drugs  are more dominantly bound to α1 glycoprotein. Some speci fic binding proteins  such as  thyroxine binding protein increase in
pregnancy.
Al though plasma chol inesterase concentration fa l l s  by about 25% in pregnancy, this  i s  counteracted by an increase in volume of
dis tribution, so the actua l  duration of action of agents  such as  suxamethonium is  l i ttle changed in pregnancy.

Footnote
1

Bogod DG (1994). The postpartum stomach-when i s  i t safe? Anaesthes ia , 49, 1–2.
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Analges ia  for labour
Maternal  sati s faction in labour i s  multi factoria l . Whi le analges ia  in labour i s  important to many women, i t i s  not a  requirement for a  pos i tive
experience of chi ldbirth. Various  coping s trategies  and support methods  are ava i lable, including prepared chi ldbirth, support from a  partner,
known midwife or ‘doula ’ (a  senior female companion who i s  experienced in chi ldbirth), water baths , aromatherapy, and massage. These can
greatly increase maternal  sati s faction.
The most commonly employed ‘analges ics ’ are transcutaneous  electrica l  nerve s timulation (TENS), inhaled ni trous  oxide, opioids , and
regional  techniques . Al though some women find TENS helpful  in labour, randomized s tudies  show only weak evidence of analges ia . Opioids
in labour, a l though s imple to adminis ter and cheap, act predominantly as  sedatives  and amnes icspain scores  are minimal ly changed.
Entonox i s  more efficacious  than pethidine, but complete analges ia  i s  never atta ined.
Regional  analges ia  provides  the most effective pa in rel ief. Provided hypotens ion i s  avoided, feta l  condition in the fi rs t s tage of labour may be
improved as  maternal  sympathetic s timulation and hyperventi lation are reduced. However, a  degree of maternal  motor block i s  a lmost
universa l , and most randomized s tudies  comparing regional  and parentera l  ana lges ia  demonstrate an association between epidura l
analges ia  and prolonged labour together with a  higher incidence of instrumenta l  del iveries . Careful  obstetric management of labour and
appropriate anaesthetic management of analges ia  may negate this  effect.2

Uterine pa in i s  transmitted in sensory fibres  which accompany sympathetic nerves  and end in the dorsa l  horns  of T10-L1. Vagina l  pa in i s
transmitted via  the S2–S4 nerve roots  (the pudendal  nerve). Spina l , combined spina l/epidura l  (CSE), and epidura l  ana lges ia  have largely
replaced other regional  techniques  (paracervica l , pudendal , caudal  block). In 1997/8 24% of a l l  parturients  in the United Kingdom used
regional  analges ia . Neuraxia l  techniques  can be expected to provide effective analges ia  in over 85% of women.
Acceptable analges ia  must be provided, but minimizing the incidence of hypotens ion and motor blockade i s  important. Reducing the degree
of motor block increases  maternal  sati s faction and may decrease the incidence of ass is ted del ivery. Motor block can be reduced by:

Us ing synergis tic agents  such as  opioids  and the α2 agonis t, clonidine, to reduce the dose of loca l  anaesthetic adminis tered.
Establ i shing regional  analges ia  with low-dose epidura l  loca l  anaesthetic and opioid or low-dose intratheca l  loca l  anaesthetic and
opioid.
Us ing patient-control led epidura l  ana lges ia  (PCEA) or intermittent topups  to mainta in analges ia . In genera l , infus ions  del iver a
greater tota l  dose of loca l  anaesthetic than intermittent top-ups , whi le PCEA del ivers  the smal lest tota l  dose.
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The choice of loca l  anaesthetic may a lso affect motor block. At equimolar doses , ropivaca ine produces  less  motor block than bupivaca ine but
i t i s  not as  potent as  bupivaca ine, and the relative motor block at equipotent doses  remains  controvers ia l .
Indications  for regional  labour analges ia

Maternal  request.
Expectation of operative del ivery (e.g. multiple pregnancy, malpresentation).
Maternal  diseasein particular conditions  in which sympathetic s timulation may cause a  deterioration in maternal  or feta l  condition.
Speci fic cardiovascular disease (e.g. regurgi tant va lvular les ions , myocardia l  i schaemia).
Severe respiratory disease (e.g. cystic fibros is ).
Speci fic neurologica l  disease (intracrania l  AV mal formations , space occupying les ions , etc.).
Obstetric disease (e.g. pre-eclamps ia).
Conditions  in which genera l  anaesthes ia  may be l i fe-threatening, particularly i f rapid regional  anaesthes ia  may be di ffi cul t to
insti tute (e.g. morbid obes i ty).

Contra indications  for regional  labour analges ia

Maternal  refusa l .
Al lergy (true a l lergy to amide loca l  anaesthetics  i s  rare so a lways  take a  careful  his tory).
Loca l  infection.
Uncorrected hypovolaemia.
Coagulopathy. (Al though guidel ines  suggest that with a  platelet count >80 × 109/l i tre and INR <1.4 neuraxia l  procedures  are safe,
cl inica l  judgement for each individual  patient remains  of paramount importance. The cause of the clotting abnormal i ty and the
indication for the procedure have to be cons idered.)

Relative contra indications  for regional  labour analges ia

Expectation of s igni ficant haemorrhage.
Untreated systemic infection (provided that systemic infection has  been treated with antibiotics , the ri sk of ‘seeding’ infection into the
epidura l  space with neuraxia l  procedures  i s  minimal ).
Speci fic cardiac disease (e.g. severe va lvular s tenos is , Ei senmenger's  syndrome, peripartum cardiomyopathy). Al though regional
analges ia  has  been used for many of these conditions , extreme care must be taken to avoid any rapid changes  in blood pressure,
preload, and afterload of the heart. Intratheca l  opioid without loca l  anaesthetic may be advantageous  for these patients .
Bad backs  and previous  back surgery do not contra indicate regional  analges ia/anaesthes ia , but scarring of the epidura l  space may
l imit the effectiveness  of epidura l  ana lges ia  and increase the ri sk of inadvertent dura l  puncture. Intratheca l  techniques  can be
expected to work normal ly.
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Consent
Most anaesthetis ts  do not take wri tten consent before inserting an epidura l  for labour analges ia , but ‘appropriate’ explanation must be
given. The information offered varies  according to loca l  guidel ines  and with the degree of dis tress  of each individual  woman. The explanation
and, in particular, the poss ible hazards  discussed must be documented, as  many women do not accurately reca l l  information given in labour.
Information about labour analges ia  should a lways  be ava i lable antenata l ly.
Footnote
2

Russel l  R (2000). Edi toria l -the effect of regional  analges ia  on the progress  of labour and del ivery. Bri ti sh Journal  Anaesthes ia , 84, 709–12.
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Epidura l  ana lges ia  for labour

Scrupulous  attention to s teri le technique i s  required. Mask and gown should be worn.3

Establ i sh IV access . In the absence of previous  haemorrhage or dehydration, when low-dose loca l  anaesthetic techniques  are used,
large fluid preloads  are unnecessary.
Pos i tion ei ther in a  ful l  la tera l  or s i tting pos i tion. Finding the midl ine in the obese may be eas ier in the s i tting pos i tion. Accidenta l
dura l  puncture may be s l ightly lower in the latera l  pos i tion.
Feta l  heart rate should be recorded before and during the establ i shment of analges ia . Whether regional  analges ic technique requires
routine continuous  feta l  heart rate monitoring after analges ia  has  been establ i shed i s  controvers ia l .
Skin s teri l i zation with chlorhexidene i s  more effective than with iodine.
Locate the epidura l  space (loss  of res is tance to sa l ine may have s l ight advantages  in both reduced incidence of accidenta l  dura l
puncture and reduced incidence of ‘missed segments ’ compared with loss  of res is tance to a i r).
Introduce 4–5 cm of catheter into the epidura l  space. (Longer has  an increased incidence of uni latera l  block and shorter increases  the
chance that the catheter pul l s  out of the space.) Multihole catheters  have a  lower incidence of unsatis factory blocks .
Check for blood/CSF.
Give an appropriate test dose. An ‘appropriate’ test remains  controvers ia l . Us ing 0.5% bupivaca ine s igni ficantly increases  motor block.
Us ing 1:200 000 epinephrine to detect intravenous  placement of a  catheter has  both high fa lse-pos i tive and fa lse-negative rates . Many
anaesthetis ts  wi l l  use 10–15 ml  of 0.1% bupivaca ine with a  di lute opioid (2 µg/ml  fentanyl ) as  both the test and main dose. This  wi l l
exclude intratheca l  placement, but may give fa lse negatives  i f the catheter i s  intravenous . The fa i lure of analges ia  after such a  test
dose should therefore warn of poss ible intravenous  cannulation.
If required give further loca l  anaesthetic to establ i sh analges ia . There should be no need to use concentrations  >0.25% bupivaca ine.
Measure maternal  blood pressure every 5 min for at least 20 min after every bolus  dose of loca l  anaesthetic.

Once the epidura l  i s  functioning the epidura l  can be mainta ined by one of three methods :

Intermittent top-ups  of loca l  anaesthetic adminis tered by midwives  (5–10 ml  0.25% bupivaca ine or 10–15 ml  0.1% bupivaca ine with 2
µg/ml  fentanyl ).
A continuous  infus ion of loca l  anaesthetic (5–12 ml/h of 0.0625–0.1% bupivaca ine with 2 µg/ml  fentanyl ).
P.702
Intermittent top-ups  of loca l  anaesthetic adminis tered by a  patient control led device (PCEA) (5 ml  boluses  of 0.0625–0.1% bupivaca ine
with 2 µg/ml  fentanyl  and a  10–15 min lockout period).

Whichever technique i s  used, review frequently to ensure that the epidura l  i s  effective. Poorly functioning epidura ls  should be corrected early,
particularly i f a  surgica l  procedure may be required.
Footnote
3

McLure HA., Ta lboys  CA et a l . (1998). Surgica l  face masks  and downward dispersa l  of bacteria . Anaesthes ia , 53, 624–6.
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Combined spina l/epidura l  ana lges ia  for labour
A combination of a  low dose of subarachnoid loca l  anaesthetic and/or opioid together with subsequent top-ups  of weak epidura l  loca l
anaesthetic produces  a  rapid onset with minimal  motor block and effective analges ia . An epidura l  technique a lone can produce a  s imi lar
degree of analges ia  and motor block, but may take 10–15 min longer to establ i sh. CSE can be performed as  a  needle-through-needle
technique or as  separate injections :

Locate the epidura l  space at the L3/4 interspace with a  Tuohy needle. Pass  a  25–27G penci l -point needle through the Tuohy needle to
locate the subarachnoid space.
Inject subarachnoid solution (e.g. 0.5–1.0 ml  of 0.25% bupivaca ine with 5–25 µg fentanyl ). Do not rotate epidura l  needle. Insert the
epidura l  catheter.
or
Perform spina l  at L3/4 with a  25–27G penci l -point needle.
Inject subarachnoid solution.
Perform the epidura l  once analges ia  has  been establ i shed.

Caution: The epidura l  catheter cannot be effectively tested unti l  the subarachnoid analges ia  has  receded.

When the fi rs t top-up i s  required (usual ly 60–90 min after the spina l  injection), give the epidura l  test dose (e.g. 10–15 ml  of 0.1%
bupivaca ine with 2 µg/ml  fentanyl ).

Further management of the epidura l  i s  the same as  for epidura l  ana lges ia  a lone.
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Deal ing with a  poorly functioning epidura l
Look for the pattern of fa i lure. Remember that a  ful l  bladder may cause breakthrough pa in. Ask the midwife i f a  ful l  bladder i s  l ikely. Careful ly
assess  the spread of the block. It i s  important to be confident that the epidura l  could be topped up for a  caesarean section i f required.
Therefore, i f in doubt, re-s i te the epidura l .

Pattern of failure Remedy

Global failure

No detectable block despi te at least 10 ml  0.25% bupivaca ine (or equiva lent) Res i te epidura l

Partial failure

Uni latera l  block: Feel  both feet to assess  whether they are symmetrica l ly warm and
dry. See i f the pattern matches  the dis tribution of pa in

Top-up epidura l  with pa inful  s ide in a  dependent
pos i tion. (Use loca l  anaesthetic and 50–100 µg
fentanyl .)
Withdraw catheter 2–3 cm and give a  further top-up
Res i te epidura l

Missed segment: True missed segments  are rare. Commonly a  ‘missed segment’ i s
fel t in the groin and i s  usual ly a  uni latera l  block or inadequate block on one s ide

Top up with opioid (i .e. 50–100 µg fentanyl ). The
intratheca l  mode of action wi l l  minimize segmenta l
effects
Continue as  per ‘uni latera l  block’

Back pa in: Severe back pa in i s  associated with an occipi toposterior pos i tion of the
fetus , and may require a  dense block to establ i sh analges ia

Top up with more loca l  anaesthetic and opioid

Perineal  pa in
Check sacra l  block and that the bladder i s  empty
Top up with more loca l  anaesthetic in s i tting pos i tion
Continue as  per uni latera l  block
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Compl ications  of epidura l  ana lges ia
Hypotens ion
In the absence of feta l  dis tress , a  fa l l  in systol ic blood pressure of 20% or to 100 mmHg (whichever i s  higher) i s  acceptable. However, uterine
blood flow is  not autoregulated and prolonged/severe hypotens ion wi l l  cause feta l  compromise. Preload i s  not routinely required when us ing
low doses  of loca l  anaesthetic, but patients  should not be hypovolaemic before insti tuting regional  analges ia . When hypotens ion i s  detected
i t should be treated quickly:

Avoid aortocaval  occlus ion-make sure that the patient i s  in the ful l  la tera l  pos i tion.
Measure the blood pressure on the dependent arm.
Give an intravenous  fluid bolus  of crysta l loid solution.
Give 6 mg IV ephedrine and repeat as  necessary.

Remember that brachia l  artery pressure may not reflect uterine artery blood flow. If feta l  dis tress  i s  detected, and i s  chronologica l ly related to
a  regional  anaesthetic procedure, treat as  above even in the absence of overt hypotens ion.
Subdura l  block4

Subdura l  block occurs  when the epidura l  catheter i s  misplaced between the dura  mater and arachnoid mater. In obstetric practice, the
incidence of cl inica l ly recognized subdura l  block i s  less  than 1 in 1000 epidura ls . However, subdura l  blocks  may be cl inica l ly
indis tinguishable from epidura l  blocks . Defini tive diagnos is  i s  radiologica l . The characteris tics  of a  subdura l  block are:

A s low onset (20–30 min) of a  block that i s  inappropriately extens ive for the volume of loca l  anaesthetic injected. The block may extend
to the cervica l  dermatomes  and Horner's  syndrome may develop.
The blocks  are often patchy and asymmetrica l . Sparing of motor fibres  to the lower l imbs  may occur.
A tota l  spina l  may occur fol lowing a  top-up dose. This  i s  l ikely to be a  consequence of the increased volume rupturing the arachnoid
mater.
If a  subdura l  i s  suspected, res i te the epidura l  catheter.

Tota l  spina l
The incidence of tota l  spina l  i s  various ly reported to be between 1 in 5000 and 1 in 50 000 epidura ls . Usual ly the onset i s  rapid, a l though
delays  of 30 min or more have been reported. Delayed onset may be related to a  change in maternal  pos i tion, or a  subdura l  catheter
placement. Symptoms are of a  rapidly ri s ing block. Ini tia l ly di ffi cul ty in coughing may be noted (commonly seen in regional  anaesthes ia  for
caesarean section), then loss  of hand and arm strength, fol lowed by di ffi cul ty with breathing and swal lowing. Respiratory para lys is ,
cardiovascular depress ion, unconsciousness , and fina l ly fixed
P.706

di lated pupi l s  ensue. Unsurpris ingly tota l  spina ls  are reported more often after epidura l  anaesthes ia  rather than analges ia , as  larger doses
of loca l  anaesthetic are employed.
Management of tota l  spina l  i s  as  fol lows:

Mainta in a i rway and venti lation, avoid aortocaval  compress ion, and provide cardiovascular support.
Even i f consciousness  i s  not lost, intubation may be required to protect the a i rway.
Careful  maternal  and feta l  monitoring i s  essentia l  and, i f appropriate, del ivery of the fetus . In the absence of feta l  dis tress , caesarean
section i s  not an immediate requirement. Venti lation i s  usual ly necessary for 1–2 h.

Accidenta l  intravenous  injection of loca l  anaesthetic
‘Every dose i s  a  test dose.’ Avoid injecting any s ingle large bolus  of loca l  anaesthetic intravenous ly. Remember that intravenous  or partia l
intravenous  pos i tioning of epidura l  catheters  occurs  in at least 5% of epidura ls . The ri sk can be minimized by:

Meticulous  attention to technique during placement. Always  check for blood in the catheter.
Always  being a lert to symptoms of intravenous  injection with every dose of loca l  anaesthetic, even when previous  doses  have been
uncompl icated.
Divide a l l  large doses  of loca l  anaesthetic into a l iquots .
Use appropriate loca l  anaesthetics . Lidoca ine (l ignocaine) and the s ingle enantiomer loca l  anaesthetics  are safer than bupivaca ine.

Footnote
4

Reynolds  F, Speedy H (1990). The subdura l  space: the thi rd place to go astray. Anaesthes ia , 45, 120–3.
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Dura l  puncture5

When loss  of CSF i s  greater than production, as  might occur through a  dura l  tear, CSF pressure fa l l s  and the bra in s inks , s tretching the
meninges . This  s tretching i s  thought to cause headache. Compensatory vasodi lation of intracrania l  vessels  may further worsen symptoms. The
incidence of dura l  puncture should be less  than 1% of epidura ls . Al l  midwives , as  wel l  as  obstetric and anaesthetic s taff, should be a lert to
the s igns  of post dura l  puncture headaches , as  symptoms may not develop for severa l  days . If untreated, headaches  are not only unpleasant,
but on rare occas ions  can be l i fe-threatening, usual ly as  a  resul t of intracrania l  haemorrhage or coning of the bra instem.
Management of accidenta l  dura l  puncture can be divided into immediate and late.
Immediate management
The ini tia l  a im is  to achieve effective analges ia  without caus ing further compl ication.
Ei ther:

If a  dura l  puncture occurs , pass  the ‘epidura l ’ catheter into the subarachnoid space.
Label  the catheter clearly as  an intratheca l  catheter and only a l low an anaesthetis t to perform top-ups .
Give intermittent top-ups  through the catheter (1 ml  of 0.25% bupivaca ine ± 5–25 µg fentanyl . Tachyphylaxis  may occur with prolonged
labour).

This  technique has  the fol lowing advantages :

The analges ia  produced i s  l ikely to be excel lent.
There i s  no poss ibi l i ty of performing another dura l  puncture on reinsertion of the epidura l .
The unpredictable spread of epidura l  solution through the dura l  tear i s  el iminated.
The incidence of post dura l  puncture headache i s  reduced (but only i f the catheter i s  left in for more than 24 h).

It has  the disadvantages  of:

The catheter cannot be used to perform an early blood patch.
A theoretica l  ri sk of introducing infection.
The catheter may be mistaken for an epidura l  catheter.

Or:

Remove the epidura l  catheter.
Reinsert the epidura l  at a  di fferent interspace-usual ly one interspace higher. If the reason for tap was  di ffi cul t anatomy, a  senior
col league should take over.
Run the epidura l  as  normal  but beware of intratheca l  spread of loca l  anaesthetic. The anaesthetis t should give a l l  top ups .
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With ei ther technique the patient should be informed at the earl ies t opportuni ty that a  dura l  puncture has  occurred and of the l ikely
sequelae. Labour i tsel f may be a l lowed to continue normal ly. Arrangement must be made for da i ly postnata l  fol low-up.
Late management
Fol lowing a  dura l  puncture with a  16–18G Tuohy needle, the incidence of post dura l  puncture headache i s  approximately 70%. Not a l l  dura l
punctures  are recognized in labour so be a lert to the poss ibi l i ty, even in women who had uncompl icated epidura l  ana lges ia . Headaches  in
the postnata l  period are common. The key di fferentiating factor between a  ‘normal ’ postnata l  headache and a  post dura l  puncture headache
is  the pos i tional  nature of the latter.
Common features  of post dura l  puncture headache include:

Typica l ly onset i s  24–48 h post dura l  puncture. Untreated they usual ly las t 7–10 days .
Characteris tica l ly worse on s tanding. Headache i s  often absent after overnight bed rest, but returns  after mobi l i zing.
Usual ly in the fronto-occipi ta l  regions  and radiates  to the neck, with associated neck s ti ffness .
Photophobia , diplopia , and di ffi cul ty in accommodation common. Hearing loss , tinni tus , and VIth nerve pa lsy are poss ible.
Nausea occurs  in up to 60% of cases .

Treatment i s  ei ther to a l leviate symptoms whi le waiting for the dura l  tear to heal  i tsel f, or to sea l  the puncture. Epidura l  blood patching i s  the
only commonly used method of sea l ing dura l  tears , a l though neurosurgica l  closure has  been reported.
Prophylactic treatment

The most effective prophylactic treatment i s  blood patching. At the end of labour, 20 ml  of blood can be injected through the epidura l
catheter (having removed the epidura l  fi l ter). Al l  res idual  block must have worn off before performing a  prophylactic patch as  radicular
pa in i s  an indication to s top injecting. However, early blood patching has  a  lower success  rate and bacteraemia  i s  common
immediately after del ivery (7% ri s ing to 80% with uterine manipulation).
Bed rest a l leviates  symptoms, but the incidence of post dura l  puncture headache after 48 h i s  the same for those that mobi l i zed
throughout. Because of the ri sk of thromboembol ism, bed rest should not be routinely encouraged in asymptomatic women.
Epidura l  infus ion of sa l ine (1 l i tre/24 h) wi l l  compress  the dura l  sac and can a l leviate symptoms. It may a lso reduce the flow of CSF
through a  dura l  tear. After 24 h of continuous  infus ion the incidence of post dura l  puncture headache i s  margina l ly reduced. However,
radicular pa in in the lower l imbs  may occur and patients  are immobi l i zed.

Symptomatic treatment

Simple analges ics  are the mainstays  of symptomatic treatment. They should a lways  be offered, even though they are unl ikely to
completely rel ieve severe post dura l  puncture headache.
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Adequate fluid intake i s  to be encouraged, a l though there i s  no evidence that hydration reduces  the incidence of post dura l  puncture
headache.
Caffeine/theophyl l ines . These act by reducing intracrania l  vasodi lation, which i s  partia l ly respons ible for the headache. Symptoms are
improved, but not cured. Both ora l  and IV caffeine are efficacious . A sui table regimen i s  600 mg caffeine/day in divided doses . (One cup
of coffee conta ins  roughly 150 mg caffeine.)
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Sumatriptan. Al though this  cerebra l  vasoconstrictor i s  of benefi t, i t i s  expens ive, i s  given subcutaneous ly (6 mg) and may cause
coronary artery spasm. Its  use i s  best reserved for those in whom blood patching i s  contra indicated.
ACTH. Case reports  suggest ACTH can effectively a l leviate symptoms of post dura l  puncture headache, probably by increas ing the
concentration of β endorphin and intravascular volume.
Abdominal  binders . These rel ieve symptoms of post dura l  puncture headache presumably by increas ing epidura l  vein blood flow,
which in turn compresses  the dura l  sac. However, they are uncomfortable and have fa l len out of use. Abdominal  compress ion can be
used to assess  a  patient. If abdominal  pressure effectively rel ieves  a  headache i t suggests  that the headache i s  due to a  dura l  tear.

Epidura l  blood patch6

Epidura l  blood patch performed around 48 h postpartum has  a  60–90% cure rate at the fi rs t attempt (recent s tudies  that have fol lowed women
for more than 48 h have found lower success  rates ). The mechanism of action i s  two fold:

Blood injected into the epidura l  space compresses  the dura l  sac and ra ises  the intracrania l  pressure. This  produces  an a lmost
instantaneous  improvement in pa in.
The injected blood forms  a  clot over the s i te of the dura l  tear and this  sea ls  the CSF leak.

Blood injected into the epidura l  space predominantly spreads  cephalad, so blood patches  should be performed at the same or lower
interspace as  the dura l  puncture. Suggestions  that labour epidura ls  a fter blood patching may be less  effective, have not been confi rmed.

Consent must be obta ined. The patient should be apyrexia l  and not have a  ra ised white cel l  count.
Two operators  are required. One should be an experienced ‘epidura l i s t’, the other i s  required to take blood in a  s teri le manner.
The patient should have a  period of bed rest before performing the patch to reduce the CSF volume in the epidura l  space.
Aseptic technique must be meticulous  both at the epidura l  s i te and the s i te of blood letting-usual ly the antecubita l  fossa .
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An epidura l  should be performed at the same or a  lower vertebra l  interspace as  the dura l  puncture with the woman in the latera l
pos i tion to minimize CSF pressure in the lumbar dura l  sac.
Once the epidura l  space has  been identi fied, 20–30 ml  blood are obta ined.
Inject the blood s lowly through the epidura l  needle unti l  pa in occurs  (commonly in the back or legs ) or to a  maximum of 20–25 ml . If
pa in occurs , pause and i f the pa in resolves , try continuing s lowly. If the pa in does  not resolve or recurs  then s top.
To a l low the clot to form, mainta in bed rest for at least 2 h and then a l low s low mobi l i zation.
As  far as  poss ible, the patient should avoid s tra ining, l i fting, or excess ive bending for 48 h, a l though there are obvious  l imitations
when a  woman has  a  newborn infant to care for.
Fol low-up i s  s ti l l  required. Every woman should have clear instructions  to contact the anaesthetis ts  aga in i f symptoms recur even after
discharge home.
Serious  compl ications  of blood patching are rare. However, backache i s  common, with 35% of women experiencing some discomfort 48
h post epidura l  blood patch and 16% of women having prolonged backache (mean duration 27 days ). Other reported compl ications
include repeated dura l  puncture, neurologica l  defici ts , epi lepti form fi ts , and crania l  nerve damage.

Footnote
5

Reynolds  F (1993). Dura l  puncture and headache. Avoid the fi rs t but treat the second. Bri ti sh Medica l  Journal , 306, 874–5.
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Anaesthes ia  for caesarean section
With a l l  caesarean sections , i t i s  vi ta l  that the obstetrician clearly communicates  the degree of urgency to a l l  s taff. A suggested class i fi cation
is :7

Immediate: There i s  immediate threat to the l i fe of woman or fetus .
Urgent: Maternal  or feta l  compromise that i s  not immediately l i fethreatening.
Early: No maternal  or feta l  compromise, but needs  early del ivery.
Elective: Del ivery timed to sui t woman and s taff.

For a l l  emergency caesarean sections , the patient must be transferred to theatre as  rapidly as  poss ible. Feta l  monitoring should be continued
unti l  abdominal  skin preparation s tarts . In most centres , genera l  anaesthes ia  i s  used when an ‘immediate’ caesarean section i s  required,
but ‘urgent’ caesarean sections  are usual ly performed under regional  anaesthes ia . There i s  an expectation that the decis ion to del ivery time
should be less  than 30 min when the indication for caesarean section i s  feta l  dis tress . However, del ivery before this  time l imit i s  no
guarantee of a  success ful  outcome and del ivery after this  l imit does  not necessari ly mean disaster. Each case must be individual ly assessed
and the class i fi cation of urgency continuous ly reviewed.
Regional  anaesthes ia  for caesarean section
Regional  anaesthes ia  for caesarean section was  ini tia l ly driven by maternal  preference. However, regional  anaesthes ia  i s  a l so more than 16
times  safer than genera l  anaesthes ia .8

Advantages  of regional  anaesthes ia  include:

Both mother and partner can be present at del ivery.
Improved safety for mother with minimal  ri sk of aspi ration and lower ri sk of anaphylaxis .
The neonate i s  more a lert, promoting early bonding and breastfeeding.
Fewer drugs  are adminis tered, with less  ‘hangover’ than after genera l  anaesthes ia .
Better postoperative analges ia  and earl ier mobi l i zation.

Three techniques  are ava i lable-epidura l , spina l , and combined spina l  epidura l . Epidura l  i s  most commonly used for women who a l ready have
epidura l  ana lges ia  in labour. Spina l  i s  the most popular technique for elective caesarean section, a l though in some centres  combined
spina l/epidura ls  are preferred. Whatever technique i s  chosen, a  careful  his tory and appropriate examination should be performed. This
should include checking:

Blood group and antibody screen. Routine cross -matching of blood i s  not required unless  haemorrhage i s  expected or i f antibodies
that interfere with cross -matching are present.
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Ultrasound reports  to establ i sh the pos i tion of the placenta. A low-lying anterior placenta  puts  a  woman at ri sk of major haemorrhage,
particularly i f associated with a  scar from a  previous  caesarean section.

An explanation of the technique must a lso be offered. Al though caesarean section under regional  becomes  routine for the anaesthetis t, i t i s
rarely routine for the mother. Reassurance and support are important. The poss ibi l i ty of compl ications  must a lso be mentioned-in particular,
the poss ibi l i ty of intraoperative discomfort and i ts  management. Pa in during regional  anaesthes ia  i s  now the leading obstetric anaesthetic
cause of maternal  l i tigation. Document a l l  compl ications  that are discussed.
Neonates  are usual ly more a lert a fter regional  than genera l  anaesthes ia . However, the speed of onset of sympathectomy that occurs  with
spina l  anaesthes ia  (as  opposed to epidura l  anaesthes ia) resul ts  in a  greater fa l l  in maternal  cardiac output and blood pressure and may be
associated with a  more acidotic neonate at del ivery. In conditions  where sudden changes  in afterload may be dangerous  (i .e. s tenotic va lvular
heart disease) the speed of onset of a  spina l  block can be s lowed by:

Careful  pos i tioning during the onset of the block (see below).
Us ing an intratheca l  catheter and incrementa l ly topping up the block
Us ing a  combined spina l  epidura l  approach and injecting a  smal l  dose of intratheca l  loca l  anaesthetic. The block can be subsequently
extended us ing the epidura l  catheter.

Whi le a  s low onset of block may be preferable in elective caesarean section, a  rapid onset i s  necessary for emergency caesarean sections .
Spina l  anaesthes ia  provides  a  better qual i ty of analges ia  and i s  quicker in onset than epidura l  anaesthes ia .
Footnotes
7

Lucas  DN, Yentis  SM et a l . (2000). Urgency of caesarean section: a  new class i fi cation. Journal  of the Royal  Society of Medicine, 93, 346–50.
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Hawkins  JL, Koonin LM et a l . (1997). Anesthes ia-related deaths  during obstetric del ivery in the United States , 1979–1990. Anesthes iology, 86,
277–84.
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Epidura l  anaesthes ia  for caesarean section

Advantages Disadvantages

Easy to top up labour epidura l Slow onset

Stable BP Large doses  of LA

Intra-operative manipulation poss ible Poorer qual i ty of block than spina l  anaesthes ia

Epidura l  can be used for postop. analges ia

Indications  for caesarean section under epidura l  anaesthes ia :

Women who a l ready have epidura l  ana lges ia  establ i shed for labour.
Severe pre-eclamps ia  (controvers ia l  see p. 737).
Speci fic maternal  disease (e.g. cardiac disease) where rapid changes  in systemic vascular res is tance might be problematic.

Technique

History/examination/explanation and consent.
Ensure that antacid prophylaxis  has  been given.
Establ i sh 16G or larger IV access . Give 10–15 ml/kg crysta l loid preload.
Insert an epidura l  catheter at the L2/3 or L3/4 vertebra l  interspace.
Test dose then incrementa l ly top up the epidura l  with loca l  anaesthetic and opioid:

5–8 ml  boluses  of 2% l idoca ine (l ignocaine) with 1:200 000 adrenal ine every 2–3 min up to a  maximum of 20 ml  (mix 19 ml  2%
l idoca ine (l ignocaine) with 1 ml  1:10 000 adrenal ine rather than us ing a  preparatory mixture which conta ins  preservative and
has  a  lower pH and therefore s lows  onset of the block) or
5 ml  0.5% bupivaca ine or levobupivaca ine or ropivaca ine every 4–5 min up to a  maximum of 2 mg/kg in any 4 h period. (the
s ingle enantiomer loca l  anaesthetics  may offer some safety advantage; however, l idoca ine (l ignoca ine) i s  s ti l l  safer than both
ropivaca ine and levobupivaca ine).

Opioid (e.g. 100 µg fentanyl  or 2.5 mg diamorphine) improves  the qual i ty of the analges ia  and a  lower level  of block may be effective i f
opioid has  been given.
Establ i sh an S4 to T4 block (nipple level ) measured by l ight touch. Always  check the sacra l  dermatomes, as  epidura l  loca l  anaesthetic
occas ional ly does  not spread caudal ly. Anaesthes ia  to l ight touch i s  more rel iable at predicting adequacy of block than loss  of cold
sensation.9 Document the level  of block obta ined and the adequacy of perioperative analges ia .
P.714
Pos i tion the patient in the supine pos i tion with a  left latera l  ti l t or wedge. Give supplementa l  oxygen by facemask. (This  i s  very
important in obese patients  who may become hypoxic when supine, and may benefi t a  compromised fetus ).
Treat hypotens ion with:

fluid
6 mg ephedrine IV bolus  (i f tachycardia  must be avoided then 50 µg phenylephrine may be used, but expect a  reflex bradycardia)
increas ing the left uterine displacement.

At del ivery give 5–10 IU syntocinon IV bolus . If tachycardia  must be avoided then a  s low IV infus ion of 30–50 IU syntocinon in 500 ml
crysta l loid i s  acceptable.
At the end of the procedure give an NSAID unless  contra indicated (100 mg diclofenac PR).

Footnote
9

Russel l  IF (1995). Levels  of anaesthes ia  and intraoperative pa in at caesarean section under regional  block. International  Journal  of Obstetric
Anesthes ia , 4, 71–7.
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Spina l  anaesthes ia  for caesarean section

Advantages Disadvantages

Quick onset Single shot

Good qual i ty analges ia Limited duration

Easy to perform Inadequate analges ia  di ffi cul t to correct

 Rapid changes  in BP and cardiac output

Spina l  anaesthes ia  i s  the most commonly used technique for elective caesarean sections . It i s  rapid in onset, produces  a  dense block, and
with intratheca l  opioids  can produce long-acting postoperative analges ia . However, hypotens ion i s  much more common than with epidura l
anaesthes ia .
Technique

History/examination/explanation and consent.
Ensure that antacid prophylaxis  has  been given.
Establ i sh 16G or larger IV access . Give 10–15 ml/kg crysta l loid preload.
Perform spina l  anaesthetic at L3/4 interspace us ing a  25G or smal ler penci lpoint needle. With the ori fi ce pointing cephalad inject the
anaesthetic solution (e.g. 2.5 ml  0.5% hyperbaric bupivaca ine with 250 µg diamorphine, 15 µg fentanyl , or 100 µg morphine. Use of
morphine has  l i ttle intra-operative benefi t but provides  prolonged postoperative analges ia . However, i t carries  a  higher incidence of
postoperative nausea and vomiting, plus  a  theoretica l ly increased ri sk of respi ratory depress ion.)
Continue as  for epidura l  anaesthes ia  for caesarean section (p. 713).

Rapid onset of block may be associated with feta l  acidaemia. Slowing the speed of onset may be des i rable for non-urgent caesarean section.
This  can be achieved us ing the ‘Oxford pos i tion’ (Fig. 34.1) and hyperbaric loca l  anaesthetic.

View Figure

Fig. 34.1 The ‘Oxford’ pos i tion.

P.716
With this  technique, the spina l  injection i s  performed with the woman in a  ful l  left latera l  pos i tion with a  s l ight head down ti l t, but a  wedge
under the shoulders  and head to l i ft the upper thoracic and cervica l  spines . This  ensures  a  horizonta l  spina l  column a long which hyperbaric
loca l  anaesthetic wi l l  flow. Spread above T4–T6 i s  prevented by the upward curvature of the spine at this  point. Fol lowing subarachnoid
injection the woman is  turned into the ful l  right latera l  pos i tion with the same wedging technique unti l  the block i s  adequate for surgery. The
‘Oxford pos i tion’ minimizes  aortocaval  occlus ion and s lows  the onset of block compared with both a  latera l  to lying and a  s i tting to lying
technique.10

Footnote
10

Stoneham M, Eldridge AJ et a l . (1999). Oxford pos i tioning technique improves  haemodynamic s tabi l i ty and predictabi l i ty of block height of
spina l  anaesthes ia  for elective caesarean section. International  Journal  of Obstetric Anesthes ia , 8, 242–8.
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Combined spina l/epidura l  anaesthes ia  for caesarean section

Advantages Disadvantages

Quick onset Rapid change in BP and cardiac output

Good qual i ty analges ia Technica l ly more di ffi cul t with higher fa i lure rate of spina l  injection

Intra-operative manipulation poss ible Untested epidura l  catheter

Epidura l  can be used for postop. analges ia

In some centres  CSE has  become the technique of choice. Indications  include:

Prolonged surgery.
The epidura l  catheter may be left in s i tu and used for postoperative analges ia .
When l imiting the speed of onset of block i s  particularly important. A smal l  intratheca l  dose of loca l  anaesthetic can then be
supplemented through the epidura l  catheter as  required.

Technique

History/examination/explanation and consent.
Ensure that antacid prophylaxis  has  been given.
Establ i sh a  16G or larger IV access . Give 10–15 ml/kg crysta l loid preload.

The intratheca l  injection may be performed by pass ing the spina l  needle through the epidura l  needle (the ‘needle-through-needle’
technique) or by performing the intratheca l  injection completely separately from the epidura l  placement ei ther in the same or a  di fferent
interspace. The needle-throughneedle technique i s  associated with an increased incidence of fa i lure to locate CSF with the spina l  needle,
but only involves  one injection. If a  two-injection technique i s  used, the epidura l  i s  usual ly s i ted fi rs t because of the time delay that may
occur in trying to locate the epidura l  space with a  Tuohy needle after the spina l  injection. The ri sk of damaging the epidura l  catheter with the
spina l  needle i s  theoretica l .
With ei ther technique, beware of performing the spina l  injection above L3/4, as  spina l  cord damage has  been reported.
Needle-through-needle technique

Pos i tion the patient and locate the epidura l  space with a  Tuohy needle. Pass  a  long (12 cm) 25G or smal ler penci l -point needle through
the Tuohy needle into the intratheca l  space. Inject anaesthetic solution with the needle ori fi ce pointing cephalad. (e.g. 2.5 ml  0.5%
hyperbaric bupivaca ine with 250 µg diamorphine or 15 µg fentanyl  or 100 µg morphine).
Insert the epidura l  catheter. Aspirate the catheter careful ly for CSF. Testing the catheter with loca l  anaesthetic before the intratheca l
dose has  receded
P.718

may be unrel iable. However, us ing the catheter intra-operatively i s  reasonable, as  the anaesthetis t i s  continuous ly present to deal
with the consequences  of an intratheca l  injection. This  may not be true i f opioids  are given through the catheter for postoperative
analges ia  at the end of the procedure before the block has  receded-see below.

Two-needle technique

Pos i tion the patient and perform an epidura l . After the catheter i s  in pos i tion perform a  spina l  injection at L3/4 or below with a  25G or
smal ler penci l -point needle.
If the block i s  inadequate, inject loca l  anaesthetic or 10 ml  normal  sa l ine through the epidura l  catheter. Normal  sa l ine works  by
compress ing the dura l  sac, caus ing cephalad spread of intratheca l  loca l  anaesthetic.
Continue as  for epidura l  anaesthes ia  for caesarean section (p. 713).
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Inadequate anaesthes ia
Every patient should be warned of the poss ibi l i ty of intraoperative discomfort and this  should be documented. Between 1–5% of attempted
regional  anaesthetics  for caesarean section are inadequate for surgery. The majori ty should be identi fied before operation commences .
Careful  documentation of management i s  required, especia l ly i f pa in occurred after surgery s tarted. These patients  must be fol lowed in the
postoperative period and i f required further explanations  and reassurance given.
Preoperative inadequate block
Epidura l

If no block develops  then the catheter i s  incorrectly pos i tioned. It may be reinserted, or a  spina l  performed.
If a  partia l  but inadequate block has  developed, the epidura l  may be res i ted or withdrawn s l ightly. Should the toxic l imit for the loca l
anaesthetic agent have been reached, elective procedures  can be abandoned, but for urgent procedures  a  genera l  anaesthetic or a
spina l  anaesthetic wi l l  be required. If a  spina l  i s  chosen exceptional  care with pos i tioning and observation of the block level  i s
required, as  high or tota l  spina l  can occur. Use a  normal  spina l  dose of hyperbaric loca l  anaesthetic, as  this  should ensure adequate
anaesthes ia , but control  the spread with careful  pos i tioning.

Spina l

If no block develops , a  repeat spina l  may be performed.
If a  partia l  but inadequate block develops , an epidura l  may be inserted and s lowly topped up.
Use a  GA i f required.

Intraoperative inadequate block
In this  s i tuation good communication with the mother and surgeon i s  essentia l . If poss ible s top surgery. Identi fy the l ikely cause of pa in (i .e.
inadequately blocked sacra l  nerve roots , peri toneal  pa in, etc.). Try to give the mother a  rea l i s tic expectation of continued duration and
severi ty of pa in. Treat as  below. If the patient requests  GA, in a l l  but exceptional  ci rcumstances , comply. If the anaesthetis t feels  that severi ty
of pa in i s  not acceptable, persuade the patient that GA i s  required.
Spina l
Give reassurance i f appropriate. Treat with:

Inhaled ni trous  oxide.
Intravenous  opioid (e.g. 25–50 µg fentanyl  repeated as  necessary). Inform the paediatrician that opioids  have been given, but this  dose
is  usual ly inconsequentia l  to the fetus .
Surgica l  adminis tration of loca l  anaesthetic (take care with tota l  dose).
GA.

Epidura l/CSE
Treat as  per spina l  anaesthes ia  but in addition epidura l  opioid (e.g. 100 µg fentanyl ) and/or more epidura l  loca l  anaesthetic can be used.
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Preload
A fluid preload i s  a  tradi tional  part of the anaesthetic technique for regional  anaesthes ia . It has  two functions :

to mainta in intravascular volume in a  patient who i s  l ikely to loose 500–1000 ml  blood
to reduce the incidence of hypotens ion associated with regional  anaesthes ia .

However, i t i s  questionable how effectively i t prevents  hypotens ion. Volumes  as  large as  30 ml/kg or more of crysta l loid solution do not
rel iably prevent hypotens ion. In some women, particularly those with severe pre-eclamps ia , large preloads  are harmful  as  the ri se in fi l l ing
pressures  and the reduced col loid osmotic pressure wi l l  predispose to pulmonary oedema. The ineffectiveness  of preload may in part be due
to the rapid redis tribution of fluid into the extravascular space. There i s  evidence that col loids , such as  hetastarch, may be more effective, but
these are expens ive, carry a  smal l  ri sk of anaphylactic reactions , and may interfere with the clotting mechanism. They are not therefore
recommended for routine use.
Preload should be:

Timely (given immediately before or during the onset of the regional  technique to minimize redis tribution).
Limited to 10–15 ml/kg crysta l loid. Larger volumes  should be avoided as  they offer l i ttle advantage and may be harmful .
More fluid should only be given i f cl inica l ly indicated.
Cons ider col loid i f excess ive fluid load i s  l ikely to be harmful .

Emergency caesarean section should not be delayed to a l low a  preload to be adminis tered.
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Genera l  anaesthes ia  for caesarean section
Elective genera l  anaesthes ia  i s  now rare, l imiting opportuni ties  for tra ining. The majori ty of compl ications  relate to the a i rway, as  fa i led
intubation i s  much more common in obstetric than non-obstetric anaesthes ia  (1:250 versus  1:2000 respectively). Al l  obstetric theatres  should
have equipment to help with the di ffi cul t a i rway and a l l  obstetric anaesthetis ts  should be fami l iar with a  fa i led intubation dri l l .
Indications  for genera l  anaesthes ia

Maternal  request.
Urgency of surgery. (In experienced hands  and with a  team that i s  fami l iar with rapid regional  anaesthes ia , a  spina l  or epidura l  top-up
can be performed as  rapidly as  a  genera l  anaesthetic.)
Regional  anaesthes ia  contra indicated (e.g. coagulopathy, maternal  hypovolaemia, etc.).
Fa i led regional  anaesthes ia .
Additional  surgery planned at the same time as  caesarean section.

Technique

History and examination. In particular assess  the maternal  a i rway Mal lampati  score, thyromenta l  (see p. 866).
Antacid prophylaxis .
Start appropriate monitoring (see below).
Pos i tion supine with left latera l  ti l t or wedge.
Preoxygenate for 3–5 min or, in an emergency, with four vi ta l  capaci ty breaths  with a  high flow through the ci rcui t. A sea l  must be
obta ined with the facemask. At term, women have a  reduced FRC and a  higher respiratory rate and oxygen consumption. This  reduces
the time required for deni trogenation, but a lso reduces  the time from apnoea to arteria l  oxygen desaturation.
Perform rapid sequence induction with an adequate dose of induction agent (e.g. 5–7 mg/kg thiopenta l ). Isolated forearm techniques
suggest that awareness  without reca l l  may be common when the dose of induction agent i s  reduced. A 7.0 mm endotracheal  tube i s
adequate for venti lation and may make intubation eas ier.
Venti late with 50% oxygen in ni trous  oxide. If severe feta l  dis tress  i s  suspected then 75% oxygen or higher may be appropriate.
Mainta in ETCO2 a t 4.0–4.5 kPa.
Use ‘overpressure’ of inhalational  agent to rapidly increase the end tida l  concentration of anaesthetic agent to at least 0.75 of MAC
(e.g. 2% isoflurane for 5 min, then reduce to 1.5% for a  further 5 min).
At del ivery:

Give 5–10 IU syntocinon IV bolus . If tachycardia  must be avoided then a  s low IV infus ion of 30–50 IU syntocinon in 500 ml
crysta l loid.
Adminis ter opioid (e.g. 15 mg morphine).
P.722
Venti late with 35% inspired oxygen concentration in ni trous  oxide. Inhalational  agent can be reduced to 0.75 MAC to reduce
uterine relaxation.

At the end of the procedure give an NSAID (e.g. 100 mg diclofenac PR). Bi latera l  i l ioinguina l  nerve blocks  are a lso effective for
postoperative analges ia .
Extubate awake in the head down left latera l  pos i tion.
Give additional  IV analges ia  as  required.

Effect of genera l  anaesthes ia  on the fetus
Most anaesthetic agents , except for the muscle relaxants , rapidly cross  the placenta. Thiopenta l  can be detected in the fetus  within 30 s  of
adminis tration with peak umbi l i ca l  vein concentration occurring around 1 min. The umbi l i ca l  artery to umbi l i ca l  vein concentration
approaches  uni ty at 8 min. Opioids  adminis tered before del ivery may cause feta l  depress ion. This  can be rapidly reversed with na loxone (e.g.
200 µg IM). If there i s  a  speci fic indication for opioids  before del ivery they should be given, and the paediatrician informed. Hypotens ion,
hypoxia , hypocapnia , and excess ive maternal  catecholamine secretion may a l l  be harmful  to the fetus .
Fa i led intubation
(For fa i led intubation dri l l  see p. 874.)
When intubation fa i l s  but mask venti lation succeeds , a  decis ion on whether to continue with the caesarean section must be made. A
suggested grading system is :11

Grade 1: Mother's  l i fe dependent on surgery.
Grade 2: Regional  anaesthetic unsui table (e.g. coagulopathy/haemorrhage).
Grade 3: Severe feta l  dis tress  (e.g. prolapsed cord).
Grade 4: Varying severi ty of feta l  dis tress  with recovery.
Grade 5: Elective procedure.

For Grade 1 cases  surgery should be continued and for Grade 5 the mother should be woken. The action between these extremes  must take
account of addi tional  factors  including the ease of mainta ining the a i rway, the l ikely di ffi cul ty of performing a  regional  anaesthetic, and the
experience of the anaesthetis t.
Footnote
11

Harmer M (1997). Di ffi cul t and fa i led intubation in obstetrics . International  Journal  of Obstetric Anaesthes ia , 6, 25–31.
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Antacid prophylaxis
Animal  data  suggest that to minimize the ri sk from aspiration, the gastric volume should be less  than 25 ml , non-particulate, and with a  pH
>2.5. Various  s trategies  are ava i lable to achieve this :
Elective surgery

150 mg rani tidine ora l ly 2 and 12 h before surgery.
10 mg metoclopramide ora l ly 2 h before surgery.
30 ml  0.3 M sodium ci trate immediately before surgery.

(pH >2.5 i s  mainta ined for l i ttle more than 30 min after 30 ml  0.3 M sodium ci trate. If a  GA i s  required after this , a  further dose of ci trate i s
required.)
Emergency surgery
If prophylaxis  has  not a l ready been given:

50 mg rani tidine by s low IV injection immediately before surgery.
10 mg metoclopramide IV injection immediately before surgery.
30 ml  0.3 M sodium ci trate ora l ly immediately before surgery.
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Postoperative analges ia
Most postpartum women are very wel l  motivated and mobi l i ze quickly. However, effective analges ia  does  a l low earl ier mobi l i zation. The
mainstays  of postoperative analges ia  are opioids  and NSAIDs . The route that these are given i s  dependent on the intra-operative anaesthetic
technique.
Opioids

IV patient control led analges ia  or an IM opioid can be used, a l though these are not as  effective as  neuraxia l  ana lges ia . A smal l
quanti ty of opioid may be transferred to the neonate through breast mi lk, but with a  negl igible effect.
Intratheca l/epidura l  opioid:

When given as  a  bolus  at the beginning of surgery, fentanyl  las ts  l i ttle longer than the loca l  anaesthetic and provides  a lmost
no postoperative analges ia . Epidura l  fentanyl  maybe given as  an infus ion or as  intermittent postoperative boluses  (50–100 µg
up to 2-hourly for two to three doses) i f the epidura l  catheter i s  left in s i tu.
Intratheca l  diamorphine (250 µg) can be expected to provide 6–18 h of analges ia . More than 40% of women wi l l  require no other
postoperative opioid. Pruri tus  i s  very common (60–80%) a l though only 1–2% have severe pruri tus . This  can be treated with 200 µg
naloxone IM or 4 mg ondansetron IV/IM.
Epidura l  diamorphine (2.5 mg in 10 ml  normal  sa l ine) provides  6–10 h of analges ia  after a  s ingle dose. Intermittent doses  may
be given i f the epidura l  catheter i s  left in s i tu.
Intratheca l  100 µg preservative-free morphine provides  long las ting analges ia  (12–18 h). Doses  above 150 µg are associated
with increased s ide-effects  without improved analges ia . However, pruri tus  and nausea are common. The low l ipophi l i ci ty of
morphine may increase the ri sk of late respiratory depress ion. Epidura l  morphine (2–3 mg) provides  analges ia  for 6–24 h, but
pruri tus  i s  aga in common and nausea occurs  in 20–40%.

NSAIDs
NSAIDs  are very effective postoperative analges ics , reducing opioid requirements . They should be adminis tered regularly whenever poss ible.
Clonidine

The α2 adrenergic agonis t clonidine given intratheca l ly (75–150 µg) or epidura l ly (150–600 µg) acts  presynaptica l ly at the dorsa l  horns
and poss ibly centra l ly in the bra in s tem to produce analges ia . Sedation and hypotens ion are troublesome s ide-effects .
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Reta ined placenta

Check IV access  with 16G or larger cannula  has  been obta ined.
Assess  tota l  amount and rate of blood loss  and cardiovascular s tabi l i ty. Blood loss  may be di ffi cul t to accurately assess . If rapid blood
loss  i s  continuing then urgent cross -match and evacuation of placenta  under genera l  anaesthetic i s  required.
If blood loss  i s  <1000 ml  and cardiovascularly s table then ei ther regional  or genera l  anaesthes ia  can be used. Genera l ly regional
anaesthes ia  i s  preferred, but do not use a  regional  technique i f hypovolaemia  i s  suspected.
Remember antacid prophylaxis .
For genera l  anaesthes ia  a  rapid sequence induction technique with cuffed ET wi l l  be needed to protect the a i rway from poss ible
regurgi tation.
Regional  anaesthes ia  can ei ther be obta ined by topping up an exis ting epidura l , or by performing a  spina l  (e.g. 2 ml  0.5% hyperbaric
bupivaca ine intratheca l ly). Tradi tional ly a  sacra l  to T10 block has  been cons idered as  adequate but recent data  suggest that a  T7 level
more rel iably ensures  analges ia .13

Occas ional ly uterine relaxation i s  required. Under genera l  anaesthes ia  increas ing the ha logenated vapour concentration can provide
this , and under regional  anaesthes ia  0.1 mg intravenous  a l iquots  of glyceryl  trini trate i s  effective (di lute 1 mg in 10 ml  normal  sa l ine
and give 1 ml  bolus  repeated as  required). With ei ther technique expect trans i tory hypotens ion.
On del ivery of the placenta  give 10 IU syntocinon ± syntocinon infus ion.
At the end of the procedure give an NSAID unless  contra indicated.

Footnote
13

Broadbent CR, Russel l  R (1999). What height of block i s  needed for manual  removal  of placenta  under spina l  anaesthes ia? International
Journal  of Obstetric Anesthes ia , 8, 161–4.
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Summary of dos ing regimes

Procedure Technique Suggested dose

Labour

Epidura l
loading dose

20 ml  0.1% bupivaca ine with 2 µg/ml  fentanyl

Epidura l
infus ion

10 ml/h 0.1% bupivaca ine with 2 µg/ml  fentanyl

Top ups 10–20 ml  0.1% bupivaca ine with 2 µg/ml  fentanyl

CSE
Intratheca l : 1 ml  0.25% bupivaca ine with 5–25 µg/ml  fentanyl
Epidura l : top up and infus ion as  above

PCEA 5 ml  bolus  of 0.1% bupivaca ine with 2 µg/ml  fentanyl  with a  10–15 min lockout

LSCS

Spina l 2.5 ml  0.5% bupivaca ine in 8% dextrose (‘heavy’) + 250 µg diamorphine

Epidura l 20 ml  2% l idoca ine (l ignocaine) with 1:200 000 adrenal ine (1 ml  of 1:10 000).

CSE
Normal  spina l  dose (reduce i f s low onset of block i s  required). If required top up the epidura l  with 5 ml
a l iquots  of 2% l idoca ine (l ignocaine)

Post LSCS
analges ia

GA
Bi latera l  i l ioinguina l  nerve blocks  at end of surgery. Intravenous  a l iquots  of morphine unti l  comfortable.
Parentera l  opioid (IM or PCA as  ava i lable)

GA or regional
100 mg diclofenac PR at end of surgery, fol lowed by 75 mg diclofenac PO 12-hourly. Simple analges ics  as
required (i .e. cocodamol , codydramol , etc.)

Regional Epidura l  diamorphine (2.5 mg) in 10 ml  normal  sa l ine 4 hrly prn

LSCS = lower segment caesarian section
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Neonata l  resusci tation
Phys iology
A term neonate needs  to generate a  negative pressure of more than 40 cmH2O with i ts  fi rs t breath. It must a lso clear i ts  lungs  of 100 ml  fluid.
The opening of a lveol i  and changes  in oxygenation reduce pulmonary vascular res is tance and promote closure of the ductus  arteriosus . A
dis tressed fetus  has  characteris tic breathing movements  that correlate with the severi ty of dis tress . The fetus  may progress  through these
stages  before del ivery. As  acidos is  develops  the fetus  wi l l  ini tia l ly s tart breathing movements , which become quicker and deeper and then
cease. This  interruption of breathing i s  ca l led primary apnoea. During this  phase, heart rate fa l l s  and periphera l  ci rculation i s  shut down (a
white baby). The duration of primary apnoea i s  variable but i s  fol lowed by a  period of s low deep breaths  (6–10 breaths/min). When these
breaths  cease, a  period of secondary apnoea i s  entered. Secondary apnoea i s  fol lowed by cardiac arrest.
A neonate that i s  not breathing at del ivery may be in primary or secondary apnoea.
At del ivery

If meconium is  suspected, then to prevent aspi ration (particularly of sol id matter), the pharynx should be aspi rated as  soon as
poss ible. The pharynx should be inspected and i f meconium is  present then the trachea should be intubated and suctioned before
venti lation i s  commenced.
Dry the baby. A wet baby wi l l  lose heat extremely rapidly.
Assess  the baby's  colour, heart rate, and respiratory pattern.

Condition Action

Pink, heart rate >100 beats/min, regular respi ration Normal—keep warm and dry

Cyanosed or white, heart rate >100 beats/min, i rregular respi ration Give oxygen and continue to observe

Cyanosed or white, heart rate <100 beats/min, i rregular or absent respiration Resusci tate as  below

Resusci tation
Airway
Clear the a i rway, intubation i s  rarely required ini tia l ly.
Breathing

The fi rs t breaths  need to be s low and deep. Give five 2 s  venti lations  with inflation pressure of 30 cmH2O. Li ttle chest movement may
be evident with the fi rs t two to three breaths  as  fluid i s  cleared form the lungs .
Continue venti lation at a  rate of 30–40 breaths/min.

P.728
Circulation

Circulatory problems in the neonate are a lmost a lways  a  consequence of fa i led oxygenation, and when oxygenation i s  corrected,
cardiac recovery i s  usual ly rapid.
If the heart rate i s  less  than 60 beats/min then s tart cardiac compress ion (compress  the s ternum with thumbs  or two fingers ) at a  rate
of 120/min. Assess  heart rate every two minutes . When heart rate >80 beats/min s top compress ions .
If the heart rate i s  60–80 beats/min continue to assess . If the heart rate has  not improved within 2 min of s tarting venti lation then
commence cardiac compress ions  as  above.
Continue to assess  the heart rate unti l  the heart i s  beating cons is tently greater than 100 beats/min.
If the heart rate does  not recover then cons ider drug therapy:

Adrenal ine 10 µg/kg.
Bicarbonate. Cons ider us ing in the proven acidotic fetus . Adrenal ine has  a  reduced effect on receptors  in an acidotic mi l ieu.
Dose 1–2 mmol/kg (1–2 ml/kg 8.4% HCO3).
Fluid: 10–20 ml/kg normal  sa l ine or col loid. The fetus  may become acutely hypovolaemic with antepartum haemorrhage, vasa
praevia , or trauma.
Naloxone. If opioids  have been given and the neonate i s  drowsy, 200 µg na loxone IM can be given. Smal ler doses  are effective
for short periods  but the neonate may become sedated aga in as  the opioid may las t longer than the na loxone.

If the above measures  have a l l  proven ineffective then other causes  of poor outcome must be assessed. Congenita l  heart disease,
diaphragmatic hernias , or pneumothorax may a l l  occur.
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Placenta  praevia  and accreta
Placenta  praevia
Placenta  praevia  occurs  when the placenta  implants  between the fetus  and the cervica l  os . The incidence i s  about 1 in 200 pregnancies , but i s
higher with previous  uterine scars  and multipari ty. The subclass i fi cation of placenta  praevia  i s  various ly defined. A s imple class i fi cation i s :

Margina l -when the placenta  extends  to the os  without cross ing i t.
Partia l -when the placenta  partia l ly covers  the os .
Complete-when the placenta  ful ly covers  the os .

Of more importance i s  whether a  vagina l  del ivery i s  poss ible (unl ikely i f the placenta  extends  to within 2 cm of the os ) and i f i t i sn't, whether
the placenta  covers  the anterior lower segment of the uterus . If i t does , the obstetrician wi l l  have to divide the placenta  to del iver the fetus
and blood loss  can be expected to be large, particularly i f there i s  a  previous  uterine scar.
Diagnos is  i s  usual ly made by ul trasound, often after a  smal l  pa inless  vagina l  bleed. Obstetric management i s  a imed at preserving the
pregnancy unti l  the 37th gestational  week. Premature labour, excess ive bleeding, or feta l  dis tress  may necess i tate del ivery. In most
ci rcumstances , women with placenta  praevia  are admitted to hospi ta l  and cross -matched blood kept continuous ly ava i lable. If at 37 weeks '
gestation a  vagina l  del ivery i s  not poss ible, a  caesarean section i s  performed.
Placenta  accreta
Placenta  accreta  occurs  with abnormal  implantation of the placenta. Usual ly the endometrium produces  a  cleavage plane between the
placenta  and the myometrium. In placenta  accreta  vera  the placenta  grows  through the endometrium to the myometrium. In placenta  increta
the placenta  grows  in to the myometrium, and in placenta  percreta  the placenta  grows  through the myometrium to the uterine serosa  and on
into surrounding s tructures . Because the normal  cleavage plane i s  absent, fol lowing del ivery the placenta  fa i l s  to separate from the uterus ,
which can resul t in l i fe-threatening haemorrhage.
Incidence i s  ri s ing, poss ibly as  a  resul t of the increas ing numbers  of caesarean sections  performed. Placenta  accreta  i s  much more common
when the placenta  implants  over a  previous  scar (5% of women with placenta  praevia  and no previous  scar, ri s ing to 50% of women with two
previous  scars -two thi rds  of these wi l l  require caesarean hysterectomy).14 Diagnos is  of percreta  i s  occas ional ly made with ul trasound or the
presence of haematuria , but usual ly placenta  accreta  and increta  are diagnosed at surgery.
Anaesthetic management
Anaesthetic management i s  dictated by the l ikel ihood of major haemorrhage, maternal  preference, and obstetric/anaesthetic experience
levels . Patients  with placenta  praevia  are at ri sk of haemorrhage because:
P.730

the placenta  may have to be divided to faci l i tate del ivery
the lower uterine segment does  not contract as  effectively as  the body of the uterus  so the placenta l  bed may continue to bleed
fol lowing del ivery.

Further increase in ri sk occurs  sequentia l ly with placenta  accreta , increta , and percreta . Caesarean hysterectomy is  required in 95% of women
with placenta  percreta , with a  7% overa l l  morta l i ty rate.
Al though the sympathectomy that occurs  with regional  anaesthes ia  may make control  of blood pressure more di ffi cul t, practica l  experience
shows  regional  anaesthes ia  can be safely used for placenta  praevia , provided that the patient i s  normovolaemic before the neuraxia l
technique i s  performed. Even in caesarean hysterectomy, the degree of hypotens ion and blood loss  i s  the same with regional  and genera l
anaesthetic techniques . However, i f s igni ficant haemorrhage does  occur, hypotens ive and bleeding patients  wi l l  require reassurance and this
may divert the anaesthetis t from providing volume resusci tation. Regional  anaesthes ia  should therefore only be undertaken by experienced
anaesthetis ts  who have additional  help ava i lable.
Technique

Experienced obstetricians  and anaesthetis ts  are essentia l .
Al l  patients  admitted with placenta  praevia  should be seen and assessed by an anaesthetis t.
When caesarean section i s  to be performed two to eight uni ts  of blood should be cross -matched, depending on the anticipated ri sk of
haemorrhage.
Obstetric s taff experienced in caesarean hysterectomy should be immediately ava i lable.
Two 14G cannulae should be inserted and equipment for mass ive haemorrhage must be present.
If regional  anaesthes ia  i s  used, a  CSE may offer advantages  as  the surgery may be prolonged.
For bleeding patients  a  genera l  anaesthetic i s  the preferred choice.
Have a  selection of uterotonics  to hand (see p. 733). Even i f mass ive haemorrhage i s  not encountered, an infus ion i s  advantageous
(e.g. syntocinon 30–50 IU in 500 ml  crysta l loid over 1–2 h).
If mass ive bleeding does  occur, hysterectomy may be the only method of control l ing bleeding. Excess ive delay in making this  decis ion
may jeopardize maternal  l i fe.
Do not forget surgica l  methods  of control l ing haemorrhage—bimanual  compress ion of the uterus , l igation of internal  i l iac arteries ,
temporary compress ion of the aorta .
Even i f no s igni ficant bleeding occurred intra-operatively, continue to observe closely in the postnata l  period as  haemorrhage may s ti l l
occur.

Footnote
14

Clark SL, Koonings  PP, Phelan JP (1985). Placenta  previa/accreta  and prior cesarean section. Obstetrics  and Gynecology, 66, 89–92.
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Mass ive obstetric haemorrhage
The gravid uterus  receives  12% of the cardiac output and thus  when haemorrhage occurs  i t can be extremely rapid. In the developing world,
haemorrhage i s  the leading cause of maternal  death. Placenta l  abruption, postpartum haemorrhage, and placenta  praevia  are the principa l
causes  of mass ive haemorrhage.
The fetus  i s  at greater ri sk from maternal  haemorrhage than the mother. Hypotens ion reduces  uteroplacenta l  blood flow and severe anaemia
wi l l  further reduce oxygen del ivery. In addition, abruption may di rectly compromise blood supply. Feta l  morta l i ty may be as  high as  35%.
Standard protocols  for major haemorrhage should be ava i lable in every del ivery sui te.
Aetiology of obstetric haemorrhage
Antenata l

Placenta l  abruption. Bleed i s  often associated with pa in. Blood loss  may be concealed with retroplacenta l  bleeding. Feta l  compromise
is  common. Smal l  bleeds  may be treated conservatively.
Placenta  praevia/accreta . Usual ly a  smal l  pa inless  bleed. May be catastrophic.
Uterine rupture. Feta l  dis tress  i s  the most rel iable indicator. Class ica l ly uterine rupture i s  sa id to be pa inful , but pa inless  dehiscence
of a  previous  uterine scar i s  not uncommon.

Postnata l
Defined as  blood loss  of greater than 500 ml  post del ivery. Es timates  of ‘normal ’ blood loss  after vagina l  del ivery are of the order of 250–400
ml , and after caesarean section around 500–1000 ml . Blood loss  i s  usual ly underestimated.

Uterine atony. Associated with chorioamnioniti s , prolonged labour, and an abnormal ly dis tended uterus  (e.g. polyhydramnios ,
macrosomia, multiple gestation, etc.).
Reta ined placenta. Haemorrhage may be mass ive, but i s  usual ly less  than 1 l i tre and occas ional ly minimal .
Reta ined products  of conception. This  i s  the leading cause of late haemorrhage, but i s  rarely mass ive.
Genita l  tract trauma. Vagina l  and vulva l  haematomas  are usual ly sel f l imiting, but retroperi toneal  haematomas  may be extens ive and
l i fe-threatening.
Uterine invers ion. This  i s  a  rare compl ication in the Western world. It i s  associated with uterine atony and further relaxation may be
required to enable replacement. After replacement uterotonics  should be adminis tered.

Diagnos is
Diagnos is  of haemorrhage i s  usual ly sel f-evident, a l though be aware that concealed bleeding may occur, especia l ly with placenta l
abruptions . In addition s igns  of cardiovascular decompensation may be delayed, as  women are usual ly young, fi t, and s tart with a  pregnancy-
induced expans ion of thei r intravascular volume. Beware of the woman with cold peripheries -this  i s  abnormal  in pregnancy. Hypotens ion i s  a
late and ominous  s ign.
P.732
Management
In the event of a  major haemorrhage requiring surgery, do not delay operation unti l  cross -matched blood i s  ava i lable.

Ca l l  for help.
Give supplementa l  oxygen. If laryngeal  reflexes  are obtunded, intubate and venti late. In antenata l  patients  avoid aortocaval
occlus ion.
Insert two 14G cannulas  and take blood for cross -matching. Request typespeci fic blood (this  can be retrospectively cross -matched.)
Fluid resusci tate with crysta l loid and/or col loid.
If required give group O rhesus  negative blood (i .e. blood loss  of 2–3 l i tres  and ongoing without the imminent prospect of cross -
matched blood being ava i lable and/or the presence of ECG abnormal i ties ).
Start appropriate monitoring of mother and fetus . Urine output and invas ive monitoring of centra l  venous  and arteria l  pressures  may
be indicated depending on the rate of blood loss  and maternal  condition. However, early monitoring of CVP i s  not essentia l  as
hypotens ion i s  a lmost a lways  due to hypovolaemia.
Treat the cause of haemorrhage.
If surgery i s  required:

do not perform a  regional  technique i f the patient i s  hypovolaemic
beware of coagulopathies  in the presence of concealed abruption.

With continuing haemorrhage further equipment including warming devices  and rapid transfus ion devices  should be ava i lable.
Correct coagulopathy with platelets , fresh frozen plasma, and cryoprecipi tate as  indicated.
Once blood loss  has  been control led, continue care on a  high-dependency uni t or intens ive care uni t.

Speci fic treatment for haemorrhage
Treatment may be with uterotonics  or surgery or both depending on the cause:

Uterotonics  can only be used in the postnata l  period.
Most postnata l  haemorrhage i s  due to uterine atony and can be temporari ly control led with fi rm bimanual  pressure whi le waiting for
defini tive treatment.

Commonly used uterotonics and does

Drug Dose Notes

Oxytocin
(Syntocinon®)

5–10 IU bolus . 30–50 IU in
500 ml  crysta l loid and
ti trated as  indicated

Synthetica l ly produced hormone caus ing uterine contraction, periphera l  vasodi lation and
has  very mi ld antidiuretic hormone actions . (Early preparations  made from animal  extracts
had s igni ficant ADH activi ty)

Ergometrine
0.5 mg IM or 0.125 mg by
s low IV injection and
repeat

An ergot a lka loid derivative. Produces  effective uterine constriction but nausea and
vomiting are very common. Systemic vasoconstriction may produce dangerous  hypertens ion
in at-ri sk groups  (e.g. pre-eclamps ia , speci fic cardiac disease)

Carboprost
(Hemabate®) (15-
methyl
prostaglandin F2α)

0.25 mg intra-myometria l ly
or IM every 10–15 min to a
max. of 2 mg

Effective uterine constrictor. Also causes  nausea, vomiting, and diarrhoea. May produce
severe bronchospasm, a l ter pulmonary shunt fraction, and induce hypoxia
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Pregnancy induced hypertens ion, preeclamps ia , and eclamps ia 15

Pre-eclamps ia  remains  a  leading cause of maternal  death. It i s  a  systemic disorder. The precise aetiology i s  complex. Immunologica l  factors ,
genetic factors , endothel ia l  dys function, as  wel l  as  abnormal i ties  in placenta l  implantation, fatty acid metabol i sm, and coagulation and
platelet factors  have a l l  been impl icated. The earl ier in gestation that pre-eclamps ia  mani fests  i tsel f, the more severe the disease.
Defini tions

Hypertens ion. A susta ined systol ic BP >140 mmHg or diastol ic BP >90 mmHg.
Chronic hypertens ion. Hypertens ion that exis ted before pregnancy.
Pregnancy induced hypertens ion. Hypertens ion that develops  in pregnancy. In the absence of other s igns  of pre-eclamps ia , this  has  a
minimal  effect on pregnancy but may be indicative of a  tendency to hypertens ion in later l i fe.
Pre-eclamps ia . Pregnancy induced hypertens ion in association with renal  involvement caus ing proteinuria  (>300 mg /24 h or 2+ on urine
dipstick). Incidence i s  6–8% of a l l  gestations .
Severe pre-eclamps ia . Pre-eclamps ia  in association with any of the fol lowing: a  susta ined BP >160/110; proteinuria  >5 g/24 h or 3+ on
urine dipstick; urine output <400 ml/24 h; pulmonary oedema or evidence of respi ratory compromise; epigastric or right upper quadrant
pain; hepatic rupture, platelet count <100 × 109/l i tre; evidence of cerebra l  compl ications . Incidence i s  0.25–0.5% of a l l  gestations .
Eclamps ia . Convuls ions  occurring in pregnancy or puerperium in the absence of other causes . Almost a lways  occurs  in the presence of
preeclamps ia , a l though s igns  of pre-eclamps ia  may not be mani fest unti l  a fter a  fi t.

Pathophys iology
Cardiorespiratory

Hypertens ion and increased sens i tivi ty to catecholamine and exogenous  vasopressors .
Reduced ci rculating volume, but increased tota l  body water.
In severe pre-eclamps ia  systemic vascular res is tance i s  increased and cardiac output reduced. However, some women with have
elevated cardiac output with normal  or only margina l ly increased systemic vascular res is tance. Feta l  prognos is  i s  improved in this
group.
Poor correlation between centra l  venous  and pulmonary capi l lary wedge pressure.
P.735
Increased capi l lary permeabi l i ty which may resul t in:

Pulmonary oedema. In pre-eclamps ia  the most common mode of maternal  death i s  pulmonary oedema and ARDS. Be very
careful  with fluid therapy!
Laryngeal  and pharyngeal  oedema. Stridor may resul t.

Haematologica l

Reduced platelet count with increased platelet consumption, hypercoagulabi l i ty with increased fibrin activation and breakdown.
Disseminated intravascular coagulation may resul t.
Increased haematocri t resul ting from the decreased ci rculating volume.

Renal  function

A reduced glomerular fi l tration rate.
Increased permeabi l i ty to large molecules  resul ting in proteinuria .
Decreased urate clearance with ri s ing serum uric acid level .
Ol iguria  in severe disease.

Cerebra l  function

Headache, vi sua l  dis turbance, and genera l i zed hyper-reflexia .
Cerebrovascular haemorrhage. Deaths  due to intracrania l  haemorrhage are decl ining with improved control  of blood pressure.
Eclamps ia  (resul ting from cerebra l  oedema or cerebrovascular vasoconstriction).

Fetoplacenta l  uni t

Reduced feta l  growth with associated ol igohydramnios .
Poor placenta l  perfus ion and increased sens i tivi ty to changes  in maternal  blood pressure.
Reduction of umbi l i ca l  arteria l  diastol ic blood flow and particularly reverse diastol ic flow is  indicative of a  very poor feta l  outcome
without early intervention.

Management of pre-eclamps ia

There i s  no effective prophylactic treatment to prevent pre-eclamps ia . Some obstetricians  may use low-dose aspi rin in selected high-
ri sk pregnancies , but the benefi t i s  unproven.
In establ i shed pre-eclamps ia  the only defini tive treatment i s  the del ivery of the placenta. Symptoms wi l l  usual ly s tart to resolve
within 24–48 h.
When pre-eclamps ia  develops  at term there i s  no advantage to delaying del ivery. If pre-eclamps ia  develops  before term, a
compromise has  to be made between maternal  and feta l  hea l th. Maternal  blood pressure i s  control led for as  long as  poss ible to
a l low feta l  growth to be optimized. If the feta l  or maternal  condition deteriorates , del ivery must be expedited.
Antihypertens ive therapy-blood pressure should be control led to below 160/110 to prevent maternal  morbidi ty, particularly from
intracrania l  haemorrhage, encephalopathy, and myocardia l  i schaemia  and fa i lure:

Establ i shed ora l  antihypertens ive drugs  include ora l  methyldopa/ ni fedipine preparations  and beta-blockers  (particularly the
combined a lpha-
P.736

and beta-blocker labeta lol ). Prolonged use of beta-blockers  may reduce feta l  growth.
ACE inhibi tors  are associated with ol igohydramnios , s ti l l  bi rth, neonata l  renal  fa i lure and should be avoided.

Rapid control  of severe hypertens ion can be achieved with:
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Hydra lazine (5 mg IV a l iquots  to a  maximum of 20 mg).
Labeta lol  (5–10 mg IV every 10 min).
Ora l  ni fedipine (subl ingual  ni fedipine should be used with caution because of associated rapid changes  in placenta l
ci rculation which may compromise feta l  condition).
In cases  res is tant to treatment, infus ions  of sodium ni tropruss ide or glyceryl  trini trate may be needed. If used, arteria l
pressure monitoring i s  required.

Magnes ium prophylaxis  in pre-eclamps ia  i s  controvers ia l  because, a l though i t i s  effective at reducing the incidence of eclamps ia , feta l
effects  have been various ly reported as  beneficia l  and deleterious .
Fluid management in severe pre-eclamps ia  i s  cri ti ca l . Intravascular volume is  depleted but tota l  body water i s  increased. Excess ive
fluid load may resul t in pulmonary oedema, but underfi l l ing may compromise feta l  ci rculation and renal  function. Genera l  principles
are:

Individual  uni ts  are encouraged to develop and fol low protocols  for fluid management.
A named individual  should have overa l l  respons ibi l i ty for fluid therapy in severe pre-eclamps ia .
Measure hourly urine output.
Beware of excess ive fluid loads  being del ivered with drug therapy (i .e. oxytocin or magnes ium). Increased concentrations  may
be required.
Be cautious  with preload before caesarean section and avoid preload before regional  analges ia .
A common approach i s  to use a  smal l  background infus ion of crysta l loid, and to treat pers is tent ol iguria  with 250–500 ml  of a
col loid. If ol iguria  continues , further fluid management i s  usual ly guided by centra l  venous  pressure.

Invas ive arteria l  pressure monitoring i s  indicated in severe pre-eclamps ia  for:
Monitoring the response to laryngoscopy and surgery during genera l  anaesthes ia .
Taking repeated arteria l  blood gases .
Monitoring rapidly acting hypotens ive agents  (such as  sodium ni tropruss ide).

Centra l  venous  pressure monitoring i s  indicated in severe pre-eclamps ia :
For pers is tent ol iguria  (<0.5 ml/kg/h) unrespons ive to smal l  fluid cha l lenges .
If pulmonary oedema develops .

Al though centra l  venous  pressure does  not a lways  correlate wel l  wi th pulmonary arteria l  wedge pressure, a  low CVP i s  a lmost never
associated with a  high PCWP.
P.737

Analges ia  for vagina l  del ivery

Effective epidura l  ana lges ia  controls  excess ive surges  in blood pressure during labour and i s  recommended.
Check the platelet count before performing an epidura l . If the maternal  condition i s  rapidly deteriorating or i f the platelet numbers  are
fa l l ing then a  count must be performed immediately before placement. The ‘acceptable’ level  of platelet count i s  debatable and
based on l i ttle evidence. However, common genera l  guidel ines  are:

If the platelet count i s  <100 × 109/l i tre, then a  clotting screen i s  a lso required.
If the platelet count i s  >80 × 109/l i tre and the clotting screen i s  normal  then regional  techniques  are acceptable.
With a  platelet count of <80 × 109/l i tre, a  very careful  assessment from a  senior individual  i s  required and the potentia l  ri sks
and benefi ts  should be discussed with the patient.
Thromboelastography may offer a  better method of assess ing bleeding potentia l , but as  yet i ts  place i s  unproven.

Preload before regional  analges ia  i s  not required, but monitor the blood pressure and fetus  careful ly and treat changes  in blood
pressure promptly with 3 mg increments  of ephedrine.

Anaesthes ia  for caesarean section
Genera l  anaesthes ia  or regional  anaesthes ia  may be used. Genera l  anaesthes ia  i s  indicated i f s igni ficant thrombocytopenia  (see above) or
coagulopathy has  developed.
Genera l  anaesthes ia

Assess  the a i rway careful ly. Obvious  oedema may be apparent. Sometimes  partners  may be better able to assess  the onset of facia l
oedema. A his tory of s tridor i s  of major concern. A selection of smal l  tube s izes  must be ava i lable. Cons ider awake fibreoptic
intubation in severe cases .
Obtund the hypertens ive response to laryngoscopy. (e.g. a l fentani l  1–2 mg, but inform the paediatrician that opioids  have been used,
or labeta lol  10–20 mg before induction). In very severe pre-eclamps ia , intra-arteria l  pressure monitoring i s  required before induction.
If magnes ium has  been used, expect prolongation of action of non-depolarizing muscle relaxants . Use a  reduced dose and assess
muscle function with a  nerve s timulator.
Ensure adequate analges ia  before extubation. The hypertens ive response to extubation may a lso need to be control led with
antihypertens ive agents .
Effective postoperative analges ia  i s  required, but avoid NSAIDs  as  these patients  are prone to renal  impairment and may have
impaired platelet count or function. When the proteinuria  has  resolved, which i s  often within 48 h, NSAIDs  may be introduced.
Continue care in a  high-dependency area  or intens ive care.

Regional  anaesthes ia
Depleted intravascular volume may make severe pre-eclamptic patients  more vulnerable to the hypotens ive effect of the rapid onset of spina l
as  opposed to
P.738

epidura l  anaesthes ia . Recent s tudies  suggest that pre-eclamptic women are actua l ly less  prone to hypotens ion than normal  individuals  and
no di fference in feta l  outcome could be demonstrated between spina l  and epidura l  anaesthes ia . Spina l  anaesthes ia  i s  known to
cons is tently produce better analges ia .

As  with regional  analges ia , platelet count and i f necessary clotting screen needs  to be assessed (see above).
A reduced volume of preload should be used (poss ibly with col loid).
Expect ephedrine to have an increased effect.
A s low onset of block i s  des i rable. This  can be achieved with epidura l , spina l , or combined spina l  epidura l  (see regional  anaesthes ia
for caesarean section).
Effective postoperative analges ia  i s  required, but avoid NSAIDs  as  these patients  are prone to renal  impairment and may have
impaired platelet count or function.
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Care should be continued on a  high-dependency or intens ive care uni t.

Eclamps ia

Incidence i s  1 in 2000 of pregnancies  in the United Kingdom,16 but there are wide international  variations .
Most fi ts  occur in the thi rd trimester, and nearly one-thi rd occur postpartum, usual ly within 24 hours  of del ivery.
Eclamps ia  i s  a  l i fe-threatening event.
Management i s  a imed at immediate control  of the fi t and secondary prevention of further fi ts .

Immediate management

Airway (left latera l  pos i tion with jaw thrust), breathing (bag and mask venti lation and measure saturation), ci rculation (obta in IV
access  and measure blood pressure when poss ible, avoid aortocaval  compress ion).
Control  of fi ts  i s  with 4 g of magnes ium given intravenous ly over 10–20 min.

Prevention of further fi ts 17

Magnes ium infus ion at 1 g/h for 24 h.
Therapeutic level  5–7 mg/dl  (2–4 mmol/l ). Magnes ium levels  may be monitored cl inica l ly (loss  of reflexes  (8–10 mg/dl ), reduced
respiratory rate (10–15 mg/dl ), or with laboratory monitoring). Reduce the infus ion rate with ol iguria .
Subsequent fi ts  should be control led with an additional  bolus  of 2 g magnes ium.
Patients  on ca lcium channel  antagonis ts  are at particular ri sk of toxici ty. Toxici ty can be treated with intravenous  ca lcium (i .e. 10
ml  of 10% ca lcium chloride).
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After the ini tia l  fi t has  been control led, i f eclamps ia  has  developed antenata l ly a  decis ion has  to be made as  to when del ivery i s  to be
performed. In genera l  the patient should be s tabi l i zed on a  magnes ium infus ion and then cons ideration given to vagina l  or operative
del ivery. Eclamps ia  i s  not an indication for emergency caesarean section. If genera l  anaesthes ia  i s  required, expect prolongation of the action
of non-depolarizing muscle relaxants . After del ivery patients  should be observed on a  high-dependency or intens ive care uni t.
Footnotes
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The HELLP syndrome
Haemolys is , Elevated Liver enzymes , and Low Platelets  comprise the HELLP syndrome. It i s  usual ly associated with pre-eclamps ia  or
eclamps ia , but these are not a  prerequis i te for diagnos is . Severe HELLP syndrome has  a  5% maternal  morta l i ty. HELLP rarely presents  before
the 20th week of gestation, but one-s ixth present before the thi rd trimester and a  further thi rd present postnata l ly (usual ly within 48 h of
del ivery). Symptoms are sometimes  of a  vague flu-l ike i l lness , which may delay diagnos is . Mainta in a  high index of suspicion.
Features  include

Evidence of haemolys is  (a  fa l l ing haemoglobin concentration without evidence of overt bleeding, haemoglobinuria , elevated bi l i rubin
in serum and urine, elevated LDH).
Elevated l iver function tests -AST (serum aspartate aminotransferase), ALT (serum a lanine aminotransferase), a lka l ine phosphatase,
and g-glutamyl  transferase. Epigastric or right upper quadrant abdominal  pa in are present in 90% of women with HELLP. Liver fa i lure
and hepatic rupture may occur. Extreme elevation in AST i s  associated with poor maternal  prognos is . Most women with right upper
quadrant pa in and a  platelet count of <20 × 109/l i tre wi l l  have an intrahepatic or subcapsular bleed.
A fa l l ing platelet count. Counts  of less  than 100 × 109/l i tre are of concern, whi le a  count of less  than 50 × 109/l  i s  indicative of severe
disease.
Hypertens ion and proteinuria  i s  present in 80% of women with HELLP. 50% suffer nausea and vomiting. Convuls ions  and
gastrointestina l  haemorrhage are occas ional  presenting features .

The only defini tive treatment i s  del ivery of the placenta, a l though high-dose s teroids  may delay progress  of the disease. If the maternal
condition i s  not deteriorating rapidly and the fetus  i s  profoundly premature, del ivery may be delayed by 48 h to a l low s teroids  to be
adminis tered to promote feta l  lung maturi ty.

The method of del ivery depends  on maternal  condition and the l ikel ihood of success ful ly inducing labour. Severe HELLP syndrome wi l l
require an urgent caesarean section.
The ri sk of epidura l  haematoma may preclude the use of regional  analges ia/ anaesthes ia . Cons ideration must be given to both the
absolute platelet number as  wel l  as  rate of fa l l  in platelet count. Al l  patients  require a  clotting screen.
Be prepared for major haemorrhage.
Further management i s  supportive, with appropriate replacement of blood products  as  required.
Invas ive monitoring i s  dictated enti rely by the cl inica l  condition of the patient.
ARDS, renal  fa i lure, and disseminated intravascular coagulation may develop.
After del ivery of the placenta, recovery can be expected to s tart within 24–48 h. These patients  should a l l  be on a  high-dependency or
intens ive care uni t.
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Incidenta l  surgery during pregnancy
One to two per cent of women require incidenta l  surgery during pregnancy.18 Surgery i s  associated with increased feta l  loss  and premature
del ivery, a l though this  probably reflects  the underlying condition that necess i tated the surgery rather than the anaesthetic or the surgery
i tsel f. The ri sk of teratogenici ty i s  very smal l .
Genera l  cons iderations

When poss ible delay surgery unti l  the postnata l  period or a l ternatively into the second trimester, when teratogenic ri sks  to the fetus
are reduced. The fetus  i s  at greatest ri sk from teratogenici ty in the period of organogenes is , which continues  to the 12th week of
gestation.
Make sure that the obstetric team are aware that surgery i s  planned.
Remember gastric acid prophylaxis .
Remember DVT prophylaxis . Pregnant women are hypercoagulable.
Cons ider regional  anaesthes ia . The combination of a  mother mainta ining her own a i rway together with a  minimal  feta l  drug exposure,
i s  des i rable However, data  demonstrating that regional  anaesthes ia  i s  safer than genera l  anaesthes ia  are lacking.
Airway management in the fi rs t and early second trimester i s  controvers ia l . In asymptomatic women with no other indication for
intubation, i t i s  acceptable not to perform a  rapid sequence induction up to the 18th week of gestation. However, be aware that lower
oesophageal  sphincter tone i s  reduced within the fi rs t few weeks  of pregnancy and intra-abdominal  pressure ri ses  in the second
trimester. If patients  have additional  ri sk factors  for regurgi tation, use a  rapid sequence induction.19

Every effort must be made to mainta in normal  maternal  phys iologica l  parameters  for the gestational  age of the fetus  throughout the
perioperative period.
Treat haemorrhage aggress ively. Avoid hypovolaemia  and anaemia  as  both impact on feta l  oxygenation.
From the 20th week of gestation use left latera l  ti l t to reduce aortocaval  compress ion. Remember that a l though upper l imb blood
pressure may be normal , uterine blood flow may s ti l l  be compromised in the supine pos i tion.
If genera l  anaesthes ia  i s  employed, use adequate s leep doses  of inhalational  agents . Light anaesthes ia  i s  associated with increased
catecholamine release, which reduces  placenta l  blood flow. The tocolytic effect of inhalational  agents  i s  advantageous .
P.742
Feta l  monitoring may be beneficia l  a l though i ts  va lue remains  unproven. If feta l  dis tress  i s  detected, maternal  phys iology can be
manipulated to optimize uterine blood flow.
The primary ri sk to the fetus  i s  premature labour in the postoperative period. Detection and suppress ion of premature labour i s  vi ta l .
Women should be told to report sensations  of uterine contractions  so that appropriate tocolytic therapy can be insti tuted (100 mg
indometacin PO/PR provides  effective short-term tocolys is  whi le awaiting further advice from obstetric s taff).
Effective postoperative analges ia  i s  required to reduce maternal  catecholamine secretion. Al though opioids  can be used, they may
resul t in maternal  hypercarbia . Regional  analges ia  with loca l  anaesthetic agents  may be preferentia l . If this  would prevent the mother
from detecting uterine contractions , cons ider external  uterine pressure transduction (‘tocodynamometry’). For minor surgery, loca l
anaesthes ia  and s imple analges ics  such as  paracetamol  and codeine may be used. Chronic dosage with NSAIDs  should be avoided, in
the fi rs t trimester because of increased feta l  loss  and in the thi rd trimester because of the poss ibi l i ty of premature closure of the feta l
ductus  arteriosus .

Teratogenici ty
The fetus  i s  at greatest ri sk of teratogenes is  in the period of major organogenes is . This  i s  predominantly in the fi rs t 12 weeks  of gestation,
a l though minor abnormal i ties  may s ti l l  occur after this . Causes  of teratogenici ty are diverse and include infection, pyrexia , hypoxia , and
acidos is  as  wel l  as  the better-recognized hazards  of drugs  and radiation. The association of drugs  with teratogenici ty i s  often di ffi cul t.
Epidemiologica l  s tudies  have to be large to establ i sh associations , whi le animal  experiments  may not reflect ei ther human dose exposure or
human phys iology. Al though none of the commonly used anaesthetic agents  are proven teratogens  speci fic concerns  are addressed below.
Premedication

Benzodiazepines . Case reports  have associated benzodiazepines  with cleft l ip formation, but this  has  not been substantiated by more
recent s tudies . A s ingle dose has  never been associated with teratogenici ty. Long-term adminis tration may lead to neonata l
withdrawal  symptoms fol lowing del ivery, and exposure just before del ivery may cause neonata l  drows iness  and hypotonia .
Ranitidine and cimetidine are not known to be harmful  but caution i s  advised with chronic exposure to cimetidine because of known
androgenic effects  in adults .

Induction agents

Thiopenta l . Cl inica l  experience with thiopenta l  suggests  that this  i s  a  very safe drug to use, a l though formal  s tudies  have not been
conducted.
Propofol  i s  not teratogenic in animal  s tudies . Its  use in early human pregnancy has  not been formal ly investigated. Propofol  i s  safe to
use during caesarean section at term.
Etomidate i s  a lso not teratogenic in animal  s tudies . It i s  a  potent inhibi tor of corti sol  synthes is , and when used for caesarean section,
neonates  have reduced corti sol  concentrations .
P.743

Ketamine should be avoided in early pregnancy as  i t increases  intrauterine pressure, resul ting in feta l  asphyxia . This  increase in
intrauterine pressure i s  not apparent in the thi rd trimester.

Inhalational  agents

Halothane and i soflurane have been used extens ively in pregnancy and are safe. At high concentrations , maternal  blood pressure and
cardiac output fa l l  resul ting in a  s igni ficant reduction in uterine blood flow. The ha logenated vapours  a lso cause uterine relaxation,
which may be beneficia l  for surgery during pregnancy.
Despi te early concerns , recent epidemiologica l  s tudies  suggest that ni trous  oxide i s  safe. However, ni trous  oxide i s  cons is tently
teratogenic in Sprague Dawley rats  i f they are exposed to 50–75% concentrations  for 24 h during their peak organogenic period. Given
that anaesthes ia  can be safely del ivered without ni trous  oxide i t i s  sens ible to avoid this  agent.
Muscle relaxants . Because these agents  are not l ipophi l i c, only very smal l  quanti ties  cross  the placenta  and so feta l  exposure i s
l imited. These agents  are safe to use.
Antichol inesterase inhibi tors : These agents  are highly ionized and so, l ike muscle relaxants , do not readi ly cross  the placenta  and are
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safe to use. Chronic use of pyridostigmine to treat myasthenia  gravis  may cause premature labour.

Analges ics

Opioids  readi ly cross  the placenta, but brief exposure i s  safe. Long-term exposure wi l l  cause symptoms of withdrawal  when the fetus
is  del ivered. Animal  s tudies  suggest poss ible feta l  teratogenici ty i f prolonged hypercapnia  or impaired feeding develop as  s ide-
effects  of opioid exposure.
Chronic exposure to NSAIDs  in early pregnancy may be associated with increased feta l  loss  and in the thi rd trimester may cause
premature closure of the ductus  arteriosus  and pers is tent pulmonary hypertens ion of the newborn. Single doses  are unl ikely to be
harmful . These agents  are a lso used to suppress  labour, particularly in the second trimester.
Bupivaca ine and l idoca ine (l ignocaine) are safe. When used near del ivery, bupivaca ine has  no s igni ficant neonata l  neurobehavioura l
effects , whi le l idoca ine (l ignoca ine) may have a  mi ld effect. Coca ine abuse during pregnancy increases  feta l  loss  and may increase the
incidence of abnormal i ties  in the geni tourinary tract.

Footnotes
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Cervica l  cerclage (Shi rodkar suture)

Procedure Surgica l  treatment of incompetent cervica l  os

Time 20 min

Pain +

Pos i tion Li thotomy

Blood loss Ni l

Practica l  techniques
Spina l  epidura l

GA with RSI/cuffed ET i f >18 weeks ' gestation or reflux

An incompetent cervix may be caused by congenita l  abnormal i ties , cervica l  scarring or hormonal  imbalance. Premature di lation of the cervix
and feta l  loss  may resul t, usual ly in the second trimester. Cervica l  cerclage i s  performed to prevent this  premature di lation and i s  one of the
commonest surgica l  procedures  performed in pregnancy. Al though occas ional ly inserted before conception, i t i s  usual ly performed between
the 14th and 26th weeks  of gestation. Emergency cerclage may be required in the face of a  di lating cervix and bulging membranes .
Unsurpris ingly, emergency cerclage i s  less  success ful  in mainta ining a  pregnancy than prophylactic cerclage.
Preoperative

The ri sks  of cerclage include membrane rupture (which i s  much more common i f the membranes  are a l ready bulging), infection,
haemorrhage, and inducing premature labour.
Careful  assessment of a i rway, gestation, symptoms of reflux, and supine hypotens ion.
Remember antacid prophylaxis .
Expla in ri sks  of teratogenici ty/spontaneous  miscarriage (see p. 742).

Perioperative

Both regional  and genera l  anaesthes ia  may be used.
If genera l  anaesthes ia  i s  used and uterine relaxation i s  required to a l low bulging membranes  to be reduced, the ha logenated vapour
concentration can be increased.
For regional  anaesthes ia , a  T8–T10 level  i s  required for intraoperative comfort. If uterine relaxation i s  required, 100 µg a l iquots  of
intravenous  glyceryl  trini trate may be used and repeated as  necessary, a l though trans ient hypotens ion i s  to be expected.

Postoperative

In the postoperative period women should be observed closely for premature labour.
Vagina l  cervica l  cerclage sutures  are usual ly removed at the 38th week of gestation.

P.745
Specia l  cons iderations

Various  permutations  on cervica l  cerclage are ava i lable. These are broadly divided into transvagina l  procedures  and transabdominal
procedures .
The transabdominal  procedure requires  two operations-one for insertion and a  caesarean section for del ivery and removal  of the
suture. It a l so carries  a  greater ri sk of ureteric involvement.
Transvagina l  procedures  are much more common. Shi rodkar and McDonald procedures  are the two commonest methods . They both
require anaesthes ia  for insertion but can be removed without anaesthetic.
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Breast feeding and maternal  drug exposure
If a  drug i s  to be transferred from mother to neonate through breast feeding, i t must be secreted in the mi lk, absorbed in the neonata l
gastrointestina l  tract, and not undergo extens ive fi rs t-pass  metabol i sm in the neonata l  l i ver. In genera l , for breast-fed infants , neonata l
serum concentration of a  drug i s  less  than 2% of maternal  serum concentration resul ting in a  subtherapeutic dose. Most drugs  are therefore
safe. However, there are some exceptions  to this  rule-ei ther because transfer i s  much higher or because transfer of even minute quanti ties  of
a  drug i s  unacceptable. Drugs  with high protein binding may displace bi l i rubin and precipi tate kernicturus  in a  jaundiced neonate.
Factors  that make s igni ficant transfer more l ikely include:

Low maternal  protein binding.
Lipophi l i ci ty or, with hydrophi l i c drugs , a  molecular weight of <200 Da.
Weak bases  (which increases  the proportion of ionized drug in the weakly acidic breast mi lk leading to ‘trapping’).

Transfer to the fetus  can be minimized by breastfeeding before adminis tering the drug, and i f the neonate has  a  cons is tent s leep period,
adminis tering the drug to mother at the beginning of this .
Al though many drugs  are excreted in minimal  quanti ties  in breast mi lk with no reports  of i l l -effects  manufacturers  wi l l  often recommend
avoiding agents  during breast feeding.
Remember that breast feeding consti tutes  a  metabol ic and fluid load for the mother, so i f surgery i s  contemplated then keep the mother wel l
hydrated and i f surgery i s  elective, have the patient fi rs t on the l i s t. Try to minimize nausea and vomiting.
The fol lowing table gives  information on some agents , but a  ful l  l i s t of drug compatibi l i ty with breast feeding i s  beyond the scope of this
book.

Drug Comment

Opioids
Minimal  amount del ivered to neonata l  serum. Minor concern about the long duration of action of pethidine's  metabol i te
nor-pethidine

NSAIDs
Most NSAIDs  are cons idered safe in breast feeding. Some would advise caution with aspi rin because of unsubstantiated
concerns  about caus ing Reye's  syndrome in the neonate

Antibiotics

Penici l l ins  and cephalosporins  are safe, a l though trace amounts  may be passed to the neonate
Tetracycl ine should be avoided (a l though absorption i s  probably minimal  because of chelation with ca lcium in the mi lk)
Chloramphenicol  may cause bone-marrow suppress ion in the infant and should be avoided
Ciprofloxacin i s  present in high concentrations  in breast mi lk and should be avoided

Antipsychotics
It i s  genera l ly suggested that these should be avoided a l though the amount excreted in mi lk i s  probably too smal l  to be
harmful . Chlorpromazine and clozapine cause infant drows iness

Cardiac drugs
Amiodarone i s  present in mi lk in s igni ficant amounts  and breast feeding should be discontinued
Most beta-blockers  are secreted in minimal  amounts . Sota lol  i s  present in larger amounts . Avoid cel iprolol .

Anticonvulsants
Whi le carbamazepine does  not accumulate in the infant, phenobarbi ta l  and diazepam may. Infants  should be observed for
evidence of sedation.
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Controvers ies  in obstetric anaesthes ia
Feeding in labour
In the 1950s  the Confidentia l  Enquiries  into maternal  deaths  highl ighted aspiration as  a  major cause of maternal  death. As  a  resul t a  pol icy of
s tarvation during labour became widespread. Al though a i rway problems continue to be impl icated in maternal  deaths , aspi ration as  a  cause
of death i s  now rare. Some have argued that this  i s  due to improved tra ining and equipment and the s tarvation pol icy i s  purely incidenta l ,
particularly as  s tarved individuals  may have a  s igni ficant volume of gastric secretions  in the s tomach.
In addition s tarvation may adversely affect the progress  of labour. Ketos is  and hypoglycaemia  are common when s tarvation i s  combined with
the phys ica l  effort of labour. This  may reduce the l ikel ihood of a  spontaneous  vagina l  del ivery. A widely quoted s tudy by Ludka supports  this .
She noted a  38% increase in caesarean section rate, a  500% increase in the use of oxytocics , and a  69% increase in the need for neonata l
intens ive care in a  6-month period when a  ni l  by mouth pol icy was  introduced in to her del ivery sui te. When the s tarvation pol icy was  relaxed
the rates  returned to thei r previous  level . However, this  s tudy did not report on the number of women included nor have these resul ts  been
repeated at other centres .
Scrutton randomized women to feeding or s tarvation in labour and found that ketos is  and hypoglycaemia  were less  common when women
were fed. However, gastric volume was  greater in the fed group, and there was  no di fference in the duration of fi rs t or second s tages  of labour,
oxytocic requirements , or mode of del ivery.20

Most women do not want to eat when in establ i shed labour. However, i f feeding i s  to be insti tuted, suggested recommendations  are:

Only ‘low-risk’ women should be permitted to eat. However, identi fi cation of ‘low-risk’ women in early labour i s  notorious ly inaccurate.
Stop a l l  intake of sol ids  i f any opioid, epidura l , or oxytocic i s  used.
Al low only ‘low-res idue’ foods  that rapidly empty from the s tomach (cerea ls , toast, low-fat cheese, and semisweet biscui ts ). Very cold
foods  such as  i ce creams are known to delay gastric emptying.
As  particulate matter i s  known to be especia l ly problematic in the event of aspi ration, i sotonic sports  drinks  may offer the idea l
solution. These effectively prevent ketos is  without increas ing gastric volume.

Backache and neurologica l  damage after neuraxia l  techniques
In the early 1990s  two retrospective s tudies  by MacArthur21 and Russel l 22 suggested an association between epidura l  ana lges ia  in labour and
subsequent
P.749

new backache and headache. Prolonged abnormal  posture permitted by effective analges ia  was  the proposed mechanism. This  received
widespread media  coverage and spurred severa l  prospective s tudies . These prospective s tudies  establ i shed that previous  s tudies  had
underestimated the incidence of antenata l  backache. None of the prospective s tudies  have found an increased incidence of ‘new’ backache at
the time of del ivery in association with regional  anaesthes ia . (This  excludes  a  period of short-term backache at the s i te of needle puncture.
The incidence of loca l  tenderness  at the s i te of epidura l  insertion i s  roughly 50%, but this  usual ly resolves  within a  few days .)
Neurologica l  damage does  occur after chi ldbirth, but establ i shing cause and effect i s  di ffi cul t. Neurologica l  sequelae fol lowing del ivery under
genera l  anaesthes ia  are as  common as  in del ivery under regional  anaesthes ia , suggesting that obstetric causes  of neurologica l  sequelae are
probably more common than any effects  from the regional  technique. Prolonged neurologica l  defici t a fter epidura l  anaesthes ia  occurs  of the
order of 1 in 10 000 to 1 in 15 000 cases .
Epidura ls , dystocia , and caesarean section23

It has  been recognized for many years  that epidura ls  are associated with caesarean section. However, argument continues  as  to whether this
i s  a  causative association. Various  poss ible mechanisms  have been proposed. These include:

Reduced maternal  expuls ive effort resul ting from abdominal  muscle weakness .
Change in the way in which the force of contraction i s  transferred to the pelvic floor when relaxed by an epidura l .
Change in the uterine force of contraction (this  i s  not substantiated by recent s tudies ).
Interference with the Ferguson reflex (increased oxytocic production with pressure on the pelvic floor in the second s tage of labour).
This  i s  controvers ia l , as  the Ferguson reflex has  not been clearly demonstrated in humans .

‘Impact s tudies ’ (s tudies  of changes  in caesarean section rates  when there i s  a  dramatic change in epidura l  ana lges ia  rates ) have not found a
causative association, and of the many large randomized control led comparisons  of epidura l  versus  narcotic analges ia , only two24 have noted
an association. Both of these s tudies  were cri tici sed for methodologica l  problems.
Approximately 50% of randomized s tudies  did find an association with ass is ted vagina l  del iveries  and regional  analges ia . This  may be
minimized by reducing the tota l  dose of loca l  anaesthetic adminis tered.
‘Walking’ epidura ls  in labour25

Effective analges ia  with minimal  motor block of the lower l imbs  can be readi ly produced with low doses  of epidura l  or intratheca l  loca l
anaesthetic usual ly in
P.750

combination with an opioid (e.g. subarachnoid injection of 1 ml  of 0.25% bupivaca ine with 10–25 µg fentanyl  or an epidura l  bolus  of 15–20 ml
of 0.1% bupivaca ine with 2 µg/ml  fentanyl . Subsequent epidura l  top-ups  of 15 ml  of the same solution as  required). In some centres  women
with minimal  motor blockade are encouraged to mobi l i ze. The poss ible advantages  of these techniques  include:

The vertica l  pos i tion, without epidura l  anaesthes ia , i s  associated with shorter labour, poss ibly less  feta l  dis tress , and greater
maternal  preference. However, the vertica l  pos i tion and mobi l i ty do not reduce the need for forceps  del ivery and the advantages  have
not been substantiated when walking with epidura l  ana lges ia .
The minimal  motor block associated with these techniques  increase maternal  sati s faction scores . Intratheca l , as  opposed to epidura l ,
techniques  produce a  more rapid onset of analges ia , poss ibly a  more rapid cervica l  di lation and a  margina l  reduction in ass is ted
del ivery.

Mobi l i zation has  been cri tici zed because:

Whi le women usual ly have adequate leg s trength, i t i s  rarely complete, and i s  l ikely to become increas ingly compromised with repeat
doses  of epidura l  loca l  anaesthetic.
Impaired proprioception may make walking dangerous  even when leg s trength has  been mainta ined. Whi ls t dynamic posturography
suggests  that fol lowing an ini tia l  intratheca l  dose of 2.5 mg bupivaca ine and 10 µg fentanyl , proprioception i s  adequate for safe
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walking, this  may no longer be true after repeated epidura l  top-ups .
Intratheca l  narcotics  may cause temporary feta l  bradycardia , probably by a l tering uterine blood flow through a  change in maternal
spina l  reflexes .
Assess ing feta l  condition i s  di ffi cul t when the mother i s  mobi le.

In practice, when a  technique that i s  l ikely to permit walking i s  used, only approximately 50% of women who could walk actua l ly choose to do
so. Despi te this , most women prefer the added sense of control  that i s  engendered by reta ining leg s trength. If women are to be a l lowed to
walk, a lways  wait at least 30 min from the ini tiation of the block before attempting mobi l i zation. Then:

Check s trength of s tra ight leg ra is ing in bed.
Ask the woman i f she feels  able to s tand.
When the woman fi rs t s tands , have two ass is tants  ready to offer support i f required.
Perform a  knee bend.
Ask the women i f she feels  safe.
Al low ful l  mobi l i zation.
After each top up the same sequence must be repeated.

Herpes  s implex infection

Infection with herpes  s implex vi rus  i s  common. The ri sk to the fetus  i s  minimal  provided that active geni ta l  infection i s  not present
during del ivery. In the presence of active infection del ivery should be by caesarean section. Regional  anaesthes ia  i s  not
contra indicated provided no active les ions  are present at the s i te of insertion.
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In 10% of infected women, herpes  infection i s  reactivated by intratheca l  or epidura l  morphine. The mechanism has  not been
elucidated. Theories  relating to pruri tus  have been proposed, but have not been substantiated. Genera l ly reactivation occurs  2–5 days
after the epidura l  adminis tration. There are i solated case reports  of recrudescence after neuraxia l  pethidine and fentanyl , but i t i s  not
l ikely that this  i s  indicative of a  causative effect.

Previous  subarachnoid haemorrhage

Arteriovenous  fi s tulae and intracrania l  aneurysms  may be at greater ri sk of haemorrhage during pregnancy due to the increased blood
flow. Hypertens ive disorders  of pregnancy do increase the ri sk of intracrania l  bleeds .
When an intracrania l  bleed has  been surgica l ly corrected these patients  can be treated as  ‘normal ’ unless  intracrania l  shunts  are
present. When ventriculoperi toneal  shunts  have been formed, i t i s  sens ible to avoid the subarachnoid space because of the ri sk of
introducing infection.
If no defini tive surgica l  treatment has  been performed, the del ivery needs  to take account of the s i ze, pos i tion, and ri sk of further
bleeding. If elective caesarean section i s  planned, regional  anaesthes ia  i s  safe, and obviates  the ri sk of a  hypertens ive response to
intubation. Regional  techniques  should be avoided with arteriovenous  mal formations  of the cord.
If a  vagina l  del ivery i s  contemplated, epidura l  ana lges ia  i s  recommended and pushing in the second s tage should be minimised.

Footnotes
20

Scrutton MJL, Metca l fe GA et a l . (1999). Eating in labour. A randomised control led tria l  assess ing the ri sks  and benefi ts . Anaesthes ia , 54, 329–
34.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
21

Macarthur A, Macarthur C et a l . (1997). Is  epidura l  anesthes ia  in labor asscoiated with chronic low back pa in? A prospective cohort s tudy.
Anesthes ia  and Analges ia , 85, 1066–70.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
22

Russel l  R, Dundas  R et a l . (1996). Long-term backache after chi ldbirth: prospective search for causative factors . Bri ti sh Medica l  Journal , 312,
1384–8.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
23

Chestnut DH (1997). Epidura l  ana lgs ia  and the incidence of cesarean section. Time for another close look. Anesthes iology, 87, 472–5.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
24

Thorp JA, Hu DH et a l . (1993). The effect of intrapartum epidura l  ana lges ia  on nul l iparous  labor: a  randomized, control led, prospective s tudy.
American Journal  of Obstetrics  and Gynecology, 169, 851–8.
Ovid Ful l  Text
Library Holdings
Bibl iographic Links
25

Morgan BM (1995). ‘Walking’ epidura ls  in labour. Anaesthes ia , 50, 839–40.
Library Holdings
Bibl iographic Links



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Maternal  resusci tation
Maternal  cardiac arrest i s  fortunately rare. The bas ic a lgori thms for adul t resusci tation are appropriate for maternal  resusci tation with severa l
important di fferences :

After 20 weeks ' gestation, the mother must be ti l ted to minimize aortocaval  occlus ion. The ti l t i s  idea l ly provided by a  wooden support,
but i f this  i s  not ava i lable an ass is tant can kneel  bes ide the arrested individual . The hips  can then be wedged on to the knees  of the
ass is tant.
After 20 weeks ' gestation the fetus  should be del ivered as  soon as  poss ible. This  improves  the chance of maternal  surviva l  and that of
a  term fetus  as  aortocaval  compress ion severely l imits  the effectiveness  of chest compress ions . The fetus  i s  l ikely to be severely
acidotic and hypoxic at del ivery.
Remember that pregnant women have reduced oesophageal  sphincter tone and that cricoid pressure and intubation should both be
performed as  rapidly as  poss ible.
Normal  resusci tation drugs  should be used. Adrenal ine i s  the drug of choice despi te i ts  effect on uterine ci rculation.
Adrenal ine i s  a lso the drug of choice in major anaphylactic or anaphylactoid reactions . Severe hypotens ion associated with
anaphylaxis  resul ts  in a  very poor feta l  outcome. Early del ivery i s  vi ta l  for the fetus .
Cons ideration should be given to the diagnos is  and treatment of obstetric causes  of maternal  arrest.

Common causes  of maternal  arrest include:

haemorrhage
pulmonary embol ism
amniotic fluid embolus
cerebra l  haemorrhage
intracrania l  haemorrhage
myocardia l  infarction
iatrogenic events :

hypermagnesaemia-treat with 10 ml  of 10% ca lcium chloride
high or tota l  spina l -supportive treatment
loca l  anaesthetic induced arrhythmia.
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Amniotic fluid embol ism
Amniotic fluid embol ism is  the thi rd most common cause of maternal  death in the United Kingdom. It i s  cl inica l ly diagnosed (a l though
aspiration of feta l  ti s sue from pulmonary catheters  may subsequently confi rm the diagnos is ) and estimates  of i ts  incidence vary widely, but
are of the order of 1 in 25 000 l ive bi rths . It i s  unclear whether the devastating effects  of amniotic fluid embol ism are due to the amniotic fluid
i tsel f or due to an anaphylactic response to feta l  ti s sue that has  been introduced into the maternal  ci rculation. Within the fi rs t 30 min after
amniotic fluid embol ism, intense pulmonary vasoconstriction occurs  and i s  associated with right heart fa i lure, hypoxia , hypercarbia , and
acidos is . This  i s  fol lowed by left heart fa i lure and pulmonary oedema. A coagulopathy i s  to be expected.
Incidence of amniotic fluid embol ism is  increased with:

age >25 years
multiparous  women
obstructed labour, particularly in association with uterine s timulants
multiple pregnancy
short labour.

Cl inica l  features  include:

sudden col lapse with acute hypotens ion and feta l  dis tress
pulmonary oedema (>90%) and cyanos is  (80%)
coagulopathy (80%) (haemorrhage may be concealed)
fi ts  (50%)
cardiac arrest (occurs  in nearly 90% of women).26

Li ttle advance has  been made on treatment of this  devastating condition, a l though care with the use of uterine s timulants  and timely
diagnos is  of obstructed labour may help to reduce the incidence. Once amniotic fluid embol ism has  occurred, treatment i s  purely supportive:

Airway, breathing, and ci rculation.
Senior individuals  should be present (obstetric, anaesthetic, paediatric and midwifery).
Haematology services  should be a lerted, as  large quanti ties  of blood products  may be required.
Early del ivery of the fetus  i s  vi ta l  for both maternal  and feta l  surviva l .
Pulmonary arteria l  catheterization may be useful  to guide ionotropic support and measure right and left s ide fi l l ing pressures .
Measure coagulation profi le regularly. Platelets , fresh frozen plasma, and cryoprecipi tate may a l l  be required.
Intens ive care wi l l  be required for those that survive the ini tia l  insul t.

Early morta l i ty i s  high (50% within the fi rs t hour). Even in those that survive, long-term neurologica l  problems are common.
Footnote
26
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Cardiac disease and pregnancy
Cardiac disease i s  the leading cause of indi rect maternal  death in pregnancy. Al though rheumatic disease i s  now rare, the increas ingly elderly
maternal  population and the increased surviva l  into chi ld-bearing years  of the previous  generation of patients  with complex congenita l
cardiac mal formations , may increase the frequency with which cardiac disease i s  encountered. Pregnancy and labour often present a  severe
stress  test to these women. As  a  genera l i ty, i f a  woman was  symptomatic with minimal  activi ty before pregnancy, particularly i f symptomatic at
rest (New York Heart Association Class i fi cation II I  and IV), the course of pregnancy i s  l ikely to be s tormy and morta l i ty of the order of 20–30% is
to be expected. The period of greatest s tress  i s  in the immediate postpartum period.
It i s  beyond the scope of this  book to give anything but the broadest plans  of how to manage women with cardiac disease during pregnancy:

Early assessment i s  vi ta l .
Plan the del ivery-with severe disease, elective caesarean section offers  advantage as  appropriate personnel  can be guaranteed to be
present. A combination of obstetricians , anaesthetis ts , cardiologis ts , and paediatricians  wi l l  need to be involved in decis ion-making.
Investigations  should be performed as  indicated. The ri sk to the fetus  from procedures  such as  chest radiographs  are vanishingly
smal l .
Make sure that the woman is  in an appropriate place for del ivery (this  may be the normal  del ivery sui te or i t may be the cardiac
theatres  in a  tertiary centre).
Remember cardioprophylactic antibiotics  both for labour and del ivery.
Avoid ergometrine.
Use oxytocin only with extreme caution because of i ts  vasodi lating effect, which may decompensate an a l ready compromised
individual . If oxytocin must be given, use a  s low infus ion.
Expect the period of highest ri sk to be in the 1–2 h post del ivery (cardiac output peaks , autotransfus ion plus  blood loss  leads  to a
variable effect on pre- and afterload).
Continue management on intens ive care i f appropriate.

Genera l  principles

Conditions  associated with pulmonary hypertens ion have a  very high maternal  morta l i ty in pregnancy (>70%).
Extreme caution i s  required to avoid sudden changes  in afterload for patients  with fixed cardiac output.
Cyanotic heart les ions  (i .e. right to left shunts ) wi l l  not tolerate reductions  in systemic vascular res is tance. Nevertheless  epidura l
analges ia  i s  sometimes  used to minimize the s tress  of labour, but onset of analges ia  must be s low, and phenylephrine i s  used to
mainta in afterload. Genera l  anaesthes ia  i s  probably the technique of choice for caesarean section.
Aortic s tenos is  may become symptomatic during pregnancy. Seria l  echocardiography i s  often used. Tachycardia  and reduction in
afterload should be avoided. Loss  of s inus  rhythm should be treated promptly. Genera l  or
P.755

s low onset regional  anaesthes ia  have both been advocated for caesarean section. The technique i s  probably less  important than the
ski l l  wi th which i t i s  appl ied.
Valvular insufficiencies  are usual ly wel l  tolerated during pregnancy.
Women with symptomatic Marfan's  disease, particularly i f the aortic root i s  di lated, have a  high ri sk of aortic dissection. They are
usual ly mainta ined on beta-blockers . Unexpla ined severe chest pa in i s  an indication for a  chest radiograph and an echocardiogram.
Myocardia l  infarction during pregnancy has  a  20% morta l i ty. Infarction occurs  most commonly in the thi rd trimester. If poss ible del ivery
should be delayed at least 3 weeks  after infarction. Both elective caesarean section and vagina l  del ivery have been advocated. In
ei ther case, cardiac s tress  should be minimised with effective analges ia .
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Neonata l/infant phys iology
The practice of paediatric anaesthes ia  embraces  a  range of patients  from the premature neonate to the adolescent. Major di fferences  exis t in
the anatomy, phys iology, and pharmacologica l  response of chi ldren and adults . In anaesthetic terms  specia l  cons iderations  apply to the
neonate. Chi ldren pose a  di fferent set of problems but these di fferences  become cl inica l ly less  s igni ficant with age.
A neonate i s  defined as  a  baby within the fi rs t 44 weeks  of postconceptual  age. The previous  defini tion of the fi rs t 4 weeks  of l i fe may be
mis leading for the premature baby. An infant i s  by convention a  chi ld in the fi rs t year of l i fe.
Respiratory cons iderations

The neonate has  l imited respiratory reserve.
Each terminal  bronchiole opens  into a  s ingle a lveolus  instead of ful ly developed a lveolar clustering. The a lveol i  are thick-wal led and
consti tute only 10% of the adult tota l .
The ribs  are horizonta l ly a l igned so that the ‘bucket handle’ action of the adult thorax i s  not poss ible. Intercosta l  muscles  are poorly
developed and the diaphragm has  a  more horizonta l  attachment reducing mechanica l  advantage. Respiratory muscle fatigue i s  a lso
more l ikely.
Venti lation i s  essentia l ly diaphragmatic. Abdominal  dis tens ion may cause spl inting of the diaphragm leading to respiratory fa i lure.
Alveolar minute volume is  therefore rate dependent. The resting respiratory rate and oxygen consumption in neonates  are
approximately double that of adul ts .
Clos ing volume occurs  within tida l  breathing in the neonate. Minor decreases  in functional  res idual  capaci ty (FRC) increase the
pulmonary shunt and lead to lung col lapse. The appl ication of continuous  pos i tive a i rway pressure (CPAP) improves  oxygenation and
reduces  the work of breathing.
The narrow a i rways  resul t in increased res is tance up to the age of 8 years . Nasa l  res is tance represents  a lmost 50% of tota l  a i rway
res is tance, accentuating the problem of chi ldren with nasa l  congestion who are obl igate nasa l  breathers .
Apnoea i s  a  common postoperative problem in preterm neonates . Apnoea i s  s igni ficant i f the episode exceeds  15 s  or i f cyanos is  or
bradycardia  occur. Caffeine given intravenous ly (10 mg/kg) at induction reduces  the incidence of apnoeic episodes  by 70%. CPAP may be
helpful  by the action of dis tending pressure triggering s tretch receptors  on the chest wal l .
Due to the higher metabol ic rate and a lveolar minute volume, volati le agents  achieve a  more rapid induction and emergence than with
adults . They are profound respiratory depressants  and as  a  consequence most anaesthetized neonates  require intubation and
control led venti lation.
A neonate has  a  PaO2 of approximately 10 kPa  but an oxygen saturation of 97% due to the increased oxygen affini ty of HbF (the
predominant haemoglobin type at term); pH and PaCO2 are normal  within 24 h. Tida l  volume and dead space have comparable adult
va lues  by the end of the fi rs t week of l i fe.

Parameter Neonate Adult

Tida l  volume (spontaneous) (ml/kg) 7 7–10

Tida l  volume (IPPV) (ml/kg) 7–10 10

Dead space (ml/kg) 2.2 2.2

VD:VT ratio 0.3 0.3

Respiratory rate 30 15

Compl iance (ml/cmH2O) 5 100

Res is tance (cmH2O/l i tre/s ) 25 5

Time constant (s ) 0.5 1.1

Oxygen consumption (ml/kg/min) 7 3

Parameters  for chi ldren over 2 years  approximate to adult va lues . The respiratory rate can be estimated from the formula: 24–age/2.
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Cardiovascular cons iderations

The neonata l  heart has  smal l  ventricles  with reduced contracti le mass  and poor ventricular compl iance. The foramen ova le closes  by
day one and the ductus  arteriosus  after 4 weeks .
Cardiac output i s  high (200 ml/kg/min) and rate dependent; the neonate can tolerate heart rates  of up to 200 beats/min without i l l -
effect.
Bradycardia  wi l l  occur in response to hypoxia  and should be managed with oxygenation rather than atropine. A resting neonata l  heart
rate of below 60 beats/min cannot provide an adequate cardiac output and external  cardiac compress ion should be commenced.
Pulmonary vascular res is tance (PVR) fa l l s  at bi rth in response to ri ses  in PaO2 and pH and a  fa l l  in PaCO2. Pulmonary arteria l  pressure
reaches  adult levels  by 2 weeks .
Hypoxia  and acidos is  wi l l  increase PVR leading to pulmonary hypertens ion and the poss ibi l i ty of a  right to left shunt through the
ductus  arteriosus  and foramen ova le (trans i tional  ci rculation).
A systol ic blood pressure of 70–90 mmHg is  normal  in the term neonate because of the low systemic vascular res is tance and may be
even lower in the premature baby. Autoregulation of the cerebra l  ci rculation i s  present from birth in the term infant.
At term autonomic and baroreceptor control  i s  ful ly functional , a l though vagal ly mediated parasympathetic tone predominates . The
electrica l  conducting system is  a lso ful ly formed.
The QRS axis  i s  deviated to the right, but a  normal  axis  develops  by the end of the neonata l  period.
The incidence of congenita l  heart disease i s  7–8 per 1000 l ive bi rths , the commonest type of major congenita l  abnormal i ty; 10–15% of
these chi ldren have an associated non-cardiac abnormal i ty. Al l  neonates  with midl ine defects  should be assessed for related cardiac
disease.

Age (years) Pulse Mean systolic blood pressure (mmHg) Mean diastolic blood pressure (mmHg)

Neonate 80–200 50–90 25–60

1 80–160 85–105 50–65

2 80–130 95–105 50–65

4 80–120 95–110 55–70
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6 75–115 95–110 55–70

8 70–110 95–110 55–70

10 70–110 100–120 60–75

12 60–110 110–130 65–80
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Mean systol ic blood pressure over 1 year can be ca lculated from the formula:
90 + (age in years  × 2).
Lower l imit (5th centi le) i s :
70 + (age in years  × 2).

Gastrointestina l  cons iderations

The l iver i s  immature at bi rth and this  i s  accentuated in prematuri ty. Metabol ic enzyme systems have matured by 12 weeks  but some
drugs  are metabol i zed more s lowly and others  by di fferent enzyme pathways  from adults . The action of barbi turates  and opioids  in the
neonate i s  prolonged and enhanced.
Bi l i rubin metabol i sm is  a ffected by a  poorly developed glucuronyl  transferase system. Rises  in unconjugated bi l i ribin may lead to
neonata l  jaundice or kernicterus  by cross ing the blood–bra in barrier. Some drugs , e.g. sulphonamides , diazepam, vi tamin K, displace
bi l i rubin from plasma proteins  and exacerbate jaundice.
Carbohydrate reserves  are low in neonates . The premature baby and s tressed or s ick neonate i s  vulnerable to hypoglycaemia.
Treatment should include 4-hourly blood glucose measurements  and an ini tia l  intravenous  infus ion of 10% dextrose a l though higher
concentrations  are sometimes  required.
Vi tamin K-dependent factors  are low at term. The routine adminis tration of vi tamin K may prevent haemorrhagic disease of the
newborn and should be mandatory before surgery in the fi rs t week of l i fe.

Renal  cons iderations

Nephron formation i s  complete at term, but renal  function i s  immature. The glomerular fi l tration rate achieves  adult va lues  by 2 years
and tubular function by 6–8 months . Renal  blood flow is  reduced due to high renal  vascular res is tance.
Neonates  cannot excrete a  large solvent or sodium load. Additional ly they can only concentrate urea  to ha l f i ts  adul t capaci ty as  a
response to dehydration.
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Haematologica l  cons ideratons

Circulating blood volume is  ca lculated as  fol lows:
neonate: 90 ml/kg
infant: 85 ml/kg
chi ld: 80 ml/kg.

Postdel ivery haemoglobin concentrations  range from 13–20 g/dl  (average 18 g/dl ) depending on the degree of placenta l  transfus ion.
Subsequently the haemoglobin concentration fa l l s  as  the increase in ci rculating volume exceeds  the growth in marrow activi ty, the
‘phys iologica l  anaemia  of infancy’ which usual ly varies  from 10–12 g/dl .
The predominant haemoglobin type at term is  HbF (80–90%). By 4 months  this  has  fa l len to 10–15% and been replaced by HbA. HbF has
a  higher oxygen affini ty with a  reduced 2,3-diphosphoglycerate (2,3-DPG) level  and the oxygen dissociation curve i s  shi fted to the left.
In a  venti lated neonate, an a lka los is  by moving the oxygen dissociation curve further to the left wi l l  reduce oxygen ava i labi l i ty.
Conventional ly, blood i s  transfused intra-operatively at 15% blood loss . Idea l ly transfused blood should be fresh, warmed, fi l tered,
and cytomegalovi rus  (CMV) negative. However, in most centres  fresh whole blood i s  not ava i lable. It can be adminis tered ei ther via  a
burette or us ing a  syringe and three-way tap.
A preoperative haemoglobin less  than 10 g/dl  i s  abnormal  and should be investigated. Cancel lation i s  not a lways  necessary, for
example in an expremature infant who i s  otherwise wel l  wi th no haemodynamic compromise.

Centra l  nervous  system cons iderations

Neurons  are complete at term. Dendri tic prol i feration, myel ination, and synaptic connections  develop in the thi rd trimester and fi rs t 2
years  of l i fe.
The blood–bra in barrier i s  more permeable in neonates ; barbi turates , opioids , antibiotics , and bi l i rubin a l l  cross  more readi ly.
The bra in conta ins  a  high proportion of fat, which may a l low volati le agents  to reach higher concentrations  more rapidly. The minimal
a lveolar concentration (MAC) of volati le agents  i s  lower in neonates  and higher in chi ldren relative to adult va lues .

Weight
Approximate weights  can be determined from the fol lowing formula:
bi rth: 3–3.5 kg
3–12 months : weight (kg) = [age (months) + 9]/2
1–6 years ; weight (kg) = [age (years ) + 4] × 2.
Al l  paediatric patients  should, however, be accurately weighed preoperatively, and drug dos ing based upon this  actua l  va lue.
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Neonata l/infant pharmacology
Genera l  principles

Drugs  can be adminis tered by any conventional  route. Intramuscular injection i s  unnecessari ly pa inful  and should be avoided i f
poss ible. Subcutaneous  infus ion of opioids  i s  a  useful  wel l -tolerated technique for pa in rel ief in the absence of hypovolaemia. In an
emergency, fluid resusci tation and anaesthetic drugs  can be effectively adminis tered via  the intraosseous  route.
Body water content i s  high, fa l l ing to adult va lues  of 60% by 2 years . Fat consti tutes  10% by weight at term and reaches  25% at 1 year.
Thus  the volume of dis tribution of both hydrophi l i c and l ipophi l i c drugs  wi l l  be affected by age.
The l iver i s  the principa l  s i te of drug metabol i sm, but at bi rth, the enzyme systems are not ful ly developed. Glucuronidation activi ty i s
particularly reduced in the neonate and does  not reach adult levels  unti l  1 year.
Neonata l  morphine metabol i sm resul ts  in morphine-3-glucuronide rather than morphine-6-glucuronide, the principa l  adul t
metabol i te.

Premedication

Benzodiazepines  are widely used to achieve anxiolys is , a  smooth induction, and for thei r amnes ic qual i ties . Ora l  midazolam (0.5
mg/kg) has  a  noticeable effect within 20 min but has  worn off a fter 2 h. Intranasa l ly, the effect i s  more rapid but i t i s  unpleasant to
adminis ter. Temazepam and diazepam are both s ti l l  commonly used. The longer duration of action makes  lorazepam unsui table for
day case surgery.
Phenothiazines  are long acting and have antiemetic and antichol inergic properties . Trimeprazine (2 mg/kg) and promethazine (1
mg/kg) are decl ining in use.
Droperidol  (0.05–0.1 mg/kg) i s  only weakly anxiolytic and i s  given in combination with other premedicant drugs  for i ts  anti -emetic
effect.
Chora l  hydrate and triclofos  are used more for sedation than premedication.
Ketamine 2 mg/kg IM may ass is t in anaesthes ia  of the uncooperative chi ld who refuses  to accept ora l  premedication (i t can be given
ora l ly in doses  of 5–6 mg/kg). Its  action s tarts  within 15 min but i t may be associated with excess  sa l ivation and emergence del i rium.
Clonidine given ora l ly (4 µg/kg) produces  good conditions  for induction and may reduce postoperative analges ic requirements  but i t i s
associated with hypotens ion and a  delayed recovery.
Antis ia logogues  are no longer used routinely but are reserved for patients  with excess ive secretions , e.g. Down's  syndrome, cerebra l
pa lsy, the suspected di ffi cul t a i rway, and co-adminis tration with ketamine. Absorption can be variable i f given ora l ly.
Opioids  have decl ined in use because of the need for intramuscular injection. Their main indication i s  in cardiac surgery where they
may be given in combination with other drugs , e.g. pethidine compound (see p. 815). Fentanyl  i s  ava i lable in the United States  for use
by the ora l  transmucosa l  route.
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Inhalational  agents

Induction and awakening are more rapid than in the adult.
Compared with an adult, MAC va lues  are lower in the preterm, roughly equiva lent at term and reach higher va lues  between 6 months
and 1 year, a  ri se that i s  susta ined unti l  adolescence.
Al l  inhalational  agents  are respiratory depressants . Tida l  volume is  reduced in a  dose-dependent manner and the venti latory
response to CO2 i s  obtunded. Hypoxia  in the neonate tends  to depress  rather than s timulate venti lation.
Nitrous  oxide should be avoided in congenita l  lobar emphysema, pneumothorax, and certa in abdominal  conditions  including
necrotizing enterocol i ti s  because of i ts  abi l i ty to expand enclosed a i r spaces .
Halothane remains  a  popular anaesthetic. It i s  wel l  tolerated and provides  conditions  for a  smooth induction. Al though 20% is
metabol i zed, there i s  a  negl igible incidence of ha lothane hepati ti s  in chi ldren. Cardiac arrhythmias  are more common, especia l ly
associated with adrenal ine. Its  greater solubi l i ty and longer duration of action makes  i t a  sui table agent for a i rway endoscopy.
Enflurane i s  mi ldly i rri tant and produces  a  less  smooth induction. Respiratory depress ion i s  greater than with ha lothane with l i ttle
compensatory increase in respi ratory rate. Enflurane should be used with caution in chi ldren with epi lepsy.
Isoflurane has  a  pungent odour and i s  relatively more di ffi cul t as  an agent for inhalational  induction. It i s  an excel lent maintenance
agent with rapid awakening.
Sevoflurane i s  an idea l  inhalational  induction agent for chi ldren. It i s  nonirri tant and ini tia l  concentrations  can s tart as  high as  8%. It
i s  more s table haemodynamica l ly than ha lothane, but bradycardia  and apnoea have both been reported at high concentrations . There
are reports  of emergence del i rium with sevoflurane, but the cl inica l  s igni ficance of this  i s  unclear.
Desflurane i s  the least metabol i zed of the volati le agents . It requires  a  specia l  vaporizer and i s  too pungent to be sui table for
induction. However, i t i s  an excel lent maintenance agent with a  more rapid recovery than sevoflurane.

Induction agents

Thiopenta l  i s  s ti l l  in common use in paediatric practice. It i s  indicated for neonata l  induction but at a  reduced dose of 2 mg/kg in the
fi rs t week of l i fe, approaching normal  va lues  by the end of the neonata l  period. The infant dosage i s  higher (4–6 mg/kg) but
approaches  adult va lues  by 2 years .
Propofol  i s  now l icensed for use as  an induction agent for chi ldren over 1 month, but not for infus ion below 3 years . The TCI pump is
not configured for paediatric use. Chi ldren up to 8 years  may require a lmost double the adult dosage (3–5 mg/kg). There i s  a  reduction
in heart rate, particularly below 2 years , probably related to attenuation of the baroreceptor reflex. There are a lso larger fa l l s  in blood
pressure compared with equipotent doses  of thiopenta l . Respiratory depress ion and the incidence of apnoea are greater than with
thiopenta l , a l though laryngeal  mask insertion i s  eas ier due to depress ion of laryngeal  reflexes . Propofol  i s  not contra indicated in
epi lepsy.
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Ketamine (2 mg/kg) i s  indicated for induction of the compromised cardiac or neonata l  patient, usual ly in conjunction with fentanyl . It i s
widely used as  a  sole agent in developing countries . Ketamine has  a  favourable haemodynamic profi le. The dose should be reduced
in neonates  because of reduced clearance and prolonged metabol i sm. Emergence phenomena are less  common in chi ldren, especia l ly
in combination with midazolam, but the incidence of PONV and sa l ivation i s  higher. Ketamine can a lso be used as  part of a  sedation
technique with midazolam for short procedures  such as  l ine insertion, lumbar puncture, and bone marrow aspiration—a drying agent
may be required.

javascript:history.back()
javascript:void(0)


Etomidate i s  rarely used in paediatric practice. Its  indications  are for the haemodynamica l ly compromised patient. The end point of
induction i s  not a lways  as  clear as  other agents  and i t i s  associated with increased PONV.

Opioids

Morphine i s  less  effective than fentanyl  in obtunding the surgica l  s tress  response. It has  a  s lower onset as  i t i s  less  l ipophi l i c, and a
longer duration of action. It should be used cautious ly in neonates  because of the ri sk of respi ratory depress ion. Its  principa l
appl ication i s  for postoperative analges ia . The adminis tration of morphine increases  the incidence of PONV by over 30% and i t should
be avoided in day surgery.
Fentanyl  i s  commonly used as  an intra-operative opioid (1–5 µg/kg). Dosages  of up to 25 µg/kg may be required to obtund the s tress
response in cardiac surgery. At high concentrations  bradycardia , hypotens ion, respi ratory depress ion, and chest-wal l  rigidi ty are a l l
wel l  recognized compl ications . The neonate i s  particularly prone to bradycardia , probably from depress ion of the baroreceptor reflex.
Al fentani l  and remifentani l  are comparable in use to adults . They should a lso be used cautious ly in neonates . Bradycardia  and
hypotens ion are wel l recognized s ide-effects  and can be reduced by s low adminis tration, infus ion, or when necessary a  vagolytic agent.

Muscle relaxants

Suxamethonium is  s ti l l  the most rapid onset muscle relaxant with optimal  conditions  for intubation. In infants , the dose required i s
double that of adul ts  (2 mg/kg) due to increased volume of dis tribution.
With the exception of pancuronium, infants  are more sens i tive whi le chi ldren are more res is tant, to non-depolarizing relaxants
compared with adults . Pancuronium appears  to have a  s imi lar dose profi le across  a l l  ages . In practice variation in individual  response
is  more important than agedependent sens i tivi ty and relaxant dosages  approximate to adult va lues .
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Fluid ba lance

In the neonate, 80% of tota l  body weight i s  water; the va lue i s  higher in the preterm infant and reaches  an adult level  of 60% by 2 years .
Extracel lular water consti tutes  45% of tota l  body water at term, over 50% in the preterm but atta ins  an adult va lue of 35% by early
chi ldhood. Plasma volume tends  to s tay constant at 5% of tota l  body weight independent of age.
The turnover of water i s  over double that of the adult. Forty per cent of extracel lular water i s  los t da i ly in infants  as  urine, faeces ,
sweat, and insens ible losses . A smal l  increase in loss  or reduction in intake can rapidly lead to dehydration.
Fluid maintenance i s  ca lculated from ca lorie requirement, 100 kca l/ kg for the infant, with older chi ldren requiring 75 kca l/kg and
adults  35 kca l/kg. Each ki loca lorie requires  1 ml  of water for metabol i sm.

 Neonatal fluid requirement (ml/kg/day)

 Term Preterm

Day 1 60 60

Day 2 90 90

Day 3 120 120

Day 4 150 150

Day 5 150 180

Neonata l  fluid requirements

Fluid i s  ini tia l ly given cautious ly as  the kidneys  cannot eas i ly excrete a  water or sodium load. If under a  radiant heater or undergoing
phototherapy, 30 ml/kg i s  added to the regime.
The fluid of choice i s  10% dextrose. This  i s  adjusted in increments  of 2.5% to achieve normoglycaemia  idea l ly between 3.5–4
mmol/l i tre. A blood sugar below 2.6 mmol/l i tre i s  treated with 2 ml/kg of 10% dextrose.
Electrolytes  are routinely added as  sodium 3 mmol/kg/day and potass ium 2 mmol/kg/day. Other electrolytes  including ca lcium are
added as  indicated.

Paediatric fluid requirements

The fluid of choice i s  4% dextrose/0.18% sa l ine. Maintenance i s  ca lculated us ing the ‘4–2–1’ regime:
4 ml/kg/h (100 ml/kg/day) for each of the fi rs t 10 kg
2 ml/kg/h (50 ml/kg/day) for each of the second 10 kg
1 ml/kg/h (25 ml/kg/day) for each subsequent kg.

For example a  5 kg infant needs  20 ml/h or 500 ml/day and a  25 kg chi ld needs  65 ml/h (40 + 20 + 5 ml/h) or 1550 ml/day (1000 + 500 + 50
ml/day).
Maintenance requirement makes  no a l lowance for extra  losses  from gastroenteri ti s , intestina l  obstruction, and insens ible loss  from
pyrexia . Additional  sodium and potass ium may a lso be required.
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Intra-operative fluid replacement wi l l  comprise bas ic maintenance requirement plus  additional  amounts  to replace other observed
fluid losses . These losses  are replaced by i sotonic crysta l loid, i .e. normal  sa l ine, Hartmann's  solution, col loid, or blood according to
cl inica l  need. Regular blood glucose measurement i s  essentia l  in neonata l  surgery.
Col loid solutions  including a lbumin, gelofus ine, and haemaccel  are a l l  routinely used in paediatric practice. The recent meta-analys is
impl icating the use of a lbumin in increased morta l i ty did not include any s tudies  looking at intra-operative a lbumin use.
Blood transfus ion i s  required after 15% blood loss . Blood volume should be ca lculated prior to surgery. Swabs  should be careful ly
weighed and suction recorded. For convenience blood can be rapidly transfused us ing a  syringe and three-way tap.

Fluid resusci tation

Assessment of dehydration and hypovolaemia  i s  made predominantly on cl inica l  grounds . Increased capi l lary refi l l  and core–
periphera l  temperature gap with a  thready pulse are early s igns  of hypovolaemia. An increased heart rate i s  not a lways  helpful  and
may reflect pa in, anxiety, or fever. Ol iguria  and a  reduced level  of consciousness  are late s igns . Hypotens ion does  not occur unti l  over
35% of the blood volume is  lost.
Resusci tation in the fi rs t ins tance cons is ts  of adminis tering fluid boluses  of 20 ml/kg of ei ther i sotonic crysta l loid or col loid and then
reassess ing the patient. Blood may a lso be required and should be transfused to give a  haemoglobin concentration greater than 10
g/dl .
The swing of the arteria l  or pulse oximeter trace i s  a  va luable a id in assess ing intravascular loss .
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Anaesthetic equipment
Although principles  are s imi lar to adult practice, there are a  range of s i zes  and speci fic di fferences  in the equipment used in paediatric
anaesthes ia .
Oropharyngeal  a i rway

These range in s i ze from 000 to 4 (4 to 10 cm in length).
They are rarely useful  in neonates  who are obl igate nasa l  breathers  but may be advantageous  in mask venti lation to prevent gastric
dis tens ion. The oropharyngeal  a i rway i s  often of benefi t in syndromic chi ldren with suspected a i rway problems.
Estimating the s i ze of the a i rway i s  crucia l . An incorrect s i ze wi l l  worsen a i rway obstruction. The correct length i s  equal  to the dis tance
from the corner of the mouth to the angle of the jaw.
The a i rway should not be inverted during insertion in infants  as  this  may potentia l ly damage the pa late.

Nasopharyngeal  a i rway

The nasopharyngeal  a i rway has  l imited appl ication in paediatric practice. It i s  tolerated at l ighter levels  of anaesthes ia  than an
oropharyngeal  a i rway and may be of use during induction and recovery of some congenita l  a i rway problems and in chi ldren with
obstructive s leep apnoea.
It should be wel l  lubricated prior to insertion; bleeding i s  a  recognized compl ication from mucosa l  or adenoida l  trauma.
The appropriate length i s  equal  to the dis tance from the tip of the nostri l  to the tragus  of the ear.
If an ET tube i s  used as  a  modi fied nasopharyngeal  a i rway then the s i ze i s  ca lculated from the formula  age/4 + 3.5.

Facemasks

Clear plastic masks  with an inflatable rim provide an excel lent sea l  for spontaneous  and ass is ted venti lation.
They have a  greater dead space than the tradi tional  black rubber Rendel l -Baker masks  but they are less  threatening and eas ier to
pos i tion.
They are manufactured in a  round or tear-drop shape; the round shape i s  sui table only for neonates  and infants . They are a lso
avai lable as  flavoured masks .
The transparent des ign a l lows  for observation of cyanos is  and regurgi tation, the presence of breathing, and a  qual i tative estimate of
tida l  volume.
The s ize i s  es timated to fi t an area  from the bridge of the nose to the cleft of the chin.

The laryngeal  mask a i rway (LMA)

There are a  range of s i zes  sui table for paediatric use (see table below).
Both the indications  and insertion techniques  are s imi lar to adult use. An a l ternative method of insertion used in paediatric practice
is  to advance the LMA ups ide down and partia l ly inflated behind the tongue before rotating through 180°.
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Bite blocks  should be used with a  reinforced LMA to prevent occlus ion i f the chi ld bi tes  down on the tube. The s i ze 1 LMA is  only
sui table for short procedures .
The intubating laryngeal  mask a i rway (ILMA) i s  now ava i lable in s i ze 3 which i s  potentia l ly useful  for older chi ldren.

Size of LMA Weight (kg) Cuff volume (ml)

1 0–5 2–5

1.5 5–10 5–7

2 10–20 7–10

2.5 20–30 12–14

3 Large chi ld >30 15–20

Laryngoscopes

Laryngoscope blades  are ava i lable in di fferent lengths  from s ize 0 to 3 according to the s i ze of the chi ld.
In addition to the curved Macintosh s tyle blade, a  s tra ight-bladed Magi l l  laryngoscope a lso exis ts  to faci l i tate infant intubation. There
are many eponymous  s tra ight blades  and preference i s  a  matter of personal  choice.
Pol io and McCoy blades  are a lso ava i lable as  paediatric laryngoscopes .

Endotracheal  tubes

Paediatric endotracheal  tubes  should be uncuffed unti l  at least 8 years  of age.
Uncuffed tubes  are ava i lable from 2 mm to s i ze 7 mm. Cuffed tubes  s tart from 5.5 mm.
Paediatric vers ions  of the RAE, armoured, and laser tubes  a l l  exis t. Additional ly the Cole tube i s  des igned for neonata l  resusci tation
and a  north-facing uncuffed preformed tube has  been developed for routine paediatric surgery.
Unl ike adults , the paediatric trachea i s  conica l . Its  narrowest part i s  at the level  of the cricoid ring, the only part of the a i rway
completely surrounded by carti lage. If the tracheal  tube i s  too large, i t wi l l  compress  the tracheal  epi thel ium at this  level , leading to
ischaemia  with consequent scarring and the poss ibi l i ty of subglottic s tenos is .
The correctly s i zed tube i s  one in which venti lation i s  adequate but a  smal l  audible leak of a i r i s  present when pos i tive pressure i s
appl ied at 20 cmH2O.
Paediatric 8.5 mm connectors  can be used in addition to the s tandard 15 mm connector. Catheter mounts  should be avoided because of
the large dead space involved.
P.770

Infant tube s izes  can be estimated as  fol lows:

Weight or age Tube size (mm)

>2 kg 2.5

2–4 kg 3.0
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Term neonate 3.5

3 months–1 year 4.0

Over 2 years Tube s ize = age/4 + 4

Tube s ize may a lso approximate to the s i ze of the l i ttle finger or diameter of the nostri l .
Tube placement needs  to be meticulous  to avoid endobronchia l  intubation or inadvertent extubation.
Tube length in cm can be ca lculated as  fol lows:
age/2 + 12 – ora l  tube
age/2 + 15 – nasa l  tube.
To assess  the length of tube required to be passed below the voca l  cords , ei ther the thick black guide l ine at the dis ta l  end of the tube
can be used or the approximate dis tance i s  equal  to the tube s ize in cm. Ul timately the decis ion must be confi rmed cl inica l ly.

Anaesthetic breathing systems
Ayre's  T-piece with Jackson–Reece modi fication

The Jackson–Reece modi fication of the Ayre's  T-piece (Mapleson F) i s  the most commonly used ci rcui t in paediatric anaesthetic
practice. It i s  sui table for a l l  chi ldren up to 20 kg beyond which i t becomes  inefficient.
It i s  a  low-res is tance, va lveless , l ightweight ci rcui t. The expiratory l imb exceeds  tida l  volume to prevent entra inment of room a i r during
spontaneous  venti lation.
The open-ended 500 ml  reservoir bag or Jackson–Reece modi fication a l lows:

an assessment of tida l  volume
an abi l i ty to partia l ly occlude the bag for CPAP or PEEP
the potentia l  for ass is ted or control led venti lation
a qual i tative appreciation of lung compl iance
a reduction in dead space during spontaneous  venti lation (fresh gas  flow washes  out expired gas  during the pause after
expiration).

Scavenging i s  l imited. However, newer vers ions  of the T-piece incorporate a  closed bag with an expiratory va lve and scavenging
attachment.
Requirements  for fresh gas  flow (FGF) are higher in spontaneous  than control led venti lation. Recommendations  are two to three times
alveolar minute volume for spontaneous  breathing or 1000 ml  + 200 ml/kg in control led venti lation.
In practice FGF i s  dependent on the respiratory pattern. A rapid respiratory rate with minimal  expiratory pause a l lows  no time for the
FGF to flush out the expiratory l imb before the next breath ensues  and a  higher FGF i s
P.771

required. Conversely, an end expiratory pause during control led venti lation wi l l  help reduce FGF.
Most chi ldren require a  minimum FGF of 3 l i tres , which can then be adjusted to achieve normocapnia  and an inspi red carbon dioxide
concentration of less  than 0.6 kPa. Partia l  rebreathing a l lows  conservation of heat and humidi fication.
End tida l  carbon dioxide concentration may be underestimated in chi ldren below 10 kg from di lution of expired gases . Sampl ing
should be as  dis ta l  in the ci rcui t as  poss ible.

Humphrey ADE system

This  hybrid system incorporates  the Mapleson A, D, and E ci rcui ts  in one breathing system.
Studies  indicate that the E mode behaves  s imi larly to the T-piece and that the A mode i s  efficient in chi ldren over 10 kg. Both the D and
E modes  are sui table for control led venti lation.
The expiratory va lves  are of low res is tance and do not add appreciably to the work of breathing.

Ci rcle absorption systems

Low-flow anaesthes ia  i s  cost-efficient, reduces  atmospheric pol lution (ni trous  oxide i s  a  greenhouse gas ), and conserves  warmth and
moisture. The reaction of carbon dioxide with soda l ime i s  exothermic producing heat and water.
The abi l i ty to monitor inspi ratory and expiratory levels  of oxygen, ni trous  oxide, carbon dioxide, and volati le agent i s  mandatory.
Paediatric ci rcle systems us ing 15 mm l ightweight hose are sui table for chi ldren over 5 kg. The unidi rectional  va lves  may increase
res is tance to breathing and should not be a l lowed to become damp.
During control led venti lation, the leak around the endotracheal  tube may require gas  flows  to be increased.
There i s  no evidence that compound A, formed by the action of sevoflurane on soda l ime, i s  nephrotoxic in chi ldren.

Mechanica l  venti lation

Standard adult venti lators  are sui table down to 20 kg.
Below 20 kg, a  paediatric venti lator should be able to del iver smal l  tida l  volumes , rapid respiratory rates , variable inspi ratory flow
rates , and di fferent I:E ratios .
Ca lculation of tida l  volume is  meaningless  because of compress ion of gases  in the venti lator tubing and a  variable leak around the
endotracheal  tube. More sophis ticated venti lators  may, however, be capable of measuring expired tida l  volume which i s  of more
practica l  va lue.
Some venti lators  are des igned to work with speci fic breathing systems. The Newton va lve converts  the Nuffield Penlon 200 venti lator
from flow generator to pressure generator and can be attached di rectly to the expiratory l imb of the Ayre's  T-piece. Many new
anaesthetic workstations  incorporate integra l  venti lators  attached to ci rcle systems sui table for paediatric practice.
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Pressure control led venti lation i s  commonly used in paediatric practice and reduces  the ri sk of barotrauma and pneumothorax. This
mode wi l l  compensate for a  leak around the endotracheal  tube, but not for changes  in lung compl iance, partia l  or complete tube
obstruction, or bronchospasm.
Volume control  can make an a l lowance for changes  in lung compl iance but at a  potentia l  cost of high peak a i rway pressures .
Ul timately, setting venti lator parameters  i s  based on cl inica l  observation. Inspi ratory flow, pressure, or volume is  gradual ly increased
unti l  adequate chest movement i s  observed. Measurement of capnography and pulse oximetry confi rms  normocapnia  and adequate
oxygenation. The peak a i rway pressure i s  kept to a  minimum. A venti lator a larm is  mandatory.
Most chi ldren can be venti lated adequately with inspi ratory pressures  of 18–20 cmH2O and a  respiratory rate between 16 and 24/min.
The rate can be adjusted accordingly to achieve normocapnia .
The abi l i ty to hand venti late us ing the Ayre's  T-piece i s  essentia l  to paediatric practice. A ci rcui t should a lways  be ava i lable in the



event of venti lator fa i lure or unexpected desaturation. Mechanica l  venti lation may be inadequate for the smal l  premature neonate. In
the baby with gastroschis i s  or exomphalos , hand venti lation can be used to assess  changes  in lung compl iance and determine how
much of the abdominal  contents  can be reduced back into the abdominal  cavi ty. Hand venti lation during repair of a  tracheo-
oesophageal  fi s tula  can be timed to a l low the surgeon maximum exposure and time to effect the repair.
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Conduct of anaesthes ia
Preoperative assessment
The preoperative vis i t i s  essentia l  in establ i shing a  rapport with both parents  and chi ldren and in helping to diss ipate anxiety.
Communication should be s imple, informative and truthful :

Avoid wearing a  white coat. Involve the parents , but try to question the chi ld di rectly when appropriate and s tay at eyelevel  i f poss ible.
A preadmiss ion vis i t reduces  parenta l  anxiety and i s  beneficia l  to chi ldren over 6 years . Play therapis ts  can help provide an informal
setting and informatively prepare the chi ld by describing the course of events  from the ward to induction of anaesthes ia . A col lection
of photographs  or a  video may be helpful .

His tory

Problems with previous  anaesthetics , e.g. PONV, poor pa in rel ief, or di ffi cul t venous  access . Include a  fami ly his tory to exclude
mal ignant hyperpyrexia  and suxamethonium apnoea.
Previous  hospi ta l  admiss ions .
Current medica l  conditions .
Cardiovascular assessment—known heart murmurs , whether blue or breathless  on exercise, or fa i lure to thrive i f neonate.
Respiratory assessment—asthma, frequent colds , obstructive s leep apnoea. The patient may have a  current chest infection (see p.
774).
Neonata l  his tory—problems at del ivery, prematuri ty, admiss ion to specia l  care baby uni t including duration and severi ty of problem.
Drug his tory.
Al lergy—drugs , latex.
Immunization—chi ldren may develop a  vi ra l -l ike mala ise and pyrexia  fol lowing certa in vaccinations . Surgery should be avoided for 1
week fol lowing DTP (diphtheria/tetanus/pertuss is ) and Hib (Haemophi lus  influenzae type B) and 2 weeks  after MMR (meas les/
mumps/rubel la ).

Examination

Airway—check mouth opening, loose teeth, drool ing, large tongue, enlarged tons i l s , micrognathia , short neck.
Cardiovascular system—check colour (cons ider pulse oximeter), heart murmurs .
Respiratory system—check nasa l  secretions , wheeze or added breath sounds , shape of thorax, kyphoscol ios is  or other spina l
deformity.
Centra l  nervous  system—check loss  of a i rway reflexes , hypotonia .

Preoperative investigations
Routine preoperative haemoglobin i s  indicated for:

neonates
ex-premature infants  under 1 year
chi ldren at ri sk of s ickle cel l  disease
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chi ldren for whom intra-operative transfus ion may be necessary
chi ldren with systemic disease.
A preoperative Hb of less  than 10 g/dl  does  not necessari ly enta i l  cancel lation i f the chi ld i s  otherwise wel l .

Routine biochemistry i s  required for:

chi ldren with metabol ic endocrine or renal  diseases
chi ldren receiving intravenous  fluids .

The chi ld with a  cold

The preschool  chi ld develops  an average of s ix to eight upper respiratory tract infections  (URTI) per year. Almost 25% of chi ldren have a
runny nose for the majori ty of the year. This  group may have seasonal  rhini ti s  or chronica l ly infected adenoids .
Anaesthes ia  in the presence of an intercurent URTI i s  associated with a  higher ri sk of compl ications . There i s  an increased incidence
of excess  secretions , a i rway obstruction, laryngospasm, and bronchoconstriction. This  ri sk i s  increased five-fold us ing an LMA and by a
factor of 10 i f the chi ld i s  intubated. Compl ications  are a lso higher with infants .
Chi ldren with moderate to severe chest infections  should be postponed. This  wi l l  include those with productive cough, purulent chest
or nasa l  secretions , pyrexia , and s igns  of vi raemia  or consti tutional  i l lness , including diarrhoea and vomiting with loss  of appeti te.
The chi ld with a  mi ld cold i s  a lways  a  di ffi cul t problem. The his tory in these cases  i s  crucia l . It i s  important to decide whether the chi ld
is  at the beginning or end of the URTI. Other members  of the fami ly or chi ldren at school  may have a l ready experienced the same
infection and this  can provide useful  information.
A chi ld deemed to be postvi ra l , apyrexia l , wi th no chest s igns , and consti tutional ly wel l  i s  probably fi t for surgery even i f they have a
runny nose.
An intercurrent URTI requires  postponement for 2 weeks , but this  should be 4 weeks  i f lower respiratory tract involvement i s  suspected.
A diagnos is  of bronchiol i ti s  or meas les  warrants  a  delay of at least 6 weeks .

The chi ld with a  murmur
The majori ty of pathologica l  murmurs  are diagnosed neonata l ly and these chi ldren wi l l  a l ready be under the care of a  cardiologis t. Antibiotic
prophylaxis  wi l l  apply in certa in conditions . Previous ly unreported murmurs  are commonly heard at 2–4 years . The majori ty are functional . If
the murmur i s  pansystol ic with normal  heart sounds  in a  chi ld with a  normal  oxygen saturation and no l imitation in exercise tolerance, i t can
be assumed to be innocent. If there are any doubts , surgery should be deferred unti l  a  formal  assessment has  been made by a  paediatric
cardiologis t.
Consent

Al low time at the end of preoperative assessment for parents  to ask questions .
Discuss  the options  of intravenous  or inhalational  induction and obta in consent for a  suppos i tory and regional  or periphera l  nerve
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block, i f indicated, including attendant ri sks .
P.775

Discuss  the ri sks  associated with genera l  anaesthes ia . Anaesthes ia  for a  fi t chi ld i s  as  safe as  travel l ing in an aeroplane.
Signed wri tten consent i s  the preferred option.

Loca l  anaesthetic creams

The ava i labi l i ty of topica l  loca l  anaesthetic preparations  reduces  the pa in of venepuncture and greatly faci l i tates  intravenous
induction.
Emla  Cream is  a  eutectic mixture of 5% l idoca ine (l ignocaine) and 5% pri loca ine in a  1:1 ratio. It should be appl ied for at least 45 min
and can produce vasconstriction. Emla  should be avoided in chi ldren under 1 year because of the ri sk of methaemoglobinaemia  from
absorbed pri loca ine due to reduced levels  of methaemoglobin reductase.
Ametop i s  a  4% gel  formulation of amethocaine. There i s  a  shorter onset time of 30 min and prolonged duration of action (4 h)
compared with Emla. It i s  l i censed from 4 weeks  of age and has  vasodi lating properties . There may be a  higher incidence of a l lergic
reactions .
It i s  important to identi fy the veins  to be anaesthetized and not bl indly apply the cream to the dorsum of each hand. Veins  in the wris t
and on the dorsum of the foot should not be forgotten.
Keep the area  bandaged to prevent removal  or l i cking of cream!
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Preoperative fasting (see a lso p. 9)

Fasting instructions  are des igned to minimize the ri sk of regurgi tation of gastric contents  and consequent pulmonary aspi ration.
Fasting minimizes  gastric volumes  but does  not guarantee an empty s tomach. Idea l ly gastric pH should be greater than 2.5 and gastric
fluid should be less  than 0.4 ml/kg. Prolonged fasting does  not further reduce the ri sk of aspi ration and in infants  can eas i ly lead to
dehydration and hypoglycaemia.
Infants  may be at greater ri sk of regurgi tation. There i s  reduced lower oesophageal  sphincter tone and an increased tendency to
dis tend the s tomach during mask venti lation. However, the incidence of pneumoniti s  fol lowing aspi ration in chi ldren i s  much less
common than in adults .
Clear fluids  can be given safely up to 2 h preoperatively. The intake of fluids  given as  ei ther water or a  frui t squash drink should be
encouraged. It reduces  the incidence of dehydration. Chi ldren are less  i rri table at induction and there may be a  reduction in
postoperative nausea and vomiting.
The data  for mi lk and sol id food are less  clear. Breast mi lk i s  cleared from the s tomach more rapidly than formula  mi lk in infants  and
both have shorter trans i t times  than sol id food.
Current evidence suggests  that chi ldren may safely be given ei ther breast or formula  mi lk up to 4 h preoperatively whi le sol id food
requires  a  minimal  6 h fast.

Fasting guidelines

 Minimum fasting time (h)

Clear fluid 2

Breast mi lk 4

Formula/cows ' mi lk 4–6

Sol id food 6

Every uni t should have fasting guidel ines  which should be sent to parents  some days  before planned admiss ion for surgery. Close
l ia ison with the ward s taff ensures  that chi ldren receive adequate clear fluid preoperatively and that mi lk feeds  for neonates  and
infants  are appropriately timed.
Surgeons  should be encouraged not to change the l i s t order. This  i s  unacceptable with neonates  and smal l  infants , but the abi l i ty to
take clear fluid may afford some flexibi l i ty with older chi ldren.
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Premedication

Routine sedative premedication for a l l  chi ldren i s  unnecessary.
Some chi ldren wi l l  require preoperative sedation. They include the excess ively upset chi ld, chi ldren with previous  unpleasant
experiences  of anaesthes ia  and surgery, and certa in chi ldren with developmenta l  delay. Older chi ldren or adolescents  may request
premedication.
Infants  have not yet developed a  fear of s trangers  and appear relatively undis turbed when separated from their mothers . The
preschool  chi ld i s  most at ri sk. They are vulnerable to separation anxiety in a  s trange envi ronment but without the abi l i ty to reason.
Even when anaesthes ia  and surgery are uneventful , there may be a  dis turbingly high incidence of postoperative psychologica l
problems. Sleeping dis turbance, nightmares , bed-wetting, eating disorders , and behavioura l  changes  have a l l  been reported. Some
authors  suggest that sedative premedication especia l ly in the preschool  age group may reduce parenta l  anxiety, improve patient
compl iance, and reduce the incidence of some of these postoperative behavioura l  changes .
Ora l  midazolam (0.5 mg/kg) i s  an idea l  premedicant. It acts  within 15–30 min to reduce anxiety leading to a  more cooperative chi ld, but
with minimal  delay in recovery. The intravenous  formulation i s  used, but i s  extremely bi tter and should be di luted in concentrated frui t
juice (paracetamol  el ixi r i s  a l so sui table and has  the meri t of incorporating an analges ic component to the premedicant).
Al ternative premedicants  are l i s ted on p. 815. They tend to be less  predictable and longer las ting. Some such as  trimeprazine have the
advantage of including both a  drying and antiemetic action.
Modern anaesthetic agents  do not require the routine use of antichol inergic agents .
Antis ia logogue drugs  are indicated for the suspected problem a i rway and the excess ively drool ing chi ld. Some anaesthetis ts  s ti l l
routinely give drying agents  for neonates  and the smal ler chi ld.

The absorption of ora l ly adminis tered atropine (40 µg/kg) i s  variable.
To ensure efficacy adminis ter atropine 20 µg/kg IM 30 min preoperatively or 10 µg/kg IV at induction. Atropine should a lso
precede adminis tration of suxamethonium to protect aga inst poss ible bradycardia .

Chi ldren undergoing cardiac surgery are tradi tional ly heavi ly premedicated. Choices  include morphine, which may prevent right
ventricular infundibular spasm in uncorrected Fa l lot's  tetra logy, or a  combination of drugs , e.g. Peth Co, which comprises  a  mixture of
pethidine, promethazine, and phenergan.
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Parents  in the anaesthetic room

In the United Kingdom a  parent i s  routinely a l lowed into the anaesthetic room whi le thei r chi ld i s  anaesthetized. It i s  now accepted
that enforced separation disempowers  the parent and i s  an emotional ly traumatic experience for both parent and chi ld.
Parents  are natura l ly anxious  over loss  of control , a  s trange envi ronment, and the poss ibi l i ty of adverse events . Unfortunately this
parenta l  anxiety may communicate i tsel f to the chi ld.
Parenta l  presence should not be compulsory. It i s  not a lways  beneficia l  and may even be counterproductive with a  very anxious  parent.
Evidence of benefi t has  only been demonstrated for chi ldren older than 4 years  with a  ca lm parent attending the induction.
Preschool  chi ldren are especia l ly at ri sk of behavioura l  dis turbance, probably because of di ffi cul ties  in reasoning. In contrast some
adolescents  may not wish their parents  to accompany them.
Anaesthetic induction appears  to be the most dis tress ing event experienced by parents . Separation from the chi ld after induction,
watching the chi ld become unconscious , and the degree of s tress  experienced by the chi ld before induction are a l l  important factors .
The parent should a lways  be accompanied by a  nurse who can comfort them and escort them out of the anaesthetic room once the
chi ld i s  as leep. It i s  extremely unusual  to a l low more than one parent into the anaesthetic room. There may rarely be extenuating
ci rcumstances  but these should be discussed beforehand with the anaesthetis t.
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Induction of anaesthes ia

Induction should occur in a  chi ld-friendly envi ronment.
A dedicated paediatric theatre i s  not a lways  an option. An a l ternative i s  a  customized paediatric anaesthetic trol ley incorporating a
comprehens ive range of a i rway and vascular equipment.
Prepare drugs  and equipment before the chi ld arrives . Recheck the weight, us ing the formula: weight (in kg) = (age + 4) × 2. Preca lculate
the dose of atropine and suxamethonium in prepared syringes  should the need arise to adminis ter these drugs  urgently.
The pulse oximeter i s  the minimum monitoring acceptable in the anaesthetic room, a l though i t wi l l  not read accurately on the agi tated
chi ld. However, many chi ldren wi l l  tolerate an ECG and BP cuff prior to induction.

Inhalational  induction

It i s  important to learn more than one method. Not a l l  chi ldren are susceptible to the same technique.
Sevoflurane i s  the volati le agent of choice. It i s  rapidly acting, giving a  smooth induction with less  cardiovascular depress ion than
halothane. It i s  not odourless , but i s  relatively non-i rri tant. Start the induction with 8% sevoflurane in 70% ni trous  oxide with 30%
oxygen.
Halothane i s  an a l ternative agent, but induction should proceed through incrementa l  increases  in ha lothane concentration.
Involve the parent as  much as  poss ible. This  may involve holding the chi ld or even participating in the induction.
Pos i tion the chi ld ei ther supine on the trol ley or across  the lap of the parent so that the parent or anaesthetic ass is tant can gently
restra in the arms  i f necessary. Warn the parent that the chi ld's  head wi l l  become floppy and need support.
For smal ler chi ldren, a  cupped hand method i s  useful . Occlude the end of the bag to di rect a l l  the fresh gas  flow towards  the patient's
mouth and nose.
A facemask i s  often tolerated by older chi ldren. This  can be held by the parent, chi ld, or anaesthetis t and the chi ld can be encouraged
to blow up the bag ‘l ike a  ba l loon’. A flavoured facemask may be useful  ini tia l ly but the volati le agent rapidly becomes  the dominant
smel l  wi thin the facemask.
The parent should be warned of abnormal  movements  when the chi ld i s  nearly anaesthetized.
Once anaesthes ia  i s  achieved and the eyelash reflex i s  absent, anaesthes ia  can be mainta ined with another volati le agent i f des i red.

Intravenous  induction

Although IV induction has  been made eas ier with the advent of loca l  anaesthetic cream, i t should not be attempted i f venous  access  i s
obvious ly di ffi cul t.
The smal ler chi ld s i ts  across  the parent's  lap and the arm is  placed under and through the parent's  axi l la , thereby obstructing the
chi ld's  view. The anaesthetic ass is tant gently squeezes  the arm to occlude venous  but not
P.780

arteria l  supply and the skin i s  s tretched. Al ternatively the anaesthetis t compresses  the wris t with the non-cannulating hand. The older
chi ld wi l l  usual ly l ie on the trol ley with the parent on one s ide of the trol ley holding the chi ld's  hand, whi le the other i s  cannulated.
The induction agent of choice i s  propofol  3–5 mg/kg with 1% l idoca ine (l ignocaine) (1 ml/10 ml) added to reduce pa in on injection.
Thiopenta l  at a  dose of 3–5 mg/kg i s  a  sui table a l ternative and i s  l i censed for neonates .
Ketamine 2 mg/kg i s  reserved for haemodynamica l ly compromised patients  or those with severe cardiovascular disease, usual ly in
conjunction with fentanyl  1–2 µg/kg.

Comparison of intravenous  and inhalational  induction

IV induction i s  s imple and safer but i s  associated with more hypoxia . This  may be because chi ldren are rarely preoxygenated.
Inhalational  induction produces  more coughing and laryngospasm.
Psychologica l  s tudies  suggest that inhalational  induction may be more traumatic to the chi ld but the majori ty of chi ldren under 8 years
choose this  technique i f given the choice.
In practice i t seems prudent to opt for IV induction i f poss ible unless  the chi ld actively chooses  an inhalational  method.
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Tips  for cannulation

Problems in securing IV access  can be di ffi cul t even for paediatric anaesthetis ts ! It i s  important to rea l i ze this , relax, and send for help
i f necessary. Good l ighting, competent anaesthetic ass is tance, and a  selection of cannulas  with prepared sa l ine-flush syringes  are a l l
essentia l .
Neonates  often have surpris ingly good superficia l  veins  on the hand or wris t. Otherwise heal thy chi ldren between 3 months  and 2
years  can be notorious ly di ffi cul t because of the fat pad over both the hand and foot.
Compress ion of a  l imb should act as  a  venous  rather than arteria l  tourniquet. The skin i s  often mobi le and should be gently s tretched.
Examine the wris ts  and dorsum of feet for superficia l  veins . The sca lp i s  a  poss ibi l i ty for neonates  but i t i s  di ffi cul t to secure. The long
saphenous  and cephal ic veins  may be pa lpated.
In some chi ldren, most commonly in the feet, the skin i s  surpris ingly tough and a  smal l  nick in the skin with a  21G needle may be
necessary especia l ly with smal l  cannulas . Loosening the cap of the cannula  wi l l  permit flashback of blood in smal l  veins .
Unl ike adults  transfixion i s  poss ible in smal ler chi ldren. It i s  a  potentia l ly useful  technique for a l l  veins  but especia l ly in ‘bl ind’ long
saphenous  and femoral  vein cannulation.
If a l l  el se fa i l s , intraosseous  access  can be an inva luable a l ternative. Observing aseptic precautions , prepare an area  of skin over the
anteromedia l  aspect of the tibia  1 cm below and media l  to the tibia l  tuberos i ty. The intraosseous  needle i s  inserted perpendicularly
to the skin and advanced in a  twis ting pushing movement aga inst the bone unti l  there i s  a  sudden loss  of res is tance. The pos i tion i s
confi rmed i f the needle remains  upright without support, marrow can be aspi rated, and fluid can be adminis tered without
subcutaneous  swel l ing around the entry s i te. Chi ldren can be success ful ly anaesthetized via  this  route a l though thiopenta l  should be
avoided because of i ts  i rri tant properties . The intraosseous  route i s  particularly useful  in fluid resusci tation of the shocked chi ld
before defini tive intravenous  access  can be ga ined.
The surgica l  cut-down is  rarely needed, often technica l ly di ffi cul t, and should be reserved as  an absolutely las t resort.
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Airway management

Airway compl ications  including coughing, laryngospasm, and upper a i rways  obstruction are more common in chi ldren.
The cornerstone to a i rway management as  with adults  i s  the triple manoeuvre of head ti l t, chin l i ft, and jaw thrust.
Hyperextens ion of the neck in the neonate often worsens  the a i rway and a  neutra l  pos i tion i s  usual ly more success ful . For older
chi ldren, the adult ‘sni ffing the morning a i r’ pos i tion should be adopted.
Smal ler chi ldren do not require a  pi l low; this  may lead to unwanted head flexion.
The paediatric facemask should be accurately s i zed and held gently but fi rmly on the face with the thumb and forefinger. The other
fingers  should curl  around and grip the mandible. It i s  important to avoid press ing on the floor of the mouth, which wi l l  push the
tongue forward and obstruct the a i rway.
Early use of an oropharyngeal  a i rway may be useful  in older chi ldren.
A nasopharyngeal  a i rway may be attempted. This  should be wel l  lubricated. It i s  indicated in cases  of micrognathia  and can be
inserted at l ighter levels  of anaesthes ia .
The most important technique in management of the a i rway i s  judicious  use of CPAP. Ensure a  good sea l  with the facemask then
partia l ly occlude the bag on the Ayre's  T-piece.

Laryngospasm

Laryngospasm is  more common in chi ldren than adults . Additional  ri sk factors  include inhalational  induction, as thma, chronic lung
disease, and an intercurrent upper respiratory tract infection.
Chi ldren become cyanosed more rapidly than adults  because of increased metabol ic rate/oxygen consumption and reduced FRC.
Contrary to the old adage, chi ldren do not ‘a lways  take a  fina l  breath’. Bradycardia  i s  a  premorbid event indicating inadequate cardiac
output and a  s igni ficant ri sk of cerebra l  hypoxia .
Partia l  laryngospasm management:

100% oxygen
CPAP
gentle ass is ted venti lation
propofol  1–2 mg/kg bolus .

Complete laryngospasm management:
100% oxygen
CPAP
ass is ted venti lation may exacerbate the condition by inflating the s tomach and forcing the arytenoids  and fa lse cords  aga inst
the true voca l  cords .
Early adminis tration of suxamethonium 2 mg/kg and atropine 10 µg/kg may be necessary.
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Intubation

Neonata l  intubation i s  not di ffi cul t, only di fferent. The neonata l  head i s  proportionately larger than the adult's  with a  shorter neck,
large tongue, and smal l  mandible. The larynx i s  more anterior and superior at a  level  of C3–C4 compared with C5–C6. The epiglotti s  i s
large, floppy, and V-shaped. Awake intubation for neonates  i s  no longer acceptable. In the absence of medica l  conditions  with
recognized a i rway compl ications , paediatric intubation i s  usual ly s tra ightforward.
Below 6 months  of age, use a  s tra ight-bladed laryngoscope. The head should be in a  neutra l  pos i tion and the shoulders  supported i f
necessary. Advance the laryngoscope blade past the larynx then withdraw s lowly unti l  the larynx becomes  vis ible, i .e. the blade i s
posterior to the epiglotti s . Gentle cricoid pressure i s  often helpful . If nasa l  intubation i s  required use a  laryngoscope blade with
minimal  guttering to a l low more room for instrumentation in the oropharynx.
Over 6 months  of age a  curved blade i s  usual ly eas ier. Intubation can be performed in the conventional  adul t pos i tion with the blade
resting in the va l lecula .
Most intubated neonates  wi l l  a l so require a  nasogastric tube (8–10FG).
The formulae used to ca lculate tube s ize and length represent approximations . It i s  important to have a  range of endotracheal  tubes
avai lable including a  ha l f s i ze above and below the origina l  es timation.
Compl ications  are common in chi ldren. Oesophageal  and endobronchia l  intubation, extubation, kinking of the tube, and disconnection
should a l l  be anticipated. Secretions  are far more l ikely to cause obstruction because of the smal ler tube s izes  involved, and periodic
suction may be necessary.
Intubation increases  the work of breathing. The reduction in crosssectional  area  of the neonata l  trachea with a  s i ze 3.5 tube in s i tu
increases  a i rway res is tance by a  factor of 16. As  a  resul t of this  and the respiratory depressant effects  of volati le agents , most
intubated infants  should undergo control led venti lation as  part of the anaesthetic technique.

Tube fixation

Tube fixation i s  crucia l . The neonata l  trachea i s  only 4 cm in length. Inadvertent extubation and endobronchia l  intubation i s  common.
The tube should be secured in a  ‘three-point fixation’ to prevent movement of the tube in a l l  three planes .
Two pieces  of trouser-shaped Elastoplast may be used with one ‘leg’ across  the upper l ip whi le the other ‘leg’ i s  wrapped around the
tube. An oropharyngeal  a i rway helps  spl int the tube.
There are numerous  other methods  of fixation, a l l  equal ly va l id. Wherever poss ible the tube should be secured to the maxi l la  rather
than the more mobi le mandible.
The preformed north-facing uncuffed endotracheal  tube i s  easy to use, faci l i tates  tube fixation, and reduces  the incidence of
endobronchia l  intubation.

P.784
The di ffi cul t intubation

The key to di ffi cul t intubation i s  to identi fy the at-ri sk patient and plan an elective induction accordingly with appropriate help,
ass is tance, and equipment. Some conditions  are wel l  known to be associated with a i rway problems (e.g. Pierre-Robin, Treacher-
Col l ins , and Goldenhar syndromes). Other patients  can be identi fied by assessment of the a i rway preoperatively.
The chi ld should be premedicated with atropine 20 µg/kg IM or glycopyrrolate 5 µg/kg IM 30 min preoperatively, to dry secretions , and
ephedrine or pseudoephedrine nose drops . Sedative premedication should be avoided.
Airway management may be di ffi cul t (see earl ier). The tradi tional  method i s  deep inhalational  anaesthes ia  with CPAP, and an IV in
s i tu. Laryngoscopy and intubation are attempted with the patient breathing spontaneous ly. Ha lothane i s  more sui table than
sevoflurane at this  s tage a l lowing more time for intubation. McCoy and pol io blades  are both ava i lable in paediatric s i zes .
A bl ind nasa l  approach to intubation i s  poss ible, but experience in the technique i s  decl ining.
The LMA wi l l  often secure the a i rway adequately without the need for intubation.
If intubation i s  s ti l l  necessary, i t may be poss ible to pass  a  bougie through the LMA into the trachea and then ra i l road an endotracheal
tube. A fibreoptic bronchoscope can be employed us ing the same technique. A s i ze 3 ILMA is  ava i lable and may be sui table for a  larger
chi ld.
Fibreoptic intubation i s  not usual ly necessary. Chi ldren wi l l  s ti l l  need to be anaesthetized but a  propofol  infus ion i s  a  good
alternative method to volati le anaesthes ia . The smal ler s i ze neonata l  and paediatric bronchoscopes  do not a l l  have a  suction channel
and should be checked to confi rm that the selected tracheal  tube wi l l  fi t over them.
Conventional  tubes  may present problems in ra i l roading because of the angles  involved and armoured tubes  should be used.
Al ternatively a  guidewire can be inserted into the trachea us ing the suction channel  and the tube passed over i t.
Tracheostomies  are rarely required. They are exceedingly di ffi cul t as  an emergency procedure. Paediatric cricothyroidotomy cannulas
are ava i lable at 18G and 16G s izes  and should be present in the anaesthetic room.
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Rapid sequence induction

The indications  for rapid sequence induction (RSI) in chi ldren are the same as  in adults .
Rani tidine and metoclopramide are not routinely prescribed.
Preoxygenation does  not usual ly present problems with infants  and older chi ldren but may be more di ffi cul t in preschool  age chi ldren.
Inhalational  induction may on occas ion be necessary.
The adminis tration of suxamethonium should be preceded by atropine to prevent bradycardia . There i s  l i ttle experience as  yet with
rocuronium.
The appl ication of cricoid pressure often faci l i tates  intubation. If intubation cannot be achieved ini tia l ly, mask venti lation should
recommence whi le cricoid pressure i s  mainta ined.
A nasograstric tube should be routinely used. If a l ready in s i tu in the neonate i t should remain in place rather than being removed.
There i s  no consensus  for older chi ldren.
Since the endotracheal  tube i s  uncuffed, a  throat pack may help prevent intra-operative aspi ration but has  no appl ication in the
higher-ri sk periods  of induction and reversa l .
The chi ld should be extubated awake in the left latera l  pos i tion.
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Maintenance

Pos i tion the infant and smal ler chi ld with both arms  ra ised at the level  of the head. Exposure of the hand a l lows  assessment of the
pulse, periphera l  temperature, colour, and capi l lary refi l l . A blocked IV infus ion may be more eas i ly cleared and a  new cannula  may be
eas ier to s i te.
The pulse oximeter probe should be s i ted on the same arm as  the IV infus ion and contra latera l  arm to the BP cuff. Avoid oximeter
probes  on the feet as  the trace i s  usual ly lost once abdominal  surgery commences .
Check that the endotracheal  tube i s  s ti l l  in s i tu and securely fixed and the lungs  are venti lating adequately and equal ly. The
connections  should a l l  be secure and the tube and breathing ci rcui t supported i f necessary.
Confi rm that the cannulas  are secure, working, and access ible, especia l ly i f s i ted on the feet; extens ion tubing may be necessary. A
three-way tap a l lows  adminis tration of drugs  and fluid volume when necessary. Avoid a l lowing a i r bubbles  into the IV l ines  by us ing a
bubble trap. Neonata l  surgery requires  a  minimum of two cannulas , for maintenance and volume. Blood sugar should be checked
regularly.
The theatre temperature should be 21 °C and i t should have been preheated for at least 30 min. The chi ld's  head should be covered
and body exposure reduced to a  minimum. It i s  eas ier to prevent hypothermia  than to treat i t. Methods  of warming the chi ld include an
electric warming mattress , overhead radiant heater, and convective warm a i r blanket. Both intravenous  and cleaning fluid should be
warmed.
Routine monitoring wi l l  include ECG, blood pressure (with appropriate s i ze cuff), pulse oximeter, capnography, and ful l  gas  monitoring
with a  venti lator a larm when indicated. Temperature measurement i s  important and the neonate requires  routine use of a  precordia l
or oesophageal  s tethoscope.
Electronic monitoring i s  often unrel iable with the s ick or shocked neonate. It should support but not replace cl inica l  observation. The
oesophageal  or precordia l  s tethoscope permits  a  continuous  qual i tative assessment of heart sounds  and venti lation. More
importantly, i t ‘ties ’ the anaesthetis t to the patient.
Do not let the surgeon s tart operating unti l  you are ready.
Anaesthetic compl ications  in paediatric practice are as  common during maintenance as  at induction or in the postoperative period.

Reversa l

At the end of surgery, the chi ld should be warm, wel l  saturated, normocarbic, and pa in free. A cold acidotic neonate wi l l  not breathe
postoperatively.
The LMA can be removed ei ther deep or awake. If an armoured LMA is  in s i tu a  bi te block wi l l  be needed. There i s  often a  s tage shortly
before waking when the mouth opens  s l ightly to resemble a  smal l  yawn; this  i s  an idea l  opportuni ty to deftly remove the LMA.
P.787
Most chi ldren should be extubated awake. If warm, and with adequate analges ia , this  i s  tolerated wel l . Exceptions  include
tons i l lectomy and other procedures  when coughing i s  to be avoided. In these cases , deep extubation i s  preferable.
Neonates  should be extubated awake preceded by an ass is ted venti lation to prefi l l  the lungs  with 100% oxygen.
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Postoperative pa in rel ief

The same principles  as  in adult patients  apply to paediatric practice including the appl ication of multimodal  analges ia  and
specia l i zed pa in charts .
Paracetamol  and NSAIDs  are widely prescribed for minor cases  and day surgery and a lso for thei r morphine-sparing effects  for major
surgery. The loading dose of recta l  paracetamol  should be at least 30 mg/kg.
Caudal  analges ia  and periphera l  nerve blocks  are useful  for day cases . Epidura l  blockade i s  of proven benefi t in abdominal  surgery.
Below 6 months  i t i s  technica l ly eas ier and poss ibly safer to insert the catheter via  the caudal  route.
Morphine infus ions  can be adminis tered cautious ly to neonates  and as  nurse-control led analges ia  (NCA) for smal ler chi ldren. Patient-
control led analges ia  (PCA) can be used effectively in chi ldren as  young as  6 years , a l though most regimes  include a  background
infus ion.
Lia ison with the ward s taff i s  crucia l  and a  s tandardized pa in management approach i s  the idea l  (see below). More deta i led analges ic
protocols  are included in paediatric drug guidel ines  (see p. 816).

Example of pain management regime

Pain intensity Treatment

Mild Paracetamol  or diclofenac

Moderate Paracetamol  + diclofenac

Moderate + Paracetamol  + diclofenac + codeine phosphate

Moderate ++ Paracetamol  + diclofenac+ oromorph

Severe
Morphine infus ion or NCA or PCA

Cons ider epidura l  infus ion

Postoperative nausea and vomiting

Postoperative nausea and vomiting (PONV) i s  uncommon under the age of 2 years .
Chi ldren particularly at ri sk include those having adenotons i l lectomy or squint surgery, a  pos i tive his tory of travel  s ickness  and a
previous  his tory of PONV. Morphine increases  the ri sk of PONV by 30%.
There i s  no proven benefi t to employing a  tota l  intravenous  technique in chi ldren.
Combinations  of antiemetics  and the use of 5-HT3 antagonis ts  with lowdose dexamethasone may be more efficacious  than s imple
monotherapy.
Chi ldren at ri sk from PONV should receive ondansetron 0.1 mg/kg IV prophylactica l ly in the fi rs t ins tance.
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Regional  anaesthes ia

Success ful  regional  blockade provides  conditions  for l ight and haemodynamica l ly s table genera l  anaesthes ia . The s tress  response i s
attenuated and early pa in-free emergence i s  poss ible leading to a  smooth postoperative recovery.
Unl ike adults , few chi ldren tolerate these techniques  awake and the majori ty of regional  blocks  are performed with anaesthetized
patients . Because of this , motor blockade i s  unnecessary and lower concentrations  of loca l  anaesthetic can be used. The most widely
used solutions  are 0.25% bupivaca ine and 0.2% ropivaca ine.

Caudal  block

Caudal  extradura l  ana lges ia  (CEA) has  a  wide appl ication in chi ldren. The technique i s  eas ier than with adults  with a  higher success
rate of approximately 95%.
CEA can achieve a  higher dermatomal  block than adults . Epidura l  fat i s  less  dense and less  tightly packed with the resul t that loca l
anaesthetic can spread more eas i ly.
CEA i s  used for a  range of surgica l  and orthopaedic procedures  below the umbi l i cus .

Technique

Pos i tion the patient in the left latera l  pos i tion with the legs  flexed at the hip. Aseptic technique i s  a  prerequis i te.
Identi fy the sacra l  hiatus  as  the apex of an equi latera l  triangle with the base formed by a  l ine joining the posterior superior i l iac
spines .
Al ternatively with the hips  flexed at 90° a  l ine extended from the mid-l ine of the femur wi l l  intersect with the sacra l  hiatus . The nata l
cleft does  not a lways  correspond to bony midl ine s tructures .
Define the boundaries  of the sacra l  hiatus . This  i s  aga in a  triangle with the base formed by a  l ine joining the sacra l  cornua and the
apex representing the lower part of the fourth sacra l  vertebra. The sacra l  hiatus  i s  covered by the sacrococcygeal  membrane.
Make a  smal l  nick in the skin with a  needle to reduce the poss ibi l i ty of a  dermoid. Di rect a  blunt, short-bevel  (regional  block) needle
at 60° to the skin from the midpoint of the l ine joining the sacra l  cornua. Al ternatively use a  22G or 20G cannula  depending on the s i ze
of the chi ld. A smal l  ‘give’ indicates  penetration of the sacrococcygeal  membrane. Flatten the cannula  or needle s l ightly, then advance.
If us ing a  cannula , withdraw the s tylet to just behind the cannula  before advancing the cannula  into the caudal  space. Do not advance
the needle or cannula  any more than i s  necessary.
Advancement of a  cannula  rather than needle may reduce the incidence of inadvertent dura l  or vascular puncture. Easy progress ion of
the cannula  i s  a  good prognostic indicator of success .
Test aspi ration should be gentle; vessel  wal l s  can col lapse producing a  fa lse negative resul t. Aspiration should then be repeated
during injection of the loca l  anaesthetic. A ‘whoosh’ test us ing a i r should be avoided because of the ri sk of a i r embolus .
P.790
The commonest reason for a  fa i led attempt i s  from pos i tioning the needle too caudal ly.

Dosage

The Armitage regime (us ing 0.25% bupivaca ine or 0.2% ropivaca ine)

Required block Volume (ml/kg)

Lumbasacra l 0.5

Thoracolumbar 1

Mid thoracic 1.25

If the ca lculated volume is  greater than 20 ml , use 0.19% bupivaca ine (three parts  loca l  anaesthetic to one part sa l ine).
The duration of the block averages  4–8 h us ing this  regime.
Caudal  blockade can be extended with:

clonidine 1 µg/kg
diamorphine 30 µg/kg
ketamine 0.5 mg/kg (preservative-free)
morphine 50 µg/kg (preservative-free).

Adrenal ine has  been impl icated in cases  of spina l  i schaemia  and should be avoided. Clonidine produces  postoperative sedation.
Morphine and diamorphine increase the incidence of urinary retention and should be reserved for surgery in which catheterization i s
required.

Advantages/compl ications

Simple, safe, success ful , wi th a  wide range of indications .
Motor block, paresthes iae, hypotens ion, urinary retention, inadvertent dura l  puncture or intravascular injection can a l l  occur. Al l  these
compl ications  are rare us ing a  s ingle-shot caudal  technique.

Continuous  caudal  epidura l  ana lges ia

A s ingle-shot caudal  injection i s  restricted in i ts  duration of action. A catheter can be introduced into the epidura l  space via  the caudal
route; i t i s  a  safe and effective method of adminis tering epidura l  ana lges ia  in infants .
The s ingle curve of the back a l lows  the catheter to thread predictably into the epidura l  space; the tip of the catheter should be close to
the level  of the dermatomes  that need to be blocked.
Over 2 years  of age, the development of a  lumbosacra l  curvature tends  to lead to a  higher fa i lure rate. However, some authors  cla im
comparable success  rates  at this  age.
Because of the proximity of the perineum, a  caudal  catheter should not be left in s i tu for longer than 36 h.

Epidura l  block

The technique of epidura l  blockade i s  technica l ly more di ffi cul t in chi ldren and requires  experience. The l igamentum flavum is  less
wel l  developed and the intervertebra l  spaces  are narrower. In infants , the epidura l  space i s
P.791

javascript:history.back()


rarely located at a  depth greater than 15 mm and often as  superficia l ly as  10 mm from the skin.
The technique i s  s imi lar to that used in adults ; ei ther a  midl ine or paramedian approach i s  acceptable. Severe neurologica l
compl ications  including fata l i ties  have been reported in association with us ing a i r to find the epidura l  space. Reported compl ications
are genera l ly higher in infants . The caudal  route may represent a  safer a l ternative with this  group.
Dosage:

Loading dose: 0.75 ml/kg of 0.25% bupivaca ine for lumbar epidura l  (0.5 ml/kg thoracic epidura l ).
Infus ion: 60 ml  of 0.125% bupivaca ine + 1 mg preservative-free morphine (or 2 µg/ml  fentanyl ).
Rate: 0.1–0.4 ml/kg/h.
Epidura l  needle: 18G for infants/chi ldren, 19G for neonates/infants  (catheter ‘end-hole’ only).

Subarachnoid block

Spina l  anaesthes ia  i s  rarely performed in chi ldren. One of the few indications  i s  for herniotomy in the high-ri sk neonate, e.g. the
oxygen-dependent premature or ex-premature infant with chronic lung disease.
Expert ass is tance i s  crucia l . The infant needs  to be fi rmly gripped in the latera l  or s i tting pos i tion. The technique needs  to be precise.
The needle should be di rected at right angles  to the skin in the midl ine below L3 with L5–S1 reported as  the safest approach. Prior
infi l tration of loca l  anaesthetic into the skin wi l l  help prevent patient movement.
The block has  a  rapid onset but a  duration rarely greater than 40 min. If sedation i s  required during the surgery, the incidence of
postoperative apnoea i s  comparable with a  genera l  anaesthetic technique.
Dosage: 0.1 ml/kg 0.5% ‘heavy’ bupivaca ine + 0.06 ml  for the needle dead space or 0.13 ml/kg 0.5% ‘heavy’ bupivaca ine.
Spina l  needle: 5 cm 21G.

Il ioinguina l  and i l iohypogastric nerve block

This  i s  a  useful  a l ternative to caudal  blockade in herniotomy, hydrocele, and orchidopexy. It should be avoided for neonata l
herniotomy as  the loca l  anaesthetic may obscure the operating field. The block can be performed under di rect vi s ion by the surgeon.
Technique: At a  point 1 cm media l  to the anterior superior i l iac spine, di rect a  regional  block needle or blunted 21G needle at right
angles  to the skin. There i s  res is tance at the aponeuros is  of external  obl ique. At this  point ‘bounce’ the needle unti l  a  loss  of
res is tance i s  encountered.
Dosage: 0.75 ml/kg 0.25% bupivaca ine. Reta in 1–2 ml  for a  subcutaneous  fan injection latera l ly, media l ly, and inferiorly.
Advantages : It i s  an easy block to perform. It decreases  the level  of anaesthes ia  and reduces  postoperative analges ic requirement.
Disadvantages : It does  not block viscera l  pa in from traction of the spermatic cord or peri toneum and i s  unsui table for a  high
undescended testi s . There i s  a  10% incidence of femoral  nerve block.

P.792

Dorsa l  nerve block of penis

This  block i s  indicated for dis ta l  surgery to the penis , including ci rcumcis ion, meatoplasty and s imple hypospadias  repair.
Technique:

Raise two subcutaneous  swel l ings  of loca l  anaesthetic ei ther s ide of the midl ine, each 5 mm from the pubic symphys is  at the
dorsa l  base of the penis . Use a  23G or 21G needle.
Al ternatively a  s imple ring block at the base of the penis  can be performed us ing a  25G needle.

Dosage: 2–6 ml  0.25% of bupivaca ine. Avoid adrenal ine.
Advantages : These techniques  are safe, s imple, and predictable. They avoid the need for injection deep to Buck's  fascia  close to the
corpora  cavernosa  and peni le vessels .
Disadvantages : Haematoma and i schaemia  are very unl ikely us ing the superficia l  technique.

Axi l lary block

This  block i s  indicated for hand and lower arm surgery.
Technique:

Pos i tion the patient supine with the arm abducted to 90° and the elbow flexed.
Direct a  23G or 25G needle with attached extens ion tubing just above and para l lel  to the axi l lary artery. The needle i s  advanced
unti l  i t pulsates . The pos i tion can be confi rmed with a  nerve s timulator or a l ternatively the nerve s timulator i s  used from the
beginning. A cl i ck or loss  of res is tance are not a lways  el ici ted in chi ldren.

Dosage: 0.5 ml/kg 0.25% bupivaca ine.
Advantages : Safe and effective.
Disadvantages : Upper arm and shoulder surgery cannot be performed. The axi l lary artery may be di ffi cul t to pa lpate.

Loca l  infi l tration

This  i s  adminis tered at the end of the operation by the surgeon but may be more efficacious  i f adminis tered prior to the ini tia l
incis ion.
It i s  sui table for smal l  incis ions  and can help provide good postoperative pa in rel ief.
Dosage: 1 ml/kg of 0.25% bupivaca ine.
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Diaphragmatic hernia

Procedure Repair of defect in diaphragm ei ther by suturing to abdominal  wal l  or with a  synthetic graft

Time 1–2 h

Pain +++

Pos i tion Supine

Blood loss Usual ly minimal  to moderate

Practica l  techniques GA + IPPV, arteria l  l ine

Preoperative

Incidence varies  between 1 in 3000 and 1 in 4000 del iveries , a ffecting left s ide in 85% of cases . May be other associated anomal ies .
Characteris tica l ly present in respi ratory dis tress  with tachypnoea, cyanos is , and a  scaphoid abdomen. The chest radiograph i s
diagnostic. The diagnos is  i s  usual ly made antenata l ly on ul trasound.
Overa l l  morta l i ty of 50% from lung hypoplas ia , abnormal  pulmonary vasculature, and pulmonary hypertens ion.
Gas  exchange should be optimal  preferably with FiO2 <0.5 before surgery. This  i s  not a lways  poss ible.
Mainly transfer from specia l  care baby uni t a l ready intubated and venti lated. May require more advanced venti latory modes  such as
highfrequency osci l lation.

Perioperative

Avoid venti lation via  a  face mask.
Nasogastric tube, two IV cannulas , arteria l  l ine. Oesophageal  s tethoscope with temperature probe. Cons ider CVP measurement.
Avoid ni trous  oxide to prevent dis tens ion of the gut within the thorax.
Venti late us ing rate rather than pressure to reduce barotrauma.
High-dose fentanyl  (25 µg/kg) may reduce the pulmonary vasoconstriction response to surgica l  s tress .
An arteria l  l ine essentia l .

Postoperative

Postoperative venti lation for at least 24 h, then attempt to wean.
Infant may deteriorate within 12 h due to pulmonary hypertens ive cri ses .
Rarely, i f minimal  defect, can extubate immediately.

P.794
Specia l  cons iderations

Pulmonary hypertens ion i s  treated by ass is ted hyperventi lation with 100% oxygen and fluid boluses  i f necessary. Prostacycl in or
inhaled ni tric oxide can be used success ful ly and should not be s topped abruptly for surgery. Extra-corporeal  membrane oxygenation
(ECMO) i s  a  las t resort but has  a lso been success ful .
To ass is t weaning a  thoracic epidura l  may be of benefi t ei ther inserted conventional ly or via  the caudal  route.
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Gastroschis i s/exomphalos

Procedure Replacement of abdominal  contents  into the abdominal  cavi ty

Time 2 h

Pain ++/+++

Pos i tion Supine

Blood loss Moderate

Practica l  technique GA + IPPV

Preoperative

Obvious  neonata l  diagnos is  from birth. Now usual ly diagnosed in utero. Overa l l  incidence varies  between 1 in 3000 and 1 in 4000.
Gastroschis i s  i s  defect in anterior abdominal  wal l  usual ly on the right caus ing herniation of abdominal  contents  without a  covering
sac.
In exomphalos , there i s  a  fa i lure of the gut to return to the abdominal  cavi ty during feta l  development resul ting in pers is tent
herniation through the extra  embryonal  part of the umbi l i ca l  cord, which covers  i t. This  may include other abdominal  organs .
There i s  an increased incidence of associated anomal ies  including cardiac disease in exomphalos . A ful l  cardiology assessment
should be performed.
Exposed abdominal  contents  resul t in large evaporative heat and water losses  and predispose to infection. It should ini tia l ly be
covered with cl ingfi lm or an equiva lent.

Perioperative

May a l ready be intubated and venti lated. Otherwise intubate conventional ly.
Nasogastric tube and oesophageal  temperature/stethoscope.
Two IV cannulas  for maintenance and volume.
Arteria l  monitoring i s  useful .
Heat conservation i s  important. Warm the theatre and use a  warming mattress  or hot a i r mattress , radiant heater. Keep the patient's
head covered. Use warmed fluids .
Fluid losses  may be cons iderable.
Intraoperative analges ia : fentanyl  5–10 µg/kg or epidura l  i f extubation within 48 h i s  contemplated.

Postoperative

Postoperative venti lation, especia l ly i f the abdomen is  tense, should be in the head up pos i tion.
Pay ass iduous  attention to fluid ba lance. There may be large losses  into the abdomen of crysta l loid and protein.

P.796
Specia l  cons iderations

Lines  should be s i ted in the arms  as  abdominal  dis tens ion may impair venous  return from the lower body.
It i s  s impler to insert a  percutaneous  long l ine at this  s tage for later parentera l  feeding. Postoperatively, progress ive oedema makes
cannulation more di ffi cul t.
Manual  venti lation i s  useful  to assess  the effect of replacement of abdominal  contents  on lung compl iance to determine the correct
degree of abdominal  reduction.
Complete reduction i s  not a lways  poss ible. A s i lo i s  then created around the extra-abdominal  contents  to be gradual ly reduced on the
intens ive care uni t. Fluid loss  and infection are major i s sues .
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Tracheo-oesophageal  fi s tula

Procedure Ligation of fi s tula  + anastomotic repair of oesophageal  atres ia

Time 2 h

Pain +++

Pos i tion Left latera l  for right thoracotomy

Blood loss Moderate

Practica l  technique GA + IPPV ± manual  venti lation

Preoperative

Incidence of 1 in 3500. Commonest type (85%) i s  oesophageal  atres ia  with a  dis ta l  fi s tula . The majori ty of cases  are now diagnosed in
utero. It should a lways  be excluded in cases  of hydramnios .
High incidence of prematuri ty (30%) and cardiac disease (25%).
Presents  cl inica l ly with choking and cyanotic episodes  on feeding with an inabi l i ty to pass  a  nasogastric tube.
Constant ri sk of pulmonary aspi ration. A double-lumen ‘Replogle’ tube in the oesophagus  a l lows  i rrigation and suction.

Perioperative

Inhalational  or IV induction.
Careful  ETT placement. Confi rm symmetrica l  venti lation with the tube dis ta l  to the fi s tula .
Two IV cannulas  for maintenance and volume.
An arteria l  l ine i s  useful .
Al low intra-operative access  to pass  the transanastomatic tube nasa l ly to faci l i tate oesophageal  repair.
Manual  venti lation may be necessary to assess  lung compl iance after l igation of the fi s tula , to ass is t in repair of oesophagus , and to
periodica l ly reinflate left lung. Surgica l  restriction may impede venti lation and blood or secretions  can block the tube.
Intraoperative analges ia : fentanyl  (5–10 µg/kg) or epidura l  ei ther by the thoracic or caudal  route i f early weaning i s  anticipated.
Ensure active heat conservation.
The operation i s  usual ly via  an extrapleura l  approach.

Postoperative
The majori ty of cases  are venti lated postoperatively, especia l ly i f the oesophageal  repair may be under tens ion. The nasogastric tube or
transanastamotic tube must be secured.
P.798
Specia l  cons iderations

Pay attention to pos i tioning of the ETT to avoid venti lating the s tomach via  the fi s tula . Preoperative bronchoscopy may be useful . The
fis tula  may at times  be close to the carina. The tube may need to be advanced, withdrawn, or the bevel  rotated.
Class ica l ly these cases  were intubated awake because of poss ible di ffi cul ties  in venti lation. This  i s  no longer common practice but
manual  venti lation at induction should be gentle to minimize gastric dis tens ion.
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Patent ductus  arteriosus

Procedure Ligation or cl ipping of ductus  arteriosus

Time 1 h

Pain +

Pos i tion Left thoracotomy

Blood loss Usual ly minimal . Occas ional ly mass ive i f the vessel  i s  torn

Practica l  technique IPPV, fentanyl

Preoperative

Smal l  premature babies . 25% of premature infants  <1.5 kg recovering from hyal ine membrane disease have a  patent ductus  arteriosus .
It i s  associated with other cardiac anomal ies .
Indications  are for venti lator dependence and developing bronchopulmonary dysplas ia .

Perioperative

High-ri sk group. Operation may be undertaken on the specia l  care baby uni t.
The patient i s  usual ly a l ready venti lated with ful l  monitoring.
Arteria l  monitoring i s  not usual ly necessary.
IV access  i s  required.
IPPV with oxygen ni trous  oxide and fentanyl  up to 10 µg/kg with a  low dose of volati le agent. Replace ni trous  oxide with a i r i f fra i l .
Active heat conservation.
Avoid saturations  >96% because of retinopathy of prematuri ty. Loca l  infi l tration for analges ia .

Postoperative
Give postoperative venti lation unti l  s table, then attempt to wean.
Specia l  cons iderations

Sudden l igation of the ductus  may precipi tate an acute ri se in systemic blood pressure and increase the ri sk of intraventricular
haemorrhage. The duct should be clamped gently or a l ternatively the concentration of the volati le agent can be temporari ly increased.
Older chi ldren requiring patent ductus  arteriosus  occlus ion tend to be fi t, a l though some present with cardiac fa i lure. Increas ingly
these procedures  are being performed non-surgica l ly as  day cases  by interventional  cardiologis ts  via  a  percutaneous  femoral
approach.
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Pyloric s tenos is

Procedure Spl i tting the pylorus  muscle longi tudina l ly down to the mucosa

Time 30 min

Pain +

Pos i tion Supine

Blood loss Minimal

Practica l  technique GA + IPPV, ?RSI

Preoperative

Incidence of 1 in 350 bi rths , may be commoner in fi rs t born males . 80% are male, 10% are premature.
Often present with biochemica l  abnormal i ties , notably hypochloraemic a lka los is . The operation i s  never urgent and ful l  resusci tation
should occur.
Electrolytes , particularly chloride and bicarbonate, and pH should be within normal  l imits . Chloride i s  the most important ion for
assessment and must be greater than 90 mmol/l i tre.

Perioperative

No complete agreement, but there i s  a  ri sk of pulmonary aspi ration from gastric outflow obstruction.
A nasogastric tube i s  compulsory and wi l l  be in s i tu. Aspirate and do not remove. It does  not reduce the effect of cricoid pressure and
may act as  an escape va lve i f mask venti lation increases  intragastric pressure.
IV i s  usual ly in place. Induction may be rapid sequence or non-depolarizing relaxant for which some anaesthetis ts  use cricoid
pressure. Cons ider rapid sequence i f there i s  excess ive nasogastric loss  (>2ml/kg/h).
Fentanyl  (1 µg/kg) + paracetamol  suppos i tory (20–30 mg/kg) + loca l  infi l tration up to 1 ml/kg of 0.25% bupivaca ine.
Extubate awake in the left latera l  pos i tion.

Postoperative

Remove the nasogastric tube at the end of the procedure.
Give paracetamol  PO/PR.
Feed within 6 h but mainta in fluids  unti l  feeding i s  es tabl i shed.
Use an apnoea a larm overnight.

Specia l  cons iderations

Resusci tation: 0.45% sa l ine + 20 mmol/l i tre KCl . Replace nasogastric loss  with normal  sa l ine + 20 mmol/l i tre KCl . Use col loid i f
hypovolaemia  i s  present. Mi ld cases  may respond to 5% dextrose with 0.45% sa l ine (bicarbonate <32 mmol/l i tre), more severe cases
wi l l  require normal  sa l ine.
May be performed laparoscopica l ly.
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Intussusception

Procedure Reduction of invaginated (usual ly i leocol ic) bowel

Time 1–2 h

Pain +++

Pos i tion Supine

Blood loss Moderate, may be large

Practica l  technique RSI + IPPV

Preoperative

Intussusception i s  the commonest cause of obstruction in infants  over 2 months  of age; incidence 2 in 1000 bi rths .
Invagination of the bowel  into an adjacent lower segment, usual ly at the terminal  i leum or i leocol ic va lve. Rarely caused by polyp or
Meckel 's  diverticulum (5% of cases ).
Present with paroxysmal  pa in, blood and mucus  in s tool  (redcurrent jel ly s tool ), and sausage-shaped mass  in right abdomen.
70% of cases  are reduced by a i r or barium enema.
The chi ld may be profoundly shocked. Urgent fluid resusci tation with gastric decompress ion and electrolyte correction wi l l  be needed.
Col loid and blood may be required. Delay may resul t in perforated or necrotic bowel . Fluid loss  may be greater than expected.

Perioperative

Rapid sequence induction. Reta in the nasogastric tube in s i tu.
Fentanyl  2–5 µg/kg + volati le agent. Cons ider an epidura l  i f s table.
Two secure cannulas  of adequate s i ze. A centra l  l ine i s  often useful  in severe cases .
Routine monitoring, temperature measurement probe, and urinary catheter.
Prolonged intussusception with i schaemic gut requiring resection often leads  to metabol ic acidos is  and septic shock. Admiss ion to a
paediatric ICU wi l l  be required.

Postoperative
Loca l  wound infi l tration + morphine NCA.
Specia l  cons iderations
No concensus  as  to whether the chi ld should receive surgery at the base hospi ta l  or be transferred to a  regional  centre. If transferred, this
should not delay resusci tation or blood cross -match, which can be sent with the patient.

javascript:history.back()
javascript:void(0)
javascript:void(0)


Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Herniotomy

Procedure Excis ion of patent processus  vagina l i s

Time 20 min

Pain ++

Pos i tion Supine

Blood loss Minimal

Practica l  technique

SV + LMA, caudal  or regional  block

IPPV, caudal  or loca l  infi l tration

Spina l  or caudal  block

Preoperative

Otherwise fi t ASA 1 chi ldren.
20% of preterm babies  present for surgery at approximately 40 weeks  postconceptual  age or when ready to leave the specia l  care baby
unit.
Obta in consent for suppos i tory and block. Discuss  ri sks  and compl ications .

Perioperative

If >5 kg inhalational  or IV induction with laryngeal  mask, then caudal  or i l ioinguina l  block and intra-operative opioids  i f necessary.
If <5 kg, intubate with control led venti lation. In neonates , avoid i l ioinguina l  block as  the spread of loca l  anaesthetic may obscure the
surgica l  field. Use ei ther caudal  or postoperative infi l tration.
Diclofenac (1 mg/kg) suppos i tory (>1 yr) or paracetamol  (20–30 mg/kg) suppos i tory i f under 1 year.

Postoperative

Day case: PRN paracetamol  and diclofenac.
Neonate: PRN paracetamol . Admit overnight.

Specia l  cons iderations

The majori ty of herniotomy repairs  are in heal thy chi ldren and sui table as  day cases .
There i s  no consensus  as  to the most appropriate regional  block. Caudal  blockade i s  indicated for bi latera l  herniotomy repair and
chi ldren up to 20 kg. I l ioinguina l  block i s  effective in chi ldren over 5 kg.
The ex-premature baby may be smal l  for dates  and oxygen-dependent with chronic lung disease. Postoperative apnoea and
bradycardia  are documented ri sks  associated with genera l  anaesthes ia  for this  group. Hypocarbia  and hypothermia  should be avoided
and an oxygen saturation between 90% and 95% is  acceptable. Caffeine (10 mg/kg IV) given at induction reduces  the ri sk of apnoea by
70%.
P.803
To avoid genera l  anaesthes ia  a  spina l  technique may be used (0.1 ml/kg of 0.5% ‘heavy’ bupivaca ine + 0.06 ml  for needle dead space).
This  may be technica l ly di ffi cul t and compl icated by a  bloody or dry tap. It i s  too short acting for bi latera l  repair. A s ingle-shot caudal  i s
an a l ternative method. Supplementary sedation resul ts  in the same ri sk of postoperative apnoea as  with genera l  anaesthes ia .
Term babies  in the fi rs t 6 weeks  of l i fe and ex-premature infants  up to 60 weeks ' post-conceptual  age should be admitted overnight for
oxygen saturation and apnoea a larm monitoring.
A s trangulated hernia  that does  not reduce i s  an emergency and requires  fluid resusci tation and a  nasogastric tube. Precautions
should be taken aga inst regurgi tation and aspiration.
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Circumcis ion

Procedure Removal  of prepuce or foreskin

Time 20 min

Pain ++

Pos i tion Supine

Blood loss Minimal

Practica l  technique SV, LMA, caudal/peni le block/ring block

Preoperative

Common day case procedure, but move towards  more conservative management including s imple s tretch or preputioplasty.
Obta in consent for suppos i tory and regional  block. Discuss  compl ications  and ri sks .

Perioperative

Inhalational  or IV induction. Laryngeal  mask.
Regional  block: caudal , peni le block, or ring block.
Diclofenac suppos i tory (1 mg/kg) (>1 yr) or paracetamol  (30 mg/kg) i f under 1 year.

Postoperative

PRN paracetamol  20 mg/kg
Topica l  l idoca ine (l ignocaine) gel  can be appl ied frequently without exceeding the toxic dose.

Specia l  cons iderations

A regional  block must be performed prior to the surgery.
Ci rcumcis ion i s  one of the most pa inful  postoperative day case procedures ; parents  should be warned and advised to apply topica l  gel
regularly and continue paracetamol  for severa l  days .
There i s  no consensus  as  to the optimal  s trategy for pa in rel ief. Al l  methods  are effective. Caudal  i s  technica l ly eas ier in infants  and
peni le block may be more sui table in chi ldren over 5 kg. Ring block i s  technica l ly easy in boys  greater than 5 kg, producing excel lent
and cons is tent analges ia .
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Orchidopexy

Procedure Release of undescended testi s  into scrotum

Time 30 min

Pain ++

Pos i tion Supine

Blood loss Minimal

Practica l  technique SV, LMA + regional  block

Preoperative

Boys , usual ly over 2 years  (2% of population).
Common day case procedure.
Obta in consent for suppos i tory and regional  block. Discuss  ri sks  and compl ications .

Perioperative

Inhalational  or IV induction. Laryngeal  mask.
Regional  technique: caudal , i l ioinguina l  block or loca l  infi l tration.
Diclofenac suppos i tory (1 mg/kg) (>1 year) or paracetamol  suppos i tory (30 mg/kg) i f <1 year.
Give supplementary opioids  i f indicated.

Postoperative
PRN diclofenac, paracetamol , codeine phosphate, and anti -emetic.
Specia l  cons iderations

Adequate analges ia  i s  di ffi cul t i f the testi s  i s  high. Caudal  block should be high volume with lower concentration (bupivaca ine 0.19%
is  three parts  0.25% bupivaca ine to 1 part sa l ine). A mid thoracic level  i s  obta ined from 1.25 ml/kg of this  mixture.
If i l ioinguina l  block i s  used, only the anterior thi rd of the scrotum is  anaesthetized—use loca l  infi l tration for the scrota l  incis ion.
Testicular traction even with seemingly adequate blockade may lead to intra-operative bradycardia  or mi ld laryngospasm especia l ly
with the i l ioinguina l  block. Surgery should be s topped and anaesthes ia  deepened; supplementary opioids  may be required.
Suspected tors ion of the testi s  i s  a  surgica l  emergency and the need for a  rapid sequence induction wi l l  have to be cons idered.
Analges ic techniques  are as  before.
A high testi s  may need surgery in two s tages . The fi rs t procedure i s  to identi fy the testi s  and i f poss ible bring i t down to the inguina l
ring. This  i s  usual ly performed laparascopica l ly and wi l l  require intubation, control led venti lation with intra-operative opioids , and
recta l  diclofenac or paracetamol .
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Hypospadias

Procedure Restoration of proximal  urethra l  opening to the tip of the penis

Time 1–3 h

Pain ++

Pos i tion Supine

Blood loss Minimal

Practica l  technique SV/IPPV + regional  block

Preoperative

Usual ly an i solated problem, but there may be an association with certa in rare dysmorphic syndromes.
Obta in consent for suppos i tory and regional  block. Discuss  compl ications  and ri sks .

Perioperative

Inhalational  or IV induction.
If procedure >1 h use LMA + SV.
If procedure <1 h use LMA or ETT + IPPV.
Extended caudal  1 ml/kg 0.25% bupivaca ine + ketamine, clonidine, morphine, or diamorphine to prolong the duration of the block (see
p. 790).
Diclofenac suppos i tory (>1 yr) or paracetamol  (30 mg/kg) i f under 1 year.
Employ heat conservation measures .

Postoperative

Regular NSAIDs/paracetamol . Cons ider morphine NCA (not a lways  necessary).
Opioids  can be used in caudal  block s ince the patient wi l l  be catheterized.
If opioid i s  used in the caudal  space the patient must be admitted overnight.

Specia l  cons iderations

May be s imple procedure, e.g. meata l  advancement and glanduloplasty, or extens ive involving bucca l  mucosa  graft. The anaesthetic
technique can be adjusted accordingly.
Avoid erection with regional  block plus  an adequate depth of anaesthes ia .
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Cleft l ip and pa late

Procedure Repair of defect in upper l ip and pa late

Time 1–2 h

Pain ++

Pos i tion Supine, head ring, shoulder support

Blood loss Minimal  for cleft l ip. Moderate for cleft pa late

Practica l  technique IPPV. Armoured or RAE tube

Preoperative

Incidence of between 1 in 300 and 1 in 600 bi rths  but can be 1 in 25 where there i s  a  fami ly his tory.
Both l ip and pa late are involved in 50% of cases . Cleft pa late a lone has  a  high incidence of associated anomal ies .
It i s  an i solated defect in 90% of cases .
Associated syndromes  often involve a  di ffi cul t a i rway, e.g. Pierre–Robin, Treacher–Col l ins , and Goldenhar syndromes. Therefore make a
careful  assessment of the a i rway.
Discuss  ri sks  and compl ications . Obta in consent for suppos i tory.
Adminis ter IM atropine 20 µg/kg 30 min preoperatively i f a  di ffi cul t a i rway i s  suspected.

Perioperative

Inhalational  or IV induction. When there i s  a  suspected a i rway problem, use inhalational  induction with sevoflurane and then
mainta in with ha lothane. CPAP wi l l  be useful . Intubate deep with chi ld breathing spontaneous ly or fol lowing muscle relaxant once a
safe a i rway has  been establ i shed.
A preformed RAE may be obstructed or kinked by the gag, especia l ly the smal ler s i zes . A reinforced tube wi l l  res is t compress ion but
needs  to be careful ly secured at correct length.
Use IPPV.
Use a  throat pack and make sure the eyes  are protected.
The surgeon usual ly places  the gag. Encourage loca l  anaesthetic infi l tration.
Fentanyl  2–4 µg/kg + suppos i tory (paracetamol  30 mg/kg <1 year or diclofenac 1 mg/kg >1 year) + loca l  infi l tration with adrenal ine.
Codeine phosphate 1 mg/kg IM prior to reversa l .

Postoperative

Extubate awake. Suction the pharynx early and careful ly to prevent damage to the repair.
Nasa l  tubes  may be inserted to mainta in patency of the a i rway. A tongue s ti tch i s  rarely used.
P.808
Routine postoperative analges ia  to include regular paracetamol , diclofenac, or ibuprofen and codeine phosphate.

Specia l  cons iderations

Intubation i s  usual ly uncompl icated.
The laryngoscope blade rarely lodges  in the cleft. If there i s  a  problem, a  rol l  of gauze can fi l l  the gap.
Prolonged surgery may cause swol len tongue from pressure of mouth gag.
With a i rway problems, opioids  should be given cautious ly. Postoperative monitoring should include pulse oximetry and apnoea a larm.
Cleft l ip i s  usual ly repaired at 3 months , cleft pa late at 6 to 9 months . The l ip may be repaired at the neonata l  s tage to improve the
scar and ass is t maternal  bonding. There i s  no evidence to support this .
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Congenita l  ta l ipes  equinovarus

Procedure Correction of club foot abnormal i ty

Time 45 min–1 h

Pain ++

Pos i tion Supine, sometimes  prone for posterior release

Blood loss Minimal

Practica l  technique
SV, LMA, caudal
If prone then ETT + IPPV, caudal

Preoperative

Occurs  in 1 in 1000 bi rths .
It i s  usual ly an i solated anomaly but may occur in association with some myopathic diseases  and therefore there may be an increased
risk of mal ignant hyperthermia.
Obta in consent for a  suppos i tory and regional  block. Discuss  ri sks  and compl ications .

Perioperative

Inhalational  or IV induction with LMA. If prone intubate and venti late. Give additional  opioids  i f indicated.
Caudal  blockade: 1 ml/kg 0.25% bupivaca ine.
Recta l  diclofenac 1 mg/kg (>1 year), recta l  paracetamol  30 mg/kg i f <1 year.

Postoperative
Give regular diclofenac, paracetamol , codeine phosphate + anti -emetic for the fi rs t day. Oramorph may be a  useful  a l ternative.
Specia l  cons iderations
For prolonged pa in rel ief ei ther top-up the caudal  at the end of the procedure by us ing an indwel l ing 22G or 20G cannula  or extend the
duration of the block by adding preservative-free ketamine (0.5 mg/kg) to the ini tia l  dose of bupivaca ine. Diamorphine and clonidine wi l l  a l so
extend the block. However, the former may lead to urinary retention and the latter inappropriate levels  of drows iness .
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Femoral  osteotomy

Procedure Stabi l i zing the hip in congenita l  dis location by making a  cut through the proximal  femur

Time 2 h

Pain +++

Pos i tion Supine

Blood loss Moderate/potentia l ly large

Practica l  technique SV + LMA or IPPV + caudal/epidura l

Preoperative

Usual ly an i solated defect. Commoner in gi rl s  or where there i s  a  fami ly his tory.
Obta in consent for a  suppos i tory and regional  block. Discuss  ri sks , compl ications .

Perioperative

Inhalational  or IV induction. SV or IPPV with LMA or intubate + IPPV i f <10 kg.
Caudal  block + preservative-free ketamine or clonidine. Avoid caudal  opioids  because of the ri sk of urinary retention. Al ternatively give
a  lumbar epidura l . Intraoperative opioids  may be useful .
Employ heat conservation measures .
Attention to blood loss .

Postoperative

Extended caudal  or morphine NCA with regular NSAIDs  or paracetamol . Cons ider entera l  morphine preparation.
A hip spica  provides  support and helps  with pa in rel ief.

Specia l  cons iderations

Blood loss  may be extens ive i f i t i s  repeat surgery.
A hip spica  compl icates  urinary retention in gi rl s .
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Inhaled foreign body

Procedure Removal  of foreign body from bronchia l  tree

Time 30 min

Pain +

Pos i tion Supine

Blood loss Ni l

Practica l  technique SV or IPPV

Preoperative

The commonest reason for bronchoscopy in the 1–3 year age group.
A foreign body in the upper a i rways  may present as  an emergency acute a i rway obstruction.
Obstruction of the lower a i rways  may fol low a  his tory of coughing after severa l  days . Peanut oi l  i s  an i rri tant and leads  to mucosa l
oedema and chemica l  pneumoniti s . A chest radiograph shows  characteris tic hyperinflation during expiration, but the foreign body i s
not usual ly vi s ible.
Treat symptoms as  indicated, e.g. dehydration, pneumonia , wheeze.
Obta in consent, and discuss  ri sks  and compl ications .

Perioperative

Inhalational  induction i s  usual  to avoid pushing the object further in—100% oxygen with sevoflurane or ha lothane.
Deep inhalational  maintenance with ha lothane (sevoflurane gives  too rapid an awakening).
Apply topica l  anaesthes ia  to the voca l  cords  (2% l idoca ine (l ignoca ine)) and cons ider a  drying agent.
Rigid bronchoscopy–the Storz bronchoscope has  attachment for a  T-piece.
If the foreign body i s  in the lower a i rway, then use IPPV with a  muscle relaxant s ince the object wi l l  be pushed dis ta l ly by the
bronchoscope unti l  i t can be grasped by forceps . Give ass is ted venti lation via  a  T-piece or highfrequency jet venti lation.
This  may be a  di ffi cul t procedure.

Postoperative

If bronchoscopy i s  traumatic, give dexamethsone 0.25 mg/kg IV then two doses  8-hourly of 0.125 mg/kg.
Cons ider phys iotherapy and antibiotics  as  indicated.

Specia l  cons iderations

If tracheal  or ba l l -va lve obstruction i s  suspected, IPPV i s  contra indicated.
Intubation may ass is t lung venti lation and s izing of the bronchoscope i f a  tracheal  foreign body i s  excluded.
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Medica l  problems
Acute laryngotracheobronchiti s  (croup)

Croup occurs  predominantly in epidemics  in the autumn and early spring. The peak age of incidence i s  6 months  to 2 years . It i s  vi ra l  in
aetiology; the majori ty of cases  being due to para influenza, but influenza  and respiratory synci tia l  vi rus  can a lso cause this  condition.
The symptoms are coryza l  for the fi rs t few days  but then progress  to a  characteris tic barking cough and hoarseness  with profuse
secretions  and occas ional  dysphagia . Pyrexia  i s  mi ld or absent.
The larynx, trachea, and bronchi  are a l l  involved and become more oedematous  leading to the onset of s tridor. An anxious  chi ld wi l l
exacerbate the condition, as  the trachea wi l l  tend to col lapse on inspi ration.
The majori ty of chi ldren respond to conservative measures  and reassurance. There i s  no evidence to support the use of humidi fied
steam tents . In severe cases , s teroids  and nebul i zed adrenal ine are required.
10% of chi ldren are admitted and 1% wi l l  require intubation.
The majori ty of chi ldren have a  s ingle i solated episode.

Acute epiglotti ti s

This  i s  an acute l i fe-threatening infection caused by Haemophi l i s  influenzae type B (Hib). It most commonly presents  at 2 to 3 years .
There i s  a  rapid onset of oedema of the epiglotti s  and aryepiglottic folds . The chi ld has  a  high temperature, usual ly greater than 39.5
°C and presents  s i tting or leaning forwards , drool ing sa l iva , unable to swal low, with the tongue pushed forwards . Inspi ratory and
expiratory s tridor i s  rapidly progress ive and a  late s ign.
Acute epiglotti ti s  i s  a  medica l  emergency. The antibiotic of choice i s  cefotaxime (50 mg/kg twice da i ly). Intubation wi l l  be indicated in
60% of these chi ldren; in some centres  a l l  cases  are routinely intubated.
Fol lowing the introduction of the Hib vaccine, this  condition i s  now rare.

Anaesthetic management

The di fferentia l  diagnos is  between croup and epiglotti ti s  i s  not a lways  obvious . If epiglotti ti s  i s  even remotely suspected, there must
be consul tation with an ENT surgeon at consul tant level .
Induction occurs  in the anaesthetic room or operating theatre with the ful l  range of appropriate equipment and monitoring ava i lable.
Tradi tional ly, obta ining IV access  has  been contra indicated prior to induction because of the ri sk of acute glottic closure. However, the
use of topica l  cream faci l i tates  atraumatic venepuncture. Unless  access  i s  obvious ly di ffi cul t, cannulation should proceed before
anaesthes ia .
An inhalational  induction i s  performed in the s i tting pos i tion with sevoflurane or ha lothane in 100% oxygen, the choice depends  solely
on the experience of the operator. Once anaesthetized, the chi ld can be moved to a  supine pos i tion and mainta ined with ha lothane
up to concentrations  of 5% i f needed. Halothane permits  a  more prolonged attempt at laryngoscopy. CPAP should be routinely appl ied,
but the a i rway i s  not usual ly di ffi cul t to mainta in.
P.813
In croup laryngoscopy i s  usual ly s tra ightforward, but the endotracheal  tube required may be surpris ingly narrow. Start with one s ize
smal ler than normal . Croup tubes  exis t which are of extra  length for a  given internal  diameter making them sui table for older chi ldren.
If poss ible, once the a i rway i s  secure, the chi ld should be reintubated nasa l ly s ince this  i s  better tolerated. Profuse secretions  are
a lways  a  problem and frequent suction i s  necessary.
With epiglotti ti s  intubation may be exceedingly di ffi cul t. Laryngoscopy often reveals  abnormal  anatomy with no obvious  glottic
opening. Careful  inspection may reveal  movement of smal l  amounts  of mucous  indicating tida l  flow. If the chi ld i s  deep enough
careful  injection of sa l ine onto the glotti s  may demonstrate a i r bubbles . The chi ld should be intubated us ing a  s tylet so that the
tracheal  tube can be immediately ra i l roaded i f necessary.
During anaesthes ia , the ENT surgeon should be scrubbed in theatre with the tracheostomy set open.
Once intubation has  been achieved, oedema rapidly settles  and by demonstrating a  leak around the tube, extubation i s  normal ly
poss ible within 36 h. Dexamethasone i s  often given prior to extubation to reduce laryngeal  oedema.
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Sedation

The expans ion of imaging techniques  together with new diagnostic and therapeutic interventions  has  led to a  ri se in demand for
sedation services .
Compared with genera l  anaesthes ia , sedation i s  nei ther cheaper nor safer. Safety i s  paramount and the requirements  in terms  of
personnel  and resusci tation equipment are the same.
The adult concept of sedation where verbal  contact i s  mainta ined i s  not practica l  in chi ldren. There may be l i ttle di fference between
deep sedation as  defined by the American Academy of Paediatrics  and uncontrol led anaesthes ia . Idea l  sedation conditions  achieve
depress ion of the nervous  system, a l lowing the relevant procedures  to occur, with preservation of the a i rway reflexes . In practice this
i s  di ffi cul t to achieve.
It i s  important not to confuse sedation with analges ia . Pa inful  procedures  may require topica l  anaesthetic cream, infi l tration with
loca l  anaesthetics , and occas ional ly systemic opioids .
Contra indications  include chi ldren with a i rway problems, apnoeic episodes , respi ratory disease, ra ised intracrania l  pressure, ri sk of
pulmonary aspi ration, and epi lepsy.
The most frequently used ora l  sedative drugs  are chlora l  hydrate (50–100 mg/kg), triclofos  (50–75 mg/kg), and to a  lesser extent
benzodiazepines , trimeprazine, and ketamine. Opioids  are a lso used, in combination with other sedatives . (See paediatric drug
guidel ines  for dosages .) (p. 815).
Midazolam 0.5 mg/kg PO or in incrementa l  doses  of 0.1 mg/kg IV can produce useful  conditions  for sedation and has  the addtional
property of amnes ia . Ketamine 1–2 mg/kg IV i s  indicated for short, pa inful  procedures . Emergence del i rium is  less  of a  problem with
chi ldren but a  drying agent i s  often required.
With appropriate planning, organization, and safety, nurse-led sedation services  have been developed at severa l  centres  fol lowing
strict protocols  (see below). The chi ldren are fasted conventional ly but a l lowed unrestricted clear fluids . A pulse oximeter i s
mandatory. Surpris ingly young chi ldren can tolerate scans  awake with encouragement, careful  explanation, and parenta l  presence.

Example of nurse-led oral sedation protocol

Age or weight Sedation

<44 weeks Ni l . Swaddle and feed

<5 kg Chlora l  hydrate 50 mg/kg 30 min prescan

<10 kg Chlora l  hydrate 100 mg/kg 30 min prescan

10–20 kg Temazepam 1 mg/kg (max. 20 mg) with droperidol  0.25 mg/kg (max. 5 mg) 1 h prescan

If ora l  sedation i s  not effective cons ider an IV top-up:
diazemuls  0.1 mg/kg increments  up to 1 mg/kg or
midazolam 0.2 mg/kg increments  up to 0.8 mg/kg.

For reversa l  of sedation use flumazeni l  10–20 µg/kg IV and repeat i f necessary.
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Paediatric drug guidel ines

Premedication

Atropine
10 µg/kg
20 µg/kg
40 µg/kg

IV
IM
PO

induction
30 min preop.
60 min preop.

Chlora l  hydrate 25–50 mg/kg PO 60 min preop.

Clonidine 4 µg/kg PO
90–120 min
preop.

Droperidol 50–100 µg/kg PO 60 min preop.

Midazolam 0.5 mg/kg PO 30 min preop.

Morphine 200–250 µg/kg IM 30 min preop.

Pethidine compound injection (Inj. Peth. Co.: 1ml  conta ins  Pethidine 25 mg, Promethazine 6.25
mg. Chlorpromazine 6.25 mg)

0.06–0.08 ml/kg. Max.
dose 1.5 ml

IM 45 min preop.

Temazepam 0.5–1.0 mg/kg PO 60 min preop.

Triclofos 50–75 mg/kg PO 45 min preop.

Trimeprazine 2 mg/kg PO 90 min preop.

Induction

Etomidate 0.3 mg/kg IV

Ketamine
2 mg/kg
5–7 mg/kg

IV
IM

Propofol 2–3 mg/kg IV

   –i f unpremedicated 3–5 mg/kg IV

Thiopenta l 4–6 mg/kg IV

–neonates 2–4 mg/kg IV

Muscle relaxants

Atracurium 0.5 mg/kg

Cis -atracurium 0.2–0.4 mg/kg

Mivacurium 0.1–0.2 mg/kg

Pancuronium 0.1 mg/kg

Rocuronium 0.6 mg/kg

Suxamethonium 1–2 mg/kg

Vecuronium 0.1 mg/kg

Reversal

Atropine 20 µg/kg

Glycopyrrolate 10 µg/kg

Neostigmine 50 µg/kg

Robinul -Neostigmine i s  neostigmine methylsulphate 2.5 mg plus  glycopyrronium bromide 500 µg in 1 ml  of solution. Add ampoule to 4 ml
normal  sa l ine, then reversa l  dose i s  1 ml  per 10 kg.

Intra-operative analgesia

Alfentani l
30–50 µg/kg as  s low bolus , supplementa l  doses  15 µg/kg
Infus ion: 50–100 µg/kg as  s low bolus , then 0.5–1 µg/kg/min

Fentanyl
2–5 µg/kg
For cardiac surgery: up to 25 µg/kg

Morphine sulphate 50–200 µg/kg

Remifentani l
Infus ion: 300 µg/kg in 50 ml  of 5% dextrose
Loading dose: 1–2 µg/kg
Infus ion: 0.1–2 µg/kg/min

Mild to moderate postoperative pain

Codeine phosphate 1–1.5 mg/kg IM, PO, PR 6-hourly

Diclofenac 1 mg/kg (over 1 yr) PO, PR 8-hourly

Ibuprofen 5–10 mg/kg (over 7 kg) PO 8-hourly

Paracetamol
20 mg/kg PO, PR 6-hourly

Recta l  loading dose (i f >44 weeks  postconception) 30–40 mg/kg PR Once

Oramorph 400 µg/kg PO 4-hourly

Severe postoperative pain

Morphine 50–100 µg/kg IV incrementa l  boluses  or 200 µg/kg IM

Morphine infus ion
1 mg/kg in 50 ml  sa l ine or 5% dextrose, i .e. 20 µg/kg/ml
Rate: 1–2 ml/h (20–40 µg/kg/h)

javascript:history.back()
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Morphine NCA 1 mg/kg morphine in 50 ml  sa l ine or 5% dextrose
Rate: 1 ml/h. Bolus : 1 ml . Lockout: 20 min

Morphine PCA
1 mg/ kg morphine in 50 ml  sa l ine or 5% dextrose
Rate: 0.2 ml/h. Bolus : 1 ml . Lockout: 5 min

NB: Morphine infus ions  should be in a  dedicated IVI or have an anti reflux va lve.

Antagonists

Naloxone 5–10 µg/kg IV incrementa l ly

Flumazeni l 10–20 µg/kg IV, repeat i f necessary

Anti-emetics

Cycl i zine 1 mg/kg IV 8-hourly

Dexamethosone 0.15 mg/kg IV 6-hourly

Droperidol 20–75 µg/kg IV Intra-operative only

Metoclopramide 0.15 mg/kg IV, PO 8-hourly

Ondansetron 0.1–0.15 mg/kg IV, PO 8-hourly

Prochlorperazine 0.25 mg/kg IV, PO, PR 8-hourly

Regional analgesia doses

Caudal  extradura l  blockade
Sacra l : 0.5 mg/kg 0.25% bupivaca ine
Lumbar: 1 ml/kg 0.25% bupivaca ine
Thoracolumbar: 1.25 ml/kg 0.19% bupivaca ine

Supplements  to extend duration of block

Ketamine 0.5 mg/kg (preservative-free)
Clonidine 1 µg/kg
Diamorphine 30 µg/kg
Morphine 50 µg/kg (preservative-free)

Lumbar epidura l  (intra-operative) 0.75 ml/kg of 0.25% bupivaca ine (or 0.2% ropivaca ine)

Epidura l  infus ion
60 ml  of 0.125% bupivaca ine + 1 mg preservative-free morphine
Rate: 0.1–0.4 ml/kg/h

Spina l  block 0.1 ml/kg 0.5% ‘heavy’ bupivaca ine + 0.06 ml  for needle deadspace

Wound infi l tration 1 ml/kg 0.25% bupivaca ine

Paediatric quick reference guide

Age
Approx. weight
(kg)

Body surface area
(m2)

% Adult drug dose
(approx.)

ETT size
(mm)

ETT length
(cm)

LMA
size

Suxamethonium dose
(mg) IV

Atropine dose
(µg)IV

Term 3.5 0.23 12.5 3.5 9 1 7 35

1
month

4.2 0.26 14.5 3.5 10 1 8 40

3
months

6 0.33 15 3.5 10 1.5 12 60

6
months

7.5 0.38 22 3.5/4.0 11 1.5 15 75

1 year 10 0.47 25 4.0 12 1.5/2 20 100

2 years 12 0.53 30 4.5 13 2 24 120

3 years 14 0.61 33 4.5/5 13/14 2 28 140

5 years 18 0.73 40 5.0/5.5 14.5 2.5 36 180

7 years 22 0.86 50 6.0 15.5 2.5 44 220

10
years

30 1.10 60 6.5 cuffed 17 3 60 300

12
years

38 1.30 75 7.0 cuffed 18 3 or 4 75 380

Note: Weights  are approximations  only—patient should be weighed accurately.
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Genera l  principles
Anaesthetic emergencies  may develop rapidly into l i fe-threatening conditions . Al though cri tica l  incidents  frequently occur in the presence of a
theatre team, the anaesthetis t i s  l i kely to be the person present with the specia l i s t knowledge and ski l l s  to deal  with the problem. This  can
give ri se to intense pressure. Cri tica l  incident protocols  and dri l l s  have been des igned to a id in the management of the more complex or
common emergencies , and some are deta i led below. However, a  protocol -driven approach i s  heavi ly rel iant upon recognition that a  serious
problem exis ts .
Communication

Declare problems early to the rest of the theatre team before you lose control  of the s i tuation. Bas ic resusci tation measures  should be
on-going whi l s t you figure out the diagnos is .
No matter whatever or whoever ‘caused’ the cri s i s , use objective and non-judgmenta l  comments . Insul ts  tend to provoke an aggress ive
or withdrawal  response from the recipient and inhibi t team function.
To communicate effectively, your messages  or commands  must be:

ADDRESSED: Ask speci fica l ly named individuals , not ‘someone’, to perform tasks .
HEARD: Reduce background noise and dis tractions  by turning off the radio, etc.
UNDERSTOOD: If you make a  complex request, ask the recipient to repeat i t back to you.

If the cause of the problem is  unknown, say so. Say what you don't know as  wel l  as  what you do know. Encourage others  to contribute.
Reappra ise the s i tuation regularly. Update the rest of the team with new information. If you are s ti l l  unsure about what to do, send for
help–a second person with a  fresh approach may pick up on missed clues .

Invoke a  team approach

A team should have one clearly identi fied leader, who should make effective use of the mixture of ski l l s  and resources  ava i lable
within the rest of the team.
A good team leader i s  able to s tep back from the s i tuation to cons ider the whole picture. This  can only be achieved by delegation of
respons ibi l i ty for tasks  to other members  of the team. It should then be poss ible to evolve and communicate a  plan of action.
A repeated and systematic ABC approach helps  render the patient ‘safe’, buys  thinking time, and increases  the l ikel ihood of detecting
s igns  that may lead to a  defini tive diagnos is .
Most members  of an impromptu emergency team wi l l  need to adopt the role of ‘team players ’. A good team player i s  adaptable,
assumes  complete respons ibi l i ty for delegated problems, and feels  comfortable enough to advocate an opinion or feed back
information to the rest of the team.
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Bas ic l i fe support (BLS)1

Adopt a  SAFE approach:

Shout for help.
Approach with care.
Free the patient from immediate danger.
Eva luate the patient's  ABC.

Rescue breathing

Each inflation should take about 1.5–2 s .
Res is tance wi l l  be greater i f inflation i s  too quick and less  a i r wi l l  get into the lungs .
Ideal  Vt = 400–500 ml  in an adult, about the amount required to produce vis ible l i fting of the chest.
Wait 2–4 s  for ful l  expiration before giving another breath. Ten breaths  wi l l  therefore take about 40–60 s .

View Figure

Fig 36.1 Bas ic l i fe support for adul ts .

Chest compress ions

Finding the right place: Us ing your index and middle fingers , identi fy the lower rib margins . Keeping your fingers  together, s l ide them
upwards  to the point where the ribs  join the s ternum. With your middle finger on this  point, place your index finger on the s ternum.
Sl ide the heel  of your other hand down the s ternum unti l  i t reaches  your index finger; this  should be the middle of the lower ha l f of
the s ternum. Place the heel  of one hand there, with the other hand on top of the fi rs t. Interlock the fingers  of both hands  and l i ft them
to ensure that pressure i s  not appl ied over the victim's  ribs . Do not apply any pressure over the upper abdomen or bottom tip of the
sternum.
P.824
Aim to depress  the s ternum approximately 4–5 cm and apply only enough pressure to achieve this .
At a l l  times  the pressure should be fi rm, control led and appl ied vertica l ly. Erratic or violent action i s  dangerous .
The recommended rate of compress ion i s  a  rate and not the number of compress ions  which are to be given in a  minute; this  wi l l
depend upon interruptions  for rescue breathing.
About the same time should be spent in the compress ion phase as  in the released phase.

Suspected cervica l  spine injury

Despi te the ri sk of spina l  cord damage, untreated cardiorespiratory arrest wi l l  ki l l  the patient.
Potentia l  secondary damage wi l l  be minimized by in-l ine immobi l i zation of the cervica l  spine.
Try to use a  jaw thrust and/or a  Guedel  a i rway to open the a i rway rather than ti l ting the neck.
Avoid placing the patient in the recovery pos i tion.

Footnote
1

UK Resusci tation Counci l  Guidel ines  2000. http://www.resus .org.uk
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Advanced l i fe support (ALS)
Adopt a  SAFE approach

Shout for help.
Approach with care.
Free the patient from immediate danger.
Eva luate the patient's  ABC.

Defibri l lation

Fi rs t cycle = 200 J, 200 J, 360 J. Al l  subsequent shocks  should be 360 J.
Electrode polari ty i s  unimportant. Use defibri l lation pads  to improve electrica l  contact. One paddle i s  placed below the right clavicle in
the midclavicular l ine, the other over the lower left ribs  in the mid/anterior l ine (outs ide the pos i tion of the normal  cardiac apex),
avoiding placement over the breast ti s sue in females . Transdermal  patches  should be removed to prevent arcing, and defibri l lator
pads/paddles  should be placed 12–15 cm away from implanted pacemakers .
For safety reasons , charge the defibri l lator only when the paddles  are in contact with the patient. Hold the oxygen mask away from the
patient during actua l  defibri l lation.
VT and pulseless  VT are the commonest causes  of revers ible cardiac arrest in adults . These are the most ‘recoverable’ rhythms and i t i s
therefore a lways  worthwhi le pers is ting with CPR whi ls t they are present. However, success ful  resusci tation does  depend on early
defibri l lation. Bas ic l i fe support, IV access , and a i rway control  should not delay del ivery of shocks . There i s  no point in pa lpating for a
pulse between shocks  i f the ECG rhythm sti l l  shows  VF s ince i t wi l l  only delay del ivery of the next shock.

Venti lations

Once the trachea i s  intubated, chest compress ions  should continue uninterrupted (except for pulse checks  and defibri l lation) at a  rate
of 100/min whi l s t venti lations  are adminis tered s imultaneous ly at a  rate of 12/min.
A pause in chest compress ions  a l lows  coronary perfus ion pressure to fa l l  substantia l ly and i s  fol lowed with a  delay before the
origina l  perfus ion pressure i s  restored after chest compress ions  are recommenced.
Over 1 min you should have completed about s ix cycles  of 15:2 compress ions : breaths .

Bicarbonate

Is  best adminis tered on the bas is  of ABGs. Currently i t i s  recommended in the presence of severe acidos is  (arteria l  pH 7<7.1, base
excess  < -10) as  a  dose of 50 mmol  (50 ml  of 8.4% sodium bicarbonate).
If ABG analys is  i s  imposs ible i t may be reasonable to give bicarbonate after about 20 min of CPR.

Antiarrhythmics

Amiodarone should be cons idered (150 mg IV over 10 min then 300 mg IV over 1 h) in cardiac arrest due to VF or pulseless  VF after the
thi rd shock.

View Figure

Fig 36.2 Advanced l i fe support for adul ts .

P.826
Cons ider l idoca ine (l ignocaine) as  second-l ine treatment for VF/VT after 12 unsuccess ful  shocks  (four loops). A s tarting dose of 50–200
mg (5–20 ml  of 1% l idoca ine (l ignocaine)) i s  reasonable, fol lowed by a  maintenance dose of 2 mg/min.
Bretyl ium is  no longer recommended.
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Management of periarrest arrhythmias 2,3

Genera l  points

Identi fy and el iminate the primary cause wherever poss ible.
If a  centra l  l ine has  been placed ensure the tip has  not migrated from the SVC into the right atrium.
Maximize myocardia l  oxygen del ivery.
Check for and correct electrolyte dis turbances , especia l ly K+ (to >4 mmol/l i tre) and Mg2+ (to >0.7 mmol/l i tre).
Check ABGs  and correct acid–base imbalance.
Antiarryhthmic agents  may themselves  cause hypotens ion and myocardia l  depress ion.
Use of anticoagulants  during the perioperative phase wi l l  have to be ba lanced aga inst the ri sk of surgica l  bleeding.

View Figure

Severe bradycardia , despi te antichol inergic treatment.

Note: a  transvenous  pacing wire can be passed relatively eas i ly via  an in s i tu Swan sheath/introducer.

View Figure

Broad complex tachycardia .

Notes :

Broad complex tachycardia  with adverse s igns  (systol ic BP < 90 mmHg; VR > 150 beats/min; i schaemia) requires  urgent synchronized d.c.
shock.
Secondary treatment i s  a imed at s tabi l i zing s inus  rhythm and preventing recurrence (antiarrhythmics  and electrolyte correction).
If the patient i s  not adversely affected by the tachydysrhythmia, correct electrolytes  whi l s t giving antiarrhythmics

View Figure

Narrow complex tachycardia .

Notes :

Narrow complex tachycardia  with adverse s igns  (systol ic BP < 90 mmHg; VR > 200 beats/min; i schaemia) requires  urgent synchronized
d.c. shock.
Di fferentiating narrow from broad complex tachycardia  can be di ffi cul t, especia l ly at high ventricular rates . Vagal  manoeuvres  or
amiodarone should s low AV conduction of an SVT but not a  VT.
Theophyl l ine interacts  with adenos ine and tends  to block i ts  effect.
Dipyridamole and carbimazole potentiate the effects  of adenos ine.
Adenos ine can be used with caution in WPW syndrome.
Atria l  fibri l lation now has  i ts  own a lgori thm (see below).
Verapami l  should not be adminis tered in the presence of beta  blockade.
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Serum therapeutic range for digoxin = 0.8–2.0 µg/l i tre.

View Figure

Atria l  fibri l lation.

Notes :

At ri sk patients  include those with pre-exis ting electrolyte dis turbance, acidos is , i schaemic heart disease, mitra l  va lve disease,
thyrotoxicos is , undergoing cardiothoracic surgery, centra l  l ine insertion.
Check the s i te of a  CVP l ine tip and withdraw from the right atrium i f necessary.
Check electrolytes  and correct i f necessary.
Serum therapeutic range for digoxin = 0.8–2.0 µg/l .
Do not adminis ter verapami l  to patients  on beta  blockers .

Footnotes
2

UK Resusci tation Counci l  Guidel ines  2001. http://www.resus .org.uk
3

European Resusci tation Counci l  Guidel ines  2000. http://www.erc.edu



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Paediatric advanced l i fe support 4,5,6

Adopt a  SAFE approach:

Shout for help.
Approach with care.
Free the patient from immediate danger.
Eva luate the patient's  ABC.

Assess  the a i rway and breathing fi rs t. Give two effective breaths  (chest seen to ri se and fa l l ) before assess ing the ci rculation. Check the
carotid pulse in a  chi ld but use the brachia l  pulse in an infant.
The most common arrest scenario in chi ldren i s  bradycardia  proceeding to asystole—a response to severe hypoxia  and acidos is . Bas ic l i fe
support a imed at restoring early oxygenation should therefore be a  priori ty of management. VF i s  relatively uncommon, but may compl icate
hypothermia, tricycl ic poisoning, and those chi ldren with pre-exis ting cardiac disease.

Chi ldren over 8 years  of age should be given bas ic l i fe support at the adult ratio of 15:2 (compress ions :venti lations) a iming for 100
compress ions  per minute (five cycles ).
Chi ldren under 8 years  of age should be given bas ic l i fe support at a  ratio of 5:1 (compress ions :venti lations) a iming for 100
compress ions  per minute (20 cycles ).
Chest compress ions  should be s tarted i f a  centra l  pulse cannot be pa lpated or the chi ld has  a  pulse rate <60 beats/min with poor
perfus ion.
Where no vascular access  i s  present, immediate intraosseous  access  (I . O.) i s  recommended (p. 781).

View Figure

Asystole or pulseless  electrica l  activi ty (EMD).

Notes : Cons ider the fol lowing:

Hypoxia
Hypovolaemia
Hyper/hypokalaemia
Hypothermia
Tens ion pneumothorax
Cardiac tamponade
Toxin/drug overdose
Metabol ic dis turbances
Thromboembol i

View Figure

Ventricular fibri l lation or pulseless  VT.

Notes :

Cons ider hypokalaemia, hypothermia, and poisoning
Anti -arrhythmic agents : 1st l ine = amiodarone 5 mg/kg IV
2nd l ine = l idoca ine (l ignocaine) 1 mg/kg IV
Torsade de points : magnes ium sulphate 25–50 mg/kg

P.833
P.834

Estimated drug doses  (see a lso p. 815)

Drug Estimated dose

Adrenal ine
Ini tia l  10 µg/kg

Subsequent 100 µg/kg

Aminophyl l ine 5 mg/kg

Amiodarone 5 mg/kg

Atropine 10–20 µg/kg
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Bicarbonate 1 mmol/kg

Calcium chloride 0.2 ml/kg of 10% solution s lowly

Calcium gluconate 0.6 ml/kg of 10% solution

Cefotaxime 50 mg/kg

Cefuroxime 25 mg/kg

Dextrose (10%) 5 ml/kg

Diazepam
0.1 mg/kg IV

0.5 mg/kg PR

Ketamine 2 mg/kg

Lidoca ine (l ignoca ine) 1 mg/kg

Lorazepam 0.1 mg/kg recommended for s tatus  epi lepticus  (repeatable after 10 min)

Magnes ium 25–50 mg/kg

Metronidazole 7.5 mg/kg

Naloxone 10–100 µg/kg

Neostigmine 50 µg/kg

Phenytoin 15 mg/kg (therapeutic range = 10–20 mg/l i tre (40–80 µmol/l i tre))

Sa lbutamol 2.5 mg nebul i zer

Ci rculation

Blood volume:
75 ml/kg for chi ldren aged 1–10 years
70 ml/kg for chi ldren aged >10 years .

Fluid bolus  20 ml/kg.
Fluid maintenance:

4 ml/kg/h for fi rs t 10 kg body weight
+ 2 ml/kg/h for next 10 kg body weight
+ 1 ml/kg/h for each remaining kg body weight.

Footnotes
4

UK Resusci tation Counci l  Guidel ines  1998. http://www.resus .org.uk
5

European Resusci tation Counci l  Guidel ines  2000. http://www.erc.edu
6

Pediatric Advanced Li fe Support Manual . American Heart Foundation 1997.
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Severe hypotens ion in theatre

Cons ider

Patient
factors :

Hypovolaemia
Obstructed venous  return
Obstructed venous  return
Raised intrathoracic pressure including
tens ion pneumothorax
Anaphylaxis
Embolus  (gas/a i r/thrombus/cement/fat/amniotic fluid)
Primary pump fa i lure/tachydysrhythmia
Systemic seps is

Technique:

Measurement error
Excess ive depth of anaesthes ia
High regional  block (including unexpected centra l  spread from peribulbar/intersca lene etc.)
Iatrogenic drug error including LA toxici ty, barbi turates  + porphyria

Action
100% oxygen; check surgery/blood loss ; check venti lation; reduce volati le; l i ft legs  (i f feas ible); IV fluid cha l lenge;
vasoconstrictors/inotropes .

Investigations ECG; CXR; ABGs; cardiac enzymes

Risk factors

Untreated or ‘white coat’ hypertens ion preoperatively (increased labi l i ty).
Preoperative fluid defici t (dehydration, diarrhoea and vomiting, blood loss ).
Mediastina l/hepatic/renal  surgery (blood loss  and cava l  compress ion).
Pre-exis ting myocardia l  disease/dysrhythmia.
Multiple trauma.
Seps is .
Carcinoid syndrome (bradykinin).

Di fferentia l  diagnos is

Measurement error: pa lpate the dis ta l  pulse manual ly whi l s t repeating an NIBP; check when pulsation returns  aga inst the monitor
deflation figure. Invas ive BP–check the transducer height.
Suspect tens ion pneumothorax (particularly fol lowing centra l  l ine insertion) i f IPPV and trachea are shi fted away from a  hyperresonant
lung field with diminished breath sounds . Neck veins  may be engorged. Treat immediately by decompress ing the pleura l  cavi ty with an
open cannula  placed in the second intercosta l  space in the midclavicular l ine.
P.836

Suspect dehydration i f the patient i s  thi rs ty, has  a  dry tongue, i s  producing dark concentrated urine, and has  global ly elevated blood
cel l , urea, creatinine, and electrolyte va lues .
Suspect hypovolaemia  i f the patient has  a  heart rate >100 beats/min, respi ratory rate >20, capi l lary return >2 s , cool  peripheries ,
col lapsed veins , a  narrow and peaked arteria l  l ine trace, or marked respiratory swing to ei ther CVP or arteria l  l ine trace.
Suspect cardiac fa i lure i f the patient has  heart rate >100 beats/min, respi ratory rate >20, engorged centra l  veins , capi l lary return >2 s ,
cool  peripheries , pulmonary oedema, worsening SaO2 wi th fluid cha l lenge.
Suspect a i r or gas  embolus  i f the patient had a  pre-exis ting low CVP and open venous  bed. Signs  are variable but may include sudden
fa l l  in ETCO2, fa l l  in SaO2, loss  of pa lpable pulse, EMD, and subsequent ri se in CVP.
Suspect fat embolus  or cement reaction in the presence of multiple bony injuries  or long bone intramedul lary surgery.
Iatrogenic drug response: his tamine releas ing drugs , etc. or wrong di lution.
High centra l  neura l  blockade may be hera lded by Horner's  syndrome (smal l  pupi l , ptos is , s tuffy nose, anhydros is ).
Anaphylaxis -cardiovascular col lapse 88%, erythema 45%, bronchospasm 36%, angio-oedema 24%, rash 13%, urticaria  8.5%.

Immediate management
ABC.… Check what the surgeons  are doing (cava l  compress ion/blood loss ); prevent further losses  by clamp or di rect pressure. Adminis ter high
FiO2. Maintenance of organ perfus ion and oxygenation i s  more important than achieving blood pressure a lone. BP = SVR × CO therefore
improvement in cardiac output may help amel iorate low perfus ion pressure:

‘Optimize preload’ (check ini tia l  CVP i f a l ready s i ted, change in CVP i s  more informative than actua l  CVP): Li fting the legs  returns  blood
into the centra l  venous  compartment and a lso increases  afterload. Give a  fluid cha l -lenge of 10 ml/kg crysta l loid/col loid us ing a
pressure infusor. Assess  response (BP/HR/CVP), and repeat i f appropriate.
Increase contracti l i ty: ephedrine 3–6 mg IV (mixed di rect and indirect action); adrenal ine 10 µg IV (beta 1,2 and a lpha activi ty); cons ider
ca lcium s lowly IV (up to 10 ml  of 10% ca lcium chloride).
Systemic vasoconstriction (NB: a lpha agonis ts  increase perfus ion pressure but may reduce cardiac output): methoxamine 1–2 mg IV,
metaraminol  1–2 mg IV; phenylephrine 0.25–0.5 mg IV; adrenal ine 10 µg IV.

Subsequent management

Correct acidos is  to improve the myocardia l  response to inotropes . Check ABGs  and correct respi ratory acidos is  fi rs t. If a  severe
metabol ic acidos is  exis ts  (arteria l  pH <7.1, base excess<-10) cons ider us ing bicarbonate 50 mmol  (50 ml  of 8.4% sodium bicarbonate).
Maintenance infus ion of vasoconstrictor (e.g adrenal ine or noradrenal ine) or inotrope (e.g dobutamine) i f required.

Other cons iderations
Adrenal ine 1 in 10 000 = 100 µg/ml . 1 in 10 di lution resul ts  in a  1 in 100 000 solution (10 µg/ml).
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Severe hypertens ion in theatre

Cons ider

Inadequate depth of anaesthes ia/analges ia
Measurement error
Hypoxia/hypercapnia
Iatrogenic drug error
Pre-eclamps ia
Raised intracrania l  pressure
Thyroid s torm
Phaeochromocytoma

Action
Stop surgery unti l  control led; confi rm readings ; increase depth of anaesthes ia ; ana lges ia ; vasodi lators ; beta  blockade; a lpha
blockade

Investigations ECG; cardiac enzymes; thyroid function tests ; 24 h urinary catecholamine excretion.

Risk factors

Untreated or ‘white coat’ hypertens ion pre-operatively (increased labi l i ty).
Aortic surgery (cross  clamp may greatly increase SVR); pregnancy-induced hypertens ion.
Drugs : MAOIs  (+ pethidine); ketamine; ergometrine.
Fami ly his tory of multiple endocrine neoplas ia  (type 2) syndrome, medul lary thyroid carcinoma, Conn's  syndrome.
Acute head injury.

Di fferentia l  diagnos is

Hypoxia/hypercapnia : go through ABC and check for patient colour and SpO2.
Inadequate depth of anaesthes ia : sni ff test (smel l  gases ); check volati le agent concentration; check TIVA pump, l ine, and IV cannula .
Inadequate analges ia : i f in doubt adminis ter a l fentani l  10–20 µg/kg and observe the effect.
Measurement error: pa lpate the dis ta l  pulse manual ly whi l s t repeating an NIBP; check when pulsation returns  aga inst the monitor
deflation figure. Invas ive BP–check the transducer height.
Iatrogenic drug response: coca ine, wrong drug such as  ephedrine, methox-amine, etc. or wrong di lution (remember surgica l  drugs , e.g.
adrenal ine with LA, Moffat's  solution, phenylephrine).
PET: i f the patient i s  over 20 weeks  pregnant, check for proteinurea, platelet count ± clotting s tudies , and LFTs .
Cushing response = hypertens ion and reflex bradycardia  (baroreceptor mediated) often in the presence of a  blown pupi l . This
intracrania l ly mediated response mainta ins  cerebra l  perfus ion in the presence of increas ing ICP (see below).
P.838

Thyroid s torm caus ing elevated T4 and T3 levels .7

Phaeochromocytoma caus ing elevated plasma noradrenal ine levels . Adrenal ine wi l l  a l so cause tachydysrhythmias .8

Immediate management
ABC.… Assuming this  i s  not a  phys iologica l  response to a  correctable cause, the overa l l  a im of symptomatic management i s  to prevent
hypertens ive s troke or subendocardia l  i schaemia/infarct. Apart from increas ing the depth of anaesthes ia  and analges ia  (systemic or
regional ), treatment options  at cardio-vascular effector/receptor level  include:

Vasodi lators  (may cause tachycardia): increase i soflurane concentration, this  i s  most rapidly achieved by s imultaneous ly increas ing
fresh gas  flow. Hydra lazine 5 mg s low IV every 15 min. GTN (50 mg/50 ml  s tart at 3 ml/h and ti trate to BP) or SNP. Magnes ium sulphate 2–
4 g s low IV (8–16 mmol) over 10 min, fol lowed by infus ion of 1 g/h.
Beta  blockade (particularly in the presence of increased heart rate or dysrhythmias ): esmolol  25–100 mg then 50–200 µg/kg/min. (Note
that esmolol  i s  suppl ied as  10 mg/ml  and 250 mg/ml  solutions). Labeta lol  5–10 mg IV prn (1–2 ml  increments  from a  100 mg/20 ml
ampoule). Beta:a lpha block ratio = 7:1.
Alpha blockade (particularly in the presence of normal  or decreased heart rate): phentolamine 1 mg IV prn (10 mg ampoule made up to
10 ml , in 1 ml  increments ).

Subsequent management

For intense analges ia  try remifentani l  0.25–0.5 µg/kg/min ti trated to BP.
Check for myocardia l  damage with an ECG, seria l  cardiac enzymes  including CKMB and/or troponins .
Thyroid function tests , 24 h urine col lection for noradrenal ine, adrenal ine, and dopamine excretion.

Other cons iderations
Hypertens ion in the presence of ra ised intracrania l  pressure requires  head CT and urgent neurosurgica l  intervention. Mainta in MAP >80
mmHg, normocapnia , head up ti l t, unobstructed SVC dra inage, low a i rway pressures , and good oxygenation. Cons ider mannitol  0.5 g/kg.
Bradycardia  can be treated with antichol inergics .
Footnotes
7

Farl ing PA (2000). Thyroid disease. Bri ti sh Journal  of Anaesthes ia , 85, 15–28.
Ful l  Text
Library Holdings
Bibl iographic Links
8

Prys -Roberts  C (2000). Phaeochromocytoma. Bri ti sh Journal  of Anaesthes ia , 85, 44–57.
Ful l  Text
Library Holdings
Bibl iographic Links
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Cons ider

Hypoxic gas  mixture

Incorrect flowmeter settings
Second gas  effect (especia l ly on
extubation)
Oxygen fa i lure
Anaesthetic machine error

Fa i lure to venti late

Venti latory depress ion or narcos is  (NB:
regional  block after opioids )
Para lys is  but inadequate IPPV (NB: drug
error)
Disconnection
Misplaced ETT (oesophageal  or
endobronchia l )
Obstruction to the a i rway, ETT, fi l ter,
mount, ci rcui t, etc.
Increased a i rway res is tance
(laryngospasm, bronchospasm,
anaphylaxis )
Decreased FRC (pneumothorax, ra ised
intra-abdominal  pressure, morbid
obes i ty)

Shunt

Atelectas is
Airway secretions
Decreased hypoxic pulmonary
vasoconstriction (vasodi lators  or β2

agonis ts )
CCF with pulmonary oedema
Aspiration of gastric contents
Pre-exis ting pathology (e.g. VSD, ASD +
decreased SVR with reversa l  of flow)

Poor oxygen del ivery

Systemic hypoperfus ion (hypovolaemia,
seps is )
Embolus
(gas/a i r/thrombus/cement/fat/amniotic
fluid)
Loca l  problems (cold l imb, Raynaud's ,
s ickle cel l )

Increased oxygen demand Seps is  Mal ignant hyperthermia

Action

100% oxygen; check FiO2; expose patient and check for centra l  cyanos is ; check
venti lation bi latera l ly; hand venti late on a  s imple system giving 3 to 4 large breaths
ini tia l ly to recrui t a lveol i ; secure a i rway; endotracheal  suction; ini tia l ly remove any
PEEP; give adrenal ine i f accompanied by poorly pa lpable pulses

Investigations Capnography; chest radiograph; ABGs; CVP ± PCWP; echocardiography

P.840

Risk factors

Reduced FRC (obes i ty, intestina l  obstruction, pregnancy) reduces  oxygen reserves .
Fa i lure to preoxygenate exacerbates  any a i rway di ffi cul ties  at induction.
Laryngospasm can resul t in negative pressure pulmonary oedema.
Head and neck surgery (shared access  to the a i rway) increases  the ri sk of undetected disconnection.
His tory of congenita l  heart disease or detection of a  heart murmer (L–R communication).
Chronic lung disease.
Sickle cel l  disease.
Methaemoglobinaemia  (interpreted as  deoxyhaemoglobin by pulse oximeters ).

Di fferentia l  diagnos is

FiO2: use an oxygen analyser at a l l  times .
Venti lation: cross -check ri se and fa l l  of chest with auscul tation over s tomach and in both axi l lae, capnograph trace, measured expired
tida l  volume, and a i rway pressure.
Measurement error: does  the patient appear cyanosed (beware in anaemia  when 5 g/dl  deoxyhaemoglobin may not be vis ible)?
Aspiration/a i rway secretions : auscul tate and aspirate us ing tracheal  suction catheter ± l i tmus  paper.
Suspect tens ion pneumothorax (particularly fol lowing centra l  l ine insertion) i f IPPV and trachea are shi fted away from a  hyperresonant
lung field with diminished breath sounds . Neck veins  may be engorged. Treat immediately by decompress ing the pleura l  cavi ty with an
open cannula  placed in the second intercosta l  space in the midclavicular l ine.
Suspect hypovolaemia  i f the patient has  a  heart rate of >100 beats/ min, a  respi ratory rate of >20/min, capi l lary return >2 s , cool
peripheries , col lapsed veins , a  narrow and peaked arteria l  l ine trace, or marked respiratory swing to ei ther CVP or arteria l  l ine trace.
Suspect cardiac fa i lure i f the patient has  a  heart rate of >100 beats/ min, a  respi ratory rate of >20/min, engorged centra l  veins , capi l lary
return >2 s , cool  peripheries , pulmonary oedema, worsening SaO2 wi th fluid cha l lenge.
P.841

Suspect a i r or gas  embolus  i f the patient had a  pre-exis ting low CVP and open venous  bed. Signs  are variable but may include sudden
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decrease in ETCO2, decrease in SaO2, loss  of pa lpable pulse, EMD, and subsequent ri se in CVP.
Suspect fat embolus  or cement reaction in the presence of multiple bony injuries  or long bone intramedul lary surgery.
Mal ignant hyperthermia: especia l ly i f accompanied by increased ETCO2, respi ratory rate, heart rate, and ectopics .
Anaphylaxis–cardiovascular col lapse 88%, erythema 45%, bronchospasm 36%, angio-oedema 24%, rash 13%, urticaria  8.5%.

Immediate management
ABC.… Expose the chest, a l l  the breathing ci rcui t, and a l l  a i rway connections . Adminis ter 100% O2 by manual  venti lation–at least three to four
large breaths  ini tia l ly wi l l  help to recrui t col lapsed a lveol i  (and gives  continuous  tacti le feedback about the s tate of the a i rway). If no
improvement:

Confi rm FiO2: If there i s  any doubt about inspi red oxygen concentration from the anaesthetic machine, use a  separate cyl inder supply
(as  a  las t resort use room a i r via  a  sel f-inflating bag = 21% oxygen).
Misplaced ETT? Cross -check the ri se and fa l l  of the chest with auscul tation over the s tomach and in both axi l lae and the capnograph
trace.
Venti lation problems: Simpl i fy the breathing system unti l  the problem is  removed, i .e. switch to a  bag rather than the venti lator, use a
Bain ci rcui t ins tead of the ci rcle system, try a  sel f-inflating bag, use a  mask rather than ETT, etc.
Diagnos is  of the source of a  leak or obstruction: This  i s  not as  important ini tia l ly as  oxygenation of the patient. Make the patient safe
fi rs t then use a  systematic approach. The fastest way to i solate the problem is  probably by divis ion. For instance, does  breaking the
ci rcui t at the ETT connector leave the problem on the patient's  s ide or the anaesthetic machine's  s ide?
Severe R–L shunt: Severe hypoxia  occurs  when blood s tarts  flowing through a  congenita l  heart defect in the presence of low SVR, thus
bypass ing the pulmonary ci rculation. The resul tant hypoxaemia  then exacerbates  the problem by caus ing hypoxic pulmonary
vasoconstriction which increases  PVR and increases  the tendency for blood to shunt across  the cardiac defect. Treatment i s  therefore
twofold:

Increase SVR by l i fting the legs  and giving adrenal ine and IV fluid, especia l ly in seps is .
Minimize PVR by removing PEEP, avoiding high intrathoracic pressure, and maximizing FiO2.

Bronchospasm: El iminate ETT obstruction by sounding ETT with a  gum elastic bougie. Treat by increas ing volati le agent concentration,
IV sa lbutamol  (250 µg) (see s tatus  asthmaticus , p. 848).

Other cons iderations

In chronic bronchi ti s  the bronchia l  ci rculation can shunt up to 10% of cardiac output.
The foramen ova le remains  patent in 20–30% of patients  but i s  normal ly kept closed because left atria l  pressure i s  usual ly higher than
right atria l  pressure. IPPV, PEEP, breatholding, CCF, thoracic surgery, or PE can reverse the pressure gradient and resul t in shunt.
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Severe laryngospasm

Condition Acute glottic closure by the voca l  cords

Presentation Crowing or absent inspi ratory sounds  and marked tracheal  tug

Immediate action Avoid pa inful  s timul i ; 100% oxygen; CPAP; jaw thrust; remove i rri tants  from the a i rway; deepen anaesthes ia

Fol low-up action Muscle relaxation i f intractable

Also cons ider

Bronchospasm
Laryngeal  trauma/airway oedema (esp. i f no leak with paediatric ETT)
Recurrent laryngeal  nerve damage
Tracheomalacia
Inhaled foreign body
Epiglotti ti s  or croup

Risk factors

Barbi turate induction or l ight anaesthes ia , especia l ly in anxious  patients
Intense surgica l  s timulation: anal  s tretch; cervica l  di latation; incis ion and dra inage of abscesses .
Extubation of a  soi led a i rway.
Thyroid surgery.
Hypocalcaemia  (neuromuscular i rri tabi l i ty).
Multiple crowns  (inhaled foreign body).

Immediate management

Remove the s timulus  that precipi tated the laryngospasm.
Check that the a i rway i s  clear of obstruction or potentia l  i rri tants .
Give high concentration oxygen with the expiratory va lve of the ci rcui t closed and mainta in a  close sea l  by holding the mask with two
hands  i f necessary to mainta in CPAP. The degree of CPAP can be control led by intermittently relaxing the a i rway sea l  at the level  of the
mask.
If the laryngospasm has  occurred at induction, i t may be rel ieved by deepening anaesthes ia  us ing further increments  of propofol
(disadvantage: potentia l  venti latory depress ion) or by increas ing the volati le agent concentration (disadvantage: i rri tation of the
airway, less  so with sevoflurane, more with i soflurane). Don't use ni trous  oxide, i t wi l l  decrease oxygen reserves .
If the laryngospasm fa i l s  to improve remove any a i rways  that may be s timulating the pharynx.
Suxamethonium 0.25–0.5 mg/kg wi l l  rel ieve laryngospasm. If IV access  i s  imposs ible, cons ider giving 2–4 mg/kg intramuscularly or
subl ingual ly.

P.843

Subsequent management

Monitor for evidence of pulmonary oedema.
CPAP may have inflated the s tomach with gas  so decompress  i t wi th an orogastric tube and recover the patient in the latera l  pos i tion.

Other cons iderations

The ri sk of laryngospasm may be reduced by co-induction with IV opioids , IV l idoca ine (l ignoca ine), or by topica l  l idoca ine (l ignocaine)
spray prior to laryngoscopy (don't use more than 4 mg/kg).
Laryngospasm is  caused by acute glottic closure of the voca l  cords  and i s  mediated by the superior laryngeal  nerve. Blockade can be
achieved by injecting 2 ml  of LA 1 cm media l  to the superior cornu of the hyoid through the thyrohyoid membrane prior to awake
fibreoptic intubation.
Uni latera l  recurrent laryngeal  nerve trauma resul ts  in para lys is  of one voca l  cord and causes  hoarseness , ineffective cough, and
potentia l  to aspi rate. Bi latera l  voca l  cord para lys is  i s  more serious , leading to s tridor on extubation–this  may mimic laryngospasm but
doesn't get better with s tandard a i rway manoeuvres . The patient wi l l  require reintubation and poss ibly tracheostomy.
Tracheomalacia  i s  l ikely to cause more s tridor with marked negative inspi ratory pressure so treat ini tia l ly with CPAP. Reconstructive
surgery may be necessary.
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Air/gas  embol ism

Condition Venous  gas  produces  a i rlock in RV and obstructs  pulmonary capi l laries

Presentation Decreased ETCO2, decreased SaO2, loss  of pa lpable pulse, EMD, decreased CVP then increased CVP

Immediate action Remove source of embolus ; flood wound; compress  dra inage veins

Fol low-up action Increase venous  pressure; turn off N2O; left latera l  head down ti l t; CVS support

Investigations Auscul tation; Doppler; ECG; chest radiograph

Also cons ider

Breathing ci rcui t disconnection (loss  of ETCO2 trace and decreased SaO2)
Pulseless  cardiac arrest—other causes  of EMD (4Ts  and 4Hs) (see p. 826 )
Cement reaction
Pulmonary embol ism of thrombus
Amniotic fluid embolus

Risk factors

Patient: spontaneous  venti lation (negative centra l  venous  pressure); patent foramen ova le (ri sk of paradoxica l  embol i ).
Anaesthes ia : hypovolaemia; any open vascular access  point; operation s i te higher than heart; pressurized infus ions .
Orthopaedic surgery: multiple trauma; long bone surgery, especia l ly intramedul lary na i l ing; hip surgery.
Genera l  surgery: laparoscopic procedures ; hysterectomy; neck surgery; vascular surgery.
ENT surgery: middle ear procedures .
Neurosurgery: posterior fossa  operations  in the s i tting pos i tion (now a lmost his torica l ).

Diagnos is

‘At ri sk’ patient, dramatic fa l l /loss  of the ETCO2 trace and fa l l  in SaO2.
Awake patients  compla in of severe chest pa in.
Heart rate may ri se.
Sudden ri se in CVP due to a  fa l l  in cardiac output and ri se in PVR.
Class ica l ly a  ‘mi l lwheel ’ murmur can supposedly be heard.
Doppler ul trasound i s  extremely sens i tive (0.25 ml  a i r!) but poss ibly unavai lable as  a  diagnostic tool .
EMD arrest may occur. ECG may show s igns  of acute i schaemia, e.g. ST segment depress ion >1 mm.
P.845

It i s  cla imed that symptoms/s igns  of a i r embolus  appear fol lowing 0.5 ml/kg/min of intravascular gas .

Immediate management
ABC.… El iminate breathing ci rcui t disconnection; give 100% oxygen; check ECG trace and pulse.

Prevent further gas/a i r from entering the ci rculation. Get the surgeon to apply compress ion to major dra inage vessels  and flood the
wound with i rrigation fluid or cover with damp pack, s top reaming, etc.
Decompress  any gas -pressurized system/cavi ty, e.g the abdomen during laparoscopy.
Lower the operation s i te to below heart level .
Turn off N2O (i t wi l l  expand any intravascular gas  volume).
Increase venous  pressure with rapid IV infus ion of fluids  ± vasopressors .
If EMD arrest occurs , s tart external  cardiac massage and adopt advanced l i fe support protocol  for non-VF/VT cardiac arrest.
Aspirate CVP l ine. Class ic teaching i s  to the tip patient head down in the left latera l  pos i tion to keep the bubble in the right atrium or
apex of the right ventricle unti l  i t dissolves  or can be aspi rated via  a  centra l  l ine advanced into the right atrium. In practice, i f there i s
not a l ready a  CVP l ine in s i tuaspiration i s  l ikely to be di ffi cul t.
Moderate CPAP has  been advocated as  a  means  of rapidly increas ing intrathoracic and therefore centra l  venous  pressure in the event
of gas  embolus . Whi ls t this  manoeuvre may l imit the extent and progress  of an a i r embolus , i t must be borne in mind that 10% of
patients  may have a  patent foramen ova le. Susta ined ri se in right atria l  pressure may then lead to a  right to left shunt and paradoxica l
a i r embol ism to the cerebra l  ci rculation.

Subsequent management

Ask the surgeon to apply bone wax to exposed bone edges .
Correct any pre-exis ting hypovolaemia.
Avoid ni trous  oxide for the remainder of the anaesthetic, and mainta in a  high FiO2.
Perform a  12-lead ECG to look for i schaemia. Ai r in coronary arteries  i s  suggestive of paradoxica l  a i r embol ism.
Cons ider hyperbaric therapy i f ava i lable: increased ambient pressure (3–6 bar) wi l l  decrease the volume of gas  embol i .

Other cons iderations
Carbon dioxide i s  the safest gas  to use for laparoscopic insufflation. It i s  non-flammable and i s  more soluble than other agents . Should a  gas
embolus  occur, i t wi l l  dissolve over time. The priori ty of management should therefore be to l imit the extent and centra l  progress  of the gas
‘bubble’ thereby minimizing i ts  systemic cardiovascular effect.
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Aspiration

Condition Chemica l  pneumoniti s ; foreign body obstruction and atelectes is

Presentation Tachypnoea; tachycardia ; decreased lung compl iance; decreased SaO2

Immediate action Minimize further aspi ration; secure the a i rway; suction

Fol low-up action 100% oxygen; cons ider CPAP; empty the s tomach

Investigations Chest radiograph; bronchoscopy

Also cons ider
Pulmonary oedema (see p. 850)
Embolus
ARDS

Risk factors

Ful l  s tomach.
Known reflux.
Ra ised intragastric pressure (intestina l  obstruction, pregnancy, laparoscopic surgery).
Recent trauma.
Perioperative opioids .
Diabetes  mel l i tus .
Topica l ly anaesthetized a i rway.

Diagnos is

Cl inica l : auscul tation may reveal  a  wheeze and crepi tations ; tracheal  aspi rate may be acidic (but a  negative finding does  not exclude
aspiration).
Chest radiograph: di ffuse infi l trative pattern especia l ly in right lower lobe dis tribution (but often not acutely).

Immediate management

Avoidance of genera l  anaesthes ia  in high-ri sk s i tuations . Use of a  rapid sequence technique when appropriate.
Adminis ter 100% oxygen and minimize the ri sk of further aspi rate contaminating the a i rway.
If the patient i s  awake or nearly awake, suction the oro/nasopharynx and place in the recovery pos i tion.
If the patient i s  unconscious  but breathing spontaneous ly, apply cricoid pressure. Avoid cricoid pressure i f the patient i s  actively
vomiting (ri sk of oesophageal  rupture) and place patient in a  left latera l  head down pos i tion. Intubate i f tracheal  suction and
venti lation are indicated.
If the patient i s  unconscious  and apnoeic intubate immediately and commence venti lation.
P.847

Treat as  an inhaled foreign body: minimize pos i tive pressure venti lation unti l  the ETT and a i rway have been suctioned and a l l
aspi rates  are clear.

Subsequent management

Empty the s tomach with a  large-bore nasogastric tube prior to attempting extubation.
Monitor respi ratory function and arrange a  chest radiograph. Look for evidence of oedema, col lapse, or consol idation.
If SpO2 remains  at 90–95%, atelectas is  can be improved with CPAP (10 cmH2O) and chest phys iotherapy.
If SpO2 remains  <90% despi te 100% oxygen, there may be sol id food materia l  obstructing part of the bronchia l  tree. If the patient i s
intubated, cons ider us ing fibreoptic/rigid bronchoscopy or bronchia l  lavage us ing 0.9% sa l ine to remove any large foreign bodies  or
semisol id materia l  from the a i rway. Refer to ICU postoperatively.

Other cons iderations

Corticosteroids  may modi fy the inflammatory response early after aspi ration but don't a l ter the outcome, except by potentia l ly
interfering with the normal  immune response.
Prophylactic antibiotics  are not genera l ly given routinely (unless  infected materia l  aspi rated), but may be required to treat subsequent
secondary infections .
If gastric aspi rate has  been buffered to pH 7, the resul ting aspi ration pneumoniti s  i s  less  severe, volume for volume, than i f i t i s  highly
acidic. However, sol id food materia l  can produce prolonged inflammation, even i f the overa l l  pH i s  neutra l .
Blood, a l though undes i rable, i s  genera l ly wel l  tolerated in the a i rway.
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Status  asthmaticus

Condition Intractable bronchospasm

Presentation Increased a i rway pressure; s loping expiratory capnograph trace

Immediate action 100% oxygen; sa lbutamol  250 µg IV/2.5 mg nebul i zer; aminophyl l ine 250 mg s low IV

Fol low-up action Hydrocorti sone 200 mg

Investigations Chest radiograph; ABGs

Also cons ider

Breathing ci rcui t obstruction
Kinked ETT/cuff herniation
Endobronchia l  intubation/tube migration
Foreign body in a i rway
Anaphylaxis
Pneumothorax

Risk factors

Asthma, particularly with previous  acute admiss ions , especia l ly to ICU, and/or systemic s teroid dependence.
Intercurrent respiratory tract infection.
Carina l  i rri tation by ETT.

Diagnos is

Increased a i rway pressure, prolonged expiratory phase to capnograph trace.
Centra l  trachea with bi latera l ly hyperexpanded and resonant lung fields  ± expiratory wheeze (absent i f severe).
Severe bronchospasm is  a  diagnos is  of exclus ion. The quickest method of ascerta ining the source of the increased a i rway res is tance i s
to break the breathing ci rcui t dis ta l  to a l l  connectors/fi l ters  and to try venti lating di rectly with a  sel f-inflating bag. If the inflation
pressure s ti l l  feels  too high the problem is  due to a i rway/ETT obstruction or reduced compl iance.
El iminate ETT obstruction by ‘sounding’ the ETT with a  graduated gum elastic bougie (note the dis tance i t can be inserted down the ETT
and compare i t wi th the external  tube markings ).

Immediate management
ABC.… 100% oxygen.

Increase concentration of volati le agent–sevoflurane i s  the least i rri tant and i s  less  l ikely to precipi tate dysrhythmias  in the presence
of hypercapnia  (ha lothane i s  most l ikely to).
P.849

Salbutamol  250 µg intravenous ly or 2.5 mg by nebul i zer Al ternatively (as  an immediate measure) adminis ter two to s ix puffs  of beta
agonis t inhaler into the a i rway by placing the device in the barrel  of a  50 ml  syringe. Attach the syringe by Luer lock to a  15 cm length of
fine-bore infus ion/capnograph tubing, which can then be fed di rectly down the ETT. The inhaler can be discharged by pressure appl ied
via  the syringe plunger. Use of the fine bore tubing decreases  depos i tion of the drug on the ETT.
Aminophyl l ine 250 mg by s low intravenous  injection (up to 5 mg/kg).

Subsequent management9,10

If immediate treatment fa i l s  or i s  unavai lable, cons ider ipratropium bromide (0.25 mg nebul i zer), adrenal ine IV boluses  (10 µg = 0.1 ml
of 1 in 10 000), ketamine (2 mg/kg IV), magnes ium (2 g by s low IV).
Hydrocorti sone 200 mg IV.
Check the drug chart and notes  for poss ible drug a l lergies  to agents  a l ready adminis tered.
Arrange a  chest radiograph-check for pneumothorax and ETT tip pos i tion (withdraw i f carina l ).
Check ABGs  and electrolytes  (prolonged use of beta2 agonis ts  causes  hypokalaemia).
Refer to ICU.

Other cons iderations

Pulsus  paradoxus  i s  a  systemic blood pressure defici t measured during the spontaneous  venti latory cycle. A paradox of greater than 10
mmHg (1.3 kPa) indicates  severe asthma.
Gas  trapping: ra ised mean intrathoracic pressure may resul t from IPPV in the presence of severe bronchospasm. If the pulse pressure
fa l l s  and neck veins  appear dis tended, cons ider obstructed venous  return and a  dependent fa l l  in cardiac output. Intermittently
disconnect the ETT from the ci rcui t and observe the (connected) capnograph trace for evidence of prolonged expiration and return of
pulse pressure.
Venti lator setting advice during this  phase: 100% oxygen, ini tia l ly by hand, may need high pressures , s low rate, prolonged expiration,
do not worry about CO2 levels  provided that SpO2 i s  a l right. It may be necessary to accept a  reduced respiratory venti lation rate to a l low
adequate expiration to occur (permiss ive hypercapnia).

Footnotes
9

Asthma: a  changing perspective on management (1996). Current anaesthes ia  and cri tica l  care, vol . 7, pp. 260–5. Churchi l l  Livingstone,
Edinburgh.
10

Bri ti sh Thoracic Society et a l . (1993) Guidel ines  on the management of as thma. Bri ti sh Medica l  Journal , 306, pp. 776–82.
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Pulmonary oedema

Condition
Increased hydrostatic pressure; increased vascular permeabi l i ty; decreased plasma col loid osmotic pressure; negative
intersti tia l  pressure; obstructed lymphatic dra inage

Presentation Pink frothy sputum; increased heart rate, respi ratory rate, CVP, and PCWP; decreased SaO2

Immediate
action

100% oxygen; decrease PCWP by posture

Fol low-up
action

Opioids ; diuretics ; vasodi lators

Investigations Chest radiograph; ECG; ABG; cons ider PA catheter s tudies

Also cons ider

Asthma
MI
ARDS
Drug reaction
Aspiration

Risk factors

MI or pre-exis ting myocardia l  disease (pump fa i lure).
Drugs/toxins  (fluid overload–especia l ly in renal  fa i lure and the elderly, drug reaction, myocardia l  depress ion).
Aspiration (chemica l  pneumoniti s ).
Pre-exis ting lung disease or infection (increased capi l lary permeabi l i ty).
Malnutri tion (low oncotic pressure); this  i s  rare!
Acute head injury or intracrania l  pathology (neurogenic).
Severe laryngospasm or a i rway obstruction (negative intrathoracic pressure)11.
Severe hypertens ion; LVF; mitra l  s tenos is  (high pulmonary vascular hydrostatic pressure).
Latera l  decubitus  pos i tion (uni latera l ).
Impairment of lymphatic dra inage (e.g mal ignancy).
Rapid lung expans ion (e.g. re-expans ion of a  pneumothorax).
Fol lowing pneumonectomy.

Diagnos is

Cl inica l : wheeze; pink frothy sputum; fine crackles ; quiet bases ; triple rhythm; increased JVP; l iver engorgement.
P.851

Monitors : increased heart rate; increased respiratory rate; decreased SaO2; increased a i rway pressure; increased CVP; increased PCWP
(greater than 25–30 mmHg).
Chest radiograph: basa l  shadowing; upper lobe divers ion; bat's  wing or s tag horn appearance; hi lar haze; bronchia l  cuffing, Kerley B
l ines ; pleura l  effus ions ; septa l/interlobar fluid l ines .
ECG: evidence of right heart s tra in; evidence of MI.

Immediate management

ABC…then management depends  upon the current s tate of the patient.
If awake and breathing spontaneous ly: s i t up to offload the pulmonary vasculature and improve FRC; high flow 100% oxygen via  mask
with reservoir bag; furosemide (frusemide) 50 mg IV; diamorphine 5 mg IV; cons ider us ing CPAP 5–10 mmHg and a  vasodi lator i f
hypertens ive (e.g. GTN 0.5–1.5 mg subl ingual ly, or 10 mg transcutaneous  patch, beware of IV GTN adminis tration in the absence of
invas ive BP monitoring).
If anaesthetized and intubated: commence IPPV with PEEP (5–10 cmH2O) in a  15° head up pos i tion to reduce atelectas is  and improve
FRC; aspi rate free fluid from the trachea intermittently; drug therapy as  above.

Subsequent management

Optimize fluid therapy and mainta in plasma col loid oncotic pressure on the bas is  of seria l  CVP measurements . If in doubt, measure
PCWP via  a  PA catheter.
Cons ider inotropic support with a  beta  agonis t (e.g. dobutamine) or venesection (500 ml) i f fi l l ing pressures  remain high or s igns  of
inadequate ci rculation pers is t.

Footnote
11

Lang SA, Duncan PG, Shephard DAE, Hung CH (1990). Pulmonary oedema associated with a i rway obstruction. Canadian Journal  of Anaesthes ia ,
37, 210.
Library Holdings
Bibl iographic Links
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Can't intubate… can't venti late

Condition Fai lure to oxygenate by ETT/facemask/LMA/COPA/Combitube

Presentation 1 in 10 000 anaesthetics

Immediate action Summon help; 100% oxygen; CPAP; wake up i f poss ible

Fol low-up action Needle cricothyrotomy

Also cons ider
Emergency tracheostomy; Fibreoptic intubation
Bl ind nasa l  approach

Risk factors

See ‘fa i led intubation’ ri sks  (p. 874).
Inexperienced anaesthetis t.
No preoxygenation (increases  rate of arteria l  desaturation).

Immediate management

Cal l  for help, but reta in your tra ined ass is tant.
Attempt oxygenation even i f i t appears  futi le. Insert both an ora l  and a  nasopharyngeal  a i rway. Lock on the emergency oxygen flush.
Apply a  close-fi tting facemask with two hands  and l i ft/dis locate the mandible fi rmly forwards  (jaw thrust). Al though an ass is tant may
help by bag squeezing, i t may be eas iest to attempt venti lation by a l lowing an intermittent leak around the mask.
Cons ider us ing an LMA, Intubating LMA, Combitube, COPA. No s ingle a i rway adjunct has  clear advantages  over others . This  i s  not a  time
to experiment with unfami l iar devices  so s tick to whatever you feel  comfortable with and abandon them early i f they prove to be of no
benefi t.
If the patient i s  making spontaneous  effort and respiratory noise, mainta in CPAP and 100% oxygen unti l  the patient wakes .

Subsequent management

Cricothyrotomy (see a lso p. 877): The decis ion to attempt transtracheal  oxygenation i s  not an easy one to make. However, remember
that i t i s  l i kely to take over a  minute to achieve access , and even then, abi l i ty to oxygenate wi l l  be severely l imited. Speed i s  essentia l
in order to prevent hypoxic cardiac arrest or bra in damage.
Extend the neck: You may find access  eas ier i f someone else does  this  for you and s imultaneous ly fixes  the skin by applying s l ight
traction bi latera l ly to the soft ti s sues  of the neck.
Find the cricothyroid membrane (i t l ies  between the superiorly notched thyroid carti lage and the cricoid carti lage; see diagram).
P.853

Attach a  20 ml  syringe conta ining 10 ml  of 0.9% sa l ine to a  large-bore needle or cannula  (14–16G). Advance through the cricothyroid
membrane in a  s l ightly caudal ly incl ined di rection aspi rating unti l  a i r bubbles  freely into the syringe.
If you have used a  needle, hold i t fi rmly in place. If you have used a  cannula  guard aga inst kinking.
There are severa l  ways  of connecting a  needle/cannula  to a  s tandard breathing ci rcui t:

Connect a  10 ml  syringe, remove the plunger, and intubate the barrel  with a  cuffed ETT.
Insert an ETT connector from a  neonata l  3.5 mm ETT to the hub of the needle/cannula .
Unscrew the capnograph tubing from the monitor, attach the Luer lock end to the hub of the needle/cannula . Take the other end
and attach the sampl ing end (T-piece) to the common gas  outlet. Use your thumb to intermittently occlude the other end of the
T-piece.
Use a  Sanders  injector or s imi lar jetting device attached by Luer lock. Beware: high-pressure oxygen can cause a  catastrophic
surgica l  emphy-sema via  a  misplaced cannula . Check for ri se and fa l l  of the chest wal l .12

Transtracheal  oxygenation by needle/cannula  i s  a  temporary emergency measure. Ful l  venti lation i s  unl ikely to be poss ible. However,
there should be flow of oxygen down the bronchia l  tree to the a lveol i .
Ca l l  urgently for an ENT surgeon to perform an emergency tracheostomy. If poss ible, improve transtracheal  access  with a  ‘Mini trach’ or
s imi lar device. There are severa l  easy to use commercia l  ki ts  that exis t based around a  Seldinger method of insertion. If the patient
remains  para lysed attempt fibreoptic/bl ind nasa l  intubation.
Cons ider transtracheal  jet venti lation but s top venti lating immediately i f surgica l  emphysema forms  in the neck.

View Figure

Fig 36.3 Cricothyroid membrane (arrow) between thyroid and ci rcoid carti lages .

P.854

Other cons iderations

The best treatment i s  prevention, or at least anticipation of potentia l  a i rway di ffi cul ties . Avoidance of muscle relaxants  i s  prudent
unti l  one has  determined that venti lation can be achieved manual ly. Thorough preoxygenation wi l l  ensure that the FRC conta ins
approximately 2 l i tres  of oxygen rather than 0.5 l i tre at induction. Have the ki t and personnel  required for the creation of a  surgica l
a i rway close at hand i f you anticipate di ffi cul ties  intubating.
If the problem is  an inabi l i ty to achieve a  sea l  due to the presence of a  beard, quickly apply a  large transparent sel f-adhes ive dress ing
over the whole of the lower face. Make a  large hole in i t for the mouth and nostri l s , and re-apply the mask ± an a i rway.
If the problem is  an inabi l i ty to pass  a  smal l  enough ETT tube down a  narrowed trachea (ei ther the ETT i s  too short or a  sui table s i ze i s
unavai lable) cons ider pass ing an a i rway exchange catheter. This  i s  a  robust guide that resembles  a  white but hol low gum elastic
bougie. It comes  with ei ther Luer lock or 15 mm connector a l lowing oxygen to be passed through i t into the dis ta l  a i rway whi l s t a  more
defini tive a i rway i s  es tabl i shed ei ther by ra i l -roading a  larger tube over i t or by surgica l  tracheostomy.13

Commercia l ly ava i lable transtracheal  needles  and injectors  are now widely ava i lable.
Check that your theatres  have a  wel l -s tocked di ffi cul t/fa i led intubation trol ley ava i lable at a l l  times .
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12

Benumof JL, Schel ler MS (1989). The importance of transtracheal  jet venti lation in the management of the di ffi cul t a i rway. Anesthes iology, 71,
769.
Library Holdings
Bibl iographic Links
13

Padkin A, McIndoe A (2000). Use of the a i rway exchange catheter for the patient with a  partia l ly obstructed a i rway. Anaesthes ia , 55, 87.
Ovid Ful l  Text
Ful l  Text
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Mal ignant hyperthermia  (see a lso p. 199)

Condition Hypermetabol i sm due to increased skeleta l  muscle intracel lular Ca 2+

Presentation Increased ETCO2; decreased SaO2; increased heart rate; CVS instabi l i ty; dysrhythmias ; increased core temperature

Immediate action Stop triggers  (volati le agents  + suxamethonium); hyperventi late with high-flow 100% oxygen; dantrolene 1–10 mg/kg

Fol low-up action Cool ; correct DIC, acidos is , hyperka laemia; promote diures is  (ri sk of acute renal  fa i lure)

Investigations Clotting s tudies , ABGs , K+; urine myoglobin; CK

Also cons ider

Rebreathing
Seps is
Awareness
Neuroleptic mal ignant syndrome
Ecstacy
Thyroid s torm

Risk factors

Fami ly his tory.
Exposure to suxamethonium or volati le agents  (even i f previous  exposures  were uneventful ).
Exertional  heat s troke. Exercise-induced rhabdomyol is i s , centra l  core disease, scol ios is , hernias , s trabismus  surgery.

Diagnos is

Susta ined jaw rigidi ty after suxamethonium (masseter spasm).
Unexpla ined tachycardia  together with an unexpected ri se in ETCO2 (IPPV) or minute volume (SV).
Fa l l ing SaO2 despi te increased FiO2.
Cardiovascular instabi l i ty, dysrhythmias  especia l ly multiple ventricular ectopics , peaked T waves  on ECG.
Genera l i zed rigidi ty.
Core temperature ri se of 2° C/h.

P.856

Immediate management 14,15

Check ABC.… Turn off a l l  volati le agents , don't adminis ter any further doses  of suxamethonium.
Hyperventi late with 100% oxygen us ing a  high fresh gas  flow to flush out volati le agent and expired CO2.
Tel l  the rest of the theatre team what the problem is . Ask for more help and obta in dantrolene immediately.
Use a  fresh breathing ci rcui t ± a  ‘vapour-free’ machine i f i t i s  easy to do so, but not i f i t resul ts  in rebreathing of expired CO2, a  low
FiO2, or delays  adminis tration of dantrolene.
When ava i lable, give dantrolene 1 mg/kg IV (i t comes  in 20 mg ampoules  so about four are required). Repeat. Usual ly about 2.5 mg/kg
are required in tota l , but up to 10 mg/kg may be given.
Stop surgery i f feas ible, otherwise mainta in anaesthes ia  with TIVA (propofol ).
Reduce core temperature by: evaporation; i ce to groins  and axi l lae; cold fluids  into intravenous  l ines , the bladder via  urinary catheter,
s tomach via  a  nasogastric tube, or peri toneal  cavi ty i f open.
Check ABGs  and K+, especia l ly i f dysrhythmias  occur, and correct acidos is/hyperka laemia  where appropriate.
Surgica l  team—cal l  for senior help to conclude the operation as  quickly as  i s  safely poss ible.

Subsequent management

Place invas ive BP and CVP monitoring l ines .
Send a  clotting screen for DIC, and serum CK assay (up to 1000 times  normal ).
Send a  urine sample for myoglobin estimation secondary to muscle breakdown.
Monitor for acute renal  fa i lure and promote a  diures is  with fluids  and mannitol .
Refer to the MH Investigation Unit15 for in vi tromuscle contracture tests  (IVCTs).

Other cons iderations

Dantrolene i s  formulated with 3 g mannitol  per ampoule.
Emptying severa l  ampoules  into a  s teri le dish and adding a  large volume of s teri le water may help mix dantrolene more rapidly.
Fol low-up involves  muscle biopsy under LA and in vi trohalothane, caffeine, ryanodine, and chlorocresol  contracture tests .

Footnotes
14

Hopkins  PM (2000). Mal ignant hyperthermia: advances  in cl inica l  management and diagnos is . Bri ti sh Journal  of Anaesthes ia , 85, 118–28.
Ful l  Text
Library Holdings
Bibl iographic Links
15

UK MH Investigation Unit, Academic Unit of Anaesthes ia , Cl inica l  Sciences  Bui lding, St James ' Univers i ty Hospi ta l  Trust, Leeds  LS9 7TF, UK tel .
0113 206 5274. Emergency hotl ine 07947 609601.
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Anaphylaxis

Condition
IgE mediated type B hypersens i tivi ty reaction to an antigen resul ting in his tamine and serotonin release from mast cel l s
and basophi l s

Presentation Cardiovascular col lapse; erythema; bronchospasm; oedema; rash

Immediate
action

Remove trigger; 100% oxygen; elevate legs ; adrenal ine 50 µg; fluids

Fol low-up
action

Chlorpheniramine 10–20 mg; hydrocorti sone 100–300 mg; ABGs

Investigations Plasma tryptase; urinary methylhis tamine

Also cons ider

Primary myocardia l/cardiovascular problem
Latex sens i tivi ty
Airway obstruction
Asthma
Tens ion pneumothorax

Risk factors

Intravenous  adminis tration of the antigen.
Note that cross -sens i tivi ties  with NSAIDs  and muscle relaxants  mean that previous  exposure i s  not a lways  necessary.
True penici l l in a l lergy i s  a  reaction to the bas ic common structure present in most penici l l ins .

Diagnos is

Cardiovascular col lapse (88%).
Erythema (45%).
Bronchospasm (36%)
Angio-oedema (24%)
Rash (13%)
Urticaria  (8.5%)

Immediate management16

Check ABC.… Stop the adminis tration of any potentia l  triggers , particularly intravenous  agents . Muscle relaxants , antibiotics  and NSAIDs
are the most frequent triggers .
Ca l l  for help.
Mainta in the a i rway and give 100% oxygen.
P.858

Lay the patient flat with the legs  elevated.
Give adrenal ine in 50 µg IV increments  (0.5 ml  1:10 000 solution) at a  rate of 100 µg/min unti l  pulse pressure or bronchospasm
improves . Al ter-natively, give adrenal ine 0.5–1 mg IM (repeated after 10 min i f necessary).
Give intravenous  fluid (col loid or sui table crysta l loid).

Subsequent management

Antihis tamines : give chlorpheniramine (Pi ri ton®) 10–20 mg by s low IV. Cons ider H2 antagonis ts  (rani tidine 50 mg s low IV).
Corticosteroids : give hydrocorti sone 100–300 mg IV.
Catecholamine infus ion as  CVS instabi l i ty may las t severa l  hours : Adrenal ine 0.05–0.1 µg/kg/min (= 4 ml/h of 1:10 000 for a  70 kg adult)
Noradrenal ine 0.05–0.1 µg/kg/min = 4 ml/h of a  solution of 4 mg made up to 40 ml  in 5% dextrose for a  70 kg adult).
Check ABGs  for acidos is  and cons ider bicarbonate 0.5–1.0 mmol/ kg (8.4% solution = 1 mmol/ml).
Check for the presence of a i rway oedema by letting down the ETT cuff and confi rming a  leak prior to extubating.
Cons ider bronchodi lators  (see s tatus  asthmaticus ) for pers is tent bronchospasm.

Other cons iderations

Investigations  can wait unti l  the patient has  been s tabi l i zed. Take a  10 ml  clotted blood sample 1 h after the s tart of the reaction to
perform a  tryptase assay. The specimen needs  to be spun down and the serum stored at -20 °C.
The anaesthetis t should fol low up the investigation, report reactions  to the Committee on Safety of Medicines  (CSM), and arrange skin
prick testing with immunologis ts  (see p. 956 for fol low-up management).

Footnote
16

Working Party of the Association of Anaesthetis ts  and the Bri ti sh Society of Al lergy and Cl inica l  Immunology (October 1995 and March 1999).
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Arteria l  injection

Condition
Chemica l  endarteri ti s  characterized by: arteria l  vasospasm and loca l  release of noradrenal ine; crysta l  depos i tion within the
dis ta l  arteries  (thiopenta l ); subsequent thrombos is  and dis ta l  i schaemic necros is

Presentation Intense burning pa in on injection; dis ta l  blanching; bl i s tering

Immediate
action

Stop injection but leave the cannula  in s i tu and adminis ter 1% l idoca ine (l ignoca ine) 5 ml  and papaverine 40 mg, flush with
heparinized sa l ine

Fol low-up
action

Regional  sympathetic blockade; anticoagulation

Investigations Monitor anticoagulation

Also cons ider
Extravasation
Di lution error of drug adminis tered

Risk factors

Antecubita l  l ines : inadvertant cannulation of brachia l  artery or aberrent ulnar artery.
Radia l  aspect of wris t: inadvertant cannulation of superficia l  branch of radia l  artery.
Arteria l  injection i s  more l ikely to cause damage with s tronger drug concentration (e.g. 5% thiopenta l ).
Cannula  which has  been inserted previous ly and only been flushed with sa l ine (not pa inful ) may present later.

Diagnos is

Awake patients  compla in of intense burning pa in on injection that may las t for severa l  hours .
Blanching of the skin.
Bl i s tering.
Within 2 h: oedema, hyperaesthes ia , motor weakness .
Later: s igns  of arteria l  thrombos is  ± gangrene.

Immediate management

Stop injecting!
Principles  of treatment are to di lute the i rri tant, reverse vasospasm, and prevent thrombos is .
Keep the cannula  in s i tu-you wi l l  need access  to reverse loca l  vasoconstriction within the dis ta l  arteriolar tree.
If the drug adminis tered was  highly i rri tant, flush the vessel  with i sotonic sa l ine or ‘Hepsa l ’.
Adminis ter loca l  anaesthetic down the cannula  to reduce vasospasm and reduce pa in (e.g. 10 ml  1% l idoca ine (l ignocaine)).
P.860

Adminis ter a  vasodi lator (e.g. papaverine 40 mg).
Once the immediate reaction has  subs ided, i f the hand i s  wel l  perfused and pink, remove the cannula  and apply sufficient pressure to
the puncture s i te to minimize loca l  haematoma formation.

Subsequent management

Sympathetic blockade and anticoagulation to reduce the ri sk of thrombos is :
sympathectomy via  s tel late gangl ion or brachia l  plexus  block–probably most eas i ly achieved via  the axi l lary approach, or
guanethidine block: performed l ike a  Bier's  block (guanethidine 10–20 mg IV + heparin 500 uni ts  in 25–40 ml  sa l ine, cuff left
inflated for 20 min), guanethidine blocks  a lpha adrenergic neurons  and depletes  noradrenal ine s tores . The effects  can las t for
severa l  weeks . Ask for ass is tance from consul tants  with a  specia l  interest in chronic pa in s ince this  block i s  a l so used to treat
reflex sympathetic dystrophy.

Heparinize after achieving sympathetic blockade to minimize the ri sk of late arteria l  thrombos is .

Other cons iderations
The nerve supply to the arm is  C5-T1. Sympathetic nerve supply to the arm comes  from T1 via  the sympathetic cha in and the s tel late gangl ion
(fus ion of the inferior cervica l  gangl ion and the fi rs t thoracic gangl ion).
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Unsuccess ful  reversa l  of neuromuscular blockade

Condition Competi tive antagonism at the nicotinic acetylchol ine receptor of the neuromuscular junction

Presentation
Uncoordinated, jerky patient movements  during the recovery phase. Inabi l i ty to mainta in an a i rway or inadequate
spontaneous  venti lation

Immediate
action

Mainta in and protect an a i rway and provide adequate venti lation

Fol low-up
action

Mainta in anaesthes ia  i f appropriate; correct the cause

Investigations Nerve s timulator tra in-of-four, post-tetanic count (see below); double burst s timulation

Also cons ider

Non-functional  periphera l  nerve s timulator (check the battery charge)
Volati le agent concentration (mainta ined by hypoventi lation)
Hyperventi lation (ETCO2 <4 kPa) or CO2 narcos is  (over about 9 kPa)
Undiagnosed head injury (examine pupi l s )
Cerebrovascular accident

Risk factors

Recent dose of relaxant/backflow in IVI/drug error.
Renal  and hepatic impairment caus ing delayed el imination of relaxant in long cases  (except atracurium).
Perioperative adminis tration of magnes ium (especia l ly above the therapeutic range 1.25–2.5 mmol/l i tre).
Hypothermia.
Acidos is  and electrolyte imbalance.
Co-adminis tration of aminoglycos ide antibiotics .
Myasthenia  gravis  (reduced number of receptors ).
Low levels  of plasma chol inesterase (pregnancy, renal  and l iver disorders , hypothyroidism) or competi tion with drugs  that are a lso
metabol i zed by plasma chol inesterase (etomidate, ester LAs , and methotrexate).
Abnormal  plasma chol inesterase (suxamethonium apnoea).
Ecothiopate eyedrops  for glaucoma (his torica l–now not ava i lable on genera l  prescription).
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Diagnos is

Uncoordinated, jerky patient movements  are suggestive of inadequate reversa l  of neuromuscular blockade. A susta ined l i ft of the
head from the pi l low for 5 s  i s  a  good cl inica l  indicator of adequate reversa l .
Tra in-of-four i s  class ica l ly measured as  adductor pol l i ci s  twitches  in response to supramaximal  s timulation via  two electrodes  placed
over the ulnar nerve. The tra in-of-four (TOF) ratio i s  force of the fourth twitch divided by the force of the fi rs t. In depolarizing blockade
there are equal  but reduced twitches  in response to TOF therefore the ratio i s  1. In non-depolarizing blockade the TOF ratio i s  <1. In
terms  of assess ing reversa l  of neuromuscular blockade, return of a  TOF ratio of at least 0.75 would normal ly be deemed adequate prior
to extubation.
Double burst s timulation i s  sa id to be more accurate as  a  means  of quanti -fying TOF ratio. Two s tandardized 60 ms  bursts  of 50 Hz
tetanic s timula-tion are given 0.75 s  apart and the responses  compared.
Post-tetanic count i s  used to monitor deep relaxation, when the TOF wi l l  not show any twitches . Fi rs tly establ i sh that the periphera l
nerve s timulator i s  actua l ly working and has  adequate battery charge. A 50 Hz tetanic s timulus  i s  appl ied for 5 s  fol lowed by s ingle
stimul i  at 1 Hz. Post-tetanic faci l i tation in the presence of non-depolarizing blockade a l lows  a  number of twitches  to be seen. Reversa l
should be poss ible with a  count of 10.

Immediate management

ABC…then check for s igns  of awareness , assess  anaesthetic depth, and check ETCO2.
If you have a l ready given a  dose of neostigmine ensure i t was  adequate (0.05 mg/kg) and that i t did actua l ly enter the ci rculation
(check the intravenous  l ine for backflow and the s i te of cannulation for swel l ing).
Hypothermia, electrolyte imbalance, and acidos is  wi l l  impair reversa l  and should be corrected.
Aminoglycos ide or Mg2+ induced poor reversa l  may improve with ca lcium gluconate (10 ml  10%) ti trated IV.
Poor/abnormal  plasma chol inesterase levels  can be partia l ly normal ized by giving fresh frozen plasma.

Subsequent management

Wait patiently–this  i s  not an emergency!
Suspected myasthenia  gravis  should be confi rmed postoperatively with a  ‘Tens i lon’ test.
If the patient has  suffered a  period of awareness  whi l s t para lysed, admit i t, expla in i t, apologize, and ensure that the patient has
access  to profess ional  counsel l ing i f required.

Other cons iderations
A dual  (phase II) blockade occurs  when large amounts  of suxamethonium are used and the depolarizing block i s  gradual ly replaced by one of
non-depolarizing characteris tics  (fade, etc.).
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Airway assessment
Careful  assessment of the a i rway i s  an essentia l  component of every preoperative vis i t. Di ffi cul ty in a i rway management i s  the s ingle most
important cause of anaesthes ia-related morbidi ty and morta l i ty. It has  been estimated that as  many as  30% of deaths  tota l ly attributable to
anaesthes ia  are associated with inadequate a i rway management.
The s i te and nature of the proposed surgery, the type of anaesthetic selected, and patient factors  wi l l  determine a  plan for a i rway
management by the anaesthetis t.
It may be obvious  that a  patient's  a i rway wi l l  be di ffi cul t (e.g. masses , abscesses , anatomica l  abnormal i ties , etc.), but most catastrophes
happen when unexpected di ffi cul ty occurs . Assessment of the a i rway involves  taking a  his tory, examination, and the use of a  few s imple
beds ide tests .
His tory

Ask about previous  anaesthetics  and scrutinize previous  anaesthetic records . Check for previous  a i rway problems. If the patient was
intubated there should be a  comment about the best view obta ined of the glotti s  as  graded by Cormack and Lehane1 (see p. 867, Fig.
37.1).
When a i rway or intubation problems have been recorded, were they related to an acute event (e.g. trauma, a i rway disease process ,
pregnancy) or i s  the underlying problem sti l l  present?
Is  there a  his tory of denta l  damage or severe sore throat with previous  anaesthetics?
Ascerta in whether the patient has  had previous  head and neck surgery, radiotherapy to the head and neck, or has  medica l  conditions
that may predispose to di ffi cul t tracheal  intubation-diabetes  mel l i tus , acromegaly, rheumatoid arthri ti s , cervica l  arthropathy, morbid
obes i ty, or obstructive s leep apnoea. Patients  with Down's  syndrome or degenerative cervica l  spine disease are at increased ri sk of
atlantoaxia l  ins tabi l i ty.
An occas ional  patient may have wri tten noti fi cation of previous  a i rway problems.

Examination

Look for neck masses , scars  of previous  head and neck surgery, burns , or the skin changes  associated with radiotherapy.
Adverse anatomica l  features  include a  smal l  mouth, receding chin, high arched pa late, large tongue, bul l  neck, morbid obes i ty, and
large breasts .
Look for protruding/awkwardly placed or loose teeth. Document the pos i tion of any caps  or crowns  and inform the patient of the ri sk of
damage to these.
P.867
Note the pos i tion of the larynx and trachea and the access ibi l i ty of the cricothyroid membrane.
Look out for patients  with beards  (which may hide adverse anatomica l  features ) or occipi ta l  ha i r buns  (which may prevent extens ion at
the craniocervica l  junction).
If the nasa l  route i s  chosen for intubation remember to check the patency of the nasa l  passages  and for any his tory of epis taxis .

View Figure

Fig 37.1 Cormack and Lehane class i fi cation of glottic vi sua l i zation.

Cl inica l  tests
These are used in an attempt to predict di ffi cul t laryngoscopy (i .e. Cormack and Lehane grades  3 and 4), which occurs  in approximately 1–;2% of
the surgica l  population. Idea l ly, these tests  should have a  high speci fici ty (the abi l i ty to correctly identi fy normal  patients  as  normal ) and a
high sens i tivi ty (to detect true di ffi cul t intubations). No s ingle test can be used to predict di ffi cul t laryngoscopy with certa inty. Combining two
or more tests  improves  the pos i tive predictive va lue (the percentage of di ffi cul t laryngoscopies  correctly predicted as  di ffi cul t) and increases
the speci fici ty, but decreases  the sens i tivi ty.
Prediction of di ffi cul t laryngoscopy i s  imprecise. The tests  described have high speci fici ties  (that i s  they are good at predicting when
laryngoscopy wi l l  be easy). Since the same factors  are involved in easy laryngoscopy and success ful  a i rway maintenance with a  mask
(extens ion at the craniocervica l  junction and mandibular protrus ion), predicting easy laryngoscopy i s  a lso a  prediction of success ful  control  of
the a i rway changes  associated with induction of anaesthes ia . If severa l  of the tests  are pos i tive the cl inician should have a  high index of
suspicion that di rect laryngoscopy wi l l  be di ffi cul t and cons ider securing the a i rway before inducing anaesthes ia .
Interincisor gap

Ask the patient to open their mouth as  wide as  poss ible.
Less  than two finger breadths  (3 cm) dis tance between the incisor teeth i s  associated with di ffi cul ty in conventional  laryngoscopy.
An interincisor gap of less  than 3 cm reduced the preva lence of easy intubation from 95% to 62% in one large series .
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Protrus ion of the mandible

Ask the patient to protrude their mandible. Look at the pos i tion of the lower teeth in relation to the upper teeth.2 Classes  B and C are
associated with di ffi cul t laryngoscopy:

Class  A: the lower incisors  can be protruded anterior to the upper incisors .
Class  B: the lower incisors  can be brought ‘edge to edge’ with the upper incisors .
Class  C: the lower incisors  cannot be brought ‘edge to edge’.

Mal lampati  test (with Samsoon and Young's  modi fication)3

Si t in front of the patient who should be s i tting up with thei r head in the neutra l  pos i tion. Ask the patient to open their mouth
maximal ly and protrude their tongue without phonating. Note which of the fol lowing s tructures  are vis ible: (Fig. 37.2)

Class  1: faucia l  pi l lars  (pa latoglossa l  and pa latopharyngeal  folds ), soft pa late, and uvula  vis ible.
Class  2: faucia l  pi l lars  and soft pa late vis ible. Uvula  masked by base of tongue.
Class  3: only soft pa late vis ible.
Class  4: soft pa late not vis ible.

Class  3 and 4 views  are associated with di ffi cul ty. When used in i solation the Mal lampati  test correctly identi fies  about 50% of di ffi cul t
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intubations .

Flexion/extens ion at the craniocervica l  junction
This  i s  best assessed by asking the patient to maximal ly flex thei r neck. The examiner's  hand i s  then placed on the back of the patient's  neck
to prevent movement of the cervica l  spine and the patient i s  asked to nod their head. Al ternatively a  pen can be held aga inst the forehead
whi ls t maximal ly flexing
P.869

and extending the neck. Greater than 90° of movement should be poss ible. Reduced movements  are associated with di ffi cul t laryngoscopy.

View Figure

Fig 37.2 Mal lampati  test (Samsoon and Young modi fication)

The thyromenta l  dis tance (Pati l 's  test)4

The dis tance from the tip of the thyroid carti lage to the tip of the mandible, with the neck ful ly extended. This  should be greater than 6.5 cm
(three finger breadths) and estimates  the potentia l  space into which the tongue can be displaced on laryngoscopy. A dis tance of less  than 6
cm is  associated with di ffi cul t laryngoscopy and predicts  75% of di ffi cul t laryngoscopies .
The s ternomenta l  dis tance5

The dis tance from the upper border of the manubrium to the tip of the mandible with the neck ful ly extended. A dis tance of less  than 12.5 cm
is  associated with di ffi cul t laryngoscopy in adults .
Other tests

Radiographs  of mandibular length and depth have been used to predict di ffi cul t intubation. These are time-consuming and are
probably no better than the above cl inica l  tests .
With cervica l  spine disease (e.g. ankylos ing spondyl i ti s , rheumatoid arthri ti s , Kl ippel—Fei l  abnormal i ty) flexion/extens ion views  are
useful  to determine the s tabi l i ty of the odontoid peg, the mobi l i ty of the atlantoaxia l—occipi ta l  complex and the presence of fracture
dis locations . Patients  with disease that involves  the atlantoaxia l -occipi to complex have a  higher preva lence of di ffi cul t laryngoscopy
than those with disease below C2.6

Adults  with a  partia l ly obstructed a i rway may, i f time a l lows , be investigated with CT scanning. The scan wi l l  show the s i te of the
les ion, the dimens ions  of the trachea, the relationship of the les ion to the carina  and in the case of mal ignancies , whether or not the
tracheal  wal l  has  been invaded.7

Success ful  a i rway management i s  dependent on careful  patient assessment. If there i s  a  high l ikel ihood that mask venti lation and/or di rect
laryngoscopy wi l l  be di ffi cul t, cons ideration should be given to securing the a i rway with the patient awake.
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Management of the obstructed a i rway
Management of patients  with an obstructed a i rway
Each patient should be assessed to identi fy the level  and nature of the obstruction. Broadly these can be divided into:

Oropharyngeal  problems (trauma, tumour, infection).
Les ions  in and around the larynx (usual ly mal ignant or infective).
Mid tracheal  obstruction (often secondary to retrosternal  goi tres ).
Lower tracheal  and bronchia l  obstruction (usual ly large mediastina l  masses , e.g. lymphomas, thymomas, and carcinomas).

A careful  his tory wi l l  identi fy those patients  in whom obstruction i s  severe. Stridor at rest impl ies  a  reduction of a i rway diameter of at least
50%. In addition to noisy breathing, there may be a  his tory of waking up at night in a  panic and s leeping upright in a  cha i r.
Upper a i rway obstruction
Upper a i rway obstruction can be divided into two groups :

Intubation i s  l ikely to be s tra ightforward (see a i rway assessment p. 866). These patients  should have an inhalational  induction (see p.
879) in the operating theatre with the ENT surgeon gowned with a  tracheostomy tray and rigid venti lating bronchoscope close to hand.
The patient may be intubated with a  tracheal  tube or with a  rigid venti lating bronchoscope. If the patient i s  imposs ible to intubate a
tracheostomy can be performed in the anaesthetized spontaneous ly breathing patient.
Intubation i s  expected to be di ffi cul t or imposs ible (extens ive tumour, fixed hemi larynx, or gross  anatomica l  dis tortion). This  may
require prel iminary tracheostomy under loca l  anaesthetic. Hel ium may help amel iorate s tridor whi l s t the tracheostomy is  performed.
Hel iox (premixed hel ium/oxygen) conta ins  only 21% oxygen. The oxygen content may be increased by adapting rotameters  to fi t the
Hel iox cyl inder, or us ing a  s imple ‘Y’ connector and an oxygen cyl inder.

Mid tracheal  obstruction

Usual ly there i s  a  his tory over severa l  months . If time a l lows  a  CT scan should be performed to show the s i te of the les ion, the
dimens ions  of the trachea, the relationship of the les ion to the carina, and whether the tracheal  wal l  i s  invaded.
Remember that in these patients  an emergency tracheostomy may not be an option s ince access  to the trachea may be compromised by
the presence of a  large neck mass . In some patients , i t may be poss ible to perform a  tracheostomy but the tube may not be long
enough to bypass  the obstruction.
The most common cause of mid tracheal  obstruction i s  a  retrosternal  goi tre. In the majori ty of cases  visua l i zation of the larynx i s  not
di ffi cul t and tracheal  intubation i s  easy. The s i te of compress ion i s  of sufficient dis tance above the carina  to accommodate both the
tracheal  cuff and the bevel  thus  a l lowing conventional  induction of anaesthes ia .
P.871
If there i s  concern that conventional  intubation wi l l  be di ffi cul t, awake fibreoptic intubation may be the technique of choice. However,
i f the lumen of the trachea i s  very smal l  passage of the fibreoptic scope and tube may be unpleasant for the patient (the ‘cork in a
bottle’ phenomenon). An experienced operator i s  required.
Some patients  with very marked tracheal  obstruction may be best managed with an inhalational  induction and intubation with ei ther
a  very smal l  tracheal  tube or a  rigid bronchoscope.

Lower tracheal  and bronchia l  obstruction
These are very di ffi cul t cases . Deta i led discuss ion should take place and management be planned by experienced specia l i s ts . Sudden
respiratory obstruction can occur at any s tage of the anaesthetic. Induction of anaesthes ia  can a l ter the support of the bronchia l  tree so that
col lapse can occur with tota l  respi ratory obstruction:

Obta in ti ssue diagnos is  i f poss ible under loca l  anaesthes ia .
If superior vena cava l  obstruction i s  present, urgent ‘bl ind’ chemotherapy or radiotherapy may have to be cons idered, even in the
absence of a  his tologica l  diagnos is .
The use of a  rigid intubating bronchoscope to rel ieve the obstruction may be l i fesaving.
Transfer to a  uni t where faci l i ties  for extracorporeal  oxygenation are ava i lable may be necessary in some cases .

Further reading
Goh MH, Liu XY, Goh YS (1999). Anterior mediastina l  masses : an anaesthetic cha l lenge. Anaesthes ia , 54, 670–4.
Ovid Ful l  Text
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Library Holdings
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Mason RA, Fielder CP (1999). The obstructed a i rway in head and neck surgery. Anaesthes ia , 54, 625–8.
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Management of the unexpected di ffi cul t a i rway (see a lso p. 852)
Despi te careful  assessment, unexpected a i rway problems can occur. Approximately 50% of a i rway di ffi cul ties  wi l l  only become apparent after
the induction of genera l  anaesthes ia . When a  problem does  ari se, the fi rs t priori ty i s  to decide whether the problem l ies  with di ffi cul t a i rway
maintenance, di ffi cul t intubation or both:

If the main problem is  intubation, but facemask venti lation i s  easy, a  control led s tepwise approach can be fol lowed.
If the problem l ies  with facemask venti lation, then an a i rway emergency develops . Maintenance of patient oxygenation becomes  the
priori ty.

Fa i led mask venti lation
Is  the problem due to:

Fa i lure to mainta in upper a i rway patency (most common problem)?
Laryngospasm?
Laryngeal  pathology?
Lower a i rway pathology?

Fai lure to mainta in a i rway patency

100% oxygen should be used whenever an a i rway problem appears  to be developing.
Triple-thrust manoeuvre–two hands  are used to thrust the jaw forwards . An ass is tant should squeeze the anaesthetic bag.
Ora l  and/or nasa l  a i rways  may help.
Ensure that head pos i tioning i s  optimal–‘sni ffing the morning a i r’, a  s ingle pi l low under the head only, neck flexed, head extended.
If s ti l l  unable to venti late by facemask insert a  laryngeal  mask a i rway (LMA) or Combitube.
If cricoid pressure has  been appl ied try releas ing i t careful ly.
Cricothyroidotomy.

Laryngospasm

Apply 100% oxygen with the mask held tightly and the expiratory va lve closed. Apply CPAP/PEEP and gently attempt manual  venti lation.
Avoid excess ive pressure as  this  may dis tend the s tomach.
Deepening anaesthes ia  with an IV induction agent (particularly propofol ) may reduce spasm, or cons ider a  smal l  dose of
suxamethonium (0.25–0.5 mg/kg).
As  laryngospasm starts  to ‘break’ anaesthes ia  should be deepened with a  volati le agent or further doses  of intravenous  agent as
appropriate.
If laryngospasm is  severe a  ful l  dose of suxamethonium (1.5 mg/kg) should be adminis tered.
If there i s  no venous  access  suxamethonium may be adminis tered intramuscularly or into the tongue (3 mg/kg).

P.873
Laryngeal  pathology
Unexpected laryngeal  pathology caus ing problems with mask venti lation i s  a  very rare scenario. Cricothyroidotomy may be l i fesaving.
Lower a i rway pathology

Acute severe bronchospasm may present as  di ffi cul ty in mask venti lation. This  may present de novo or may be part of an adverse drug
reaction. The management of acute severe bronchospasm is  discussed on p. 848.
Very rarely lower a i rway pathology due to diagnosed or undiagnosed mediastina l  masses  may present as  di ffi cul ty with venti lation at
induction of anaesthes ia . The use of a  rigid bronchoscope to mainta in a i rway patency may be l i fesaving.
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Fa i led intubation
Defined as  di ffi cul ty in viewing the larynx, caus ing fa i lure to intubate the trachea. Remember that patients  do not die from fa i lure to intubate
but fa i lure to oxygenate.
The cl inica l  scenario determines  the best management:

If the patient has  a  ful l  s tomach and i s  undergoing a  rapid sequence induction then i t i s  best to insti tute a  fa i led intubation dri l l  early
and wake the patient up. Rarely there are cl inica l  s i tuations  (e.g. in obstetrics ) where you may decide to proceed with surgery under
mask anaesthes ia .
In an elective case, when the patient has  received a  ful l  dose of a  nondepolarizing muscle relaxant and mask venti lation i s  easy, i t
may be appropriate to try a  ful l  range of techniques  (see Fig. 37.3).

Poss ible s trategies  in a  case of di ffi cul t intubation

Optimize the pos i tion of the head (flexion of the cervica l  spine with maximal  extens ion at the craniocervica l  junction).
Have di fferent laryngoscope blades  ava i lable. The McCoy blade with a  flexing tip can be particularly helpful .
Manipulation of the larynx by the ass is tant.
Use a  gum elastic bougie (‘Eschmann tracheal  tube introducer (reusable)’, Sims  Portex Ltd, New Portex House, Mi l i tary Road, Hythe, Kent
CT21 5BN, UK, tel : 01303 260551). This  i s  probably the most useful  piece of equipment for any unexpected di ffi cul t intubation. Keep the
bougie wel l  anterior to ensure i t does  not enter the oesophagus , and in the midl ine to avoid right or left pyri form fossae. 90° counter
clockwise rotation of the tube a ids  success ful  ra i l roading once the bougie i s  in pos i tion.
Cons ider a l ternative intubating techniques  (intubating LMA, Combitube, fibreoptic scope, retrograde methods).
With abnormal  anatomy the cords  may be di ffi cul t to see. Pressure on the chest may produce a  bubble at the laryngeal  opening.

Diagnos is  of misplacement

Reta in a  high index of suspicion after a  di ffi cul t intubation.
Suspect oesophageal  placement i f you cannot confi rm: normal  breath sounds  in both axi l lae and absent sounds  over the s tomach; ri se
and fa l l  of chest; normal  ETCO2 trace; normal  a i rway pressure cycle.
The trachea i s  a  rigid s tructure, the oesophagus  i s  not. If negative pressure i s  appl ied to the ETT, fa i lure to aspi rate a i r (e.g. with a
bladder syringe di rectly attached to the ETT) suggests  oesophageal  placement.
Confi rm ETT placement with a  fibreoptic scope.
Remember–i f in doubt, pul l  i t out and apply bag and mask venti lation.

The intubating laryngeal  mask a i rway (ILMA)

Intubation via  the laryngeal  mask a i rway may be performed bl ind, a ided by a  fibrescope, or a ided via  a  variety of other methods
(guidewire, bougie, l ightwand).

View Figure

Fig 37.3 Fa i led intubation.
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The ILMA (Intavent) i s  a  modi fication of the LMA des igned to faci l i tate bl ind orotracheal  intubation, fibreoptic intubation, or in very
cooperative patients  awake intubation.
It features  a  rigid anatomica l ly curved a i rway tube terminating in a  s tandard 15 mm connector. It i s  fi tted with a  rigid meta l  handle.
Unl ike a  s tandard laryngeal  mask, i t has  a  s ingle epiglottic elevating bar replacing the two bars  of a  s tandard LMA. The caudal  end of
the bar i s  not fixed to the mask floor a l lowing i t to elevate the epiglotti s  when an endotracheal  tube i s  passed through the aperture.
It comes  in three s i zes :

s i ze 3 for a  smal l  adul t or large chi ld
s ize 4 for a  normal  adul t
s i ze 5 for a  large adult.

Al l  three s i zes  wi l l  accept a  tube of up to 8 mm internal  diameter.

It i s  des igned to be used with a  s tra ight s i l i cone wire-reinforced cuffed endotracheal  tube not exceeding 8 mm internal  diameter
capable of being passed through the ILMA including the pi lot ba l loon and pi lot ba l loon va lve. The tube has  an atraumatic tip to
minimize the ri sk of pharyngeal  trauma.
The tube may be passed into the trachea bl indly or under di rect vi s ion us ing a  sui table fibreoptic scope.
It i s  recommended that the ILMA is  removed once the tube i s  passed into the trachea.
P.876

A s tabi l i zing rod i s  ava i lable to keep the tracheal  tube in place and s l ide the ILMA out of the mouth.

The Combitube

The Combitube™ (Sheridan Catheter Corporation) i s  an a i rway device that combines  the functions  of an oesophageal  obturator a i rway
and a  conventional  endotracheal  a i rway.
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It has  two lumens–an oesophageal  with an open proximal  end and a  blocked dis ta l  end with perforations  at pharyngeal  level  and a
tracheal  with open proximal  and dis ta l  ends .
It has  two inflatable cuffs–a  large proximal  cuff (85 ml) inflated in the pharynx to sea l  off the ora l  and nasa l  cavi ties  and a  smal ler
dis ta l  cuff (10 ml) to sea l  off the proximal  oesophagus  or trachea.
The smal l  s i ze i s  recommended for genera l  use.
Insertion:

With the head in the neutra l  pos i tion insert the Combitube bl indly into the pharynx unti l  the two black rings  are level  with the
teeth. A laryngoscope may be helpful .
Inflate the large cuff (blue) with 85 ml  of a i r. This  may require cons iderable force. The Combitube may ride up l ike a  laryngeal
mask.
Inflate the dis ta l  cuff (white) with 10 ml  of a i r.
In 98% of cases  the Combitube wi l l  be inserted into the oesophagus . Fi rs t attach the breathing system to the blue oesophageal
lumen and confi rm venti lation by auscul tation and capnography.
In 2% of cases  the Combitube wi l l  have entered the trachea. If there i s  no a i r entry on connecting the venti lation system to the
blue lumen try the dis ta l  white lumen and confi rm pos i tioning by auscul tation and capnography.

Contra indications :
Patients  less  than 5 feet (1.5 m) ta l l .
Those with intact gag reflexes .
Patients  with oesophageal  pathology–oesophageal  perforation has  been reported.
Patients  who have ingested caustic substances .

Retrograde intubation

Many di fferent methods  have been described, a l l  based on the technique of Waters .8

The a i rway i s  anaesthetized as  described. (For awake intubation see p. 882).
A Tuohy needle i s  passed through the cricothyroid membrane. Correct pos i tioning i s  confi rmed by the aspi ration of a i r.
A guidewire i s  passed via  the Tuohy needle and retrieved from the nose or mouth.
P.877

An introducer i s  passed over the guidewire–a 16G ureteric di lator fi ts  over a  145 cm 0.038 in Amplatz Super Sti ff guidewire and i s  a  snug
fi t for a  6.0 mm flexometa l l i c tube.
The tube i s  passed over the guidewire and introducer unti l  i t arrests  aga inst the guidewire protruding through the posterior surface of
the cricothyroid membrane.
The guidewire and introducer are withdrawn from above whi l s t applying forward pressure on the tube.
Correct tube placement i s  confi rmed in the usual  way.
An a l ternative technique involves  threading the guidewire through the suction port of the fibrescope and us ing the wire to guide the
fibresope into the trachea.
Cook (UK) make a  commercia l ly ava i lable retrograde intubation ki t for use with endotracheal  tubes  of internal  diameter 5 mm or larger.

Needle cricothyroidotomy (see a lso p. 853)
In the can't intubate, can't venti late scenario emergency tracheal  access  may be required. Needle cricothyroidotomy is  quicker and eas ier than
formal  tracheostomy. It i s  performed percutaneous ly with ei ther a  large (less  than 2 mm IV intravenous  cannula  or with a  larger (greater than 2
mm ID) speci fica l ly des igned cannula .
Intravenous  cannula

A 14G cannula  attached to a  10 ml  syringe i s  inserted through the cricothyroid membrane in the midl ine at an angle of 30–45°.
Ai r i s  aspi rated to confi rm placement and the catheter advanced into the trachea.
Oxygen may be from a  jet injector (flow rate through a  14G cannula  800 ml/s ), a  flow regulator at 15 l i tre/min (flow rate through a  14G
cannula  400 ml/s ), anaesthetic machine oxygen flush at 32 kPa  (flow rate through a  14G cannula  200 ml/s ), or anaesthetic bag at 60
cmH2O (flow rate through a  14G cannula  80 ml/s ).
Compl ications  include kinking, surgica l  emphysema, and problems with exhalation.

Formal  cricothyroidotomy ki t

Examples  are the Melker or Pati l  cricothyroidotomy sets  (Cook UK Limited, Monroe House, Letchworth, Herts  SG6 1LN, UK).
A guidewire i s  passed into the trachea via  a  needle inserted into the cricothyroid membrane.
A cannula  i s  passed into the trachea over a  di lator.
Venti lation i s  via  the anaesthetic ci rcui t or a  Sanders  type injector–most cannulas  have both s tandard (15 mm connector) and Luer lock
connectors .
Compl ications  include pneumothorax, surgica l  emphysema, and bleeding.

It i s  important to make sure there i s  no obstruction to expiration otherwise barotrauma may resul t.
Footnote
8

Waters  DJ (1963). Guided bl ind endotracheal  intubation. Anaesthes ia , 18, 158–62.
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Extubation of the patient who has  been di ffi cul t to intubate
Fol lowing multiple attempts  at intubation the a i rway may be oedematous  and bloody. On occas ions , an elective tracheostomy may be
necessary.

Optimize the patient's  medica l  condition:
Aspirate secretions , adminis ter bronchodi lators .
Ensure normovolaemia. Attenuate the cardiovascular s tress  effects  of extubation. Esmolol  may be useful .
Minimize s tomach contents  i f poss ible.
Can a i rway oedema be minimized? Pos i tion the patient head up. Cons ider the use of intravenous  dexamethasone or nebul i zed
adrenal ine.
Ensure there i s  no res idual  muscular para lys is .

Optimize pos i tion for extubation:
Cons ider s i tting the patient up to maximize the FRC and minimize a i rway obstruction.

Aids  to extubation:
Cons ider extubation over a  jet s tylet (Cook a i rway exchange catheter), a  nasogastric tube, or a  fibreoptic scope through which
oxygen can be suppl ied.
Cons ider a  tongue s ti tch to pul l  the tongue forward i f obstruction with the tongue i s  l ikely to be a  problem
A nasa l  a i rway (or cut nasotracheal  tube) may help prevent obstruction.

Have a  back up plan:
LMA
Combitube
cricothyroidotomy.

Further reading
Dyson A, Isaac PA, Pennant JH, Giesecke AH, Lipton JM (1990). Esmolol  attenuates  the cardiovascular responses  to extubation. Anaesthes ia  and
Analges ia , 71, 675–8.
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Inhalational  induction
Common indications  for inhalationl  induction include:

babies  and young chi ldren
needle phobic adults
acute upper a i rway obstruction due to les ions  in and around the larynx, e.g. acute epiglotti ti s , peri laryngeal  tumours
bronchopleura l  fi s tula
no eas i ly access ible veins .

If poss ible expla in the procedure to the patient at the preoperative vis i t.
Masks  with integra l  teets  are useful  in babies  who are s ti l l  suckl ing. In older chi ldren use of a  cupped hand around the fresh gas  del ivery
tube i s  used. Halothane or sevoflurane are the induction agents  of choice to permit smooth induction of anaesthes ia . For patients  with
a i rway obstruction 100% oxygen i s  used, otherwise 50% ni trous  oxide in oxygen i s  sati s factory. When us ing ha lothane the ini tia l  inspi red
concentration should be 1% and increased in 0.5% increments  unti l  surgica l  anaesthes ia  i s  es tabl i shed (smal l  centra l  pupi l s  and a  reduction
in blood pressure). Sevoflurane can be introduced at 4–8%.
In cooperative patients  a  s ingle breath induction technique can be used. A 4 l i tre bag (or two 2 l i tre bags  in series ) i s  prefi l led with ha lothane
5% or sevoflurane 8% in oxygen. The patient exhales  ful ly and then takes  a  s ingle vi ta l  capaci ty breath and i s  encouraged to breath hold for as
long as  poss ible. Smooth induction may be achieved within 30–60 s .
Di ffi cul ties  with inhalational  induction

Slow induction of anaesthes ia . Patients  with s tridor have low a lveolar minute volumes . Induction of anaesthes ia  and deepening of
the anaesthetic wi l l  be s low. Sevoflurane may fa i l  to provide anaesthes ia  of sufficient depth to a l low instrumentation of the a i rway.
Adequate depth of anaesthes ia  i s  usual ly evidenced by a  decrease in blood pressure and smal l  centra l  pupi l s . A change to ha lothane
may be worthwhi le.
With s tridor mainta in CPAP during induction.
Occas ional ly a i rway obstruction may be so severe that gas  induction i s  not poss ible. Cons ider tracheostomy under loca l  anaesthetic.
Ai rway problems may occur in s tage 2 of anaesthes ia  (exci tation) immediately after the patient loses  consciousness . Attempt chin l i ft
and jaw thrust. Insertion of an ora l  a i rway can induce coughing and laryngospasm. Cons ider the use of a  nasa l  a i rway in these
ci rcumstances .
Laryngospasm (see p. 872).
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Rapid sequence induction
Rapid sequence induction i s  employed in the patient with a  ful l  s tomach who requires  genera l  anaesthes ia . The concept i s  loss  of
consciousness  fol lowed by intubation in the presence of cricoid pressure, without facemask venti lation. If intubation fa i l s  the drugs  should
wear off rapidly and the patient restart spontaneous  venti lation before hypoxia  intervenes .
Meticulous  assessment of the a i rway i s  mandatory preoperatively to look for l ikely di ffi cul ties  with tracheal  intubation. If preoperative
evaluation suggests  a  problem with intubation, cons ider a l ternative techniques  such as  surgery under loca l  or regional  anaesthes ia  or awake
fibreoptic intubation.
The anaesthetis t must have a  management plan should intubation fa i l  (see p. 874).
Technique

Check the anaesthetic machine, laryngoscopes , and tracheal  tubes .
The patient must be on a  tipping trol ley.
Attach appropriate monitoring devices .
Pos i tion the patient's  head as  i f ‘sni ffing the morning a i r’ (one pi l low under the head, cervica l  spine flexed with extens ion at the
craniocervica l  junction).
At least one ski l led ass is tant i s  needed to perform cricoid pressure.
Suction apparatus  i s  switched on and passed under the patient's  pi l low to the anaesthetis t's  right hand.
Preoxygenate with 100% oxygen for 3–5 min (or four vi ta l  capaci ty breaths  with high flow into the ci rcui t in emergencies ).
Adminis ter a  s leep dose of intravenous  induction agent (thiopenta l  2–5 mg/kg, etomidate 0.2–0.3 mg/kg, propofol  1–2 mg/kg) fol lowed
immediately by 1.5 mg/kg of suxamethonium.
Apply cricoid pressure as  soon as  consciousness  i s  los t.
Intubate as  soon as  the patient relaxes .
Mainta in cricoid pressure unti l  the tracheal  cuff i s  inflated and correct placement of the tube i s  confi rmed by capnography and
auscul tation of the lungs .

The main problem with rapid sequence induction i s  haemodynamic instabi l i ty. Excess ive doses  of induction agent may resul t in ci rculatory
col lapse (especia l ly i f the patient i s  hypovolaemic), whereas  an inadequate dose may resul t in tachycardia  and hypertens ion.
Specia l  cons iderations

Thorough preoxygenation i s  essentia l . The mask must be close fi tting and the reservoir bag moving. Any entra inment of a i r during
preoxygenation negates  the whole process . Start aga in.
Inject drugs  into a  rapidly running sa l ine infus ion through a  large cannula .
In patients  who wi l l  not tolerate preoxygenation (e.g. dis tressed chi ldren) cons ider gentle IPPV after injection of drugs .
P.881
With patients  in whom hypertens ion and tachycardia  i s  undes i rable (e.g. i schaemia/hypertens ion) cons ider a l fentani l  10 µg/kg 1 min
prior to induction and fol lowing preoxygenation. In the event of intubation fa i lure this  may be reversed with na loxone (400 µg IV).

Correct appl ication of cricoid pressure
The technique of cricoid pressure to prevent regurgi tated materia l  entering the pharynx was  described by Sel l i ck.9 This  s imple manoeuvre
must be appl ied correctly as  incorrect appl ication can cause di ffi cul ties .
The cricoid carti lage i s  held between the thumb and middle finger and pressure i s  exerted mainly with the index finger. Some authors
recommend a  bimanual  technique with the second hand behind the neck. A minimum force of 30 N i s  required. Correctly appl ied, cricoid
pressure should a l low facemask venti lation without ri sk of gastric dis tens ion, but a i rway obstruction i s  poss ible, particularly when appl ied
with a  poor technique.
Footnote
9

Sel l i ck BA (1961). Cricoid pressure to control  regurgi tation of s tomach contents  during induction of anaesthes ia . The Lancet, 2, 404–6.
Ful l  Text
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Awake fibreoptic intubation
Indications  for awake fibreoptic intubation

Known or suspected di ffi cul t intubation.
Known or suspected cervica l  cord injury.
Morbid obes i ty.
A patient with ful l  s tomach in whom a  di ffi cul t intubation i s  anticipated.

Contra indications  to awake fibreoptic intubation

The uncooperative patient.
Haemorrhage in the upper a i rway.
Severe s tridor secondary to peri laryngeal  tumour.
Al lergy to loca l  anaesthetics .

The degree of psychologica l  and phys ica l  dis turbance to a  patient depends  on the experience of the operator and their l ightness  of touch. The
technique i s  eas i ly mastered with practice. Pharyngeal  and laryngeal  reflexes  are obtunded by loca l  anaesthetic agents . With judicious
sedation intubation can be achieved with l i ttle discomfort to the patient.
Equipment

The fibreoptic scope must be s teri l i zed appropriately beforehand.
The l ight source must be checked and the fibrescope prefocused on printed materia l .
The tip should be defogged with a  commercia l  solution.
The fibrescope should be lubricated a long i ts  length with a  water-soluble lubricant.
The suction port should be checked to ensure that i t i s  patent and the connections  are a i rtight.
The patient should be monitored with ECG, non-invas ive blood pressure measurement, and pulse oximetry.

Ass is tance
Ski l led ass is tance from an operating department ass is tant or anaesthetic nurse i s  mandatory.
Preparation of the patient

A comprehens ive preoperative assessment of the patient's  a i rway must be made. Whi le the nature and s i te of the proposed surgery
usual ly dictate the route for intubation, cons ider s imple facts  l ike nostri l  patency and l imitation of mouth opening before making the
decis ion.
Expla in the indication to the patient, emphas izing the primary cons ideration of safety.
Adminis ter an antis ia logogue (intramuscular glycopyrrolate 200 µg 1 h prior to intubation). This  improves  the view by decreas ing
secretions  and enhances  the action of topica l  loca l  anaesthetics .
Apply monitoring and obta in intravenous  access . Adminis ter supplementa l  oxygen to a l l  patients  via  a  nasa l  catheter.
P.883
Sedate the patient judicious ly with a  combination of narcotics  and benzodiazepine. Narcotics  give mi ld sedation, analges ia , and are
anti tuss ive. Fentanyl  (25 µg increments  to a  maximum of 1 µg/kg) i s  sui table. Naloxone should be ava i lable to reverse narcotic-induced
respiratory depress ion. Benzodiazepines  produce amnes ia  and sedation–midazolam (0.5–1 mg increments ) unti l  sedated but
mainta ining verbal  contact. Flumazeni l  should be ava i lable. Over-sedation i s  a  common error and should be avoided at a l l  costs .

Pos i tion of the patient
Si t the patient up with the operator in front. This  prevents  the tongue and pharynx col laps ing backwards  and obstructing the view. It a l so
prevents  any secretions  pool ing at the back of the oropharynx. It i s , however, confus ing for beginners  who are used to viewing the anatomy
from the head of the patient. Otherwise s tand in the normal  intubating pos i tion with the patient supine.
Nasa l  route

The route of choice i f ava i lable, but the passage of a  nasa l  tube i s  a lways  uncomfortable.
Contra indications  to the nasa l  route include bleeding diathes is , an anticoagulated patient, severe intranasa l  disease, basa l  skul l
fracture, or a  CSF leak.
Advantages  include idea l  pos i tioning to see the larynx, no gagging, no bi ting, and less  interference with the tongue.
Loca l  anaesthes ia  of the nose must be accompanied by vasoconstriction. Conventional ly 10% coca ine solution i s  used, but some worry
about coronary vasoconstriction. 4% l idoca ine (l ignocaine) 3 ml  and 1% phenylephrine 1 ml  i s  a  useful  a l ternative.
Di late the nostri l s  to the anticipated s ize of the endotracheal  tube to be used with warmed nasa l  a i rways  lubricated with l idoca ine
(l ignocaine) jel ly.
The posterior thi rd of the tongue and oropharynx should be anaesthetized with five to ten sprays  from a  metered dose 10% l idoca ine
(l ignocaine) spray. Each spray conta ins  10 mg l idoca ine (l ignoca ine). Al ternatively 2 ml  4% l idoca ine (l ignocaine) can be sprayed onto
the back of the pharynx via  the nasa l  a i rway.
Anaesthes ia  below the cords  i s  accompl ished by puncture of the cricothyroid membrane with a  22G cannula  with the neck in extens ion.
Correct pos i tioning i s  confi rmed by the abi l i ty to eas i ly aspi rate a i r. 2 ml  4% l idoca ine (l ignoca ine) i s  injected at end expiration.
Coughing spreads  the loca l  anaesthetic above and below the voca l  cords . Absolute contra indications  are a  coagulopathy and loca l
tumour. Relative contra indications  are an unstable cervica l  spine, when neck extens ion i s  undes i rable, and morbid obes i ty, when
identi fi cation of the anatomica l  landmarks  i s  di ffi cul t.
Nebul i zed 4% l idoca ine (l ignocaine) 4 ml  plus  1% phenylephrine 1 ml  i s  a  useful  a l ternative. This  i s  adminis tered us ing a  s tandard
oxygen-driven nebul i zer with a  flow rate of 8 l i tre/min and the patient in the s i tting pos i tion. The patient i s  asked to breathe through
the nose and a  s tandard facemask i s  used (i t may s ti l l  be necessary to anaesthetize the larynx and trachea
P.884

via  the suction port of the fibreoptic scope as  described below). This  method has  the advantage of minimal  patient dis turbance and no
requirement for identi fi cation of anatomica l  s tructures . It can be used in the patient with an unstable cervica l  spine.
An a l ternative to a  cricothyroid puncture i s  to inject l idoca ine (l ignocaine) via  the suction port of the fibrescope. 4% l idoca ine
(l ignocaine) 2 ml  i s  sprayed onto the voca l  cords  and a  further 2 ml  i s  injected down the trachea once the tip of the fibrescope has
been manoeuvred between the cords .
Superior laryngeal  nerve blocks  are advocated by some, but in practice are not usual ly necessary. The superior laryngeal  nerves  convey
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sensation from the inferior aspect of the epiglotti s  and the laryngeal  inlet above the voca l  cords . They may be anaesthetized by
applying pledgets  soaked in 4% l idoca ine (l ignocaine) into each pyri form fossa  with Krause's  forceps  for 2 min. Al ternatively, in
patients  who have l imited mouth opening, the nerves  may be anaesthetized by injecting 2–3 ml  of loca l  anaesthetic bi latera l ly, deep
to the thyrohyoid membrane, just above the thyroid carti lage at a  point onethird of the dis tance between the midl ine and the tip of the
superior cornu.

Ora l  route

This  route i s  more di ffi cul t because the fibrescope i s  not anatomica l ly di rected towards  the glotti s .
An endoscopic ora l  a i rway or bi te block should be used to protect the fibrescope. The endoscopic ora l  a i rway has  the advantage of
preventing dorsa l  displacement of the tongue and keeping the instrument in the midl ine. Such devices  include the Berman a i rway
(Vi ta l  Signs  Inc.) and the Ovassapian a i rway (Kendal l ).
The mouth can be anaesthetized with 10% l idoca ine (l ignocaine) spray to the tongue and oropharynx as  described above. Al ternatively
nebul i zed 4% l idoca ine (l ignoca ine) can be adminis tered via  a  s tandard nebul i zer mouthpiec with the nose occluded.
Laryngeal  and tracheobronchia l  anaesthes ia  i s  obta ined with cricothyroid puncture, or insti l lation of l idoca ine (l ignocaine) through
the suction port of the fibrescope as  described above.

Pass ing the endotracheal  tube

Stand at the head or in front of the patient as  a  matter of personal  preference. The control  section of the fibrescope i s  held in the
dominant hand with the thumb pos i tioned on the angle control  and the index finger on the suction port. The l ight source should be to
the operator's  left. If ava i lable a  camera  and monitor should be used. The fibrescope should be held ful ly extended with the other
hand. A sui tably s i zed, reinforced endotracheal  tube should be mounted on the fibrescope. This  can be prewarmed to soften i t.
If the nasa l  route i s  chosen the fibrescope i s  advanced 15 cm into the pharynx. If the ora l  route i s  used i t should be advanced 8–10 cm.
If in the midl ine the voca l  cords  wi l l  come into view as  the tip i s  flexed s l ightly upwards .
Rotation of the fibrescope about i ts  long axis  may be required to bring the tip into the midl ine.
P.885

The fi rs t view after the fibrescope i s  advanced through the voca l  cords  wi l l  be the thyroid carti lage. The tip i s  s tra ightened or returned
to the neutra l  pos i tion and the instrument advanced unti l  the tracheal  carti lages  and fina l ly the carina  i s  seen.
The endotracheal  tube i s  threaded over the fibrescope and into the trachea. The bevel  should face backwards .
Correct pos i tioning above the carina  i s  confi rmed visua l ly. The presence of carbon dioxide in the expired gas  confi rms  tracheal
placement. Avoid cuff inflation unti l  the las t moment as  the increased res is tance to breathing may panic some patients .

Di ffi cul ties
Can't get a  good view

Always  think ‘where am I, what am I looking at?’.
The most common problem is  that the tip of the fibrescope i s  in one of the pyri form fossae and not in the midl ine. Try rotating the
scope to centra l i ze the tip or pul l  back unti l  recognizable s tructures  appear. Dimming the l ights  to see where the tip of the fibrescope
trans i l luminates  ti s sues  of the neck i s  sometimes  useful . The l ight i s  vi s ible, deviated latera l ly or invis ible. If the l ight i s  invis ible the
tip of the scope i s  ei ther not sufficiently far advanced or i s  in the oesophagus .
Excess  secretions  may obscure anatomica l  landmarks . Try us ing the suction port or a l ternatively insufflate oxygen down i t (2 l i tre/min).
If this  does  not work remove the scope and try to clear secretions  with a  sucker or dry swab.
If the tongue base i s  aga inst the posterior pharyngeal  wal l  ask the patient to protrude their tongue.

Problems with passage of the endotracheal  tube

Sometimes  i t i s  easy to intubate the trachea with the scope, but the endotracheal  tube cannot be ra i l roaded into the trachea.
Protrus ion of the tongue, maximum inspiratory efforts , tube rotation, changing the axis  of the a i rway, and external  laryngeal
manipulation are a l l  worth trying.
It may be necessary to use a  smal ler endotracheal  tube.

Awake intubation in the presence of a  ful l  s tomach

Patients  at ri sk of aspi ration of s tomach contents  must be approached with common sense. Clearly the nose, mouth, and oropharynx
can safely be anaesthetized.
Some anaesthetis ts  worry that anaesthes ia  of the larynx and tracheobronchia l  tree may suppress  protective a i rway reflexes  to
unacceptable levels . Others  bel ieve that a  l ightly sedated patient can respond to a  threat to the a i rway from vomiting or regurgi tation,
and clear i t by turning and coughing, retching, or swal lowing repeatedly. There are publ i shed reports  of the safety of awake intubation
in the presence of a  ful l  s tomach.10

Footnote
10

Ovassapian A, Krejcie TC, Yel ich SJ, Dykes  MHM (1989). Awake fibreoptic intubation in the presence of a  ful l  s tomach. Bri ti sh Journal  of
Anaesthes ia , 62, 13–16.
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Apnoeic oxygenation
John Lehane
Interruption of venti lation may precipi tate catastrophic hypoxaemia. This  can be delayed or prevented by the correct use of oxygen. A deta i led
understanding of the mechanisms  pertinent to apnoeic oxygenation i s  vi ta l .
Apnoea whi l s t breathing a i r

Resting oxygen consumption i s  250–300 ml/min in a  typica l  adul t.
At the onset of apnoea the oxygen ava i lable to support vi ta l  organ function i s  a lmost enti rely that s tored in the a lveol i  (about 200 ml)
and that combined with haemoglobin (about 800 ml).
After 2 min, about ha l f this  s tore wi l l  be exhausted and the a lveolar (PAO2) and arteria l  (PaO2) partia l  pressures  of oxygen wi l l  be less
than 4 kPa.
By contrast, because CO2 i s  very soluble and wel l  buffered in the body, the a lveolar (PACO2) and arteria l  (PaCO2) partia l  pressures  of
carbon dioxide ri se s lowly such that at 2 min the PaCO2/PACO2 wi l l  be about 6.6 kPa.
Within 4 min, hypoxaemia  wi l l  cause cardiac arrest or severe bra in injury whi l s t the change in PaCO2/PACO2 remains  cl inica l ly
unimportant.

Apnoea whi l s t breathing 100% oxygen

After breathing 100% oxygen the only gases  present in the a lveol i  are oxygen, carbon dioxide, and water vapour.
Tota l  a lveolar pressure i s  100 kPa (1 atmosphere). This  comprises  water vapour (6 kPa), carbon dioxide (5 kPa), and oxygen (89 kPa).
After 2 min of apnoea PaCO2 wi l l  have ri sen to about 6.6 kPa, and PaO2/PAO2 decreased to 87.4 kPa.
After 30 min of apnoea PACO2 wi l l  have ri sen to about 15 kPa  and PaO2/PAO2 decreased only to 79 kPa.
At the s tart of apnoea the oxygen s tored in a lveol i  and blood i s  only about 2.4 l i tres . Over 30 min of apnoea oxygen consumption i s  7–9
l i tres . The required oxygen enters  the body from the breathing system by convective flow (see below).
By 30 min there i s  a  severe respiratory acidos is  but without hypoxia . Buffering the pH change with intravenous
trihydroxymethylaminomethane (THAM) wi l l  further extend surviva l . Sodium bicarbonate i s  ineffective, serving only to increase PaCO2

during apnoea.
This  process  of preventing hypoxaemia  i s  known as  apnoeic oxygenation.

Convective flow

During venti lation, carbon dioxide enters  a lveol i  at the same rate i t i s  produced (about 250 ml/min). However, during apnoea most of
the carbon dioxide produced i s  buffered within the body and only about 5 ml/min enters  the a lveol i .
Oxygen continues  to be absorbed from the a lveol i  at a  rate of 250 ml/min resul ting in a  net loss  of volume and a  fa l l  in a lveolar
pressure.
This  pressure drop causes  convective gas  flow (not di ffus ion) through the conducting a i rways  to the a lveol i . Provided the patient's
a i rway remains  patent and connected to an oxygen supply then oxygen wi l l  be pass ively drawn down the a i rway at a  rate of about 245
ml/min.

P.887
P.888

Airway obstruction

Should the a i rway become obstructed then no gas  wi l l  flow into the a lveol i  as  oxygen i s  absorbed and lung volume wi l l , therefore,
decrease by 245 ml/min.
The reduction in lung volume wi l l  lead to a lveolar col lapse (absorption atelectas is ). This  wi l l  cause intrapulmonary shunting and
arteria l  hypoxaemia.
By the time that one-thi rd of a lveolar volume is  lost (2–3 min) the shunt fraction wi l l  have ri sen above 50% and hypoxaemia  wi l l  be
severe.

Air entra inment

Should the patient be disconnected from the oxygen source whi l s t apnoeic, for example i f the face mask i s  removed to permit
laryngoscopy, then room a i r ins tead of oxygen i s  drawn down the trachea at the same rate of about 245 ml/min. In about 30 s  ni trogen
wi l l  s tart to enter the a lveol i .
Since the rate of extraction of oxygen from an a lveolus  i s  determined by i ts  perfus ion, a i r (with i ts  ni trogen) i s  di rected preferentia l ly to
the betterperfused (dependent) a lveol i .
Oxygen wi l l  be rapidly di luted in these a lveol i  and the time to s igni ficant hypoxaemia  may now be as  l i ttle as  2–3 min.
This  i s  s ti l l  substantia l ly better than i f the patient had not been preoxygenated at a l l .

Practica l  appl ication
These cons iderations  expla in why, with careful  use of oxygen and attention to a i rway patency, i t i s  often poss ible to a l low for an extended
period of apnoea without consequent hypoxaemia. In contrast, loss  of a i rway control  or fa i lure to mainta in oxygen supply may rapidly
precipi tate a  hypoxaemic cri s i s .

Changes in alveolar gas composition during extended periods of apnoea

 
Period of apnoea

0 min 2 min 4 min 15 min 30 min 60 min

After breathing a i r:

PAO2 (kPa) 12 3.8 <0.5 – – –

PACO2 (kPa) 5 6.6 7.2 – – –

After breathing 100% oxygen:

PAO2 (kPa) 89 87.4 86.8 83.5 79 70
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Target-control led infus ion
Target-control led infus ion (TCI) a l lows  the anaesthetis t to achieve a  target blood concentration of drug for a  given patient. The system
del ivers  the required amount of drug (optimized by factors  such as  the patient's  weight, gender, and age) and mainta ins  this  ca lculated target
va lue unti l  changed by the anaesthetis t. Propofol  has  been s tudied extens ively and population pharmacokinetics  have been incorporated into
the Dipri fusor system, the only commercia l ly ava i lable TCI system.
Components  of a  TCI system
The infus ion pump conta ins :

A keyboard a l lowing entry of patient information and target va lues .
A display showing the target and ca lculated blood concentration, the infus ion rate, the amount of drug del ivered, the effect s i te
concentration (the estimated concentration at the effector s i te in the bra in), and the estimated time required to reach a  lower target
concentration.
Dipri fusor has  two di fferent microprocessors  from del iberately di fferent manufacturers  that work in para l lel  to ca lculate the propofol
concentration in di fferent ways . A warning occurs  i f the two va lues  di ffer by more than a  preset va lue.
Dipri fusor has  an identi fi cation tag which enables  the Dipri fusor to recognize the drug and concentration in the prefi l led syringe and
also prevents  reuse of syringes  by disabl ing the magnetic pattern in the tag.

Bas ic pharmacokinetics
A three-compartment model  has  been used to describe the redis tribution and el imination of propofol . Drug i s  del ivered into the centra l
compartment and then dis tributed throughout the body, governed by rate constants . For example, Keo i s  the rate constant that determines  the
bra in or effect s i te concentration. This  constant a l lows  the effect s i te concentration to be ca lculated and displayed. Once the target va lue, age,
and weight of the patient are entered, the ini tia l  bolus  i s  ca lculated according to the estimated volume of the centra l  compartment (C1), and
then del ivered. The system then infuses  propofol  at a  series  of rates  that mainta ins  the target va lue by compensating for the loss  of drug from
C1 caused by redis tribution and el imination. If the target va lue i s  increased, the system del ivers  a  rapid infus ion to achieve the new target,
and then aga in infuses  at the ca lculated rates  required to compensate for drug loss  from C1. If a  lower target i s  entered, the infus ion s tops
unti l  i t has  ca lculated that the patient's  blood concentration has  reached the new target va lue. The infus ion then continues  to mainta in this
new target.
How accurate are target-control led infus ions?
Measured blood concentrations  tend to be higher than predicted during infus ion. However, once the infus ion i s  s topped this  bias  i s  close to
zero. Pharmacodynamic variation i s  much greater then pharmacokinetic variation and the target concentration must therefore be ti trated to
achieve the required effect in any individual  patient.
P.891
What numbers  to use?
With inhalational  agents  the vaporizer i s  adjusted to the cl inica l  s i tuation, and the MAC va lue of a  particular agent guides  the anaesthetis t.
For propofol , the TCI system permits  easy adjustment of the depth of anaesthes ia . The EC50 (effective concentration required to prevent 50% of
patients  moving in response to a  pa inful  s timulus ) has  been found to be 6–7 µg/ml  with oxygenenriched a i r and 4–5 µg/ml  with 67% ni trous
oxide in ASA 1 and 2 patients .
Interindividual  variations  in pharmacokinetics  and pharmacodynamics , as  wel l  as  the interaction between drugs , account for the di fferent
responses  between patients . The target should be ti trated according to the cl inica l  s i tuation. At present, only adult pharmacokinetics  are
avai lable for TCI propofol  us ing the Dipri fusor. Chi ldren require a  di fferent set of pharmacokinetic variables  that have not yet been
implemented in the commercia l  system. Dipri fusor i s  not l i censed for use in patients  under 16 years  of age.
Benzodiazepine premedication, ni trous  oxide, and opioids  a l l  reduce propofol  requirements .
Induction of anaesthes ia

Select a  target concentration less  than anticipated (4–6 µg/ml  i s  the requirement in the majori ty of patients ).
Wait to a l low time for the effect s i te concentration to increase towards  the target blood concentration. Oxygen should be adminis tered
during the induction phase to ensure an adequate SpO2.
Increase the target concentration to achieve the des i red level  of anaesthes ia  for the procedure, the individual  patient, and the
balance of other agents  such as  analges ics .

Rapid induction of anaesthes ia  us ing TCI

Choose a  high target such as  6–8 µg/ml , but only in young, fi t patients .
Wait to a l low the effect s i te concentration to ri se towards  the target concentration.
Reduce the target va lue as  propofol  continues  to be dis tributed to the ti ssues . The effect s i te concentration increases  unti l  blood and
effect s i te reach equi l ibrium.
There i s  no experience in rapid sequence induction of anaesthes ia  us ing TCI propofol .

TCI for high-ri sk patients

Select a  low target such as  1 µg/ml .
Wait to a l low for the effect s i te concentration to ri se.
Increase the target in smal l  s teps  (0.5–1 µg/ml) unti l  the des i red effect i s  achieved.

Maintenance of anaesthes ia

3–6 µg/ml  i s  required in the majori ty of patients  but the exact va lue wi l l  depend on the patient, premedication, analges ia , and the
degree of surgica l  s timulation.
Ti trate to effect.
P.892

The majori ty of patients  wi l l  wake at 1–2 µg/ml .
When patients  are breathing spontaneous ly, the combination of respi ratory rate and ETCO2 i s  a  good guide to the adequacy of
anaesthes ia . As  the patient l ightens , the respiratory rate wi l l  increase and the ETCO2 wi l l  decrease.
The use of moderate doses  of opioid analges ics , especia l ly in combination with ni trous  oxide, wi l l  a l low a  lower target concentration
of propofol  to be used, perhaps  lower by one-thi rd.
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Sedation only
Target concentrations  of 0.5–2.5 µg/ml  are required to produce good-qual i ty sedation during surgery performed under loca l  and regional
anaesthes ia .
Intravenous  access

Requires  a  secure access  of an adequate s i ze to a l low the infus ion pump to run at i ts  maximum rate of 1200 ml/h (20G or larger).
If drug and IV fluids  are connected to the same IV cannula  by means  of a  Tpiece or three way tap:

Ensure that the fluids  are running otherwise the drug may pass  up the giving set and not to the patient.
To prevent reflux use a  one-way va lve fi tted to the fluid infus ion l ine
Minimize the use of extens ions  to reduce the dead-space from the point of adminis tration of the drug, to del ivery into the
patient.

Co-adminis tration of drugs  by the same giving set i s  not idea l  as  a  change in the rate of one infus ion can affect the other, especia l ly i f
there i s  a  s igni ficant dead-space after the common connection or T-piece.
The most rel iable method i s  to use a  separate, dedicated access  s i te.

Benefi ts  of tota l  intravenous  anaesthes ia

Decreases  the incidence of PONV.
Can be used without ni trous  oxide.
Beneficia l  in laryngoscopy and bronchoscopy, where del ivery of an inhalation agent may be di ffi cul t, and in thoracic surgery, where
intravenous  anaesthes ia  does  not appear to inhibi t the hypoxic vasoconstrictor reflex, in contrast with inhalational  agents .
Envi ronmenta l ly friendly.
Safe to use in patients  with a  his tory of mal ignant hyperthermia.
Postoperative benefi t of recovery with minimal  ‘hangover’ effects .

Disadvantages

Cost.
There i s  s low recovery in long operations  i f high targets  are mainta ined.
Unl ike the inhalational  agents , where their del ivery i s  part of a i rway management, interruption to the del ivery of propofol  may take
longer to recognize.
The latest s tudy of awareness  in a lmost 12 000 patients  showed no awareness  in the IV group, only in the inhalational  group. There i s
no di fference in the variable pharmacodynamic response/interindividual  variation between volati le and IV agents .

P.893

TCI remifentani l
Remifentani l  has  a  rapid onset of action, a  short el imination ha l f-l i fe, and a  context-sens i tive ha l f-time of approximately 3 min, which does
not change as  the infus ion time increases . It i s  often used in combination with propofol . The pharmacokinetics  of remifentani l  have been
incorporated into severa l  custom-bui l t TCI systems, but at present these are only ava i lable for research.
Further reading
Davidson JAH, Macleod AD, Howie JC, White M, Kenny GNC (1993). Effective concentration 50 for propofol  with and without 67% ni trous  oxide.
Acta  Anaesthes iologica  Scandinavica , 37, 458–64.
Library Holdings
Bibl iographic Links
Mi lne SE, Kenny GNC (1998). Future appl ications  for TCI systems. Anaesthes ia , 53 (Suppl . 1), 56–60.
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Prophylactic antibiotics
Effective antimicrobia l  prophylaxis  should provide adequate bactericida l  blood or ti s sue concentrations  of relevant antibiotics  during
procedures  where bacteria  may be released or encountered. The timing of prophylaxis  i s  crucia l  and i s  most commonly given at induction of
anaesthes ia , but may need repeating in lengthy operations  or in those with extens ive blood loss .
Endocardi ti s  prophylaxis
Indicated for patients  with heart va lve les ions , septa l  defects , patent ductus , prosthetic va lves , or previous  endocardi ti s . (For ful l  deta i l s
consul t the current BNF.)
Denta l  treatment
Endocardi ti s  i s  most commonly due to α-haemolytic s treptococci  from the mouth, hence cl indamycin or amoxici l l in are used.

Condition Prophylaxis (adult)

Structura l  heart les ion or prosthetic va lve
with no previous  endocardi ti s

Amoxici l l in 1 g IV at induction, then amoxici l l in 500 mg PO 6 h later, or Amoxici l l in 3 g PO 4 h
before induction, then amoxici l l in 3 g PO as  soon as  poss ible after the procedure

As  above, and a l lergic to penici l l in or had
more than a  s ingle dose of penici l l in in
last month

Vancomycin 1 g IV over at least 100 min then 120 mg gentamicin IV at induction or 15 min prior to
procedure, or Cl indamycin IV 300 mg over at least 10 min at induction, then IV or ora l  cl indamycin
150 mg 6 h later

Previous  endocardi ti s  or prosthetic va lve
and GA

Amoxici l l in 1 g IV plus  gentamicin 120 mg IV at induction with amoxici l l in 500 mg PO 6 h later

Genitourinary procedures

Condition Prophylaxis

Heart va lve les ions , septa l  defects , patent
ductus  or prosthetic va lve, or patients  who
have had endocardi ti s

Amoxici l l in 1 g IV plus  gentamicin 120 mg IV at induction, with amoxici l l in 500 mg PO 6 h
later. If urine i s  infected, prophylaxis  should a lso cover the infective organism

As  above, and a l lergic to penici l l in or received
more than one dose of penici l l in in the
preceding month

Vancomycin 1 g IV over 100 min before induction then IV gentamicin 120 mg at induction or
15 min prior to procedure, or Teicoplanin 400 mg IV plus  gentamicin 120 mg IV at induction
or 15 min prior to procedure

Obstetrica l , gynaecologica l , and gastrointestina l  procedures
As  for geni tourinary procedures  but prophylaxis  i s  only needed for those who have prosthetic va lves  or have had endocardi ti s .
P.897
Points  to note
Antibiotic prophylaxis  i s  not routinely recommended for:

denta l  surgery in patients  with prosthetic joints
s imple dermatologica l  procedures
immunocompromised and transplant patients  unless  other indications  for prophylaxis  are present.

Splenectomy prophylaxis
Postsplenectomy, the incidence of serious  seps is  (usual ly with encapsulated organisms, e.g. pneumococcus , meningococcus , haemophi lus ) i s
0.5–1% per year.

Vaccinations
Pneumovax® one via l  and Meningovax® (covers  group A and C only) one via l  and Hib (Haemophi lus  influenzae type B) one via l
Give 2–4 weeks  prior to elective splenectomy for optimal  resul ts , or within 48 h of emergency splenectomy

Antibiotics
Amoxici l l in 250 mg once da i ly or Penici l l in 250 mg twice da i ly (penici l l in won't cover haemophi lus ) or Erythromycin 250 mg once
dai ly

Antibiotic prophylaxis  a fter splenectomy should be offered to:

Chi ldren unti l  they are 16 years  of age.
Al l  asplenic/hyposplenic adul ts  for 2 years .
Li felong i f there i s  long-term immunosuppress ion.

Compl iance i s  a  problem, so advise patients  that i f they develop a  respiratory tract infection, they should seek medica l  advice early and begin
therapy a imed at covering pneumococcus , haemophi lus , and meningococcus  (e.g. coamoxiclav). Malaria  prophylaxis  i s  particularly important i f
malaria l  areas  are to be vis i ted.
Animal  bi tes  or scratches  in asplenic patients  can cause septicaemia  and high morta l i ty with unusual  organisms  such as  Capnocytophaga
canimorsus  (a lso sens i tive to co-amoxiclav). Patients  must be warned of the ri sks  of even trivia l  bi tes  and scratches , s ince infection with this
organism is  cl inica l ly indis tinguishable from meningococca l  septicaemia, and the morta l i ty can be higher.
Prophylaxis  for perioperative aspi ration pneumonia
Genera l ly there i s  a  tendency to overtreat ‘aspi ration pneumonia ’, much of which i s  due to a  chemica l  pneumoniti s . The organisms  l ikely to
cause infection come from the oropharynx, mainly anaerobes , but may include Gramnegative aerobes  including Pseudomonas  spp. in patients
that have been in hospi ta l  for some time. A logica l  approach to choos ing antibiotic prophylaxis  would include antimicrobia ls  with
antianaerobic activi ty. Sui table regimes  include:

Co-amoxiclav 1.2 g IV for three doses  8 h apart.
Clari thromycin 500 mg IV for 2 doses  12 h apart.
P.898

Where Gram negatives  may be a  problem use cefuroxime 750 mg IV three times  a  day ± metronidazole 500 mg IV three times  a  day.

Meningi ti s  and prophylaxis  for contacts
As  a  cl inican you should not need to organize prophylaxis  for contacts , this  i s  decided upon and organized by the consul tant in communicable
disease control  (CCDC). Staff do not need prophylaxis  unless  they have been spat upon/vomited over or given mouth-to-mouth resusci tation.
Routine nurs ing procedures  should not put s taff at ri sk. Where indicated, the most effective (but unl icensed) prophylaxis  for adul t contacts  of
meningococca l  infection i s  ciprofloxacin 500 mg s tat PO. (See the BNF for a l ternative regimens .)
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Genera l  surgery prophylaxis
Timing

Give the fi rs t dose within 30 min of surgery and not more than 2 h before surgery, particularly with β-lactams.
Normal ly one dose of antibiotics  should suffice, las ting about 12 h from induction. Additional  doses  are necessary i f the operation
carries  on for more than 4 h or i f there i s  extens ive blood loss  (>one blood volume).

Defini tions
‘Clean’ (Class  1) surgery

1–2% risk of infection, e.g. body surface surgery (no contamination from colonized or contaminated viscus  or infected body cavi ty, hence
normal ly no prophylaxis  needed).
The exception i s  prosthes is  insertion (joint, vascular graft, s tent, etc.) or neurosurgery where infection (a l though rare) can be
devastating. Cover s taphylococci -hence cefuroxime 1.5 g or co-amoxiclav 1.2 g IV commonly used. Arteria l  surgeons  are increas ingly
us ing prostheses  impregnated with ri fampicin.
Beware, patients  with MRSA may need a  glycopeptide, e.g. vancomycindiscuss  with the microbiologis t.

‘Clean-contaminated’ (Class  2) surgery
Less  than 10% ri sk of infection, e.g. with an open viscus , but no spi l lage (e.g. cholecystectomy or routine appendicectomy).
‘Contaminated’ (Class  3) surgery
Recta l  surgery has  a  high rate of infection (15–20%), so suggest gentamicin 3–5 mg/kg IV and metronidazole 500 mg IV, or cefuroxime 1.5 g IV
and metronidazole 500 mg IV on induction.
‘Di rty’ surgery

Already heavi ly contaminated wound/ pus/faeca l  contaminants , e.g. perforation/ devi ta l i zed ti ssue.
Needs  maximal  cover (see table).
Wi l l  need more than s imple prophylaxis , wi th antibiotics  continued for severa l  days  as  therapy.

Soiling risk Operation
Bacterial
prevalence

Antibiotics (usually single dose)

Clean Class  1

Head and neck

Ora l  s treptococci ,
anaerobes ,
Staphylococcus
aureus

Cl indamycin 300 mg IV or Co-amoxiclav 1.2 g IV

Hysterectomy
Staphylococcus
aureus, anaerobes

Co-amoxiclav 1.2 g IV or Cefuroxime 1.5 g IV + metronidazole 1 g PR or 500
mg IV

Cardiac surgery, vascular
surgery needing inguina l
incis ion, amputation,
vascular prosthes is

Staphylococcus
aureus, coagulase-
negative
staphylococci

Cefuroxime 1.5 g IV or Co-amoxiclav 1.2 g IV or Vancomycin 1 g IV (over 2 h) i f
penici l l in a l lergic

Urinary catheterization,
instrumentation

Previous ly not
catheterized, or
uninfected urine

None necessary

 

Change of
catheter or
recently
catheterised

Gentamicin 80 mg IV or Cefuroxime 1.5 g IV or Ciprofloxacin 500 mg ora l ly

Prosthetic joint insertion

Staphylococci
including
coagulase-
negative
staphylococci

Cefuroxime 1.5 g IV at induction or Vancomycin 1 g IV over 2 h. (Some
surgeons  add vancomycin or gentamicin to cement for revis ion surgery in
compl icated cases .) Prophylaxis  may be for one or three doses  according to
loca l  protocols

Clean-
contaminated/
contaminated
Class  2 and 3

ERCP (s igni ficant seps is
occurs  in 0.5–1%)

Gram negatives ,
Pseudomonas,
enterococci

Ciprofloxacin 750 mg PO s tat (wi l l  not cover enterococci ) or Piperaci l l in 2 g
IV + gentamicin 160 mg IV s tat

Cholecystectomy  
Gentamicin 160 mg IV s tat or Cefuroxime 750 mg IV + metronidazole 500 mg
IV

‘Routine’ appendicectomy Anaerobes Metronidazole 1 g PR or 500 mg IV s tat ± cefuroxime 750 mg IV s tat

Elective colorecta l  surgery

Col i forms,
anaerobes ,
Pseudomonas ,
enterococci

Gentamicin 3–5 mg/kg IV s tat at induction + metronidazole 500 mg IV or
Cefuroxime 1.5 g IV + metronidazole 500 mg IV

‘Dirty’
Often emergency, perforated
viscus , peri toni ti s

Col i forms,
anaerobes ,
Pseudomonas ,
enterococci

Gentamicin 3–5 mg/kg s tat IV + cefotaxime 2 g IV + metronidazole 500 mg IV
or Imipenem 0.5–1 g IV + metronidazole 500 mg IV. Continuation therapy
needed
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Choos ing antibiotics
Consul t your hospi ta l  formulary for loca l  protocols . The fol lowing i s  intended only as  a  genera l  guide:

Review the need for IV antibiotics  a fter 2 days ' therapy.
If a  patient develops  diarrhoea on any antibiotic, think of C. di ffi ci le infection. Discuss  with the microbiologis t.
If the patient i s  not improved on current therapy, discuss  with the microbiologis t and cons ider changing.

Penici l l in a l lergy

How ‘a l lergic’ i s  the patient? What happens  (e.g. diarrhoea i s  not an a l lergy). ?Anaphylaxis .
Check old drug charts -they may wel l  have had a  penici l l in in the past without problems. This  further s trengthens  the case aga inst the
patient being genuinely penici l l in a l lergic.
If penici l l in a l lergy i s  only a  rash, cephalosporins  may be used with care: there i s  2–5% cross -sens i tivi ty in practice.
If there i s  a  his tory of anaphylaxis  with penici l l in, avoid any β-lactam (i .e. no penici l l ins , cephalosporins , or carbapenems). Discuss
a l ternatives  with the microbiologis t. Remember vancomycin has  no Gram-negative cover whatever.

Antibiotics and indications

P.904
Signs Organisms Antibiotics Comments If penicillin allergic

No obvious  focus  in
‘septic’ patient who
needs  broad antibiotic
cover unti l  diagnos is  i s
establ i shed

Anything!

Gentamicin 3–5 mg/kg s tat IV +
cefotaxime 2 g tds  IV + metronidazole
500 mg tds  IV or Gentamicin 3–5 mg/kg
IV + imipenem 500 mg IV qds

Discuss  with microbiologis t. Note:
may need vancomycin IV to cover
MRSA, or anti fungals  i f cl inica l ly
indicated, e.g. colonized or on TPN

Gentamicin 3–5
mg/kg IV +
ciprofloxacin 400 mg
IV bd +
metronidazole 500
mg IV tds

Pneumonia

New admiss ion:
Streptococcus
pneumoniae,
Haemophilus
influenzae

Cefotaxime 2 g tds  or benzylpenici l l in
1.2 g IV qds  + a  quinolone with
pneumococca l  activi ty, e.g.
levofloxacin 500 mg IV od-bd

If Legionel la  or ‘atypica l  infection’
suspected, macrol ide/ quinolone

Clari thromycin 500
mg IV bd plus  a
quinolone with
pneumococca l
activi ty

Old admiss ion/
recent anaesthetic
where Gram
negatives  can
predominate

Gentamicin 3–5 mg/kg IV + cefotaxime
2 g tds  IV or Gentamicin 3–5 mg/kg IV +
imipenem 500 mg qds  IV or
Gentamicin 3–5 mg/kg IV + ceftazidime
1–2 g tds  IV

Most potent anti -Gram-negative
quinolone i s  ciprofloxacin, may be
useful  in converting from IV to
ora l  but many hospi ta l  s tra ins
res is tant

Gentamicin 3–5
mg/kg IV +
ciprofloxacin 400 mg
bd + ceftazidime 2 g
IV tds

Aspiration
pneumonia

Cefuroxime 750 mg tds  IV +
metronidazole 500 mg IV tds

Alcohol ics  may have Klebs iel lae,
res is tant to ampici l l in.

 

Pressure sores ,
amputation

Anaerobes
Benzylpenici l l in 1.2 g qds  IV +
metronidazole 500 mg IV tds

 

Cl indamycin 300 mg
qds  IV +
metronidazole 500
mg IV tds

Gut seps is  (faeca l
peri toni ti s )

Col i forms,
Pseudomonas,
anaerobes

Cefotaxime 2 g IV tds  + gentamicin 3–5
mg/kg IV + metronidazole 500 mg tds
or Imipenem 500 mg IV qds  +
metronidazole 500 mg IV tds

 

Gentamicin 3–5
mg/kg IV +
ciprofloxacin 400 mg
IV bd +
metronidazole 500
mg IV tds

od = once da i ly; bd = twice da i ly; tds  = thrice da i ly; qds  = four times  da i ly.
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Suxamethonium
Suxamethonium is  the only depolarizing relaxant in cl inica l  use today and i s  metabol i zed by plasma chol inesterase. Plasma chol inesterase
(pseudochol inesterase/ non-speci fic chol inesterase) i s  synthes ized in the l iver, has  a  ha l f-l i fe of 5 to 12 days , and metabol i zes  70% of a  100
mg bolus  of suxamethonium within 1 min. Other drugs  metabol i zed by plasma chol inesterase include mivacurium, coca ine, and diamorphine.
Reduced enzyme activi ty does  not, however, appear to have any effect on metabol i sm of esmolol  or remifentani l , both of which a lso conta in
ester l inks .
Enzyme structure i s  determined genetica l ly by autosomal  genes– over 95% of the population have normal  genes , des ignated E1

u E1
u. The

duration of action of suxamethonium wi l l  be prolonged i f variant genes  are present. The commonest of these i s  the atypica l  gene E1
a, present

in about 4% of the population. An individual  who i s  heterozygous  for the atypica l  gene (E1
u E1

a) may have a  s l ightly prolonged neuromuscular

block fol lowing a  bolus  of suxamethonium (up to 30 min), but i f homozygous  (E1
a E1

a) wi l l  remain para lysed for severa l  hours  (preva lence

approximately 1 in 2500). Other rarer genes  exis t, e.g. the s i lent gene E1
s and the fluoride-res is tant gene E1

f. The presence of these genes  wi l l
a l so prolong neuromuscular block.
The activi ty of plasma chol inesterase can be measured us ing a  spectrophotometric technique examining hydrolys is  of benzoylchol ine.
Phenotype clari fi cation i s  poss ible by adding di fferent enzyme inhibi tors  (dibuca ine, sodium fluoride, Ro-020683), which cause di fferentia l
enzyme inhibi tion depending upon the enzyme phenotype present. Percentage inhibi tion with 10-5 M dibuca ine corresponds  to the dibuca ine
number. Patients  with normal  enzyme activi ty have a  high dibuca ine number, usual ly over 75. Patients  heterozygous  for the E1

a gene have
dibuca ine numbers  around 50, and homozygotes  less  than 30.
Reduced plasma chol inesterase activi ty can a lso occur for acquired reasons . In this  case, enzyme structure i tsel f i s  normal , but activi ty i s
reduced. This  can occur in the fol lowing s i tuations :

Hepatic disease, carcinomatos is , and malnutri tion, because less  enzyme is  synthes ized.
Adminis tration of drugs  which share the same metabol ic pathway, and therefore compete with suxamethonium for the enzyme, e.g.
esmolol , monoamine oxidase inhibi tors , methotrexate.
Presence of antichol inesterases  (e.g. edrophonium, neostigmine, ecothiapate eye drops), which inhibi t plasma chol inesterase as  wel l
as  acetyl  chol inesterase.
Pregnancy, where the enzyme activi ty i s  reduced by 25%.
Plasmapheres is  and cardiopulmonary bypass .

Suxamethonium has  a  number of unwanted effects . These include:

Postoperative muscle pa ins : more common in young muscular adul ts  and most effectively reduced by precurarization-the prior use of a
smal l  dose of non-depolarizing relaxant, e.g. atracurium (5–10 mg). A larger dose of suxamethonium (1.5 mg/kg) i s  then required.
Ra ised intra-ocular pressure: this  i s  of no cl inica l  s igni ficance in most patients , but may be important in poorly control led glaucoma or
penetrating eye injuries  (p. 575).
P.907
Hyperka laemia: serum potass ium increases  by 0.5 mmol/l i tre in normal  individuals . This  may be s igni ficant with pre-exis ting elevated
serum potass ium. Patients  with burns  or certa in neurologica l  conditions , e.g. paraplegia , muscular dystrophy, and myotonia
dystrophica , may develop severe hyperka laemia  fol lowing adminis tration. Patients  who have susta ined s igni ficant burns  or spina l
cord injuries  can be given suxamethonium, i f necessary, within the fi rs t 48 h fol lowing injury. Thereafter there i s  an increas ing ri sk of
l i fe-threatening hyperka laemia, which reduces  over the ensuing months . Many would cons ider i t inadvisable to adminis ter the drug
unti l  12 months  have elapsed after a  burns  injury and there may be a  permanent ri sk of hyperka laemia  after upper motor neuron
les ions .
Bradycardias , particularly in chi ldren, or i f repeated doses  of the drug are given. Can be prevented or treated with antimuscarinic
agents , e.g. atropine and glycopyrrolate.
Mal ignant hyperthermia  (see pp. 199, 855): suxamethonium is  a  potent trigger for this  condition in predisposed individuals .

Further reading
Davis  L, Bri tten JJ, Morgan M (1997). Chol inesterase: i ts  s igni ficance in anaesthetic practice [review]. Anaesthes ia , 52, 244–60.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
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Non-depolarizing agents
Non-depolarizing muscle relaxants  (NDMRs) are highly ionized with a  relatively smal l  volume of dis tribution. Structura l ly, they are ei ther
benzyl i soquinol ineums (e.g. atracurium and mivacurium) or aminosteroids  (e. g. vecuronium and rocuronium). They can a lso be class i fied
according to thei r duration of action:

Short-acting compounds  with a  duration of action of up to 15 min (mivacurium).
Medium-acting compounds  which are effective for approximately 40 min (atracurium, vecuronium, rocuronium, ci s -atracurium).
Long-acting compounds  which have a  cl inica l  effect for 60 min (pancuronium, d-tubocurarine).

Most volati le agents  prolong the duration of action of NDMRs. Other drugs  may do the same; these include the aminoglycos ide antibiotics ,
ca lcium channel  blockers , l i thium, and magnes ium. Neuromuscular block may a lso be prolonged by acidos is , hypokalaemia, hypocalcaemia,
and hypothermia.
Choice of relaxant
Choice i s  based on individual  preference, the length of procedure, and certa in patient characteris tics :

Suxamethonium is  s ti l l  the drug of choice for rapid sequence induction.
Many of the benzyl i soquinol ineums release his tamine. The amount of his tamine released i s  related to the speed of injection, so a
s lower injection wi l l  reduce this  effect. Avoid these drugs  in severely atopic or as thmatic individuals . Cis -atracurium, however, does
not cause his tamine release.
Like suxamethonium, mivacurium is  metabol i zed by plasma chol inesterase. Patients  with reduced levels  of this  enzyme wi l l  exhibi t
prolonged para lys is .
Cis -atracurium and atracurium are mainly broken down by Hoffman degradation, a  process  that i s  pH and temperature dependent. This
metabol i sm is  not affected by the presence of renal  fa i lure, so these relaxants  are the agents  of choice in patients  with renal
impairment.
Rocuronium, at doses  of 0.6 mg/kg or greater, gives  sati s factory intubating conditions  within 60 s . Its  speed of onset i s  s igni ficantly
faster than a l l  other non-depolarizing relaxants .
Mivacurium is  the agent of choice for very short procedures , and does  not need to be reversed routinely.
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Neuromuscular monitoring
A periphera l  nerve s timulator a l lows  the degree of neuromuscular block to be assessed. These devices  apply a  supramaximal  s timulus
(s trong enough to depolarize a l l  axons) to a  periphera l  nerve us ing a  current of 30–80 mA. Severa l  periphera l  nerves  are sui table:

Electrodes  placed on the media l  aspect of the wris t proximal  to the hypothenar eminence s timulate the ulnar nerve. The response i s
assessed on the adductor pol l i ci s  muscle.
The common peroneal  nerve can be s timulated just inferior to the head of the fibula . Foot dors i flexion i s  assessed.
Facia l  muscles  can be s timulated with electrodes  placed in front of the ha i rl ine on the temple.

Periphera l  nerve s timulators  offer a  number of modes  of s timulation. Commonly used patterns  include:

Tra in-of-four (TOF) s timulus , where four supramaximal  s timul i  are appl ied over 2 s . If NDMR block i s  profound, no response wi l l  be
el ici ted. As  neuromuscular function s tarts  to return, the fi rs t twitch reappears , then the second, the thi rd, and fina l ly the fourth. This
phenomenon, where the second and subsequent twitches  decrease in ampl i tude, i s  known as  fade, and i s  a  characteris tic of partia l
non-depolarizing block. The tra in-of-four ratio (TOFR) i s  the ratio of ampl i tude of the fourth to the fi rs t response. Ful ly reversed
patients  have no fade and TOFRs  of 1. Unfortunately, fade i s  di ffi cul t to assess  cl inica l ly (vi sua l ly or by tacti le means) once the TOFR
has  reached 0.4. This  may mean that ful l  recovery of muscle function may not have occurred, despi te four apparently identica l  twitches
fol lowing a  TOF s timulus .
Double-burst s timulation (DBS) i s  a  s tronger s timulus , where two short bursts  of 50 Hz tetanus  are separated by 750 ms. DBS and TOF
ratios  correlate wel l , but fade i s  more accurately assessed with DBS, and an absence of fade i s  usual ly good evidence of reversa l .
Post-tetanic count can be used to assess  deep relaxation when the TOF i s  zero. A 50 Hz tetanic s timulation i s  appl ied for 5 s  fol lowed
by 1 Hz s ingle twitches . Reversa l  should be poss ible at a  post-tetanic count of 10 or greater.

These patterns  of s timulation are usual ly assessed by visua l  or tacti le means , but can be assessed more objectively us ing
mechanomyography, electromyography, or accelerometers . It i s  sens ible to apply the electrodes  for nerve s timulation before the induction of
anaesthes ia , and to assess  the effect of s timulation before muscle relaxants  are adminis tered, preferably after the patient i s  as leep. This
enables  the anaesthetis t to place the electrodes  in an optimal  pos i tion, apply a  supramaximal  s timulus , and assess  the onset of
neuromuscular block once a  relaxant has  been given.
Di fferent muscle groups  throughout the body exhibi t di ffering sens i tivi ties  to NDMRs. In genera l , muscles  which are bulkier and closer to the
centra l  ci rculation, e.g. diaphragm and anterior abdominal  wal l  muscles , exhibi t a  block that i s  less  profound and wears  off more rapidly.
Smal ler muscles  at a  greater dis tance from the heart, e.g the muscles  of the arm and hand, are more sens i tive and remain blocked for longer.
If, therefore, periphera l  muscles  are
P.910

assessed with a  nerve s timulator, and no res idual  block i s  apparent, the centra l  muscles , particularly the respiratory muscles , wi l l  be ful ly
functional . The corol lary of this  i s  that patients  may s tart to breathe or even cough when there i s  minimal  response to periphera l  nerve
stimulation.
The depth of neuromuscular block required depends  on the type of surgery. Certa in operations  may need profound para lys is , e.g.
laparotomies  or microsurgery. An adequate non-depolarizing block can be mainta ined at around two TOF twitches  or one DBS twitch. At this
degree of relaxation, patients  wi l l  be adequately relaxed but a lso revers ible.
Neuromuscular reversa l  (see a lso p. 861)

Cl inica l  s igns  of reversa l : a  substantia l  degree of para lys is  may be present with vi rtua l ly normal  tida l  volumes , so the abi l i ty to
breathe i s  not a  good indicator of adequate reversa l . The abi l i ty to demonstrate susta ined muscle contraction i s  better, e.g. hand grip
or head l i ft for 5 s .
Nerve s timulator: an acceptable recovery from block occurs  when the TOF ratio has  reached 0.7 or greater. The absence of any
detectable fade with double-burst s timulation indicates  that the patient has  reasonable recovery.
At the completion of surgery, normal  neuromuscular transmiss ion can be faci l i tated by the use of antichol inesterase drugs .
Neostigmine (50 µg/kg) has  a  cl inica l  effect for approximately 30 min, whi l s t edrophonium (0.5–1 mg/kg) has  a  shorter onset (producing
s igns  of recovery within 1 min), but has  a  much shorter duration of action. These drugs  should be adminis tered in conjunction with an
antichol inergic (e.g. glycopyrrolate 10 µg/kg).
Reversa l  agents  should not be given unti l  there i s  evidence of return of neuromuscular transmiss ion, e.g. at least two TOF twitches ,
one DBS twitch or a  post-tetanic count greater than 10. Cl inica l ly, this  might include evidence of breathing or spontaneous  muscle
movement. Intense neuromuscular block may not be revers ible.
Patients  who are inadequately reversed exhibi t jerky and uncoordinated muscle movements . If awake, they exhibi t extreme anxiety. If
res idual  block i s  confi rmed by TOF or DB s timulation, one further dose of reversa l  agent may be adminis tered. If the block pers is ts ,
anaesthes ia , intubation, and arti fi cia l  venti lation should be undertaken and the cause sought.
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Genera l  principles
Perioperative anaemia  i s  frequent and i s  associated with increased morbidi ty and morta l i ty, especia l ly in patients  with cardiovascular
disease. In the past, treatment of anaemic patients  would have involved transfus ion of donor blood, but current atti tudes  have a l tered,
leading to a  radica l  change in transfus ion practice. Al though the ri sks  of transmiss ion of vi ra l  disease has  been reduced s igni ficantly by more
extens ive testing and preparation i t i s  s ti l l  an important cons ideration.

Risk of viral transmission in blood in the United Kingdom

Infectious agent Risk of transmission (per units transfused)

Hepati ti s  B and C 1 in 200 000

Human immunodeficiency vi rus  (HIV) <1 in 2000 000

New variant CJD Not proven

In 1998 there were two proven cases  of hepati ti s  B and one case of hepati ti s  C related to blood transfus ion. In 1999 there was  one case of
hepati ti s  B and one case of hepati ti s  C related to blood transfus ion. There have been no reported cases  of HIV infection related to
transfus ion in the past 2 years .
Improvements  in surgica l  technique in association with blood conservation methods  such as  intra-operative cel l  sa lvage are now standard
practice, enabl ing many major operations  to take place without transfus ion.
Cl inica l  guidel ines  for red cel l  transfus ion

Cl inicians  prescribing red cel l  transfus ions  should be aware of the ri sks  and benefi ts .
Patients  should be given information about the ri sks  and benefi ts  wherever poss ible, and a lso be informed about poss ible
a l ternatives  (predonation, acute normovolaemic haemodi lution, and cel l  sa lvage). Patients  have the right to refuse blood transfus ion.
Establ i sh the cause of any anaemia. Red cel l  transfus ions  should not be given where effective a l ternatives  exis t, e.g. treatment of i ron
deficiency, megaloblastic, and autoimmune haemolytic anaemia.
There i s  no given level  of haemoglobin at which transfus ion of red cel l s  i s  appropriate for a l l  patients  (transfus ion trigger). Cl inica l
judgement plays  a  vi ta l  role in the decis ion whether to transfuse or not (see below).
In acute blood loss , crysta l loids  or col loids  and not blood should be used for rapid acute volume replacement. The effects  of anaemia
need to be cons idered separately from those of hypovolaemia. In mass ive blood loss  empirica l  decis ions  have to be taken; however, i t
i s  s ti l l  important to define a  patient's  need for blood component and fluid replacement as  speci fica l ly as  poss ible to ensure that
blood i s  prescribed rational ly.
The reason for blood transfus ion should be documented in the patient's  records .

P.913
In the United Kingdom blood i s  suppl ied as  leucocyte depleted red cel l s  to minimize the theoretica l  ri sk of transmiss ion of new variant
Creutzfeldt—Jacob disease (CJD). Most of the plasma has  been removed and replaced by a  supplement of sa l ine, adenine, glucose, and
mannitol  (SAG-M). Most of the leucocytes  have been removed by fi l tration (leucocyte count <5 × 106 per uni t). Leucocyte depleted blood i s
cons idered CMV safe and may be used as  an a l ternative to CMV seronegative blood. Volume is  in the range 190–420 ml ; haematocri t i s  50–70%;
shel f l i fe i s  35 days  (14 days  i f gamma i rradiated). Al l  red cel l  products  are s tored at 4°C ± 2°C. The present cost of a  uni t of red cel l s  (December
2001) i s  £82.50.
Gamma i rradiated blood should be used for:

Al logeneic bone marrow recipients  from the time of conditioning therapy.
Al logeneic bone marrow donors .
Autologous  s tem cel l  or periphera l  blood s tem cel l  recipients  (from 7 days  before harvest).
Patients  with Hodgkin's  disease.
Patients  treated with purine analogue drugs  such as  fludarabine.
Patients  with congenita l  immunodeficiency s tates .
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Indications  for blood transfus ion
Acute blood loss

Fi rs t attempt to class i fy the amount of ci rculating volume lost (see table):
Class  I: <15% of ci rculating blood volume. Do not transfuse unless  blood loss  i s  superimposed on a  pre-exis ting anaemia  or i f
the patient i s  unable to compensate for this  level  of blood loss  because of reduced cardiorespiratory reserve.
Class  I I : <30% of ci rculating blood volume. Wi l l  need resusci tation with crysta l loids  or col loids , requirement for blood
transfus ion unl ikely unless  patient has  pre-exis ting anaemia, reduced cardiorespiratory reserve, or i f blood loss  continues .
Class  I I I : <40% of ci rculating blood volume. Rapid volume replacement i s  required with crysta l loids  or col loids ; blood
transfus ion wi l l  a lmost certa inly be required.
Class  IV: >40% of ci rculating blood volume. Rapid volume replacement including blood transfus ion.

Next cons ider the haemoglobin. Have in mind a  target level  at which to mainta in the patient's  haemoglobin:
Blood transfus ion i s  not indicated when the haemoglobin level  i s  >10 g/dl .
Transfus ion i s  a lways  indicated i f the haemoglobin level  i s  <7g/dl .
In patients  who may tolerate anaemia  poorly, e.g. patients  over 65 and those with cardiovascular or respi ratory disease,
transfus ions  are a lways  indicated i f the haemoglobin level  i s  <8 g/dl .
Patients  whose haemoglobin levels  are between 8 and 10 g/dl  are in a  grey area. Some wi l l  require a  transfus ion i f they display
symptoms of acute anaemia  (fatigue, dizziness , shortness  of breath, new or worsening angina).
Fina l ly cons ider the ri sk of further bleeding from disordered haemostas is .

Check the platelet count and perform a  coagulation screen.
Adminis ter platelets  and clotting factors  according to guidel ines  (p.920).

Perioperative transfus ion
Apply the same target va lues  as  for acute blood loss . Cons ider i ron supplements  in patients  whose haemoglobin levels  are between 8 and 10
g/dl .
Anaemia  in cri ti ca l  care
Apply the same target va lues  as  for acute blood loss . There i s  some evidence that excess  transfus ion may increase morta l i ty in intens ive
care.1

  Class I Class II Class III Class IV

Blood loss
Percentage
Volume (ml)

<15
750

15–30
750–1500

30–40
1500–2000

>40
>2000

Blood pressure (mmHg) Systol ic Unchanged Normal Reduced Very low

 Diastol ic Unchanged Raised Reduced Very low/unrecordable

Pulse rate (beats/min)  <100 >100 >120 >140

Capi l lary refi l l  Normal Slow (>2 s ) Slow (>2 s ) Undetectable

Respiratory rate (breaths/min)  14–20 20–30 30–40 >40

Urine output (ml/h)  >30 20–30 10–20 Negl igible

Menta l  s tatus  Sl ightly anxious Mi ldly anxious Anxious/confused Confused/lethargic

P.915

P.916

Making requests  for cross -matched red cel l s  and ‘group and save’ serum
When requests  for blood and platelets  are made by telephone the patient's  blood group and rhesus  s tatus  must be known. If the patient's
blood group i s  unknown serum must be sent for blood grouping. If a  patient has  been transfused more than 72 h previous ly a  new sample
must be sent to the laboratory in case new antibodies  have developed fol lowing the transfus ion.
Col lecting blood samples  from patients

In adults  a  7.5 ml  EDTA sample i s  required. The patient's  identi ty should be checked by:
Questioning the patient (name and date of bi rth).
Checking that the patient's  deta i l s  on the wris tband match those on the request form and the answers  given to the above
questions .

Al l  sample tubes  must be label led with:
patient's  surname
patient's  forename
date of bi rth
patient identi fi cation number
ward/department
date sample col lected.

The sample and request form must be s igned by the person col lecting the sample.
Preprinted labels  must not be used for sample label l ing.

‘Group and save’ or cross -match?2

For ei ther investigation the laboratory fi rs t determines  the patients  ABO and rhesus  type and then the patient's  serum is  screened for
IgG antibodies . The patient's  serum is  held in the laboratory, usual ly for 7 days .
Once ‘grouped and saved’ (and provided that antibody screening was  negative) blood uni ts  can be cross -matched aga inst the patient's
serum within about 20 min. This  enta i l s  a  further quick test to exclude ABO incompatibi l i ty for each uni t.
There should be a  maximum surgica l  blood ordering schedule (MSBOS) which s tipulates  which operations  require blood to be cross -
matched.
In an emergency the patient can be given group-speci fic blood or O rhesus  negative, Kel l  negative blood (‘universa l  donor’ blood). The
risk of a  transfus ion reaction i s  very smal l  provided the patient does  not have atypica l  antibodies . This  must be ba lanced aga inst the
risk of the patient bleeding to death.
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Blood conservation techniques
Preoperative autologous  donation
Patients  donate a  uni t of blood per week in the month prior to thei r operation. El igibi l i ty depends  on a  number of guidel ines  summarized in a
publ ication by the Bri ti sh Committee for Standards  in Haematology.3 Such a  system is  labour intens ive and depends  on good organization
both of col lection and s torage of blood and coordination of operating l i s ts  with guaranteed operating dates . Cost-effectiveness  i s  low mainly
because of a  high proportion of discarded uni ts . Such systems are not widely used in the United Kingdom.
Preoperative use of erythropoetin
Erythropoetin i s  l i censed in the European Union for use in patients  donating autologous  blood before surgery. It s timulates  erythropoes is  and
permits  more aggress ive preoperative donation (up to 6 uni ts  in a  3-week period). It has  a lso been used to increase the efficacy of acute
normovolaemic haemodi lution by increas ing the preoperative haemoglobin. Its  use has  been described to permit major elective surgery (e.g.
l iver transplantation) in Jehovah's  Witnesses  without exposure to a l logeneic blood. It remains , however, an expens ive method of minimizing
a l logeneic blood transfus ions .
Acute normovolaemic haemodi lution
This  involves  the immediate preoperative col lection of whole blood from the patient with s imultaneous  infus ion of crysta l loid or col loid to
mainta in normovolaemia. It i s  usual ly performed in the anaesthetic room. Venesection can be undertaken us ing a  large-bore intravenous
cannula  or arteria l  l ine into ci trated blood bags  (ava i lable from the blood transfus ion department). The volume of blood to be removed to
achieve the des i red haematocri t can be ca lculated us ing the fol lowing formula:
V (ml) = EBV × [(HI - HF)/Hav]
where EBV i s  the estimated blood volume (70 ml/kg), HI i s  the ini tia l  haematocri t, HF i s  the fina l  haematocri t, and HAV i s  the average
haematocri t (mean of HI and HF).
Once col lected, bags  should be label led and s tored at room temperature for reinfus ion once surgica l  blood loss  has  ceased. They must be
reinfused to the patient within 6 h. Mathematica l  model l ing has  suggested that severe haemodi lution (perioperative haematocri t less  than
20%) accompanied by substantia l  blood losses  would be required before the red cel l  volume saved becomes  cl inica l ly important. Current
United Kingdom guidel ines  s tate that acute normovolaemic haemodi lution should be cons idered when the potentia l  surgica l  blood loss  i s
l ikely to exceed 20% of the blood volume. Patients  should have a  preoperative haemoglobin of more than 10 g/dl  and not have severe
myocardia l  disease(e.g. moderate to severe left ventricular impairment, unstable angina, severe aortic s tenos is , or cri ti ca l  left main s tem
coronary artery disease).
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Acute normovolaemic haemodi lution has  severa l  advantages  over autologous  blood donation. The blood procured by haemodi lution requires
no testing. The uni ts  are not removed from the operating theatre so that the poss ibi l i ty of an adminis trative error resul ting in an ABO
incompatible blood transfus ion i s  vi rtua l ly el iminated, as  i s  the ri sk of bacteria l  contamination. Fina l ly, blood obta ined by haemodi lution
does  not require substantia l  investment of time by the patient as  i t i s  obta ined at the time of surgery.
Intra-operative cel l  sa lvage and reinfus ion4

This  involves  the col lection and reinfus ion of autologous  red cel l s  los t during surgery. Most machines  depend on a  centri fuga l  principle us ing
a  col lection bowl  that spins  and separates  the red cel l s  from plasma, white cel l s , and platelets . Shed blood i s  aspi rated into a  col lection
reservoir via  heparinized tubing. The cel l s  are separated by haemoconcentration and di fferentia l  centri fugation and fina l ly washed in 1–2
l i tres  of normal  sa l ine. This  removes  ci rculating fibrin, debris , plasma, leucocytes , microaggregates , complement, platelets , free haemoglobin,
ci rculating procoagulants , and most of the heparin. The end product of the process  i s  packed red cel l s  with a  haematocri t of 50–60%. Sa lvaged
red cel l s  are superior to or at least equal  to banked homologous  blood in terms  of red cel l  surviva l , pH, 2,3-diphosphoglycerate (2,3-DPG), and
potass ium levels . Cel l  washing devices  can provide the equiva lent of 10 uni ts  of bank blood per hour in cases  of mass ive bleeding. The
technique i s  appl icable to open heart surgery, vascular surgery, tota l  joint replacements , spina l  surgery, l i ver transplantation, ruptured ectopic
pregnancy, and some neurosurgica l  procedures . Some Jehovah's  Witnesses  may accept intraoperative cel l  sa lvage, provided the equipment i s
set up in continui ty with the ci rculation. Speci fic consent must be obta ined.
Cel l  sa lvage devices  should not be used in the presence of contamination of the operative field s ince bacteria  have been shown to survive the
washing process . Mal ignant disease has  been cons idered a  contra indication because mal ignant cel l s  can survive the col lection process .
Recent work suggests  that the ri sk of dissemination of mal ignant disease i s  minimal . Blood conta ining fat or amniotic fluid should not be
sa lvaged because of the ri sk of embol ism and disseminated intravascular coagulation (DIC), a l though one group has  advocated the use of cel l
sa lvage with leucocyte depletion fi l tration in l i fe-threatening obstetric haemorrhage (e.g. at caesarean section). Topica l  clotting agents  such
as  col lagen, cel lulose, and thrombin and topica l  antibiotics  or cleans ing agents  used in the operative field should not be aspi rated into a
cel l  sa lvage machine. Compl ications  have been reported in patients  with s ickle cel l  disease.
The high cost of the machinery and the need for tra ined operators  are drawbacks . Once set up the disposable ki ts  can process  l imitless  uni ts
of packed red cel l s . Current disposable costs  are very s imi lar to the cost of one uni t of leucodepleted red cel l s . A recent NHS ci rcular ‘Better
blood transfus ion’5 recommended that by March 2000 a l l  NHS Trusts  where blood i s  transfused should have cons idered the introduction of
perioperative cel l  sa lvage.
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Postoperative recovery of blood
This  involves  the col lection of blood from surgica l  dra ins  fol lowed by reinfus ion, with or without process ing. The blood recovered i s  di lute,
partia l ly haemolysed and defibrinated and may conta in high concentrations  of cytokines . Most experience has  been ga ined in cardiac and
orthopaedic surgery, especia l ly tota l  knee replacements . The safety and benefi t of the use of unwashed blood remains  questionable. Some
groups  have reported cons iderable savings  in the use of bank blood.
Footnotes
3

Bri ti sh Committee for Standards  in Haematology, Blood Transfus ion Task Force (1993). Guidel ines  for autologous  transfus ion. Transfus ion
Medicine, 3, 307–16.
4

Napier JA, Bruce M, Chapman J et a l . (1997). Guidel ines  for autologous  transfus ion II . Perioperative haemodi lution and cel l  sa lvage. Bri ti sh
Journal  of Anaesthes ia , 78, 768–71.
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Winyard G (1998). Better blood transfus ion. NHS Executive Cl inica l  Effectiveness  Ci rcular, appendix 1, SC 1998/2, 11 December 1998.
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Mass ive blood transfus ion
Defined as  the replacement of the patient's  tota l  blood volume with s tored blood in less  than 24 h. A di lutional  coagulopathy occurs  due to
diminution of clotting factors  and platelets . This  presents  cl inica l ly with oozing of blood from cut surfaces , wounds  and venepuncture s i tes .
Thrombocytopenia  i s  the most l ikely cause of bleeding in mass ive transfus ion. Regular platelet counts  and tests  of blood coagulation should
be performed to assess  the underlying trend and the adequacy of treatment. In cri ti ca l  s i tuations  give FFP and platelets  empirica l ly rather
than wait for resul ts . Stringent efforts  should be made to mainta in the patient's  temperature s ince hypothermia  impairs  platelet function and
clotting.
Compl ications  of blood transfus ion

Mismatch: most commonly giving the wrong blood to the wrong patient. Stop the transfus ion and return the blood to the blood bank.
Take blood for FBC, clotting, and a  serum sample. Signs  and symptoms of a  transfus ion reaction wi l l  be present. These may range from
mild reactions  (fever sweating, tachycardia , and urticaria) to ful l -blown haemolytic reaction (back and chest pa in, hypotens ion,
ol iguria , haemoglobinuria , and renal  fa i lure).
Metabol ic: with large volume rapid transfus ions  acidos is  and hyperka laemia  can develop.
Hypothermia: warm the blood. This  may exacerbate coagulopathy of mass ive transfus ion by further impairing platelet function.
Di lutional  caogulopathy.
Infection: vi ra l  (HIV, hepati ti s  B and C, CMV), bacteria l , paras i tic (e.g. malaria).
Transfus ion associated graft versus  host disease (TA-GVHD).
Transfus ion related acute lung injury (TRALI).

Guidel ines  for the use of fresh frozen plasma (see p. 141)
Fresh frozen plasma (FFP) i s  obta ined from whole blood and rapidly frozen to a  temperature that wi l l  mainta in the activi ty of labi le clotting
factors . FFP i s  s tored at -30°C for up to 12 months . It i s  thawed at 37°C immediately before use. Each uni t should conta in normal  levels  of s table
clotting factors , a lbumin, and immunoglobul in. Factor VIIIc levels  are >0.7 IU/ml  and fibrinogen 2–5 mg/ml . FFP must be ABO compatible.
Premenopausa l  females  who are Rh-D negative must receive Rh-D negative FFP.

The usual  s tarting dose i s  10–15 ml/kg (equiva lent to four packs  of FFP for a  70 kg person) which ra ises  the coagulation levels  12–15%.
FFP takes  20 min to thaw, infus ion should be s tarted within 2 h of thawing and completed within 4 h of thawing.

Guidel ines  for platelet transfus ion
A s tandard adult therapeutic dose (ATD) pack has  platelets  from s ix uni ts  of blood and conta ins  >240 × 109 platelets . One ATD should increase
the platelet count by 20–40 × 109 in an adult. Platelets  should be given through a  fresh blood giving set or a  specia l  platelet giving set. Idea l ly
they should be ABO and rhesus  compatible. For invas ive procedures  (insertion of centra l  l ines ) or surgery the platelet count should be
mainta ined above 50 × 109 /l i tre.
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Guidel ines  for the use of cryoprecipi tate
Cryoprecipi tate i s  prepared from a  s ingle donation. Each uni t conta ins  a  volume of 20–40 ml . It i s  s tored at -30°C for up to 12 months  and i s
thawed to 37°C immediately before use. The concentration of fibrinogen i s  >140 mg/unit and factor VIIIc >70 IU/unit. ABO compatible uni ts
should be used, and treatment cons idered i f the plasma fibrinogen i s  <0.8 g/l i tre. Ten uni ts  of cryoprecipi tate should increase fibrinogen
level  by 1 g/l i tre.

Cost of blood components (2000/2001)

Product Cost

Red cel l s  (leucocyte depleted) £82.50

Platelets  (leucocyte depleted), one ATD £156.60

Fresh frozen plasma (leucocyte depleted) £19.47

Cryoprecipi tate (leucocyte depleted) £23.40
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Genera l  principles
Genera l  principles
Whi le rarely l i fe-threatening, morbidi ty associated with postoperative nausea and vomiting may be the most unpleasant memory associated
with a  patient's  hospi ta l  s tay. Severe cases  can lead to increased length of hospi ta l  s tay, increased bleeding, incis ional  hernias , and
aspiration pneumonia .
Frequency
Incidence i s  between 5% and 75% in publ i shed series . If no prophylaxis  i s  used the incidence i s  probably around 20% for PONV within 6 h and
30% for PONV within 24 h. The best anti -emetic drug or anti -emetic s trategy has  a  numbers  needed to treat (NNT) of about 5. Al l  treatments
carry fini te ri sks .
Phys iology
The vomiting reflex can be activated by s timulation of the fol lowing pathways :

abdominal  vaga l  a fferents
area  postrema including the nucleus  tractus  sol i tarius
vestibular system.
Other pathways  may include those from cerebra l  hemispheres , vi sua l , ol factory, and gustatory organs .

The chemica l  receptors  involved in transduction of s igna ls  in the area  of the vomiting centre and the area  postrema include dopaminergic,
chol inergic, his taminergic, serotinergic, and opioid. With so many pathways  and di fferent receptors , there i s  currently no perfect anti -emetic.
Neurokinin-1 may represent the fina l  common pathway for PONV and tria ls  are under way examining drugs  affecting this  pathway.

javascript:history.back()


Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Risk factors
Al l  the ri sk factors  below have been described as  contributing to PONV:
Surgery

Gynaecologica l , especia l ly ovarian surgery.
Bowel  or ga l l -bladder surgery.
Head and neck surgery, including tons i l lectomy and adenoidectomy.
Ophthalmic, especia l ly squint surgery.
Prolonged surgery.

Anaesthes ia

Induction with methohexi tone, etomidate, or ketamine (compared with propofol  or thiopenta l ).
Maintenance with N2O. Avoidance reduces  ri sk with an NNT of 5, but a  number needed to harm (NNH) of 50—awareness .
Use of intra-operative opioids  increases  the incidence of PONV. However, untreated pa in i s  a l so emetogenic.
Spina l  anaesthes ia—high blocks  (above T5), hypotens ion, and the use of adrenal ine in the loca l  anaesthetic.
Intra-operative dehydration—IV fluids  reduce the incidence.
Gastric di latation from inexperienced ‘obag and mask venti lation’.
‘Motion’ s ickness  due to fast or careless  patient movement during emergence from anaesthes ia .

Patient factors

Previous  his tory of PONV.
Chi ldren more than adults .
Women more than men, unti l  a fter 70 years  of age.
Obes i ty may be a  ri sk factor. May be due to a  higher incidence of gastric reflux in this  population.
His tory of motion s ickness .

Organizational

Fa i lure to audit and set up appropriate treatment protocols .
Poor education of medica l  and nurs ing s taff, leading to under-use of effective treatment.
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Drugs  and dosages
Some drugs  have multiple actions , so the fol lowing class i fi cation i s  pragmatic.
Antidopaminergic agents

Phenothiazines  such as  prochlorperazine (12.5 mg IM):
Active aga inst the emetic effect of opioids .
Sedative and short acting. Extrapyramidal  s ide-effects . Should not be adminis tered intravenous ly.

Butyrophenones  such as  droperidol  (0.5–2.5mg IV—optimum dose 1–1.25mg):
Droperidol  i s  effective when added to morphine for use in PCA pumps  (2.5–5 mg/50 ml).
Can cause dis turbing dysphoric, sedative, and extrapyramidal  s ideeffects . This  i s  less  l ikely with lower doses .

Substi tuted benzamides  such as  metoclopramide (10 mg IV, IM, or PO):
Sa id to be active aga inst the emetic effect of opioids , but has  a  high incidence of extrapyramidal  s ide-effects , especia l ly in
young women.
Popular, but evidence suggests  that i t i s  of l i ttle use in the postoperative period.

Avoid combinations  of drugs  with extrapyramidal  s ide-effects , and avoid completely in patients  with Parkinson's  disease.
Antihis tamines
Cycl i zine (25–50 mg IM or s low IV):

Commonly used for PONV after middle ear surgery.
Sedation can be a  problem. Intravenous  injection may lead to tachycardia  and hypotens ion with consequent myocardia l  i schaemia.
Also has  antimuscarinic effects .

Antichol inergics
Hyoscine hydrobromide (‘scopolamine’ 0.3–0.6 mg IM):

Useful  for the treatment of motion s ickness , opioid-induced vomiting, and PONV.
Sedation, confus ion, and dry mouth may l imit use.

Antiserotonergic (5HT3 antagonis ts )
Ondansetron (1–8 mg PO, IV, IM), granisetron (1 mg PO, IV), tropisetron (5 mg PO, IV):

Widely regarded as  the anti -emetics  with the lowest s ide effect profi le. Particularly effective in chemotherapy-induced emes is .
Evidence suggests  that they are only s l ightly better than other anti -emetics  for ei ther prophylaxis  or treatment of PONV.
In paediatric practice where the extrapyramidal  effects  of the antidopaminergic drugs  can be a  serious  problem, ondansetron (50–100
µg/kg by s low IV injection) i s  the drug of fi rs t choice. Side-effects  include headache, constipation, and a l tered l iver enzymes.
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Other drugs

Benzodiazepines  have been shown to decrease anticipatory vomiting before chemotherapy.
Cannabis  i s  sa id to be effective in nausea and vomiting. Nabi lone i s  a  cannabis  extract primari ly used in chemotherapy-induced
vomiting. The 5HT3 antagonis ts  have superseded i t.
Dexamethasone (150 µg/kg in chi ldren or 8 mg in adults ) i s  used for reducing s ickness  related to chemotherapy and has  been shown to
be useful  in PONV. There are pos i tive s tudies  looking at the combination with ondansetron.
Ginger root has  been shown to be as  effective as  metoclopramide in patients  having day case laparoscopy.
Anti -NK1 drugs  are the subject of current research and may represent the fina l  common pathway in the s timulation of the vomiting
reflex.

Combination therapy
There i s  increased interest in us ing combinations  of anti -emetics  to increase efficacy. The logica l  approach i s  to combine two drugs  with
di fferent actions  (and presumably s ide-effects ).
Studies  with the combination of dexamethasone and ondansetron, or ondansetron and droperidol  showed clear improvements  over
monotherapy.
Non-pharmacologica l  causes  and treatments

Perioperative fluid therapy leads  to both decreased PONV and earl ier ora l  fluid intake.
Too early ora l  fluid intake, especia l ly in chi ldren, may lead to increased PONV.
Hypnos is  over 4–6 days  preoperatively wi l l  decrease PONV.
Perioperative suggestion may decrease the incidence.
Acupuncture may decrease the incidence-us ing the P6 point over the median nerve at the wris t, but only in the awake patient.

The vomiting patient

Have anti -emetics  been given?
Has  a  reasonable dose been adminis tered by a  reasonable route?
Has  a  di fferent anti -emetic been added?
Look for a  treatable cause.
Too much or too l i ttle opioid analges ic?
Hypotens ion, e.g. spina l  or epidura l  anaesthes ia , bleeding.
Too early ora l  intake or inadequate intravenous  intake?
Surgica l  compl ications , e.g. bowel  obstruction.
Drugs , e.g. opioids , antibiotics , chemotherapy.
Psychologica l–fear, anxiety, previous  bad experience.
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Strategies  for decreas ing the impact of PONV

Try to identi fy your ‘at-ri sk’ group and cons ider prophylactic anti -emetics .
If a  ‘high-ri sk’ patient i s  identi fied then cons ider combination anti -emetics , from di fferent pharmacologica l  groups .
Treat PONV quickly when i t occurs .
Avoid s trong analges ics , where poss ible, by providing good pa in rel ief with loca l  anaesthes ia  and s imple analges ics .

Further reading
Fisher DM (1997). The big l i ttle problem of postoperative nausea and vomiting. Anesthes iology, 87, 1271–3.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links
Strunin L, Rowbotham O, Mi les  (ed.) (1999). The effective management of postoperative nausea and vomiting. Aesculapius  Medica l  Press .
Tramèr MR (2000). Systematic reviews  in PONV therapy. In: Tramèr MR (ed.) Evidence based resource in anaesthes ia  and analges ia . BMJ Books ,
London.
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Perioperative arrhythmias
Arrhythmia  detection and management
If the arrhythmia  i s  caus ing haemodynamic instabi l i ty, rapid recognition and treatment i s  required. However, most wi l l  respond to bas ic
measuressometimes  even before identi fi cation of the exact rhythm abnormal i ty i s  poss ible.
Practica l  interpretation of arrhythmias
This  idea l ly i s  done with a  paper printout of the ECG trace-preferably in a  12-lead format.
Determine

What i s  the ventricular rate?
Is  the QRS complex of normal  duration or widened?
Is  the QRS regular or i rregular?
Are P waves  present and are they normal ly shaped?
How is  atria l  activi ty related to ventricular activi ty?

Ventricular rate

Calculate approximate ventricular rate (divide 300 by the number of large squares  between each QRS complex).
Tachyarrhythmias—rate greater than 100/min.
Bradyarrhythmias—rate less  than 60/min.

QRS complex
Arrhythmias  may be due to impulses  ari s ing from:

Atria-a  supraventricular rhythm.
AV node-a  nodal  or junctional  rhythm.
Ventricles -a  ventricular rhythm.
Supraventricular and nodal  rhythms arise from a  focus  above the ventricles . Since the ventricles  s ti l l  depolarize via  the normal
His/Purkinje system the QRS complexes  are of normal  width (<0.1 s  or two smal l  squares ) and are termed ‘narrow complex rhythms’.
Arrhythmias  ari s ing from the ventricles  wi l l  be ‘broad complex’ with a  QRS width of >0.1 s  (two smal l  squares ). In the presence of
bundle branch block a  supraventricular rhythm may have broad complexes . This  may be present on the 12-lead ECG or develop as  a
consequence of the arrhythmia-so ca l led rate related aberrant conduction.

Regulari ty
The presence of an i rregular rhythm wi l l  tend to suggest ectopic beats  (atria l  or ventricular), atria l  fibri l lation, atria l  flutter with variable
block, or second degree heart block with variable block.
P waves
The presence of P waves  indicates  atria l  depolarization. Absent P waves  associated with an i rregular ventricular rhythm suggests  atria l
fibri l lation, whi l s t a  saw-toothed pattern i s  characteris tic of atria l  flutter.
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Atria l/ventricular activi ty
Normal ly there wi l l  be one P wave per QRS complex. Any change in this  ratio indicates  a  blockage to conduction at some point in the pathway
from atria  to the ventricles .
Action plan when faced with an abnormal  rhythm on the ECG monitor

Assess  vi ta l  s igns -A, B, C.
Determine whether the arrhythmia  i s  serious  (cardiovascular compromise/symptoms in awake patient).

Is  there a  problem with the anaesthetic?

Oxygenation-increase the inspi red oxygen concentration?
Venti lation adequate to prevent CO2 bui ld up?-check ETCO2.
Anaesthes ia  too l ight or too deep?-a l ter the inspi red volati le agent concentration.
Drug interaction/error?

Is  there a  problem with the surgery?

Vagal  s timulation from traction on the eye or peri toneum.
Trigeminal  s timulation from jaw.
Loss  of cardiac output-a i r/fat embol ism.
Unexpected blood loss .
Injection of adrenal ine.
Mediastina l  manipulation.

Class i fi cation of arrhythmias
Arrhythmias  may be class i fied into narrow and broad complex for the purposes  of rapid recognition and management.
Narrow complex rhythms:

s inus  arrhythmia
s inus  tachycardia
s inus  bradycardia
junctional/AV nodal  tachycardia
atria l  fibri l lation
atria l  ectopics
atria l  tachycardia , atria l  flutter.

Broad complex rhythms:
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ventricular ectopics
ventricular tachycardia
supraventricular tachycardia  with aberrant conduction
ventricular fibri l lation.
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Narrow complex rhythms
Sinus  arrhythmia
This  i s  i rregular spacing of normal  complexes  associated with respiration. There i s  a  constant P-R interva l  with beat-to-beat change in the R-R
interva l . It i s  a  normal  finding especia l ly in young people.
Sinus  tachycardia
Rate greater than 100/min in adults . Normal  P–QRS–T complexes  are evident. Causes  include:

inadequate depth of anaesthes ia
pain / surgica l  s timulation
fever/seps is
hypovolaemia
anaemia
heart fa i lure
thyrotoxicos is
drugs , e.g. atropine, ketamine, catecholamines .

Management of s inus  tachycardia  involves  correction of any underlying cause where poss ible. Beta-blockers  may be useful  i f tachycardia
causes  myocardia l  i schaemia, but should be used with caution in patients  with heart fa i lure and avoided in asthma.
Sinus  bradycardia
Rate less  than 60/min in an adult. May be normal  in athletic patients  and may a lso be due to vaga l  s timulation during surgery. Other causes
include:

drugs , e.g. beta-blockers , digoxin, antichol inesterases , ha lothane, and suxamethonium
myocardia l  infarction
s ick s inus  syndrome
raised intracrania l  pressure
hypothyroidism
hypothermia.

It i s  often not necessary to correct this  in a  fi t person, unless  the rate i s  less  than 40 beats/ minute, and/or there i s  haemodynamic comprise.
However, cons ider

Correcting the underlying cause, e.g. s top the surgica l  s timulus .
Atropine up to 20 µg/kg or glycopyrrolate 10 µg/kg IV.
Patients  on beta-blockers  may be res is tant and an i soprenal ine infus ion occas ional ly may be required (0.5–10 µg/min). Al ternatively
glucagon (50–150 µg/kg IV in 5% glucose) can be used-this  i s  an unl icensed indication and dose.

Arrhythmias  due to re-entry (ci rcus  movement of electrica l  impulses )
These arrhythmias  occur where there i s  an anatomica l  branching and rejoining of conduction pathways . Normal ly conduction would occur
equal ly down
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both l imbs , but i f s lowed in one l imb the impulse can then spread backwards  up the abnormal  pathway. If i t arrives  at a  time when the fi rs t
pathway i s  no longer refractory, i t can pass  around the ci rcui t repeatedly activating i t. The class ica l  example of this  i s  the Wolf-Parkinson-
White (WPW) syndrome where a  relatively large accessory conduction pathway exis ts  between atria  and the ventricles . This  i s  ca l led a  ‘macro
re-entry’ ci rcui t. Other macro re-entry ci rcui ts  occur within the atria l  and ventricular myocardium, and are respons ible for atria l  flutter, atria l
fibri l lation, and ventricular tachycardia . In AV nodal  re-entrant tachycardia  there are ‘micro re-entry ci rcui ts ’ wi thin the AV node i tsel f.
Junctional/AV nodal  tachycardia
‘Supraventricular tachycardia ’ (SVT) appl ies  to a l l  tachyarrhythmias  ari s ing from above the ventricles . However, i t i s  often used to describe
junctional  (AV nodal ) tachycardias  ari s ing from micro re-entry ci rcui ts  in or near the AV node, or from an accessory conduction pathway
between atria  and ventricles . The ECG appearance i s  of a  narrow complex tachycardia  (QRS <0.1 s  or two smal l  squares ), wi th a  rate of 150–
200/min. A broad complex pattern may occur i f antegrade conduction i s  down an accessory pathway. The typica l  features  seen on 12-lead ECG
taken during s inus  rhythm are:

a  short P-R interva l
a  s lurred upstroke on the R wave (the del ta  wave)
inverted T waves  in V2-V5 are characteris tic.

Junctional/AV nodal  tachycardia  i s  occas ional ly associated with severe ci rculatory dis turbance and needs  to be managed as  an emergency i f i t
occurs  during anaesthes ia :

In the presence of hypotens ion, especia l ly where the patient i s  anaesthetized in theatre, the fi rs t-l ine treatment i s  synchronized di rect
current cardiovers ion with 200 then 360 J.
Carotid s inus  massage rarely converts  to s inus  rhythm but may s low the rate and reveal  the underlying rhythm. It i s  helpful  in
di fferentiating i t from atria l  flutter and fast atria l  fibri l lation.
Adenos ine—this  s lows  conduction and i s  especia l ly useful  for terminating re-entry SVT of the Wolf-Parkinson-White type. Give 6 mg IV
rapidly, fol lowed by a  sa l ine flush. Further doses  of 12 mg may be given at 2 min interva ls  i f there i s  no response to the fi rs t dose. The
effects  of adenos ine las t only 10–15 s . It should be avoided in asthma.
Verapami l , beta-blockers , or other drugs  such as  amiodarone or fleca inide may control  the rate or convert to s inus  rhythm.
Verapami l  5–10 mg IV s lowly over 2 min. A further 5 mg may be given after 10 min i f required. This  may cause a  s igini fi cant fa l l  in blood
pressure. Adminis tration together with beta-blockers  may cause severe hypotens ion and asystole.
Beta-blockers , e.g. propranolol  1 mg over 1 min repeated i f necessary at 2 min interva ls  (maximum 5 mg), sota lol  100 mg over 10 min
repeated 6-hourly i f necessary. Esmolol  i s  a  relatively cardioselective beta-blocker with a  very short duration of action and may be
given by intravenous  infus ion at 50–200 µg/kg/min.
Digoxin should be avoided-i t faci l i tates  conduction through the AV accessory pathway in Wolf-Parkinson-White syndrome and may
worsen the
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tachycardia . Atria l  fibri l lation in the presence of an accessory pathway may a l low very rapid conduction which can degenerate to
ventricular fibri l lation.

Atria l  fibri l lation1

One of the commonest arrhythmias  encountered in anaesthetic practice. There i s  chaotic and uncoordinated atria l  depolarization, an absence
of P waves  on the ECG with an i rregular basel ine, and a  completely i rregular ventricular rate. Transmiss ion of atria l  activi ty to the ventricles  via
the AV node depends  on the refractory period of the conducting ti ssue. In the absence of drug treatment or disease which s lows  conduction,
the ventricular response rate wi l l  normal ly be rapid, i .e. 120–200/min.
Causes  of atria l  fibri l lation (AF) include:

i schaemia
myocardia l  disease/pericardia l  disease/mediastini ti s
mitra l  va lve disease
seps is
electrolyte dis turbance (especia l ly hypokalaemia  or hypomagnesaemia)
thyrotoxicos is
thoracic surgery.

Since contraction of the atria  contributes  up to 30% of the normal  ventricular fi l l ing, the onset of AF may resul t in a  s igni ficant fa l l  in cardiac
output. Fast AF may precipi tate cardiac fa i lure and myocardia l  i schaemia. Systemic thromboembol ism may occur i f blood clots  in the
fibri l lating atria  and subsequently embol izes  into the ci rculation. There i s  a  4% ri sk per year of an embol ic cerebrovascular event at the age of
75.
Treatment of AF a ims  to restore s inus  rhythm where poss ible. Where this  i s  not poss ible, the a im is  control  of the ventricular rate to <100/min
and the prevention of embol ic compl ications . In acute AF restoration of s inus  rhythm is  often poss ible, whereas  in longstanding AF control  of
the ventricular rate i s  the usual  a im of therapy. Idea l ly the ventricular rate should be control led by appropriate therapy preoperatively.
However, more rapid control  of the rate in theatre i s  occas ional ly required.
Management of AF depends  on whether the AF i s  paroxysmal  or pers is tent. For paroxysmal  AF occurring in theatre or onset within the las t 48 h:

Correct precipi tating factors  where poss ible, especia l ly electrolyte dis turbances .
Synchronized d.c. cardiovers ion. If AF has  been present for more than 24 h there i s  a  ri sk of arteria l  embol ization unless  the patient i s
anticoagulated fi rs t. Shock at 200 J, then 360 J.
Digoxin can be used to s low the ventricular rate in the presence of a  normal  plasma potass ium concentration. An intravenous  loading
dose of 500 µg in 100 ml  of normal  sa l ine over 20 min may be given and repeated at interva ls  of 4–8 h i f necessary, to a  tota l  of 1–1.5
mg. This  i s  contra indicated i f the patient i s  a l ready taking digoxin when lower doses  are required. There i s  no evidence that i t i s
useful  for converting AF to s inus  rhythm or mainta ining i t once establ i shed.
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Amiodarone may a lso be used to s low the venticular rate. It does  not restore s inus  rhythm, but wi l l  help to susta in i t once rega ined. It
i s  especia l ly useful  in paroxysmal  atria l  fibri l lation associated with cri ti ca l  i l lness , and where digoxin or beta-blockers  cannot be
used. A loading dose of 300 mg IV via  a  centra l  vein i s  given over an hour and then fol lowed by 900 mg over 23 h.
Fleca inide 50–100 mg s lowly IV i s  the best drug for converting to s inus  rhythm. It should be used with caution in the presence of LV
dysfunction and ventricular arrhythmias .
Verapami l  5–10 mg IV over 2 min can be used to control  ventricular rate, where there i s  no impairment of left ventricular function or
coronary artery disease. It should be avoided i f left ventricular function i s  poor, i f there i s  evidence of i schaemia, or i f the patient i s
beta-blocked.
Beta-blockers  (e.g. esmolol  or propranolol  as  above) are sometimes  used to control  the ventricular rate but may precipi tate heart
fa i lure in the presence of an impaired myocardium, thyrotoxicos is , or ca lcium channel  blockers .

With pers is tent AF, i f the ventricular rate i s  above 100/min, i t should be s lowed to a l low adequate time for ventricular fi l l ing and myocardia l
perfus ion during diastole. Management s trategies  are:

Digi ta l i zation-i f the patient i s  not a l ready ful ly loaded with digoxin. This  should usual ly be done over 1–2 days  preoperatively.
Occas ional ly rapid IV digi ta l i zation i s  required where the surgery i s  urgent. Beware s igns  of digoxin toxici ty, i .e. nausea, anorexia ,
headache, vi sua l  dis turbances , and arrhythmias , especia l ly ventricular ectopics  and atria l  tachycardia  with 2:1 block. Determination of
adequate digi ta l i zation preoperatively, can usual ly be determined from the ventricular rate at rest, which should be 60–90 beats/ min.
Digoxin levels  can be measured, and may be helpful  where there i s  doubt. However, unwanted effects  depend on both plasma levels
and on the sens i tivi ty of the conducting system or myocardium which i s  often increased in heart disease. Therapeutic levels  should be
1–2 ng/ml .
Beta-blockers  or verapami l .
Amiodarone (verapami l , ni fedipine, and amiodarone when co-adminis tered with digoxin can increase digoxin levels ).

When AF has  been present for more than 24 h anticoagulation i s  necessary before d.c. cardiovers ion to prevent embol ization. Usual ly patients
should be warfarinized for 3 weeks  prior to elective d.c. cardiovers ion. An INR >2 i s  sati s factory. Warfarin should be continued for 4 weeks
afterwards . Occas ional ly when a  patient develops  AF with haemodynamic compromise, d.c. cardiovers ion must be cons idered even where
anticoagulation i s  contra indicated (e.g. recent surgery).
Atria l  ectopics
These are very common and invariably benign. An abnormal  P wave i s  fol lowed by a  normal  QRS complex. The P wave i s  not a lways  eas i ly
vis ible on the ECG trace. The term ectopic indicates  that depolarization originated in an abnormal  place, i .e. not the SA node, hence the
abnormal  shape. If such a  focus  depolarizes  early the beat produced i s  ca l led an extrasystole or premature atria l  contraction and may be
fol lowed by a  compensatory pause. If the underlying SA node rate i s  s low, a  focus  in the atria  sometimes  takes  over and the rhythm is
described as  atria l  escape, as  i t occurs  after a  smal l  delay. Extrasystoles  and escape beats  have the same QRS appearance on the ECG, but
extrasystoles  occur early and escape beats  occur late.
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Causes  of atria l  ectopics  are varied:

They often occur in normal  hearts .
They may occur with any heart disease.
Ischaemia, hypoxia .



Light anaesthes ia .
Seps is .
Shock.
Anaesthetic drugs  are common causes .

Management involves :

Correction of any underlying cause.
Speci fic treatment of atria l  ectopics  i s  unneccesary unless  runs  of atria l  tachycardia  occur-see above.

Atria l  flutter and atria l  tachycardia
An ectopic focus  depolarizes  anywhere within the atria . The atria  contract fas ter than 150/min and P waves  can be seen superimposed on the
T waves  of the preceding beats . In atria l  flutter there i s  no flat basel ine between P waves  and the typica l  ‘saw-tooth’ pattern of flutter waves
is  be seen. Atria l  tachycardia  i s  uncommon in adults . Atria l  tachycardia  and flutter may occur with any kind of block, e.g. 2:1, 3:1 etc. Atria l
tachycardia  i s  typica l ly a  paroxysmal  arrhythmia  presenting with intermittent tachycardia/palpi tations  and may be precipi tated by
anaesthes ia  and surgery. It i s  associated in particular with rheumatic va lvular disease as  wel l  as  i schaemic and hypertens ive heart disease
and can be seen in with mitra l  va lve prolapse. It may precede the onset of permanent atria l  fibri l lation. Atria l  tachycardia  with 2:1 block i s
characteris tic of digi ta l i s  toxici ty.
Management i s  as  fol lows:

This  arrhythmia  i s  very sens i tive to synchronized di rect current cardiovers ion-there i s  a  success  rate of nearly 100%. Therefore, in the
anaesthetized patient with any degree of cardiovascular compromise, this  should be the fi rs t l ine of treatment.
Carotid s inus  massage and adenos ine wi l l  s low AV conduction and reveal  the underlying rhythm and block where there i s  any doubt.
Other drug treatment i s  as  for atria l  fibri l lation—see above.

Sick s inus  syndrome (bradycardia-tachycardia  syndrome)
This  i s  a  cl inica l  term which describes  a  combination of spontaneous , often repeti tive depress ion of s inoatria l  activi ty sometimes  with
s inoatria l  block and with or without depress ion of atrioventricular nodal  activi ty. There are often a lso episodes  of supraventricular
tachydysrhythmias  (atria l  tachycardia , atria l  flutter, and fibri l lation). Causes  include congenita l , i schaemic, rheumatic, and hypertens ive heart
disease, and i t may be ei ther asymptomatic or present with dizziness  or heart fa i lure (from bradycardia) or with pa lpi tations . It i s  an
indication for prophylactic preoperative pacing—see below.
Footnote
1

Nathanson MH, Gajra j NM (1998). Perioperative management of atria l  fibri l lation. Anaesthes ia , 53, 665–76.
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Broad complex rhythms
Ventricular ectopic beats
Depolarization spreads  from a  focus  in the ventricles  by an abnormal , and therefore s low, pathway so the QRS complex i s  wide and abnormal .
The T wave i s  a lso abnormal  in shape. In the absence of s tructura l  heart disease, these are usual ly benign. They may be related to associated
abnormal i ties  especia l ly hypokalaemia. They are common during denta l  procedures  and anal  s tretch particularly in combination with
halothane, ra ised CO2, l ight anaesthes ia , or inadequate analges ia . In fi t young patients  under anaesthes ia , they are of l i ttle s igni ficance and
respond readi ly to manipulation of the anaesthetic. Smal l  doses  of intravenous  beta-blockers  are usual ly effective in this  s i tuation.
They may occas ional ly hera ld the onset of runs  of ventricular tachycardia . However, the va lue of prophylactic treatment of ectopics  i s
questionable and in genera l  the ri sk of caus ing further arrhythmias  outweighs  any advantages .
Management involves :

Correction of any contributing causes—ensuring adequate oxygenation, normocarbia , and analges ia .
If the underlying s inus  rate i s  s low (<50/min), then the ‘ectopics ’ may actua l ly be ventricular escape beats . In this  s i tuation increas ing
the rate us ing IV atropine or glycopyrrolate may be effective.

Ventricular tachycardia
In this  rhythm a  focus  in the ventricular muscle depolarizes  at high frequency. Exci tation spreads  through the ventricles  by an abnormal
pathway and therefore the QRS complexes  are wide and abnormal . The appearance i s  characterized by wide QRS complexes  which may be
s l ightly i rregular or vary in shape. P waves  may be seen i f there i s  AV dissociation.
This  i s  a  serious , potentia l ly l i fe-threatening arrhythmia. It may be triggered intra-operatively by:

hypoxia
hypotens ion
fluid overload
electrolyte imbalance (low K+, Mg+, etc.)
myocardia l  i schaemia
injection of adrenal ine, or other catecholamines .

Management of VT i s  as  fol lows:

Synchronized d.c. cardiovers ion (200 J then 360 J) i s  the fi rs t-l ine treatment i f the patient i s  haemodynamica l ly unstable. This  i s  safe
and effective. It wi l l  restore s inus  rhythm in vi rtua l ly 100% of cases . If the VT i s  pulseless  or very rapid, synchronization i s  unnecessary.
Otherwise synchronization i s  used to avoid a  ‘shock on T’ phenomenon, which may ini tiate VF. If the patient lapses  back into VT, drugs
such as  l idoca ine (l ignocaine) or amiodarone may be given to susta in s inus  rhythm.
Lidoca ine (l ignocaine) given as  a  100 mg bolus  restores  s inus  rhythm in 30–40% of cases  and may be fol lowed by a  maintenance
infus ion of 4 mg/min for 30 min, then 2 mg/min for 2 h, and then 1 mg/min.
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Verapami l  i s  ineffective in VT and may worsen hypotens ion or precipi tate cardiac fa i lure.
Other drugs  which may be used i f l idoca ine (l ignocaine) fa i l s  include:

Amiodarone 300 mg IV via  centra l  venous  catheter over 1 h fol lowed by 900 mg over 23 h.
Proca inamide 100 mg IV over 5 min fol lowed by one or two further boluses  before commencing infus ion at 3 mg/min.
Sota lol  100 mg IV over 5 min, has  been shown to be better than l idoca ine (l ignocaine) for acute termination of VT.

Overdrive pacing can be used to suppress  VT by increas ing the heart rate.

Acute management of broad complex tachycardia

If in doubt as  to nature of rhythm assume i t i s  a  ventricular rather than a  supraventricular tachycardia  (98% wi l l  be, especia l ly i f there
is  a  his tory of i schaemic heart disease).
In the presence of hypotens ion/cardiovascular compromise-synchronized d.c. shock with 200 J, then 360 J.
Perform a  12-lead ECG-i f poss ible both before and after correction, as  this  wi l l  help with retrospective diagnos is .
If the patient i s  not acutely compromised, adenos ine 6 mg, fol lowed i f necessary by 12 mg rapidly IV and flushed through, wi l l  be both
diagnostic and curative i f i t i s  a  supraventricular tachycardia .

Supraventricular tachycardia  with aberrant conduction
When there i s  abnormal  conduction from the atria  to the ventricles , a  supraventricular tachycardia  (SVT) may be broad complex as  discussed
above. This  may occur, for example, i f there i s  a  bundle branch block. Sometimes  the bundle branch block may be due to i schaemia  and only
appear at high heart rates  (rate related aberrant conduction). SVTs  may be due to an abnormal  or accessory pathway (as  in the Wolf-
Parkinson-White syndrome), but the complex wi l l  be of normal  width i f conduction in the accessory pathway i s  retrograde (i .e. i t i s  the normal
pathway that ini tiates  the QRS complex), but broad complex i f conduction i s  anterograde in the accessory pathway. Adenos ine may be used
diagnostica l ly to s low AV conduction and wi l l  often reveal  the underlying rhythm i f i t ari ses  from above the ventricles . In the case of SVT i t may
also resul t in convers ion to s inus  rhythm. In practice, however, a l l  broad complex tachycardias  should be treated as  ventricular tachycardia  i f
there i s  any doubt.
Ventricular fibri l lation (see page 826)
This  resul ts  in cardiac arrest. There i s  chaotic and disorganized contraction of ventricular muscle and no QRS complexes  can be identi fied on
the ECG. Management involves  immediate di rect current cardiovers ion as  per establ i shed resusci tation protocol  (200 J, 200 J, thereafter 360 J).
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Conduction abnormal i ties/heart block (see p. 30)
Management of intra-operative heart block i s  as  fol lows:

Atropine i s  rarely effective.
If hypotens ion i s  profound then an i soprenal ine infus ion can be used to temporize: 1–10 µg/min (di lute 0.2 mg in 500 ml  of 5% glucose
or sa l ine and ti trate to effect (2–20 ml/min i f 70 kg)).
Transcutaneous  pacing i s  rarely practica l  in theatre because of di ffi cul ty s i ting the posterior pad. Oesophageal  pacing i s  effective-the
electrode i s  passed into the oesophagus  l ike a  nasogastric tube and connected to the pulse generator. The pos i tion can be adjusted
unti l  there i s  ventricular capture. Transvenous  pacing i s  both more rel iable, effective and relatively easy. A Swan Ganz sheath of
adequate s i ze to pass  the wire i s  inserted into the internal  jugular or subclavian vein (this  can be done whi le other equipment i s
being col lected). A ba l loon tipped pacing wire i s  then inserted to the 20 cm mark. The ba l loon i s  inflated and a  pulse generator
connected at 5 V. It can then be advanced, atria l  capture i s  often seen fol lowed by ventricular capture. When this  happens  the ba l loon
is  deflated and a  further 5 cm of catheter inserted. If the 50 cm mark i s  reached the catheter i s  coi l ing up or not entering the heart.
Deflate the ba l loon, withdraw to the 20 cm mark and try aga in.
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Inoculation injuries
There are probably in excess  of one mi l l ion inoculation injuries  per annum in United Kingdom heal thcare workers  (HCWs). There are three
main routes  of exposure to blood-borne vi ruses  (BBV) in heal th care settings :

percutaneous  injury—needles/bi tes/sca lpels
blood contact with broken skin—cuts/abras ions , etc.
blood contact with mucus  membranes—mouth/eyes , etc.

The commonest cause of transmiss ion of infection to heal th care workers  i s  by blood-to-blood contact by a  ‘sharps  injury’, usual ly a  needle.
The highest-ri sk needle injuries  are with large bore, hol low needles , and the least ri sk i s  with sol id/suturing needles . Risk of transmiss ion by
contamination of broken skin or mucous  membranes  with infected blood i s  smal l . Seroconvers ion rate i s  highest fol lowing hol low
needlestick injury, and can roughly be quanti fied as  below:

Human immunodeficiency vi rus  (HIV) 0.3% chance (0.03% with mucocutaneous  splash)

Hepati ti s  B vi rus  (HBV) >30% i f source patient i s  ‘e’ antigen pos i tive and ‘victim’ i s  not immune*

Hepati ti s  C vi rus  (HCV) 3%

* This  transmiss ion rate has  decl ined greatly in recent years  due to the widespread vaccination of heal th care workers  aga inst hepati ti s  B,
which provides  protection in up to 90% of recipients .

Prevention of infection with blood-borne vi ruses

Ensure you are effectively vaccinated aga inst HBV. Some 10% of people fa i l  to respond adequately to a  primary course of vaccine, so
response must be checked. If a fter two, and certa inly i f three or four more boosters  have s ti l l  not achieved acceptable levels  of
immunity, regard yoursel f as  susceptible. You would therefore need hepati ti s  B immunoglobul in should you be the victim of an injury
from a  hepati ti s  B infectious  patient.
Treat a l l  patients  as  infection ri sks—principle of ‘universa l  precautions ’:

Wash hands  between each patient contact, and both before and after wearing gloves .
Change gloves  between patients .
Cover exis ting cuts , scratches , and skin abras ions  with waterproof dress ing.
Wear gloves  when contact with blood or blood-sta ined body fluids  i s  anticipated.
Where blood spi l lage may be extens ive (as  in haematemes is , trauma, etc.) a l so wear impermeable gowns  or aprons , and eye
protection.
Never resheath needles .
Dispose of sharps  in the appropriate conta iner, and do not overfi l l .
If you spi l l  blood or bloodsta ined fluids  inform the person in charge of the department s tra ightaway so that surfaces  and floors
can be decontaminated appropriately.
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In the event of exposure

Immediately wash the wound/ area  l ibera l ly with soap and water, but without scrubbing.
Encourage free bleeding of a  puncture wound. Irrigate eyes  i f necessary.
Fol low your loca l  hospi ta l  pol icy, and report the exposure promptly to the occupational  hea l th department/ medica l  microbiologis t/
geni tourinary medicine phys ician—as  appropriate. Out of hours , most hospi ta ls  have a  24 h advice l ine giving the name of whom to
contact for advice.
Complete the appropriate incident forms-a  chore but medicolega l ly in your best interests .
Perform a  ri sk assessment of the incident (see below).
Most hospi ta ls  now have protocols  where the ‘donor’ i s  counsel led, routinely requested for consent and blood tested for hepati ti s  B, C,
and HIV. Blood can only be tested with informed consent.

Risk assessment of an inoculation injury
By convention we refer to the ‘victim’ or ‘recipient’ (often a  heal th care worker) and the ‘donor’ or ‘source’ (usual ly a  patient).
Assessment of the injury

Blood in contact with intact skin (negl igible to very low ri sk).
Blood in contact with a  mucous  membrane (very low ri sk)—(HIV transmiss ion <0.03%).
‘Needlestick’ with sol id blade (high ri sk).
‘Needlestick’ with suture needle—hal f the ri sk of a  hol low needle.
‘Needlestick’ with hol low needle (HIV transmiss ion approx 0.3%).
Deep wounds%high ri sk.
Combinations , e.g. gloves  plus  suture needle, lower ri sk than gloves  plus  hol low needle.

Assessment of the ri sk of carriage of BBV by the ‘donor’

Lowest ri sk i f a  regular blood donor—each time automatica l ly tested for HBV/HCV/HIV.
High-ri sk l i fes tyle:

Male-male sex, sex with prosti tutes , casual  sex abroad, multiple partners .
IV drug abuse.
Blood transfus ion/blood products  abroad.
Recently l iving in a  country with a  high incidence of HIV infection, e.g. sub-Saharan Africa . The annual  occupational  ri sk of HCWs
acquiring HIV infection in Tanzania  has  recently been ca lculated as  0.27%.
Far East: high carriage rate of hepati ti s  B, mostly perinata l ly acquired.

About 1% of Western HCW are estimated to be HCV pos i tive.
His tory of jaundice.
His tory of blood transfus ions , especia l ly abroad.
Known HIV pos i tive: wi l l  probably be on retrovi ra l  treatment, so ‘normal ’ postexposure prophylaxis  (PEP) may be inadequate i f the vi rus
has  developed res is tance. Consul t a  GU phys ician for advice.
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Assessment of victim's  susceptibi l i ty

Hepati ti s  B immunization s tatus—?seroconvers ion with adequate levels  of antibody ever demonstrated (i f yes , jus t needs  a  booster
dose of hepati ti s  B vaccine).
Never been vaccinated aga inst hepati ti s  B—a ‘truly susceptible’ victim (may need hepati ti s  B immunoglobul in, ava i lable from the loca l
Publ ic Heal th Laboratory) as  wel l  as  rapid hepati ti s  vaccination course.
Recognized ‘non-responder’ to vaccine—discuss  with occupational  hea l th, usual ly hepati ti s  B immunoglobul in adminis tered within 3
days  of the injury.

Conclus ion
There i s  no ‘scoring system’. A ba lancing of the above factors  should give you a  reasonable eva luation of the necess i ty for post exposure
prophylaxis  (PEP) for hepati ti s  B or HIV. There i s  no PEP for hepati ti s  C. Individuals  a lso di ffer in thei r reactions  to having an inoculation injury.
Weigh up the ri sks  and benefi ts  of having PEP based on perception of the ri sks  of infection whi l s t acknowledging the fina l  decis ion i s  up to
the individual .
Testing the donor/source
Few laboratories  provide resul ts  within 2 h, so the fi rs t dose(s ) of any HIV PEP wi l l  have to be given on the bas is  of a  ri sk assessment. The
donor must be counsel led and asked to consent for testing of HIV, hepati ti s  B and hepati ti s  C. Most hospi ta ls  provide a  consent form for
completion. 10 ml  clotted blood samples  from the donor and the victim should be sent to the laboratory clearly marked with the reasons  for
sending and cross -referenced. Victim blood i s  s tored as  a  basel ine in case of later seroconvers ion to any BBV.
If the donor refuses  or i s  unable to give permiss ion, blood cannot be taken or tested for any BBV. A relative's  permiss ion wi l l  not suffice. A
judgement as  to the next course of action has  to be made, usual ly by a  combination of the occupational  hea l th
phys ician/microbiologis t/cl inician in charge of the patient. The pragmatic approach i s  to perform a  ri sk assessment, taking the most
pess imistic scenario, then ba lance the perceived ri sk of infection aga inst the potentia l  s ide-effects  of PEP.
Inoculation injury forms/accident forms  should be completed, and the incident documented in the patient's  notes .
Counsel l ing the donor/source patient for HIV testing
Expla in

The reason for requesting testing—victim may be offered prophylaxis .
The same vi ruses  wi l l  be tested for as  with routine blood donation.
Advantages  for the donor:

i f pos i tive, treatment can be s tarted sooner and more effectively
sexual  partners  can be protected.

Potentia l  disadvantages  of testing for the donor:
poss ible adverse psychologica l  impact i f pos i tive
poss ible adverse effects  on fami ly/relationships
may be di ffi cul ties  obta ining insurance i f pos i tive, though a  negative test should not affect insurance appl ications .
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Confidentia l i ty wi l l  be mainta ined (GPs  wi l l  not be informed of the resul t without the patient's  consent a l though i t may be necessary
to inform the victim of the donor s tatus  i f prophylaxis  i s  envisaged).

Postexposure prophylaxis  (PEP) regimens

Should be as  soon as  poss ible where justi fied/indicated.
Ideal ly for HIV exposure prophylaxis  should be adminis tered within 2 h, hence an adequate ri sk assessment i s  essentia l  as  testing
would be unl ikely to be completed in that time.

Hepati ti s  B PEP

If there i s  a  his tory of success ful  immunization give a  booster dose of hepati ti s  B vaccine only.
If the victim is  completely susceptible give a  ‘rapid’ hepati ti s  B vaccination course (e.g. 0, 1, 2, and 12 months) plus  hepati ti s  B
immunoglobul in (HBIG).

HIV PEP

No antivi ra l  has  yet been l i censed for postexposure prophylaxis .
Consul t your loca l  protocol , but genera l ly a  combination of three drugs :

lamivudine (3TC) 150 mg twice da i ly (Epivi r®), nel finavi r 750 mg three times  a  day (Vi racept®), and zidovudine (‘AZT’ Retrovi r®) 200
mg three times  a  day or
lamivudine (3TC) 150 mg twice da i ly (Epivi r®), indinavi r 800 mg three times  a  day, and zidovudine (‘AZT’ Retrovi r®) 200 mg three
times  a  day.

Not to be undertaken l ightly as  there are often unpleasant s ide-effects  and interactions  with other drugs . If in doubt, i t i s  probably
better to s tart the PEP, and recons ider continuing when test resul ts  are ava i lable and the s tress  of the event has  lessened somewhat.
About 50% of people given PEP fa i l  to complete i t due to s ide-effects . These vary from severe nausea to bone marrow suppress ion.
There have been a lmost 300 reported seroconvers ions  to HIV fol lowing inoculation injury world wide, with 10 fa i lures  of PEP, four cases
of combination drug fa i lure, at least one due to drug res is tance.
The ful l  course of PEP for HIV i s  4 weeks .

Hepati ti s  C PEP
Nothing has  yet been proven effective.
Fol low-up blood testing
Nearly a l l  HIV seroconvers ions  are within 6 months  of the injury, hence a  negative blood test at 6 months  i s  reassuring. Hepati ti s  C antibodies
can, rarely, take up to 1 year to develop. Hepati ti s  B seroconvers ion takes  about 6 weeks  i f no HBV vaccine or immunoglobul in i s  given.
The infected doctor
BBV may a lso be transmitted from heal th workers  to patients . Any HCW performing exposure-prone procedures  has  a  duty of care to inform
their employer and take profess ional  and occupational  hea l th advice. HCV was  recently transmitted to five patients  by an infected anaesthetic
ass is tant, probably via  an unhealed wound on his  hand. No anaesthetis t has  yet been shown to have transmitted HIV to thei r patients .
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Nerve injury
Nerve injury i s  an important source of patient morbidi ty and profess ional  l iabi l i ty:

True incidence i s  unknown due to s igni ficant under-reporting. Many of the data  presented below are from the ASA Closed Cla ims
Project Database (1975–95).1

Nerve injury i s  the second most common cla im in the enti re database (16% of tota l ). Speci fic nerve injuries : ulnar nerve (28%), brachia l
plexus  (20%), lumbosacra l  root (16%), and spina l  cord (13%). Less  commonly affected nerves  were sciatic, median, radia l , and femoral
nerves .
Recently cla ims  for ulnar nerve injury have been decreas ing; the current leading cause of cla ims  for nerve damage i s  spina l  cord injury.
Many cases  of perioperative nerve damage have no identi fiable mechanism (only 9% of ulnar injuries  have an identi fiable
mechanism). However, the mechanism for spina l  cord injury i s  determined in 48% of cla ims  and a  regional  anaesthetic has  been
adminis tered in 68% of cases  of spina l  cord injury.

Aetiology

Direct trauma by needles , sutures , and instruments .
Injection of neurotoxic materia l .
Mechanica l  factors  such as  s tretch and compress ion.
Ischaemia  i s  l ikely to be contributory to a l l  these causes .

Class i fi cation
The degree of damage wi l l  determine the level  of intervention required and the l ikely recovery:

Neuropraxia-myel in damaged, axon intact. Recovery in weeks  to months . Good prognos is .
Axonotmes is -axonal  dis ruption. Prognos is  and recovery variable.
Neurotmes is -nerve completely severed. Surgery may be required. Prognos is  poor.

Predispos ing factors

Patients  with pre-exis ting genera l i zed periphera l  neuropathy are at increased ri sk of trauma/ischaemia. Document careful ly any pre-
exis ting defici t preoperatively.
Surgery i tsel f and subsequent pos i tioning may predispose to speci fic nerve injury.
Anaesthetic factors  include di rect needle damage during regional  anaesthes ia . This  can be decreased with good anatomica l
knowledge and careful  technique. Optimum needle des ign i s  not enti rely clear but short bevel led needles  certa inly cause less  nerve
fascicle perforation and are currently
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popular. El i ci ting paraesthes ia  should be discouraged and severe pa in on injection i s  an indication to s top injection immediately
(l ikely intraneura l  or intrafascicular injection). Such phenomena add weight to the argument for ‘awake’ blocks . Minimize tourniquet
times  and a lways  use pneumatic tourniquets . Solutions  of loca l  anaesthetics  with preservatives  should not be used for spina l  or
epidura l  blocks .
Systemic factors  include: hypothermia, hypotens ion, hypoxia , and electrolyte dis turbances , e.g. uraemia, diabetes  mel l i tus , vi tamin B12,
and folate deficiency.

Symptoms 2

Symptoms can occur within a  day but may not present for 2–3 weeks .
The intens i ty and duration of symptoms vary with severi ty of injury-from numbness  and mi ld paraesthes ia  las ting a  few weeks  to
pers is tent pa inful  paraesthes ia , sensory loss , motor loss  las ting years  and developing into reflex sympathetic dystrophy.

Ulnar neuropathy

More common in males  (3:1).
Increased at extremes  of weight and with prolonged hospi ta l  s tay. Uncommon in young patients .
Prospective s tudies  indicate a  frequency of 1 in 200 to 1 in 350 patients  acutely, but cl inica l ly s igni ficant les ions  are much less  common
at 3 months .
85% of cases  occur in association with GA, 15% occur after regional  block (6% after spina l ) indicating the unclear aetiology.
Injuries  occur at the superficia l  condylar groove of the elbow. Men appear to have less  fat at this  s i te and a  narrower tunnel  poss ibly
expla ining the sex dis tribution.
Recent work suggests  that there i s  less  ulnar nerve compress ion with the arm in supination. Abduction of the neutra l  arm is  beneficia l
to the ulnar nerve, but this  must be offset aga inst poss ible s tretch at the brachia l  plexus .3

Additional  padding was  expl ici tly s tated to have been used in 27% of closed cla ims!
In 62% the onset was  ‘delayed’ (i .e. more than 1 day postoperatively).
Abnormal  nerve conduction i s  common in the contra latera l , unaffected arm indicating subcl inica l  neuropathy that may have become
symptomatic in the perioperative period.

Brachia l  plexus  injury

Causa l  factors  include excess ive s tretch (arm abduction with latera l  rotation of the head to the oppos i te s ide), compress ion (upward
movement of the clavicle and s ternal  retraction) and associated regional  block (only 16% of closed cla ims  for brachia l  plexus  injury).
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Pain or paraesthes ia  on injection was  noted in 50% of cla ims  associated with a  regional  technique.
The long thoracic nerve was  damaged in 13% of closed cla ims  for brachia l  plexus  injury (caus ing winging of the scapula). The
mechanism was  unknown.
Les ions  affecting the upper roots  are more common.
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Lumbosacra l  root injury (radiculopathy)

Over 90% occur in association with a  regional  technique (55% spina l , 37% epidura l ).
Parasthes ia  or pa in during needle insertion or injection of drug are suggestive of damage. Postoperative radicular pa in may pers is t in
up to 0.2% of cases  but wi l l  a lmost a lways  resolve in weeks/months .
Multiple unsuccess ful  attempts  increase the l ikel ihood of damage.
Pers is ting paraesthes ia , with or without motor symptoms, i s  the most common compla int.

Spina l  cord injury

58% of cases  were associated with regional  anaesthes ia  in the closed cla ims  data .
A defini tive pathogenes is  was  impl icated in about 50% of the cases-much higher than with other causes  of nerve damage.
The commonest mechanisms  were epidura l  haematoma, chemica l  injury, anterior spina l  artery syndrome, and meningi ti s  respectively.
Lumbar epidura l  was  the commonest regional  technique impl icated, four times  more frequently than subarachnoid block and eight
times  more than thoracic epidura l  (related partly to frequency of block attempted).
Injury was  more common in blocks  performed for chronic pa in management and in the presence of systemic anticoagulation
(fractionated heparin (LMWH) introduced to the United States  in 1993).
Signi ficant delays  in the diagnos is  of cord or nerve compress ion were noted. Pers is tent weakness  or numbness  was  often presumed to
be secondary to epidura l  infus ions . Investigate a l l  suspected les ions  after appropriate his tory and examination with MRI i f poss ible,
especia l ly i f anticoagulated.
The true incidence of major neurologica l  injury post spina l/ epidura l  i s  very hard to estimate. Scott suggested an incidence of 1 in 100
000 for permanent disabi l i ty in an obstetric population.4 Epidura l  haematoma in the presence of LMWH may be as  high as  1 in 1000 to
1 in 10 000, but others  estimate the ri sk to be nearer 1 in 150 000 to 1 in 220 000 (fol lowing epidura l  and spina l  respectively).5 Epidura l
abscess  i s  less  common but should be suspected in long-term epidura l  catheters , the immunocompromised, and the anticoagulated.
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Anterior spina l  artery syndrome typica l ly causes  a  lower l imb spastic para lys is  below the level  of the les ion, flaccid para lys is  at the
level  of the les ion, variable sensory loss , and sphincter impairment. It can be associated with GA or regional  anaesthes ia  and i s
usual ly related to prolonged hypotens ion. Aortic cross -clamping, thrombos is , embolus , dissecting AAA, polyarteri ti s  nodosa, SLE, and
vertebra l  surgery are a l l  non-anaesthes ia  related causes .
Arachnoidi ti s  i s  a  rare cause of paraplegia  with no effective treatment. It typica l ly presents  as  a  gradual , progress ive weakness  and
sensory loss  beginning days  to months  after spina l  anaesthetic, sometimes  leading to complete paraplegia  or death. Causes  include
meningi ti s , haemorrhage, spina l  surgery, and secondary to substances  introduced into the spina l  or epidura l  space, e.g. preservatives ,
accidenta l  adminis tration of the wrong drug, etc.
Trans ient neurologica l  symptoms (TNS) i s  defined as  back pa in or dysaesthes ia  radiating bi latera l ly to the legs  or buttocks  after tota l
recovery from spina l  anaesthes ia  and beginning within 24 h. Usual ly no objective neurologica l  s igns  can be demonstrated. Pa in i s
usual ly moderate and may be rel ieved by NSAIDs . Symptoms usual ly resolve over a  few days . Cl inica l  s igni ficance i s  uncerta in and the
data  are very incons is tent but i t appears  to occur more frequently fol lowing the use of spina l  5% hyperbaric l idoca ine
(l ignocaine)/adrenal ine. Some studies  a lso suggest a  high incidence fol lowing spina l  pla in l idoca ine (l ignocaine).
Cauda equina  syndrome (CES) i s  characterized by lower back pa in, saddle anaesthes ia , sphincter impairment, and motor or sensory
symptoms below the knees . A series  of CES was  reported in association with the use of spina l  microcatheters  (28G) and 5% hyperbaric
l idoca ine (l ignoca ine). This  was  presumed secondary to pool ing of hyperbaric loca l  anaesthetic, leading to a  subsequent ban in the
United States  on spina l  catheters  thinner than 24G by the Food and Drug Adminis tration in 1992.

Prevention

Awareness  of compl ications  and common causes  of injury i s  crucia l  (e.g. careful  pos i tioning).
Thorough his tory, examination, and documentation of preoperative nerve les ions .
Careful  anaesthetic records  of a l l  aspects  of regional  techniques  (including type of needle, paraesthes ia , agent used, etc.).
Cons ider performing blocks  awake or l ightly sedated (not practica l  in chi ldren).
Avoid regional  techniques  in an unwi l l ing patient.
Always  s top injecting i f there i s  pa in or paraesthes ia .

Diagnos is  and treatment

Neurophys iologica l  tests  such as  EMG and nerve conduction s tudies  coupled with MRI can often diagnose speci fic s i tes  of a  les ion,
which may indicate cause and poss ible culpabi l i ty.
Treatment and prognos is  wi l l  depend on the severi ty of the les ion, and i s  best left to neurologis ts  and neurosurgeons .
Spina l  cord compress ion or the cauda equina  syndrome require urgent neurosurgica l  referra l  and decompress ion.
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Drugs  useful  for neuropathic pa in include tricycl ic antidepressants  (amitriptyl ine up to 150 mg/day, s tarting at 25 mg nocte) or anti -
epi leptics  (carbamzepine 100 mg once or twice da i ly increased to 200 mg four times  a  day or gabapentin, better tolerated, 300 mg once
dai ly increased to 600 mg three times  a  day).

 Epidural abscess Epidural haematoma Anterior spinal artery syndrome

Age Any 90% over 50 years Elderly

His tory Infection, immunocompromised Abnormal  clotting Atheroma, periphera l  vascular disease, low BP

Onset 1–3 days Hours Sudden

Genera l  symptoms Unwel l , fever, backache, meningism Sharp pa in, radicular None

Scan Compress ion Compress ion Normal

CSF Infected Normal Normal

Blood WBC ra ised, CRP ra ised Coagulation abnormal Normal
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Anaphylaxis  fol low-up
(For immediate management of acute anaphylaxis  see p. 857.)
Anaesthetis ts  bypass  the body's  primary defence systems when giving intravenous  drugs . Potentia l ly noxious  chemica ls  are presented rapidly
to sens i tive cel l s  such as  polymorphs , platelets , and especia l ly mast cel l s . Degranulation, whether immune or non-immune, releases
inflammatory mediators , such as  his tamine, prostaglandins , and leucotrienes .
Apparent ‘anaesthetic adverse drug reactions ’ (AADR) may a lso be due to non-drug mechanisms  such as :

Underlying disease or pathology, e.g. as thma, systemic mastocytos is , mal ignant hyperthermia.
Adverse pharmacologica l  effect related to genetic s tatus , e.g. angio-oedema.
Machine or operator error.
A vasovagal  episode.

Drug involved reactions  may be:

True a l lergic reactions : type 1 anaphylaxis  (IgE mediated) or type 3 immune complex (IgG mediated).
Pseudoal lergic or anaphylactoid reactions : di rect his tamine release by active agent or indi rect release by complement activation.

Cl inica l ly, anaphylactic reactions  may be indis tinguishable from anaphylactoid responses  in that the end point, mast cel l  degranulation, i s
the same. However, l i fe-threatening reactions  are more l ikely to be immune mediated and this  impl ies  previous  exposure to the triggering
agent. Neuromuscular blocking agents  are respons ible for 60–75% of serious  AADR, more than ha l f of which occur on fi rs t contact with the drug.
However, the quaternary ammonium group found in muscle relaxants  i s  widely present in other drugs , foods , cosmetics , and ha i r care
products . This  could expla in why anaphylaxis  to muscle relaxants  i s  five to ten times  more common in females . Benzyl i soquinolones
(atracurium, ci s -atracurium, mivacurium) and suxamethonium are respons ible for a  greater number of AADR than aminosteroids
(pancuronium, vecuronium, rocuronium).
Antibiotic sens i tivi ty
Penici l l in reactions  are frequently IgE mediated but seldom as  severe as  AADR. The incidence of cross -reactivi ty to cephalosporins  in patients
with penici l l in a l lergy i s  probably about 8%. Even then, cross -reactivi ty i s  often incomplete and cephalosporins  can be given to most patients .
If, however, there i s  a  his tory of a  severe penici l l in reaction, nei ther cephalosporins  nor imipenem should be used. The antigenic s timulus  i s
usual ly the β-lactam group.
Aggregate (immune complex or type 3) anaphylaxis
An aggregate i s  a  drug-antibody complex, which activates  complement by the class ica l  pathway, leading to mediator release. Aggregates  are
formed when large particles  (e.g. col loid solutions) are infused, or by rapid bolus  injection of a  drug into a  smal l  vein. Thiopenta l  can act in
this  way by precipi tating plasma proteins .
P.957
Incidence
The incidence of AADR in the United Kingdom is  unknown. In France, suspected anaphylactic reactions  have been estimated to occur in 1 in
3500 anaesthetics  with true anaphylaxis  in approximately 1 in 6000.
Presentation of anaphylactoid or anaphylactic reactions

Isolated cutaneous  erythema is  commonly seen fol lowing intravenous  thiopenta l  or atracurium. This  may be the fi rs t cl inica l  feature in
severe reactions , but i f no further his taminoid mani festations  occur investigation i s  unwarranted.
Timing i s  important. Onset i s  usual ly rapid fol lowing an intravenous  drug bolus . A gradual  onset would be expected i f, for example,
gelatin infus ion, latex sens i tivi ty, or a  diclofenac suppos i tory were respons ible. Whi le reactions  to gelatin may be anaphylactoid, i t i s
now recognized that i t can a lso produce a  s lower-onset type 1 response. Latex and diclofenac reactions  wi l l  depend on the rate of
mucosa l  absorption.
Cardiovascular col lapse occurs  in 88%, bronchospasm in 36%, and angiooedema in 24% of AADR. Cutaneous  s igns  wi l l  occur in
approximately 50% of AADR.

Investigation of reactions
Serum tryptase eva luation
Tryptase i s  a  neutra l  protease released from secretory granules  of mast cel l s  during degranulation. In vivo ha l f-l i fe i s  3 h (compared with 3
min for his tamine) and i t i s  s table in i solated plasma or serum. Since i t i s  not present in red or white cel l s , i t i s  not affected by haemolys is . 10
ml  clotted venous  blood should be taken within 30–120 min of the onset of a  suspected reaction. Serum should be separated and s tored at
minus  20°C for onward transmiss ion to an appropriate laboratory. This  need not be outs ide working hours . As  an a l ternative, a  urine sample
taken up to 4 h after the event can demonstrate degranulation by ra ised levels  of urinary n-methyl  his tamine.
Basa l  plasma tryptase concentration i s  usual ly less  than 1 ng/ml . Levels  up to 15 ng/ml  are seen both in pseudoal lergy, i .e. non-speci fic or
anaphylactoid reactions , and mi ld anaphylaxis . A higher va lue i s  more l ikely to indicate an IgE response.
RAST/CAP tests
Radioa l lergosorbent tests  (RAST) for antigen-speci fic IgE antibodies  have now been largely superseded by the CAP system (Pharmacia).
Unfortunately these tests  are currently helpful  only in confi rming suxamethonium and latex a l lergy and have a  low sens i tivi ty (a  negative
resul t s ti l l  requires  skin testing).
Skin testing
The diagnos is  of AADR depends  on skin-prick (SPT) or intradermal  (IDT) testing. In proven muscle relaxant anaphylaxis , no laboratory test has
been shown to compare for speci fici ty and sens i tivi ty. Skin testing wi l l  probably be diagnostic in anaphylaxis , but not in anaphylactoid
reactions . The patient should be referred to an immunologis t or to an anaesthetis t with experience in the interpretation of these tests .

Tests  should not take place for a  minimum of 4 weeks  post-event to a l low regeneration of IgE.
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Use SPT in preference to IDT. With some drugs , such as  atracurium and suxamethonium, i t i s  relatively easy to produce a  fa lse pos i tive
resul t with IDT.
Neuromuscular blocking agents , loca l  anaesthetics , and thiopenta l  usual ly cause anaphylaxis  and skin testing i s  l ikely to be pos i tive.
Narcotics  and NSAIDs  normal ly cause anaphylactoid reactions  and pos i tive skin testing, due to di rect his tamine release, wi l l  be
mis leading.
Gelatin/dextran solutions  and latex may produce immune or non-immune reactions  and skin testing should a lways  be performed.
As  a  rule the patient should be tested to a l l  drugs  given before the episode. Remember antibiotics , latex, and l idoca ine (l ignocaine), i f
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mixed with propofol .
Negative control  with normal  sa l ine (to exclude dermographia) must a lways  be included. Whi le morphine or codeine phosphate can
be used for a  pos i tive control , greater cons is tency occurs  with commercia l ly ava i lable his tamine solutions  (Alk-Abel lo (UK), 2 Tea l
Gate, Hungerford RG17 0YT, UK). The latter demonstrates  normal  skin response and the weal  and flare gives  a  reference for reactions  to
test drugs .
Testing should be performed in hospi ta l  on an outpatient bas is . Rarely, resusci tation ski l l s  and equipment may be required. A
recovery ward i s  idea l , HDU unnecessary.
The patient should not have received antihis tamine therapy within the las t 5 days  but s teroid therapy probably does  not affect the
val idi ty of skin testing.
Dark-skinned patients  wi l l  show a  weal  i f a l lergic and any flare i s  usual ly vi s ible i f the volar aspect of the forearm is  used.
Apply a  drop of undi luted solution to the degreased forearm skin and make a  s ingle vertica l  prick through i t with a  sol id shouldered
lance. Al ternatively, a  hol low 25G needle can be used.
Blot any excess  fluid after 5 min. Avoid cross -contamination and careful ly identi fy individual  skin pricks .
Interpret at 15 min.
A weal  more than 2 mm wider than the sa l ine control  i s  l i kely to be a  pos i tive resul t with SPT, especia l ly i f accompanied by any
surrounding flare.
Repeat any pos i tive test with 1:10 di lution to reduce the chance of a  fa lse pos i tive.
After a  pos i tive SPT, test other drugs  in the same pharmacologica l  group. Sens i tivi ty to other muscle relaxants  occurs  in up to 60% of
patients  who have a l ready reacted to one relaxant.

After testing

The patient must know the importance and impl ications  of the diagnos is . The address  of MedicAlert (12 Bridge Wharf, 156 Ca ledonian
Road, London N1 9UU, UK) should be provided. A warning bracelet can be suppl ied at the patient's  own expense. There i s  a  smal l
annual  retention fee payable to remain on an international ly access ible regis ter.
Ensure the patient's  hospi ta l  notes  are appropriately marked and the referring phys ician and genera l  practi tioner informed.
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Report reaction to the Medicines  Control  Agency (‘yel low card system’). Fa i lure to do this  perpetuates  the under-reporting of AADR.

Future anaesthes ia

Avoid a l l  untested drugs  in the same group as  that which caused the origina l  problem.
Do not use intravenous  ‘test’ doses-these are unrel iable and, i f true a l lergy exis ts , are unsafe.
If in doubt over induction agents  use an inhalational  induction. There are no reports  of anaphylaxis  to inhalational  anaesthetics .
If the reaction was  to a  muscle relaxant, give a  relaxant-free anaesthetic i f poss ible. In a  long-term fol low-up of patients  with severe
reaction to neuromuscular blocking agents  Thacker and Davis 1 found 3 of 40 later anaesthetics  us ing muscle relaxants  produced
probable anaphylactic reactions .
If a  relaxant must be used, idea l ly test to your chosen drug by SPT preoperatively.
In proven muscle relaxant a l lergy, premedicate with H1 and H2 receptor antagonis ts  (eg promethazine 50 mg and rani tidine 150 mg PO),
plus  24 h of preoperative s teroid therapy i f time permits .
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Death on the table
Al l  anaesthetis ts  experience a  patient dying on the operating table or in the recovery room at some time in thei r careers . In most cases  death
is  expected and the cause i s  understood. Usual ly, the patient's  relatives  and theatre s taff wi l l  have been informed about the high ri sk of
morta l i ty and are therefore prepared for the event. However, when death i s  unexpected, the experience can be shattering for a l l  concerned.
Added to this  i s  the s tress  of potentia l  l i tigation.
Guidel ines  help to ensure that the lega l  requirements  fol lowing a  death on the table are ful fi l led and may reduce the trauma of the s i tuation
for a l l  concerned. The Coroner or equiva lent (Procurator Fisca l  in Scotland) must be noti fied of a l l  deaths  that occur during anaesthes ia , or
within 30 days  of an operation.

Deal ing with the patient. Al l  l ines  and tubes  must be left in place. The patient should be transferred to a  quiet area  where the
relatives  are able to view the body.
Deal ing with the relatives . Care must be taken to break the news  to the relatives  in a  sympathetic and cons iderate way. This  should be
done by senior s taff adopting a  team approach involving the surgeon, anaesthetis t, nurse, and other profess ionals  as  necessary (e.g.
interpreter, chapla in, socia l  worker). One member of the team should take the lead and be the principa l  communicator. It i s  highly
inadvisable to let the surgeon see the relatives  a lone as  misunderstandings  can occur. The ini tia l  interview should convey brief facts
about the case in order to a l low the relatives  to take in the bad news. A nurse or carer should s tay with the fami ly to comfort them and
offer practica l  help as  required. After a  sui table interva l , the team should return and provide further deta i l s  as  appropriate and
answer the fami ly's  questions . Any queries  should be answered as  ful ly and accurately as  poss ible as  omiss ions  may lead to doubt
and speculation.
Noti fi cations . The supervizing consul tant must be contacted, i f not a l ready present. The patient's  fami ly doctor and the Coroner should
be informed of the death by telephone at the earl ies t opportuni ty.

Unexpected death
When death i s  unexpected, the cause of death may not be known at the time. The event needs  to be accurately documented and in addition to
the procedures  outl ined above, the fol lowing must be addressed:

Equipment. The anaesthetic machine and drug ampoules  used should be i solated and checked by a  senior col league, preferably
someone unconnected with the origina l  incident. An accurate record of these checks  must be kept for future reference. Drug checks
should include the identi ty, doses  used, expiry dates , and batch numbers . The drug ampoules  and syringes  should a lso be kept.
The anaesthetis t. The help of a  senior col league (consul tant on ca l l  or the cl inica l  di rector) as  mentor to provide guidance and support
is  inva luable in these cases . The mentor can help with the ini tia l  telephone noti fi cations  and later with the compos i tion and edi ting
of reports . The mentor should a lso l ia i se with the anaesthetis t's  fami ly, i f appropriate, and offer them further support as  necessary.
The rest of the operating l i s t should be delayed
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unti l  another anaesthetis t and surgeon are found to take over. The anaesthetis t involved with the case needs  to ensure that the
medica l  record i s  complete and accurate. Al l  entries  in the patient's  notes  should be dated and s igned. The facts  of the case should be
clearly documented on an incident form (or equiva lent) and copies  of this  should be forwarded to the cl inica l  di rector and medica l
di rector, so that any immediate action required may be instigated. A copy should a lso be reta ined for forwarding to the anaesthetis t's
medica l  defence organization, i f required, at a  later date.

Preparing for lega l  proceedings
If lega l  proceedings  do ensue, i t may be a  long time after the event. The medica l  records  wi l l  assume utmost importance and form the bas is
of the case. Anything not recorded in the notes  may be assumed not to have been done. The records  should be completed within a  few hours
of the event and must not be a l tered in any way. An electronica l ly recorded printout a lone i s  insufficient. The record needs  to show the
reasoning behind the action taken and some indication of the working diagnos is . In preparation for any subsequent court action the
anaesthetis t may find i t helpful  to record a  deta i led account of the case within a  few days  of the death. This  private record should include a l l
the preoperative discuss ions  with the patient and the perioperative events , noting the personnel  and times  involved. The document should
be used as  an a ide-mémoire for the anaesthetis t and kept in a  personal  fi le. The anaesthetis t's  medica l  defence organization should be
consul ted for help and further advice.
The theatre team
An unexpected death on the table i s  upsetting for a l l  members  of the theatre team. It may be necessary to organize a  debriefing sess ion to
help the s taff understand the event and come to terms  with i t. Such group counsel l ing may a lso serve to reduce post-event psychologica l
trauma.
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Deal ing with a  compla int
Most doctors  receive compla ints , the majori ty of which can be resolved without lega l  proceedings . Patients  are more l ikely to proceed to a
lega l  cla im i f there i s  inadequate information or concern about the di ffi cul ty ini tia l ly. The average acute hospi ta l  wi l l  investigate 120–160
formal  compla ints  per 1000 doctors  every year but very few are fol lowed by a  lega l  cla im and fewer s ti l l  by a  tria l .
Background
In the United Kingdom Crown Indemnity was  introduced in 1990 and i t i s  the Trust or Heal th Authori ty, therefore, which i s  sued and i s  l iable for
the payment of costs  and damages , not the individual  doctor. The actions  of the doctor are cons idered separately, i f required, by the cl inica l
di rector or medica l  di rector. Crown Indemnity does  not cover work performed outs ide the NHS contract (e.g. private practice, ‘Good Samari tan’
deeds) and separate medica l  defence insurance should be arranged for this . Lega l  cla ims  aris ing from this  work resul t in the named doctor
being sued and must be handled by the relevant defence organization. The defence organization wi l l  a l so provide support for doctors  who
become the subject of discipl inary proceedings .
Loca l  resolution
Compla ints  should be resolved quickly and to the sati s faction of a l l  involved. The a im is  to answer the compla int, offer an apology i f that i s
appropriate, amend faul ty procedures  or practices  (for the benefi t of others ), and to clari fy i f the compla int i s  groundless .
Verbal  compla ints

Speak to the patient. Discuss  the matters  caus ing concern as  soon as  you hear of any problem. Give the patient a  ful l , clear
explanation of the facts  and try to resolve any di ffi cul ty.
Speak to a  senior col league. Do not feel  that you must handle the problem on your own. Cons ider asking a  senior consul tant or the
cl inica l  di rector to see the patient with you. The patient may va lue the advice of a  senior doctor. You may va lue the reassurance of a
senior col league.
Apologies . Saying sorry i s  not an admiss ion of l iabi l i ty. Patients  wi l l  appreciate the concern you express  about the di ffi cul ties
experienced. However, do not apologize for the actions  of others  without giving them the opportuni ty to comment.
Documentation. Always  make a  deta i led entry in the patient's  notes  of any dissatis faction expressed to you and the action taken to try
and resolve i t.

Formal  wri tten compla ints
Trusts  have a  lega l  obl igation to comply with national  guidel ines  when deal ing with formal  compla ints .1 These have to be acknowledged
within 2 working
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days  and investigated immediately. The Chief Executive i s  required to i s sue a  formal  response within 20 days  or provide a  letter expla ining
the delay. Compla ints  are investigated by copying the correspondence to a l l  the relevant cl inica l  s taff and cl inica l  di rectors . The information
provided by the s taff involved in the patient's  care i s  used to produce a  report expla ining the course of events  and any necessary action taken.
When replying:

Speak to a  senior consul tant/cl inica l  di rector. Senior col leagues  who have been in a  s imi lar pos i tion in the past can help to clari fy the
issues  with you.
Inform your medica l  defence organization who wi l l  provide advice and support.
Record keeping. Keep a  ful l  account of the deta i l s  of the incident for future reference, should the case be pursued. This  wi l l  act as  a
personal  a idemémoire.
Leave a  forwarding address . A lega l  cla im may be made many months  after the event.

Independent review
Any patient not sati s fied with the report produced by the Trust, can request an independent review, but this  wi l l  only proceed i f i t i s  thought to
be appropriate. The purpose of the review is  to investigate how the compla int has  been handled, not to investigate the ci rcumstances  of the
compla int. If this  fa i l s  to resolve the s i tuation, the case can be referred to the ombudsman (Heal th Service Commiss ioner). These procedures
do not apply i f a  lega l  cla im is  being investigated.
Legal  proceedings
Adults  usual ly have 3 years  from the date of an incident to make a  lega l  cla im and chi ldren have unti l  thei r 21st bi rthday. There are various
stages  of a  cla im once lega l  proceedings  have been i ssued. The Trust's  lega l  team wi l l  need to work with you and your cl inica l  di rector to
produce a  s tatement of your involvement in the patient's  care.
Preparing a  s tatement
This  should include the fol lowing:

Ful l  name and qual i fi cations .
Grade and pos i tion held (including duration).
Ful l  names  and pos i tions  of others  involved (patients , relatives , s taff).
Date(s ) and time(s ) of a l l  the relevant matters .
Brief summary of the background deta i l s  (e.g. patient's  medica l  his tory).
Ful l  and deta i led description of the matters  involved.
Date and time that your s tatement was  made, and your s ignature on every page.
Copies  of any supporting documents  referred to in the s tatement (ini tia l led by you).

The s tatement should accord with the fol lowing points :

Accuracy. There should be no exaggeration, understatement, or incons is tencies . Check the deta i l s  with the patient's  notes .
Facts . Keep to the facts , particularly those which determined your decis ionmaking, and avoid va lue judgements .
P.968

Avoid hearsay. Try to avoid including deta i l s  which you have not witnessed yoursel f. If reference has  to be made to such information,
record the name and pos i tion of the person providing i t to you, when i t was  provided and how.
Be concise. State the essentia l  deta i l s  in a  logica l  sequence and avoid genera l i zations .
Relevance. Include only the deta i l s  required to understand the s i tuation ful ly.
Avoid jargon. Give layman's  explanations  of any cl inica l  terms  used and avoid abbreviations .
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Discuss  the s tatement with your cl inica l  di rector. Make changes  as  necessary to ensure a  clear factua l  account. Only s ign the s tatement when
you are completely happy with the text. Always  keep a  copy of the fina l  s igned vers ion for your own reference. The Trust's  lega l  team should
provide advice on the lega l  process  to be fol lowed and discuss  the management of the cla im with you.
Remember good record keeping wi l l  help to support your case. Poor records  give the impress ion of poor care. The medica l  records  are the only
proof of what occurred and anything not wri tten down may be assumed to have not happened. Any later additions  to the notes  should be
s igned and dated with an explanation of the reasons  why the entry was  not made earl ier.
Awareness
Compla ints  of awareness  must be pursued promptly. It i s  important to confi rm what the patient may have heard or fel t and document this
accurately. If poss ible, an explanation of the events  and causes , i f any, should be given. The patient needs  reassurance that s teps  can be
taken to reduce the ri sk of awareness  during subsequent anaesthetics . Post-traumatic s tress  disorder can develop and i t i s  important that
these patients  are offered counsel l ing.
In any service i t i s  recognized that mishaps  wi l l  occur and mechanisms  need to be in place to identi fy and recti fy the causes . There i s
increas ing awareness  of the role of ‘systems fa i lure’ in these cases , as  there i s  usual ly a  series  of mis takes  involved which resul t in the
adverse incident. The adoption of a  ‘no blame’ cul ture enables  open, honest reporting of fa i lures , which a l lows  appropriate changes  to be
made thereby improving patient safety.
Footnote
1

Department of Heal th (1995). Acting on compla ints . Heal th Sevices  Ci rcular.
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Genera l  principles
The management of pa in i s  important, not just for humanitarian reasons , but a lso to improve recovery and reduce postoperative
compl ications . Pa in i s  a  subjective sensation. Its  perception i s  modulated by many factors , which can make assessment di ffi cul t.
Bas ic principles

Assess  pa in appropriately (see below).
Know a  smal l  number of drugs  and techniques  wel l .
Prescribe analges ics  regularly rather than ‘as  required’.
Adminis ter analges ics  pre-emptively where pa in i s  expected.
Use a  multimodal  approach, i .e. paracetamol  plus  NSAID plus  opioid and loca l  anaesthetic, when there are no contra indications .
Plan your technique preoperatively and discuss  this  with the patient, especia l ly with PCA.
Ensure that s taff caring for the patient have the knowledge and ski l l s  required to manage postoperative pa in.
Non-pharmacologica l  techniques , such as  relaxation techniques , education, and pos i tioning, are important in helping to reduce pa in
and may reduce the dose of drugs  required.
Unexpected pa in or increas ing pa in should be investigated.

Pa in assessment

Patients  should be encouraged to report pa in and be educated about the importance of adequate pa in rel ief to thei r postoperative
recovery.
Bel ieve the patient's  report of pa in.
Pa in should be assessed regularly, at least every 4 h. The effects  of analges ia  should be assessed within 1 h of adminis tration.
Assessment should be more frequent with the advanced drug adminis tration techniques , e.g. epidura l  and PCA opioids .
Simple scoring sca les  can be used to assess  the severi ty of pa in. These scores  should be documented on the s tandard observation
chart or a  separate pa in chart. Changes  in treatment can be documented on the pa in chart or in the nurs ing care plan/medica l  notes .
The patient should be asked to score their pa in on movement or deep inspi ration, not just at rest.
Pa in scoring sca les  include:

The verbal  rating sca le–the patient i s  asked to score their pa in as  none, mi ld, moderate, or severe: 0 = no pa in, 1 = mi ld pa in, 2
= moderate pa in, 3 = severe pa in.
Numerica l  rating sca le–patient i s  asked to score their pa in between 0 and 10, where 0 = no pa in and 10 = worst pa in ever.
Visua l  ana logue sca le-this  i s  a  10 cm l ine with ‘no pa in’ at one end and ‘worst pa in ever’ at the other end. The patient i s  asked
to place a  mark on the sca le to denote the severi ty of thei r pa in. The l ine i s  then measured by the observer to give a  score of 0–
10 or 0–100.
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Pain scoring sca les  give only part of the assessment. They tel l  us  how severe the patient perceives  thei r pa in to be. Assessment should
a lso include s i te and description of pa in and current pharmacologica l  and non-pharmacologica l  management interventions .
Sedation i s  often scored at the same time, 0 = awake, 1 = dozing intermittently, 2 = mostly s leeping, 3 = di ffi cul t to awaken.
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Analges ic drug therapy
Paracetamol

A good analges ic.
Wel l  tolerated by the majori ty of patients .
Prescribe regularly rather than ‘as  required’.

NSAIDs

Effective analges ic as  wel l  as  anti -inflammatory action.
May be adequate as  the sole analges ic a fter minor surgery.
Reduces  opioid consumption. May reduce s ide-effects  of opioids  due to opioid sparing effect but there i s  l imited evidence to support
this .
The qual i ty of analges ia  i s  often enhanced i f adminis tered concomitantly with an opioid.
NSAIDs  increase bleeding time and may increase blood loss . It i s  suggested that NSAIDs  should not be given prior to surgery i f there i s
a  s igni ficant ri sk of intra-operative bleeding.
Al l  NSAIDs  exert a  s imi lar mode of action-do not prescribe more than one NSAID to be adminis tered s imultaneous ly, with the
exception of lowdose aspirin.

Contra indications  to NSAID therapy1

History of gastrointestina l  ulceration or bleeding.
Renal  impairment.
Ol iguria  and hypovolaemia  postoperatively.
Renal  transplantation.
Ci rculatory fa i lure (hypotens ion and/or cardiac fa i lure).
Pre-eclamptic toxaemia, eclamps ia , and uncontrol led hypertens ion.
Asthmatics  who have a  his tory of sens i tivi ty to aspi rin.
Severe l iver dys function.
Coagulopathies .

Use NSAIDs  with caution in:

Patients  over 65, as  subcl inica l  renal  impairment i s  l ikely.
Diabetics , who may have nephropathy and/or renal  vascular disease.
Patients  with widespread vascular disease.
Cardiac disease, hepatobi l iary disease, major vascular surgery (highest incidence of acute renal  fa i lure).
Patients  taking ACE inhibi tors , cyclosporin, potass ium-sparing diuretics , beta-blockers , methotrexate.
Loop diuretic therapy.
Warfarin therapy.

View Figure

Fig 49.1 Meta-analys is  ‘league table’ of ora l  and intramuscular analges ics  (courtesy of Pa in Research
Unit, Oxford; for more information see http://www.ebandol ier.com).
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Points  to remember with NSAIDs

Any deterioration in renal  function, e.g. increase in plasma urea, creatinine, potass ium or symptoms of gastric upset are indications
for discontinuing NSAID therapy.
The addition of omeprazole, misoprostol  or H2 antagonis ts  may offer some protection aga inst GI effects .
NSAIDs  are routinely adminis tered jointly with epidura l  ana lges ia , a l though there are currently no publ i shed recommendations  for
safe use with epidura l  ana lges ia .
Ibuprofen has  the safest s ide-effect profi le in lower doses , i .e. 400 mg three times  a  day. It exhibi ts  an analges ic effect at this  dose
but l i ttle or no anti inflammatory effect.
Diclofenac has  a  safer s ide-effect profi le than pi roxicam, indometacin, and ketorolac and can be given by the recta l  route.
Intramuscular diclofenac should be avoided as  i t i s  pa inful  on injection and can cause s teri le abscesses . If adminis tered IM i t must be
given by deep intramuscular injection into the ventroglutea l  area  only.
Some NSAIDs  can be adminis tered intravenous ly i f the ora l  and recta l  routes  are unavai lable. Drugs  such as  ketorolac and tenoxicam
should be prescribed for a  maximum of 48 h owing to thei r higher s ide-effect profi les . The s tarting dose of ketorolac i s  10 mg but this
can be increased to 30 mg i f necessary (maximum 90 mg in 24 h).
Pi roxicam can be adminis tered once da i ly as  a  bucca l  preparation. Aga in, prescribe for a  maximum of 48 h and then review.
Indometacin may be preferred by some orthopaedic surgeons  owing to i ts  effect on bone formation fol lowing joint replacement. The
drug i s  genera l ly prescribed for short-term use only.
Dexketoprofen i s  sa id to be safe to adminis ter ora l ly on an empty s tomach.
The new COX-2 speci fic inhibi tors , e.g. rofecoxib and celecoxib, exhibi t less  effect on the gastrointestina l  tract and platelet function
and are analges ica l ly as  potent as  other NSAIDs . They are contra indicated in patients  with aspi rin-sens i tive asthma and renal
impairment. They are currently unl icensed for postoperative pa in.

Opioids
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Weak opioids

Commonly prescribed for moderate pa in.
Best used in combination with paracetamol .
Cause s ide-effects  such as  nausea and constipation without the benefi t of potent analges ia  offered by the s trong opioids .
Dextropropoxyphene i s  not suggested for the treatment of pa in in older adults—Coproxamol  has  l i ttle analges ic benefi t over
paracetamol  and can cause confus ion, poss ibly due to the metabol i te norpropoxyphene.
Codeine i s  thought to be a  prodrug for morphine—there i s  some evidence to suggest that up to 10% of Caucas ians  cannot metabol i ze
codeine to morphine.
Some pain specia l i s ts  recommend the use of tramadol  or smal ler doses  of morphine as  a l ternatives  to the prescription of weak
opioids .
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Strong opioids

The commonly used s trong opioids  for postoperative pa in are a l l  µ receptor agonis ts .
Al l  µ receptor agonis ts  exhibi t a  s imi lar s ide-effect profi le in equianalges ic doses , a l though individual  patients  may tolerate one
opioid better than another.
Partia l  agonis ts , e.g. buprenorphine, and agonis t/antagonis t drugs , e.g. pentazocine (Fortra l ), have l imited use in acute pa in
management.
True a l lergic reactions  are rare.
Age may be a  better determinant of dose needed than weight, a l though individual  requirements  can vary up to tenfold. It i s  suggested
that smal ler doses  are used in patients  over 70 years  of age.
The correct dose i s  ‘enough for analges ia  without unwanted s ide-effects ’.

Morphine

The ‘gold’ s tandard. It i s  cheap, widely used, and can be adminis tered by a  variety of routes .
Has  an active metabol i te (morphine-6-glucuronide). There i s  a  ri sk of accumulation in patients  with renal  impairment. These patients
require closer monitoring for oversedation and respiratory depress ion, particularly i f they are to receive regular morphine over a  period
of days , e.g. regular oramorph or continuous  IV infus ion.
A his tory of as thma is  not an absolute contra indication to us ing morphine. Do not give to those who are actively wheezy.
Dos ing of ora l  morphine should be two to three times  that of an intramuscular dose.

Diamorphine

Lipid soluble and rapidly hydrolysed to morphine.
Twice as  potent as  morphine.
Commonly used in the United Kingdom via  the epidura l  and spina l  routes .
Not l i censed for medica l  use in the United States .

Pethidine

There i s  l i ttle or no evidence to suggest that pethidine i s  superior to morphine for pancreatic or col icky pa in.
Shorter-acting than morphine.
Has  a  toxic metabol i te–norpethidine. Norpethidine has  a  long ha l f-l i fe (15–20 h) and can accumulate, particularly in patients  with
renal  impairment. Norpethidine i s  neurotoxic and can resul t in grand mal  seizures . Cases  are becoming more common s ince the advent
of PCA where patients  can sel f-adminis ter large doses .
As  a  guidel ine: maximum doses  for a  heal thy adult: 1000 mg in fi rs t 24 h, 700 mg for each subsequent 24 h. These doses  need to be
reduced for patients  with renal  impairment.
Exhibi ts  some loca l  anaesthetic activi ty.
Can be effective as  a  smal l  intravenous  bolus  (10–25 mg) in treating postanaesthetic shivering.
Can be used for those patients  with a  true morphine a l lergy.
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Fentanyl

A very potent opioid used primari ly for intra-operative analges ia .
Useful  drug for PCA (intravenous  route) i f the patient i s  unable to have morphine.
Fentanyl  patches  should not be used for the treatment of acute pa in. They take up to 12 h to exhibi t an effect and can take even longer
to s top working once removed.
If the patient has  a  fentanyl  patch in s i tu prior to theatre, cons ider leaving the patch in place and providing supplementary
postoperative analges ia  with fentanyl  PCA.

Al fentani l  and remifentani l

Ul tra  short-acting potent opioids  used for intra-operative analges ia .
Limited use in the postoperative period.

Oxycodone

Licenced for use in February 2000.
A popular analges ic in the United States  for severa l  decades .
Only ava i lable in the United Kingdom as  the ora l  preparation.
Oxycodone 10 mg ora l ly i s  equiva lent to morphine 20 mg ora l ly.
It has  around 60% ora l  bioava i labi l i ty, which i s  better than that of other s trong opioids .
Oxycontin (susta ined release preparation) may have a  place in postoperative pa in management. It has  a  biphas ic release and
absorption pattern fol lowing ora l  adminis tration, which resul ts  in analges ia  within 1 h that i s  susta ined for 12 h. The s tarting dose i s
10 mg twice da i ly for opioid na ïve patients .



Oxycodone may provide an a l ternative to the short-term use of weak opioids  postoperatively.

Methadone

Usual ly given via  the ora l  route but can be adminis tered IM or IV.
Exhibi ts  a  long and variable ha l f-l i fe with a  ri sk of accumulation.
Do not use unless  fami l iar with the drug and doses .
Patients  a l ready on methadone should have the dose converted to morphine (see p. 988).

Hydromorphone

Used for many years  in the United States  where i t i s  ava i lable in ora l  and parentera l  forms.
Recently l i censed in the United Kingdom, but only for the ora l  route.
Via  the ora l  route, hydromorphone i s  five to ten times  as  potent as  morphine.

Tramadol

Weak µ receptor agonis t. Also exhibi ts  an effect via  noradrenergic and serotinergic pathways .
Analges ic efficacy around one-tenth that of morphine.
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Maximum dose i s  currently s tated at 600 mg in 24 h.
There i s  some anecdota l  evidence to suggest that larger doses  (up to 1800 mg ora l ly) can be given with continuing analges ic efficacy,
but with an increased ri sk of convuls ions .
Can be used effectively in PCA.
Contra indicated in patients  with a  his tory of epi lepsy.
A useful  drug to remember for those patients  intolerant to the s ide-effects  of opioids , e.g. elderly trauma.
A useful  ana lges ic a l ternative to the weak opioids .

Entonox

50% ni trous  oxide and 50% oxygen.
Potent analges ic that depends  on sel f-adminis tration by a  cooperative patient. It i s  idea l  for acute pa in of short duration, being quick
acting and short-l ived once adminis tration ceases .
Entonox can be used for procedures  such as  dress ing changes , removal  of dra ins , catheterization, appl ication of traction, etc.
Contra indications  include pneumothorax, decompress ion s ickness , intoxication, bowel  obstruction, maxi l lofacia l  injuries , severe
bul lous  emphysema, and head injury.
Sel f-adminis tration safeguards  the patient from overdose.

Clonidine

Prolongs  the action of loca l  anaesthetic when used in combination for regional  techniques .
Dose 1 µg/kg.
Observed s ide-effects  include sedation, bradycardia , and hypotens ion.
Useful  in paediatric surgery to enhance caudal  anaesthes ia .

Non-pharmacologica l  techniques

May reduce the need for drugs .
Simple techniques  include pos i tioning the patient appropriately, applying traction, and the use of heat and cold therapy.
Education and information ass is t in reducing patient anxiety. Reduced levels  of anxiety are associated with reduced pa in perception.
Complementary techniques  such as  TENS, acupuncture, and hypnotherapy are currently used rarely in acute pa in.

Footnote
1

Royal  Col lege of Anaesthetis ts  (1998). Guidel ines  for the use of non-steroida l  anti -inflammatory drugs  in the perioperative period. Royal
Col lege of Anaesthetis ts , London
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Routes  of analges ic del ivery
Ora l

The s implest route ava i lable.
The ora l  bioava i labi l i ty of most opioids  i s  l imited due to fi rs t-pass  metabol i sm.
The ora l  route i s  not suggested immediately fol lowing major surgery due to potentia l  delays  in gastric emptying. Ini tia l ly analges ia  i s
delayed. There i s  a lso a  danger of overdose should accumulated doses  be absorbed once gastric moti l i ty returns .

Intermittent subcutaneous  or intramuscular injection

The tradi tional  adminis tration route, often on an ‘as  required’ bas is  (4– to 6-hourly). In many cases  this  resul ts  in gross ly inadequate
analges ic levels .
This  route i s  effective and safe i f i t i s  adminis tered more regularly according to an a lgori thm (see Fig. 49.2).
Morphine can be adminis tered SC. Pethidine has  to be adminis tered IM.
If morphine i s  to be given SC cons ider inserting an indwel l ing cannula  over the del toid muscle—this  reduces  the need for repeated
injections  and reduces  the ri sk of sharps  injuries . IM cannulas  can a lso be inserted.

Intravenous  bolus

For the management of severe, acute pa in.
It gives  the quickest onset and repeated doses  can be ti trated aga inst effect.
The suggested dose for morphine i s  1–3 mg increments  every 3–5 min, dependent on the age and medica l  condition of the patient.
Morphine can take up to 15 min to exhibi t i ts  ful l  effects .
Close supervis ion of the patient i s  required. More caution i s  required for those patients  with renal  impairment.
This  method of adminis tration i s  not appropriate for continuing pa in management at ward level . If the intravenous  route i s  required
for maintenance of analges ia , cons ider PCA.

Intranasa l  bolus
Efficacy and speed of action are s imi lar to that of IM injection and i t i s  wel l  tolerated by chi ldren. It offers  an a l ternative method of
adminis tration for areas  such as  the emergency department and paediatric uni ts .
Patient-control led analges ia  (PCA)
PCA can give high-qual i ty analges ia , but can fa i l  miserably i f not appl ied appropriately. The success  of PCA i s  dependent on severa l  factors :

Patient sui tabi l i ty and preoperative education. If the patient i s  unable to uti l i ze thei r PCA postoperatively, ana lges ia  wi l l  be
inadequate–the need for appropriate selection and education cannot be overstressed.
Education of s taff in the concepts  of PCA and the uti l i zation of equipment.
Appropriate monitoring of the patient for effect and s ide-effects . PCA charts  are genera l ly used, which assess  respi ratory rate, level  of
sedation, pa in score, and pump observations .
P.981
Morphine i s  the drug of choice for IV PCA. Prefi l led syringes  are commercia l ly ava i lable or can be provided by the pharmacy department.
If other drugs  are used, the syringes  have to be drawn up by nurs ing s taff.
P.982

In genera l , background infus ions  are not used. Exceptions  to this  include chi ldren (under 50 kg) and patients  who have been taking
regular doses  of s trong opioid, e.g. MST, methadone. The background rate for chi ldren i s  ca lculated according to weight, the rate for
those patients  taking MST or methadone i s  ca lculated according to thei r preoperative dose of drug (p. 988). The suggested regime for
chi ldren i s :

1 mg/kg of morphine made to 50 ml  with normal  sa l ine = 20 µg/kg/ml .
Bolus  dose = 20 µg/kg (1 ml).
Lock-out = 5 min.
Background infus ion = 4 µg/kg/h (0.2 ml/h).

The patient must have adequate analges ia  prior to commencing PCA. This  i s  obta ined by the IV adminis tration of bolus  doses  of
opioid perioperatively.
PCA can be uti l i zed for most surgery where moderate to severe postoperative pa in i s  expected.
Epidura l  ana lges ia  i s  usual ly superior to intravenous  PCA for the management of pa in fol lowing major abdominal  surgery and lower
l imb amputation, but carries  with i t the increased ri sk of nerve or cord damage.
Cons ider commencing PCA preoperatively in patients  awaiting surgery, e.g. orthopaedic trauma.
Cons ider the need for supplementary oxygen therapy at least for the fi rs t postoperative night.

PCA i s  genera l ly adminis tered via  the intravenous  route. Severa l  other routes  are ava i lable:

Patient control led epidura l  ana lges ia  (PCEA) (p. 726).
Subcutaneous—may be of use in those patients  with di ffi cul t intravenous  access . The bolus  dose i s  higher with a  longer lock-out time
to account for drug absorption via  this  route. It i s  suggested that the dose duration i s  a lso lengthened to prevent pa in on injection, e.g
morphine 2 mg bolus  with 10–15 min lock-out and 3 min dose duration.
Intranasa l—the few studies  to date have tended to use fentanyl  as  the opioid of choice. The efficacy i s  s imi lar to that of IV PCA, with
s imi lar bolus  dose and lock-out time. More work i s  needed to ful ly eva luate this  method of adminis tration.
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View Figure

Fig 49.2 Algori thm for IM opioid adminis tration (Reproduced by kind permiss ion of Anaesthes ia)2. See page 972–3
for pa in and sedation scores .

Standard PCA regimes

Drug Concentration Bolus dose Lock-out time

Morphine 1 mg/ml 1–2 mg 5 min

Fentanyl 10 µg/ml 10–20 µg 5 min

Pethidine 10 mg/ml 10–20 mg 5 min

Tramadol 10 mg/ml 10–20 mg 5 min

Diamorphine 0.5 mg/ml 0.5–1 mg 5 min

P.983

Trouble-shooting PCA

Breakthrough pa in:
If pa in i s  severe the patient wi l l  require additional  intravenous  bolus  doses  to achieve sati s factory analges ia  prior to any
changes  to the PCA regime.
Add in regular paracetamol  and NSAIDs  i f these are not contra indicated.
Increase the bolus  dose of the infus ion.
Nausea and vomiting—the patient must be prescribed appropriate antiemetic medication.
Anti -emetic can be added to the PCA, e.g. ondansetron 4 mg, droperidol  2.5 mg or cycl i zine 50–100 mg per 50 ml . If the patient
uses  large doses  from the PCA they may then receive large doses  of anti -emetic, with resul tant s ide-effects . An a l ternative i s  to
prescribe the anti  emetic separately and regularly:

The aetiology of postoperative nausea and vomiting i s  multi factoria l ; cons ider other causes  (p.924).
Extend the dose duration—this  can be a l tered on the pump programme.
Change the opioid i f nausea and vomiting continue despi te antiemetic therapy.

Sedation and decreased respiratory rate—ensure the patient has  appropriate monitoring by nurs ing s taff. Prescribe na loxone
alongs ide the PCA prescription. Cons ider decreas ing the bolus  dose and/or increas ing the lock-out time should the patient become
sedated.
Patient compl iance—preoperative education of the patient i s  essentia l . This  needs  to be reinforced by nurs ing s taff postoperatively. If
the patient i s  unable to uti l i ze the PCA effectively, cons ider changing to ei ther a  continuous  intravenous  infus ion or intermittent IM/SC
injection.
Pump mal function—the PCA monitoring chart should include pump observations  for drug del ivery. Syringe download from PCA pumps
(pump del ivers  an excess ive dose in a  short period of time) can be avoided by:

us ing an antis iphon va lve within the adminis tration set
ensuring that the pump is  pos i tioned no higher than 80 cm above the patient's  heart level .

Inadvertant bolus  of drug: PCA should not be adminis tered into the same l ine as  intravenous  fluids  due to potentia l  ri sk of the
infus ion pumping back into the hydration fluids  should the cannula  become blocked. It i s  advised that a  non-return va lve i s  used
within the IV fluid l ine or the PCA i s  infused via  a  dedicated cannula .
Norpethidine toxici ty—this  i s  a  potentia l  problem when us ing pethidine PCA. Be aware of the amount of pethidine that the patient i s
us ing. If large doses  are used, cons ider changing to a  di fferent opioid.

P.984

Continuous  intravenous  infus ion

Can provide an a l ternative to PCA in patients  unable to use PCA effectively.
Close monitoring of the patient i s  important to detect respi ratory depress ion or over-sedation.
Pa in control  may be superior to PCA especia l ly for major surgery.
Supplementary oxygen should be adminis tered.
IV boluses  are used to achieve analges ia  and then an infus ion i s  s tarted.
Elderly patients  and those with renal  impairment are most at ri sk of overdose.
A sui table regime cons is ts  of morphine 0–3.5 mg/h, with nurse adminis tered top-ups  of up to 1 h's  infus ion dose every 20 min as
required. Top-ups  should only be adminis tered by sui tably tra ined s taff due to ri sk of s ideeffects .
No additional  opioids  should be prescribed whi l s t receiving continuous  infus ion.

Epidura l

The epidura l  route has  become increas ingly common over the past 10 years .
Safe to use at ward level , but this  i s  dependent on adequate monitoring and on nurs ing s taff who have received speci fic tra ining in
caring for patients  with epidura l  infus ions .
Used mainly for the management of pa in during chi ldbirth and fol lowing major abdominal , thoracic, orthopaedic, and vascular surgery.
Opioids  exhibi t around 10 times  the potency when adminis tered via  the epidura l  route as  opposed to the intravenous  route.
A combination of loca l  anaesthetic and opioid i s  usual ly adminis tered (see table). The two drugs  act synergis tica l ly resul ting in
superior analges ia  and improved s ide-effect profi le.
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Anticoagulation or coagulopathy (INR >1.5) i s  a  contra indication to centra l  blockade. DVT prophylaxis  i s  cons idered safe i f the
fol lowing times  are permitted to elapse prior to epidura l  insertion and removal :

Low molecular weight heparin, e.g. fragmin 12 h.
Unfractionated heparin, e.g. minihep 4 h.
Heparin infus ion—turn infus ion off for at least 2 h (and check APTR).

Other contra indications  include hypovolaemia, loca l  infection/ septicaemia, and lack of patient consent.
Epidura l  abscesses  and haematomas  are rare. Do not delay further investigation should ei ther of these sequelae be suspected—
permanent nerve damage can occur within 8 h of ini tia l  symptoms (see below).
In addition to i ts  analges ic effects , the uti l i sation of epidura l  ana lges ia  may decrease the incidence of DVT fol lowing orthopaedic
surgery and improve ci rculation fol lowing vascular surgery.
Ideal ly, pumps  should be des ignated for epidura l  use only to reduce the ri sk of pump errors  and to a l low for the setting of higher
occlus ion pressures .
Prescribe supplementary oxygen for at least the fi rs t postoperative night.
Typica l  doses  for s ingle injection use would be fentanyl  1 µg/kg or diamorphine 2.5 mg.

Standard epicural regimes

Drug Dose Rate

Bupivaca ine 0.25% 2–10 ml/h

Bupivaca ine and diamorphine 0.1–0.167%, 50–100 µg/ml 0–8 ml/h

Bupivaca ine and fentanyl 0.1–0.167%, 3–5 µg/ml 0–12 ml/h

P.985

Trouble-shooting epidura ls

Breakthrough pa in—mild or moderate breakthrough pa in can be treated by increas ing the infus ion rate and adding in paracetamol  and
an NSAID. Severe pa in occurs  i f the infus ion rate has  been reduced too quickly, the catheter has  migrated out of the epidura l  space, the
epidura l  has  been s i ted too low, or i f the loca l  anaesthetic action i s  uneven. In the event of severe pa in:

Check a l l  connections  and the epidura l  s i te. It i s  useful  i f the amount of catheter to skin i s  recorded on the anaesthetic chart
fol lowing insertion. This  helps  diagnose catheter migration. If i t i s  obvious  that the catheter has  migrated out of the epidura l
space cons ider reinsertion or an a l ternative method of analges ia  such as  PCA.
Check the level  of loca l  anaesthetic block—the patient's  response to cold gives  the best indication of sensory loss . If the block
is  one-s ided or ‘patchy’, pul l  back the catheter 1–2 cm i f this  i s  poss ible.
Adminis ter a  bolus  dose of loca l  anaesthetic ± opioid. Ensure that there i s  patent IV access  for the adminis tration of fluids
and/or ephedrine. The adminis tration of a  bolus  dose wi l l  achieve analges ia  in a  short period of time and ass is t in defining
the efficacy of the epidura l . If the patient i s  haemodynamica l ly unstable, cons ider a l ternative methods  of analges ia  or
transferring the patient to an area  where there i s  more monitoring ava i lable, e.g. HDU.

Side effects  related to the opioid content include:
Sedation and respiratory depress ion—delayed respiratory depress ion can occur due to rostra l  spread within the CSF and i s
more common with increas ingly hydrophyl ic agents  (morphine >diamorphine >fentanyl ). Contributing factors  include increas ing
patient age and the use of other CNS depressant drugs , e.g. cycl i zine, chlorpheniramine. Naloxone should be cons idered i f the
respiratory rate i s  less  than 8/min or the patient i s  over sedated.
Nausea and vomiting—ensure appropriate anti -emetic medication i s  prescribed.
Pruri ti s—this  can be troublesome in around 10% of patients . Cons ider treating with na loxone IV (50–100 µg) fol lowed by 300 µg
via  IV infus ion over 8 h. Antihis tamine medication may help but can a lso increase sedation.
Urinary retention—catheterization i s  suggested. Smal l  doses  of na loxone may a lso reverse urinary retention.
If the patient has  continued s ide-effects  related to the opioid, cons ider removing from the infus ion and us ing loca l  anaesthetic
a lone, e.g. bupivaca ine 0.25% at a  higher infus ion rate (2–10 ml/h). Additional  analges ia
P.986

can be adminis tered via  PCA or IM/SC injection. It may take up to 24 h for the epidura l  opioid to be metabol i zed and s ide-effects
may be increased with the addition of parentera l  opioids . Monitoring for respi ratory depress ion and over-sedation should
continue hourly.

Side-effects  related to the loca l  anaesthetic content include:
Decreased sensation and mobi l i ty—this  may affect patient mobi l i ty, particularly fol lowing lumbar epidura l  blockade. Nurs ing
staff must be aware of the potentia l  for epidura ls  to affect patient mobi l i ty and the increase ri sk of pressure area  breakdown.
Hypotens ion—although loca l  anaesthetics  are known to cause hypotens ion, nurs ing and junior medica l  s taff must be made
aware of other reasons  for hypotens ion, e.g. hypovolaemia  and bleeding. If a  patient requires  a  bolus  dose to improve
analges ia  s taff must monitor the blood pressure every 5 min for at least 20 min. The patient must have patent intravenous
access  to a l low for the infus ion of fluids  and drugs  should they become hypotens ive.
High level  of loca l  anaesthetic block—nurs ing s taff should monitor the degree of loca l  anaesthetic blockade. This  i s  s imple,
us ing ice in a  glove to ascerta in decreased perception of cold. The infus ion must be s topped and the anaesthetis t informed
should the block be nipple level  (T4) or higher.

Epidura l  haematoma—early symptoms include increas ing back or nerve root pa in, back tenderness , and neurologica l  symptoms due to
nerve or spina l  cord compress ion. The patient requires  urgent CT/MRI scan and neurosurgica l  assessment.
Epidura l  abscess—symptoms as  for epidura l  haematoma but the patient may a lso exhibi t s igns  of fever and meningism. Investigation
and treatment i s  the same as  for epidura l  haematoma plus  the adminis tration of sui table antibiotics .

Spina l

Intratheca l  opioids  have approximately 10 times  the potency of epidura l  opioids  (i .e. 100 times  the potency of an intravenous  dose).
Usual ly adminis tered as  a  s ingle dose intra-operatively. Analges ia  can las t up to 24 h.
Supplementary analges ia , in the form of paracetamol  and NSAIDs , should be prescribed.
Can resul t in a  high incidence of nausea and vomiting, and delayed respiratory depress ion (particularly with morphine).
Opioids  can be adminis tered via  a l ternative routes  in the postoperative period but s taff must be aware of the increased potentia l  for
s ide-effects  due to the long-acting nature of spina l  opioids .
Typica l  doses  for s ingle injection would be fentanyl  10–15 µg, diamorphine 0.1–0.2 mg, morphine 0.1–0.3 mg. (NB: preservative-free
preparation of morphine should be used).



Footnote
2

Harmer M, Davies  KA (1998). The effect of education, assessment and a  s tandardised prescription on postoperative pa in management.
Anaesthes ia , 53, 424–30.
Ovid Ful l  Text
Ful l  Text
Library Holdings
Bibl iographic Links



Back Save | Print Preview | Emai l  | Emai l  Jumpstart
Please Wait...
What's  New in Books
Monitoring patients  on regular opioid therapy
The importance of appropriate monitoring by ward s taff cannot be overstressed:

Patients  having epidura l  and PCA opioids  should have pa in and s ide-effects  monitored as  part of hospi ta l  pol icy.
Ward s taff must be made aware of the potentia l  for overdose even in patients  receiving ora l  opioids .
Observations  should include pa in score, level  of sedation, respi ratory rate, pump observations , and presence of nausea and vomiting.
For epidura ls , the level  of sensory block and the presence of pruri tus  should a lso be included.
The frequency of observations  i s  dependent on the condition of the patient and the mode of adminis tration:

Patients  with epidura l/PCA continuous  opioid infus ion should be monitored at least hourly for 24 h.
Patients  receiving IM/SC/ora l  opioid should be monitored 30–60 min fol lowing a  dose.
Al l  patients  should be monitored at least 4-hourly for the fi rs t 24 h fol lowing surgery.
Patients  should be monitored every 15 min for at least an hour fol lowing the adminis tration of na loxone.

Loca l  anaesthetic and regional  techniques

Regional  techniques  are now common in the management of perioperative pa in. Suggested techniques  are mentioned under the
relevant surgery.
The use of loca l  anaesthetic blockade continued into the postoperative period may reduce wind-up and centra l  sens i ti zation, thereby
reducing the incidence of chronic pa in.
The analges ic effects  of regional  blockade occas ional ly wear off rapidly. Ensure that sui table additional  analges ia  i s  prescribed.
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Acute pa in rel ief in opioid-dependent patients
Peter MacIntyre
Patients  taking opioids  on a  regular bas is  who present for surgery need careful  cons ideration.
Genera l  principles

Each case needs  to be planned individual ly, and having decided on an analges ic regime, frequent reassessment, particularly in the
fi rs t 24 h, i s  essentia l  to fine-tune the prescription.
Involve the hospi ta l 's  acute pa in team as  soon as  poss ible.
Try to use a  ba lanced analges ic approach including regular paracetamol  plus  NSAIDs .
Try and confi rm regularly taken opioid doses  from an independent source, e.g. GP, loca l  pharmacis t, drug rehabi l i tation uni t.
Monitor the patient careful ly with hourly observations  for the fi rs t 24 h and beyond i f necessary. Large doses  of opioids  are often
needed. Compl ications  are rare but unrel iable his tories , i l l i ci t use, and variable tolerance to s ide-effects  are poss ible.

Drug abuser taking unknown quanti ties  of s treet opioids
These patients  need acute pa in rel ief l ike anyone else and withdrawal  of drugs  should never be attempted perioperatively. Tolerance to
opioids  i s  invariably present and dos ing requirements  are unpredictable:

Check a l l  drugs  abused—types , frequency, las t dose taken?
If patient i s  a  regis tered addict contact community team/counsel lor for help and information.
Particular problems in these patients  include fear of withdrawal  or that opioids  wi l l  be denied, unrea l i s tic expectations  about
analges ia , and continued i l l i ci t use in hospi ta l .
Reports  of high pa in scores . Do not rely solely on pa in scores  to guide therapy but combine with other objective findings  such as  pulse,
blood pressure, respi ratory rate, and the abi l i ty to breathe deeply, voca l i ze, cough, ambulate, etc. Remember to treat anxiety as  wel l  as
pa in.

Reformed drug abuser
There i s  no evidence that us ing opioids  for pa in rel ief precipi tates  a  relapse into drug abuse. However, because of thei r past problems these
patients  often ask to avoid IV opioids . Use a  regional  technique or the PO/SC route whenever poss ible. The reformed drug abuser on a
methadone maintenance programme wi l l  display opioid tolerance and may have the same fears  regarding analges ia  as  current drug abusers .
Patients  with chronic pa in
These patients  take a  variety of opioids . When they present for ‘pa in-rel ieving procedures ’ (e.g. patient with carcinoma of the pancreas
admitted for thorascopic sympathectomy) opioid requirements  wi l l  be reduced postoperatively and may be weaned over a  few days
depending on the outcome of the procedure.
P.989
Perioperative analges ia
Never attempt to withdraw opioids  perioperatively—the a im is  to provide adequate, control led doses  of opioid for analges ia . Morphine i s  the
best opioid to use. Pethidine i s  less  useful  as  i t can cause fi ts  in large doses .
When planning the analges ic regime provide the fol lowing:

A basa l  amount of opioid to replace the patient's  regularly taken drug. This  may be given as  methadone (i f the patient i s  a l ready on i t
and can take ora l  preparations) or us ing parentera l  morphine. This  component wi l l  be needed unti l  discharge.
Regular analges ic dose of morphine. Base this  on what the patient takes  da i ly (see convers ion factors  below). Give a  dose equiva lent
to 150–200% of the usual  da i ly opioid consumption ei ther by 4-hourly SC injections  through a  cannula  or by IV infus ion. Reassess
whether this  i s  too much or too l i ttle at regular interva ls . As  pa in improves , reduce this  dose regularly over a  few days .
Extra  rescue doses  of analges ia  should be ava i lable for breakthrough pa in. Base the dose on about 50% of the regular analges ia  dose
being given. Reduce this  as  pa in improves .

Convers ion factors

Ora l  morphine (mg):parentera l  morphine (mg) = 2:1. For example, morphine 20 mg PO = morphine 10 mg SC/IM.
Ora l  methadone (mg):parentera l  morphine (mg) = 1:1. For example, methadone 20 mg PO = morphine 20 mg SC/IM.

Conversion of oral opioids (mg) to oral morphine(mg)

Buprenorphine ×60

Codeine ×0.08

Dextropropoxyphene HCl ×0.1

Dextropropoxyphene napsylate ×0.06

DF118 ×0.1

Pethidine ×0.125

Tramadol ×0.25

Routes  of adminis tration

In theatre or recovery IV boluses  of morphine should be given unti l  the patient i s  comfortable. Start with 5 mg every 2–3 min and ti trate
to acceptable pa in rel ief.
Intermittent SC morphine. Drug addicts  have a  lot of fa i th in this  regime. Use an indwel l ing SC cannula . An idea  of the dose required
can be gauged from the amount of morphine required in theatre or in recovery. Introduce an automatic reduction in the dose on a  da i ly
bas is  depending on the expected degree and duration of pa in.
Continuous  IV infus ion: effective but open to abuse especia l ly i f the infus ion pump is  not locked. Add ca lculated acute pa in dose onto
background (basa l ) infus ion. Requires  frequent reassessment and poss ibly addi tional  boluses  unti l  the correct infus ion rate i s
establ i shed on which rescue doses
P.990

are unnecessary. The rate should be reduced when appropriate unti l  the basa l  rate i s  reached. When the ora l  route i s  ava i lable this
should be converted into an ora l  opioid regime.
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PCA: a  relatively di ffi cul t technique to use as  a  degree of control  i s  los t. Often resul ts  in excess ive use of opioids  and problems
weaning the patient from the PCA.

Regional/loca l  techniques  in opioid-dependent patients
Al though often recommended as  techniques  of choice in these patients  they are associated with problems:

Success  with regional/loca l  techniques  depends  on patient confidence and this  i s  often lacking, particularly i f the technique i s  not
100% success ful  at rel ieving pa in.
Any res idual  pa in or discomfort i s  treated as  a  complete fa i lure and the intens i ty of the pa in exaggerated by accompanying anxiety, etc.
If the regional/loca l  technique uses  opioid then s top a l l  other methods  of opioid adminis tration. The regional  opioid should prevent
withdrawal , but patients  should be monitored in case i t occurs .
If wi thdrawal  occurs  i t may be better to abandon the regional  technique and convert to systemic opioids  in sufficient quanti ties  to
treat the pa in and prevent continuing withdrawal .

Automatic dose reduction
The principles  should be discussed with the patient. Emphas ize:

This  i s  not a  subvers ive way of giving no pa in rel ief but a  method to a l low assessment of the patient's  pa in and behaviour.
The analges ia  prescribed i s  constantly reviewed by the medica l  team and a l terations  wi l l  be made i f sui table control  of pa in i s  not
achieved. An increase in the amount of opioid required in the fi rs t 24 h i s  not unusual  and should be done i f the ini tia l  es timate i s  too
smal l .
The chart i s  kept at the nurses ' desk and actua l  doses  are not discussed with the patient.
Aim to reduce dose over 5–7 days .

Withdrawal
The severi ty of withdrawal  i s  not necessari ly related to the quanti ty of drug consumed. Symptoms and s igns  include yawning, sweating,
lacrimation, rhinorrhoea, anxiety, chi l l s , pi loerection, tachycardia , hypertens ion, nausea, vomiting, diarrhoea, and abdominal  pa in/ cramps.
Untreated heroin withdrawal  peaks  36–72 h after the las t dose and subs ides  after 5 days . Methadone withdrawal  peaks  at 4–6 days , subs iding
at 10–12 days .
Methadone
Methadone i s  an opioid used in drug rehabi l i tation programmes  to prevent withdrawal . Its  pharmacokinetic profi le means  i t i s  less  of a  ‘hi t’
than the short-acting opioids  and therefore less  addictive, a l lowing gradual  withdrawal  and rehabi l i tation. Its  long duration of action means
i t i s  adminis tered once a  day. It i s  therefore an excel lent choice for basa l  opioid prescription. It should not be given IV and should not be
used on a  PRN bas is  (toxic accumulation i s  poss ible).
P.991

Specia l  cons iderations

Pericyazine 2.5–5 mg 8-hourly i s  useful  to manage excess ive anxiety/ dis tress  which i s  often a  s igni ficant component of the pa in in
these patients .
People abus ing drugs  other than opioids  should be treated as  normal , crosssens i tivi ty i s  unusual  a l though sedative effects  can be
additive.
In patients  taking opioids  on a  long-term bas is  having continuing severe postoperative pa in, despi te an esca lating morphine
prescription, the addition of tramadol  50–100 mg PO/IM four times  a  day may be helpful .
In addicts  who are on unknown doses  of opioids , ora l  methadone wi l l  ass is t with opioid management. Seek advice from loca l  drug
abuse experts  for regime.
Patients  us ing fentanyl  patches . With minor/day-case procedures  continue us ing a  fentanyl  patch and give other analges ics  as  normal .
For more severe pa in:

remove the fentanyl  patch
use fentanyl  perioperatively
use fentanyl  PCA postoperatively with background infus ion equiva lent to the patch del ivery and boluses  of fentanyl  (10–20 µg)
with a  5 min lock-out.

Conversion factors

Fentanyl patch strength (µg/h) Oral morphine equivalent (mg/day)

25 <135

50 135–224

75 225–314

100 315–404
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Genera l  principles  and compl ications
Used correctly regional  anaesthes ia  can provide prolonged postoperative analges ia  or a  safer a l ternative to genera l  anaesthes ia . Deta i led
knowledge of anatomy, technique, and poss ible compl ications  i s  important for correct placement. Experience avoids  the ‘two frightened
people on ei ther end of a  needle’ scenario!
Patient selection
Patient refusa l  and loca l  seps is  are the only absolute contra indications  to regional  anaesthes ia ; therapeutic anticoagulation (prosthetic
va lves , etc.) needs  to be assessed on an individual  bas is .

Al l  procedures  should be discussed with the patient before arriving in the anaesthetic room.
Informed verbal  and/or wri tten consent, documented in the notes , should be obta ined.
Potentia l  compl ications  should be discussed with the patient and recorded in the notes/anaesthetic record. Relevant compl ications
are l ikely to be those with an incidence >1% in the operator's  hands .
Cons ider the appropriateness  of the technique. Supraclavicular block in a  respi ratory cripple or sciatic/femoral  nerve block with
bupivaca ine for day case knee arthroscopy may not be sui table.

Compl ications  fol lowing regional  anaesthes ia

Cardiac arrest 6–7 per 10 000 fol lowing spina l , 1 per 10 000 for a l l  other techniques .
Trans ient neurologica l  sequelae 6–7 per 10 000 fol lowing spina l , 1–2 per 10 000 for a l l  other techniques  (see a lso p. 948).
Permanent neurologica l  damage (neurologica l  dys function las ting longer than 3 months) 1–2 per 10 000 fol lowing spina l  anaesthes ia ,
<1 per 10 000 for periphera l  nerve blocks  (see a lso p. 948).
Postoperative neurologica l  dys function i s  s trongly associated with paraesthes ia  on needle placement or pa in on injection.
Loca l  anaesthetic toxici ty.

Regional  anaesthes ia  awake or as leep?

Anaesthetized or heavi ly sedated patients  are unable to respond to paraesthes iae or intraneura l  injection, which may precede
neurologica l  trauma and damage. However, regional  analges ia  performed in such patients  has  never been demonstrated to produce
an increased incidence of neurologica l  sequelae.
Paediatric regional  anaesthes ia  i s  a lmost exclus ively performed fol lowing a  genera l  anaesthetic. Of over 24 000 centra l  and periphera l
blocks  in paediatric patients , the compl ication rate was  1.5/1000 (a l l  associated with centra l  blocks ) with no permanent neurologica l
damage.
The majori ty of regional  techniques  can be performed on an awake or l ightly sedated adult patients  with minimal  discomfort.
P.997
Continuing verbal  contact with patients  has  dis tinct advantages  in the l ikel ihood of inadvertent paraesthes ia , intravenous , intratheca l ,
or intraneura l  injection, both for recognition and management.
In a  case of neurologica l  injury fol lowing operation, clari fi cation of the cause (anaesthetic/surgica l ) i s  faci l i tated i f documentation of
no paraesthes ia , pa in, or bleeding was  present when performing the block.
On ba lance therefore, perform blocks  on awake patients  whenever poss ible. Judicious  doses  of analges ics/sedatives  (fentanyl  50–100
µg ± midazolam 1–2 mg) wi l l  improve patient tolerance.
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Anticoagulation and regional  anaesthes ia
Bleeding and compress ion neuropraxia  i s  a  potentia l  compl ication of regional  anaesthes ia  in patients  who are anticoagulated or with
clotting abnormal i ties . Periphera l  nerve blockade may s ti l l  be used where compress ion can be achieved or bleeding i s  unl ikely (superficia l
nerves). More proximal/perivascular techniques  are best avoided.
Anticoagulation and centra l  neuraxia l  blocks

Ful l  ora l  anticoagulation with warfarin or s tandard heparin (SH) i s  an absolute contra indication to centra l  neuraxia l  blockade, and a
relative contra indication to periphera l  nerve blockade.
Partia l  anticoagulation with low molecular weight heparin (LMWH) or low-dose warfarin (INR <1.5) i s  a  relative contra indication to
centra l  neura l  blockade and each patient should be assessed individual ly, wi th respect to ri sk/benefi t.
Minihep (low-dose s tandard heparin 5000 uni ts  twice da i ly SC) i s  not associated with an increased ri sk of spina l/epidura l  haematoma.
Wait for 4 h after a  dose before performing epidura l/spina l  injection. Minihep should not be given unti l  1 h fol lowing spina l/epidura l
injection. These guidel ines  a lso apply for removal  of epidura l  or spina l  catheters .
LMWH (<40 mg enoxaparin): a l low 12 h interva l  between LMWH adminis tration and epidura l/spina l  injection. Avoid any further dose for
4 h post block. This  a lso appl ies  for removal  of epidura l  or spina l  catheters .
NSAIDs  (including aspi rin) do not increase the ri sk of epidura l/ spina l  haematoma.
Intra-operative anticoagulation us ing 5000 uni ts  IV heparin fol lowing epidura l/spina l  injection appears  safe, but careful  postoperative
observations  are recommended. Bloody tap or blood in the epidura l  catheter i s  controvers ia l . Some teams delay surgery for 12 h, others
(i f preoperative coagulation i s  normal ) delay an IV bolus  of heparin for 1 h.
Fibrinolytic and thrombolytic drugs  (s treptokinase, TPA-ti ssue plasminogen activator): avoid neuraxia l  blocks  for at least 24 h—if <24 h
check PT, APTT, and fibrinogen levels .
Thrombocytopenia : epidura ls  are relatively contra indicated below platelet counts  of 100 000 and a  s ingle intratheca l  injection below
50 000.
An epidura l  haematoma should be suspected in patients  who compla in of severe back pa in a  few hours/days  fol lowing any centra l
neuraxia l  block or with any prolonged or abnormal  neurologica l  defici t. An immediate MRI scan and neurosurgica l  referra l  are
indicated.
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Nerve identi fi cation
Location of a  nerve or plexus  can be achieved by:

loss  of res is tance (epidura l , paravertebra l )
measured advancement of the needle (peribulbar, intercosta l )
relation to arteria l  pulsation/transfixion (femoral , brachia l  plexus)
paraesthes ia
percutaneous  electrica l  s timulation.

Periphera l  nerve s timulation

This  i s  the commonest method used to identi fy nerves  percutaneous ly.
Al lows  accurate loca l i zation of important periphera l  nerves . Aids  location but does  not necessari ly protect them from damage.
Indicates  motor supply of the nerve.
Patient cooperation i s  des i rable but not essentia l—sedation or GA are poss ible, but the patient should not be para lysed.
Poss ible reduced potentia l  for nerve damage as  there i s  no di rect phys ica l  contact.
Usual ly comfortable for the patient.

Us ing a  periphera l  nerve s timulator (PNS)

Connect the s timulating needle to the negative lead (black) and ground electrode or ECG pad to pos i tive lead (red).
‘Negative to Needle, Pos i tive to Patient’.
Keep the ECG pad at least 20 cm from the s i te of injection. Start with current of 1–2 mA and 1–2 Hz. This  causes  s timulation of type A
motor fibres  in mixed nerves , without sensory s timulation.
Insert the insulated needle. At a l l  times  move the needle s lowly and gently, watching for s igns  of s timulation.
When s timulation i s  achieved try to optimize the pos i tion of the needle to obta in good motor response without paraesthes iae, with a
stimulating current of 0.2–0.5 mA.
Inject 1 ml  solution; the motor response should disappear (the nerve i s  displaced by solution). Inject the ful l  volume after careful
aspi ration, fractionating the dose i f i t i s  greater than 5 ml . If the motor response does  not disappear with the ini tia l  1 ml  suspect
misplacement. Repos i tion before further injection.
If there i s  any pa in or increased res is tance to injection, s top immediately, cons ider intraneura l  pos i tioning of the needle or repos i tion
the needle.

Needle des ign

Long bevel led (10–14°) needles  are eas ier to pass  through ti ssues , but have less  feel . Intraneura l ly they wi l l  cut a  smal l  number of
fibres .
Short bevel led (18–45°) needles  have more res is tance and may give more feedback to the operator. Intraneura l ly they may damage (not
cut) fibres .
Penci l -point needles  spl i t fibres  i f used intraneura l ly and have s ide injection ports  to minimize intraneura l  injection.
P.1000
P.1001

There i s  no conclus ive evidence to support increased nerve damage with any particular needle des ign.
Insulated needles  concentrate current dens i ty at the tip of the needle improving accuracy, but they are not essentia l  for nerve
loca l i zation.
Uninsulated needles  are adequate for superficia l  nerves/plexuses . With deeper nerves  and plexuses  excess ive superficia l  muscle
contraction may confuse identi fi cation.

View Figure

Fig. 50.1 Motor response of media l/ulnar/radia l  nerves  to s timulation.

Motor response elicited with peripheral nerve stimulation

Nerve stimulated Response

Median* Finger and wris t flexion and pronation of the wris t. Thumb oppos i tion

Ulnar* Adduction of thumb, flexion ring and l i ttle finger, supination. Ulnar deviation

Radia l* Wris t and finger extens ion. Thumb abduction

Musculocutaneous Elbow flexion (biceps , brachia l i s , coracobrachia l i s )

Femoral Quadriceps  contraction–patel la  twitch

Sciatic-tibia l Plantar flexion of foot and invers ion-flexion of toes

Sciatic-peroneal Dors i flexion of foot and evers ion-extens ion of the toes
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Cervica l  roots Contraction of sca lenus  medius  C3, sca lenus  anterior C4, del toid C5

Cervica l  trunks
Shoulder surgery: C5–C6 del toid and biceps  contraction. Humerus  and forearm surgery: forearm or hand movement,
especia l ly extens ion

Cervica l  cords
Latera l  cord: elbow flexion (musculocutaneous). Media l  cord: forearm flexors , finger and wris t flexion. Posterior cord:
(predominately radia l  nerve) wris t, fingers , and thumb extens ion

Lumbar plexus Quadriceps  contraction L2–L3

*Pure ulnar/radia l/median nerve s timulation can only be achieved at the axi l la  or below. Cords/trunk s timulation gives  a  less  defined
motor response.

Injection of loca l  anaesthetic

Al l  injections  must be pa in free.
Aspiration at the s tart and after every 5 ml  wi l l  reduce the l ikel ihood of intravascular injection.
There should be no res is tance to injection—do not use the heel  of the hand to inject.
With larger volumes , use multiple smal ler syringes  to give the same feel .
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Characteris tics  of di fferent loca l  anaesthetic drugs

 p Ka Relative lipid solubility Relative potency Protein binding (%) Onset Duration

Proca ine 8.9 1 1 6 Slow Short

Amethocaine 8.5 200 8 75 Slow Long

Lidoca ine (l ignocaine) 7.7 150 2 65 Fast Medium

Pri loca ine 7.7 50 2 55 Fast Medium

Etidoca ine 7.7 5000 6 96 Fast Long

Mepivaca ine 7.6 50 2 78 Fast Medium

Ropivaca ine 8.1 400 6 94 Medium Long

Bupivaca ine 8.1 1000 8 95 Medium Long

Levobupivaca ine 8.1 1000 8 95 Medium Long

Potency i s  related to l ipid solubi l i ty
The duration of action i s  related to protein binding at the s i te of action and factors  which affect removal  of drug from the s i te, e.g.
blood supply.
The speed of onset/latency depends  on the loca l  ava i labi l i ty of unionized free base. This  can be improved by increas ing the
concentration of loca l  anaesthetic or increas ing the pH of the loca l  anaesthetic/ti ssues . It i s  a l so dependent on the pKa of drug and
the pH of the solution (a  high pKa i s  associated with s low onset in normal  pH settings , e.g. bupivaca ine).

Choice of agent

If rapid onset periphera l  blockade for surgery i s  needed use l idoca ine (l ignoca ine) 1–2% or pri loca ine 1–2%. These agents  di ffuse more
readi ly than bupivaca ine (high protein binding capaci ty).
If postoperative analges ia  only i s  required use bupivaca ine 0.25–0.5%, for i ts  extended duration of action.
In high-volume plexus  anaesthes ia  or multiple blocks  cons ider the use of levobupivaca ine or ropivaca ine (reduced toxici ty).
Continuous  infus ion—cons ider the use of less  toxic drugs , i .e. ropivaca ine and levobupivaca ine. The addition of fentanyl  or clonidine
may augment blockade.

Mixtures  of loca l  anaesthetics

Usual ly a  mixture of short-acting LA (l idoca ine (l ignoca ine)/pri loca ine) with long-acting agents  (bupivaca ine/levobupivaca ine/
ropivaca ine).
P.1003
The a im is  to obta in rapid onset with the addition of extended anaesthes ia  and analges ia  into the postoperative period.
In practice, an agent of intermediate onset and duration i s  usual ly produced.
Toxici ty i s  cumulative—therefore the tota l  dose of each individual  drug should be reduced.
There are no adverse pharmacologica l  interactions .

Drug Characteristics

Lidoca ine (l ignocaine)
Short-acting amide. Moderate vasodi latation. Cerebra l  i rri tation before cardiac depress ion. Duration enhanced and
peak plasma levels  reduced by adrenal ine

Pri loca ine
Short-acting amide. No vasodi latation. Rapid metabol i sm and low toxici ty. Metabol i zed to o-toluidine caus ing
methaemoglobinaemia  (care in obstetrics/anaemia)

Bupivaca ine Long-acting amide. Racemic mixture of R and S enantiomers . Profound cardiotoxici ty in higher doses

L-bupivaca ine
(levobupivaca ine)

S-enantiomer of bupivaca ine. Enhanced vasoconstriction. Reduced intens i ty and duration of motor block with less
cardiotoxici ty than bupivaca ine

Ropivaca ine
Long-acting amide. Reduced intens i ty and duration of motor block. Less  cardiotoxic than bupivaca ine or
levobupivaca ine

Amethocaine Long-acting ester. Rapid absorption from mucous  membranes  or transdermal  route. Relatively toxic

Benzocaine Short-acting ester. Low potency. Used as  lozenges

Cocaine Short-acting ester. Slow onset, profound vasoconstriction. Limited loca l  anaesthetic use, toxic

Topica l  loca l  anaesthetics
EMLA (eutectic mixture of loca l  anaesthetic)

Conta ins  l idoca ine (l ignocaine) 2.5% + pri loca ine 2.5%, arlatone (emuls i fier), carbopol  (thickener), dis ti l led water and sodium
hydroxide.
Appl ication 1–5 h before venepuncture.
Side-effects  are blanching and vasoconstriction.
Avoid on broken skin/mucous  membranes  and in infants  under 1 year.

Ametop (topica l  amethocaine gel )

Conta ins  amethocaine 4%, xanthan gum, methyl  and propyl -p-hydroxybenzoate, water, and sa l ine.
Appl ication 30–45 min before venepuncture.
Side-effects  are erythema, oedema, and pruri tus .
Remove paste after 1 h.
Not recommended in babies  under 1 month.
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Adjuvant drugs  and additives
Bicarbonate

Added to increase the pH of a  solution—increases  unionized LA.
May increase the speed of onset.
Risk of precipi tation i f there i s  >1 ml  8.4% NaHCO3 in 10 ml  LA.

Adrenal ine

Decreases  vascular reabsorption, increas ing the duration by making more drug ava i lable.
Reduces  peak plasma levels  (l idoca ine (l ignoca ine), mepivaca ine).
Is  of reduced benefi t with a  long-acting LA.
Less  effective in epidura ls .
Effective concentration 5 µg/ml  adrenal ine. Add 0.1 mg of adrenal ine (1 ml  of 1:10 000) to 20 ml  of LA.
The tota l  dose of adrenal ine should not exceed 200 µg. This  should be reduced by 50% during ha lothane anaesthes ia .
Avoid the use of adrenal ine in digi ta l  nerve and peni le blocks .

Felypress in

Synthetic derivative of vasopress in.
Promotes  constriction of a l l  smooth muscle.
Avai lable with pri loca ine 3%.

Clonidine

Prolongs  the duration of sensory and motor block.
Induces  post block analges ia .
Acts  on spina l  α2 adrenergic receptors .
Effective in epidura l/caudal/spina l  anaesthes ia .
Epidura l/intratheca l  use i s  l imited by hypotens ion and sedation.
Dose: for caudal  blocks  1 µg/kg; for periphera l  blocks  0.3 µg/kg.

Ketamine

An NMDA receptor agonis t with weak loca l  anaesthetic properties .
Used in paediatric caudal  blocks  (0.5 mg/kg preservative free)—extends  analges ia .
Use a  preservative free preparation only—standard preparations  of ketamine must be avoided.

Opioids

Proven synergism with epidura l/intratheca l  LA.
Al l  opioids  have been used. Of debatable benefi t in periphera l  blocks .
Intra-articular morphine 2–5 mg in knee surgery i s  used in combination with LA by some anaesthetis ts .

Hyaluronidase

Used in peribulbar and retrobulbar blocks  of the eye to enhance LA spread.
Dose 5–30 uni ts/ml .
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Loca l  anaesthetic toxici ty
Loca l  anaesthetic toxici ty i s  related to high plasma levels  of loca l  anaesthetic found in:

drug overdose
direct intravascular injection
rapid absorption/injection into a  highly vascular area, e.g. intercosta l
continuous  infus ion of loca l  anaesthetic
cumulative effect of multiple injections  or continuous  infus ion.

Recommended maximum doses  as  quoted by manufacturers 'data  sheets  are a  guide only. Equal ly important are:

The s i te of injection with relation to vasculari ty and absorption.
Metabol ic s tatus : acidos is , hypoxia , and hypercarbia  a l l  potentiate the negative inotropic/chronotropic effects  of loca l  anaesthetics .
Whenever poss ible, keep within the maximum dos ing recommendations , aspi rate careful ly before injection, and divide large-volume
injections  into smal ler a l iquots .

Maximum recommended doses of common agents

Agent Maximum recommended doses Maximum recommended doses with vasoconstrictor

Bupivaca ine 2 mg/kg 2 mg/kg

Levobupivaca ine 2 mg/kg (insufficient information)  

Ropivaca ine 3 mg/kg (insufficient information)  

Lidca ine (l ignocaine) 3 mg/kg 6 mg/kg

Pri loca ine 6 mg/kg 8 mg/kg

Cocaine 3 mg/kg  

Treatment

Stop injection or infus ion as  appropriate.
ABC: ‘Ai rway, Breathing, Ci rculation’.
Mi ld symptoms may be best treated by oxygen, plus  judicious  doses  of midazolam (1–4 mg) to increase the convulsant threshold.
For moderate to severe toxici ty, cardiovascular col lapse i s  normal ly preceded by convuls ions  and i s  related to drug overdose in the
presence of hypoxia .
The fi rs t priori ty i s , therefore, to prevent convuls ions  and mainta in oxygenation.
If the conscious  level  i s  deteriorating or there are convuls ions  intubate (use thiopenta l/suxamethonium for preference as  this  wi l l
decrease/stop convuls ions ,
P.1006

but propofol  or midazolam are sui table a l ternatives ) and venti late with 100% oxygen.
If cardiovascular col lapse ensues  begin CPR (p. 825).

Symptoms and signs of toxicity  

Mild toxici ty

Tingl ing around the mouth
Metal l i c tastebr
Tinni tus
Visua l  dis turbance
Slurred speech

Moderate toxici ty
Al tered conscious  s tate
Convuls ions
Coma

Potentia l ly fata l  toxici ty
Respiratory arrest
Cardiac arrhythmias
Cardiovascular col lapse

Methaemoglobinaemia

Oxidation of haemoglobin to methaemoglobin by o-toluidine. Methaemoglobin has  a  reduced oxygen carrying capaci ty resul ting in
cyanos is .
o-toluidine i s  formed by metabol i sm of pri loca ine in the l iver.
Methaemoglobinaemia  occurs  with high doses  of pri loca ine (>600 mg).
Avoid pri loca ine in pregnancy and anaemia.
Treatment: methyl thioninium chloride (methylene blue) 1 mg/kg IV.
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Head and neck blocks

Cutaneous  innervation of the face i s  from divis ions  of the trigeminal  nerve (crania l  nerve V).
Muscles  of facia l  express ion are suppl ied by the divis ions  of the facia l  nerve (crania l  nerve VII).
Cutaneous  innervation of the neck and posterior sca lp i s  from the superficia l  branches  of the cervica l  plexus  (C1–C4).
Innervation of the muscles  of the neck i s  from the deep cervica l  plexus  (C1–C4).

Facia l  blocks
For complete facia l  anaesthes ia  a l l  branches  of the trigeminal  nerve and the greater auricular branch of the cervica l  plexus  need to be
blocked. The cutaneous  sensory branches  of the trigeminal  nerve are:

VI ophthalmic-lacrimal , supraorbi ta l , supratrochlear, infratrochlear, and external  nasa l .
VII maxi l lary—infraorbi ta l , zygomaticofacia l , and zygomaticotempora l .
VIII mandibular—auriculotempora l , bucca l , and menta l .

Supraorbi ta l  nerve block

Landmarks : supraorbi ta l  notch.
Technique:

Pa lpate the supraorbi ta l  notch on the supraorbi ta l  rim, in l ine with the media l  l imbus  of the i ri s .
P.1008
Inject a long the supraorbi ta l  rim from latera l  to media l .
Advance as  far media l  as  the nasa l  bones  us ing a  2.5 cm 27G needle.
This  wi l l  a l so block supratrochlear nerve, which emerges  media l  to supraorbi ta l  notch.
Infi l trate approximately 3 ml  in tota l—anaesthetizes  forehead skin.

View Figure

Fig. 50.2 Facia l  blocks

Infraorbi ta l  nerve block

Landmarks : infraorbi ta l  foramen.
Technique:

Locate the foramen, approximately 5 mm below the infraorbi ta l  rim, in l ine with the media l  l imbus  of the i ri s . The foramen
faces  downwards  and media l ly.
The injection point i s  jus t latera l  to the a lar groove (the uppermost point of the naso-labia l  fold).
Advance upward towards  the infraorbi ta l  foramen.
Infi l trate approximately 2 ml—anaesthetizes  the s ide of the nose (including a la  and columel la), lower eyel id, media l  part of
cheek, and upper l ip.

External  nasa l  nerve block
Terminal  branch of the anterior ethmoidal  nerve.

Landmarks : base of the nasa l  bones .
Technique:

Pa lpate the nasa l  midl ine to feel  the lower edge of the nasa l  bones  us ing the finger and thumb on ei ther s ide of the nose.
Infi l trate 2 ml  approximately 6–10 mm from the midl ine– anaesthetizes  the nasa l  carti lage and tip.

Zygomaticotempora l/zygomaticofacia l  nerve block

Landmarks : latera l  orbi ta l  rim and latera l  canthus .
Technique (Zygomaticotempora l ):

The nerve exi ts  a  foramen on the posterior concave surface of the latera l  orbi ta l  rim, approximately 1 cm below the level  of the
latera l  canthus .
Insert the needle at this  point and infi l trate 2 ml—anaesthetizes  the skin surrounding the temple, extending beyond the
hairl ine.

Technique (Zygomaticofacia l ):
The nerve exi ts  a  foramen on the anterior surface of the zygoma, just latera l  to the infraorbi ta l  rim.
From the same insertion point as  above infi l trate 2 ml  loca l  anaesthetic towards  the prominence of the zygoma.
This  nerve i s  usual ly blocked at the same time as  the zygomaticotempora l—anaesthetizes  the prominence (latera l  part) of the
cheek.

Menta l  nerve block

Landmarks : menta l  foramen.
Technique:
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Palpate the menta l  foramen, approximately in l ine with the fi rs t lower premolar.
The supraorbi ta l , infraorbi ta l , and menta l  foramina are vertica l ly a l igned.
P.1009

Retract the lower l ip, place the needle tip of a  2.5 cm 27G needle in the bucca l  sulcus  near the base of the tooth and inject 1–2
ml . This  anaesthetizes  the lower l ip.
To block the skin overlying the chin, di rect the needle to pass  anterior to and beyond the lower border of the mandible but not
quite out of the skin, injecting 2–3 ml .

Great auricular nerve block
The largest ascending branch of cervica l  plexus  C2/3.

Landmarks : s ternomastoid muscle.
Technique:

The greater auricular nerve l ies  on the fascia l  surface of the s ternomastoid, 6.5 cm below the external  audi tory meatus  (the
approximate length of your l i ttle finger from tip to web space).
Infi l trate 2–3 ml  at this  insertion point; this  anaesthetizes  the lower part of the ear, the postauricular skin, and the skin over
the angle of the jaw.

Mandibular nerve block

Landmarks : coronoid notch.
Technique:

The nerve l ies  1 cm posterior to the pterygoid plate.
Pa lpate the coronoid notch; this  i s  the notch between the condyle and coronoid process  of the mandible.
This  i s  fel t below the zygomatic arch and 2.5 cm anterior to the tragus .
Mark the middle of the notch ‘U’ with a  marker pen.
Insert a  22G spina l  needle at 90° in both planes  to contact with the posterior edge of the latera l  pterygoid plate at
approximately 3 cm depth. Infi l trate 4–5 ml .
Loca l  anaesthetic wi l l  di ffuse around the pterygoid plate to block the mandibular nerve; this  anaesthetizes  the bulk of the
cheek, a lso blocking the masseter muscle, teeth and gums of the mandible, and the floor of mouth.
Blockade of a l l  branches  of the mandibular divis ion of the trigeminal  nerve can be achieved with blockade of the mandibular
nerve.

View Figure

Fig. 50.3 Superficia l  and deep cervica l  plexus .

P.1010

Cervica l  plexus  anatomy

C1 has  no cutaneous  sensory branch.
C1–C3 gives  meningeal  branches  to the posterior crania l  fossa .
C1–C4 anterior primary rami  form the cervica l  plexus , anterior to the sca lenus  medius  but deep to the s ternomastoid and the internal
jugular vein.
Suppl ies  the ear, anterior neck, and ‘cape area’ (anterior and posterior aspect of shoulder and upper chest wal l ).
Complete sensory analges ia  of the anterior neck can be achieved with blockade of superficia l  branches  of the cervica l  plexus  (lesser
occipi ta l , greater auricular, transverse cervica l , and supraclavicular nerves).
Deep cervica l  plexus  segmenta l ly suppl ies  the deep muscles  of the neck and diaphragm.
Motor and sensory connection to the diaphragm (phrenic nerve).

Greater/lesser occipi ta l  nerve blockade
Greater/lesser occipi ta l  nerve blockade i s  indicated for operations  on the occipi ta l  sca lp.

Landmarks : greater occipi ta l  protuberance, mastoid process , posterior occipi ta l  artery.
Technique:

Draw a  l ine joining the occipi ta l  protuberance to the mastoid process .
Pa lpate the posterior occipi ta l  artery; the greater occipi ta l  nerve accompanies  the artery.
Inject 5 ml  of solution.
Infi l trate from this  point a long the l ine to the mastoid process  with 5 ml  solution to block the lesser occipi ta l  nerve.

Superficia l  cervica l  plexus  block
Superficia l  cervica l  plexus  block i s  indicated for carotid endarterectomy (with or without a  deep cervica l  plexus  block), neck and thyroid
surgery, and ear and mastoid procedures  (including a  greater occipi ta l  nerve block).
P.1011

Landmarks : Posterior border of s ternomastoid, cricoid carti lage.
Technique:

Pos i tion the patient with thei r head turned s l ightly to the oppos i te s ide.
Draw a  l ine from the cricoid to the posterior border of the s ternomastoid and mark i t (ask the patient to l i ft thei r head off the
pi l low to find the posterior border of the s ternomastoid).
Insert a  22G needle perpendicular to the skin.
A cl i ck or pop i s  fel t as  the needle passes  through the cervica l  fascia .
Inject 10 ml  loca l  anaesthetic solution at this  point or fan the injection crania l ly and caudal ly a long the posterior border of the



muscle.

Deep cervica l  block
Indications  are as  for superficia l  cervica l  plexus  block.

Landmarks : mastoid process , Chassa ignac tubercle (transverse process  C6).
Technique:

Draw a  l ine connecting the tip of the mastoid process  and the Chassa ignac tubercle; draw a  second l ine para l lel  but 1 cm
posterior to the fi rs t.
The C2 transverse process  l ies  1–2 cm (one finger's  breadth) caudad to the mastoid process , C3/4 transverse processes  l ie at 1.5
cm interva ls  a long the second l ine.
After ra is ing a  skin weal  a  22G 50 mm needle i s  inserted perpendicular to the skin, with a  s l ight caudad angulation to contact
bone (the transverse process ).
Ei ther paraesthes iae (nerve root) or bony contact i s  acceptable as  there i s  free communication between paravertebra l  spaces . 4
ml  of solution i s  injected at each level .
Paraesthes iae can be el ici ted by walking in an anteroposterior di rection off the anterior tubercle of the transverse process .
Al ternatively: s ingle injection at C4 level  us ing a  periphera l  nerve s timulator (Winnie). The junction of the intersca lene groove
and the superior border thyroid carti lage i s  at C4 level . Stimulate the sca lenus  anterior C4, sca lenus  medius  C3 and inject 10–15
ml .

Compl ications :
Inadvertent injection into the dura l  cuff (epidura l/intratheca l ).
Injection into the vertebra l  artery.
Phrenic nerve block, brachia l  plexus  block.

Cl inica l  tips :
Avoid in patients  with contra latera l  phrenic nerve pa lsy.
Do not perform bi latera l  deep cervica l  plexus  blocks ; there i s  the danger of bi latera l  recurrent laryngeal  or phrenic nerve pa lsy.
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Upper l imb blocks
Brachia l  plexus  anatomy

Formed from anterior primary rami  of C5-C8 and T1 nerves  which emerge from the intervertebra l  foramina and form:
Roots  between sca lene muscles .
Trunks : (C5–6) upper, (C7) middle, (C8, T1) lower, are in the lower part of the posterior triangle of the neck, between the
sternomastoid and trapezius  muscles , above the middle thi rd of the clavicle posterior to the subclavian artery.
Divis ions : each trunk divides  into anterior and posterior divis ions  behind the clavicle.
Cords : formed at the outer border of the fi rs t rib; they enter the axi l la  with the axi l lary artery, lying in thei r true anatomica l
relationship media l , latera l , and posterior to the second part of the artery behind the insertion of the pectora l i s  minor.
Branches  of the cords  are formed around the thi rd part of the axi l lary artery within the axi l la . A fascia l  sheath accompanies  the
brachia l  plexus  from the sca lene muscles  down to the mid point of the upper arm, a l though the musculocutaneous  and the
radia l  nerves  leave the sheath before then.

The s i te of injection within the fascia l  sheath affects  the spread of loca l  anaesthetic.
An intersca lene block commonly misses  the lower roots  C8, T1 (ulnar sparing).
Supraclavicular/infraclavicular: at this  level  there are only three components , the cords  (‘hour glass ’ shape of the sheath), a l lowing
predictable spread and rapid onset.
Axi l lary injection (s ingle shot) commonly misses  the radia l  nerve and the musculocutaneous  nerve.

Intersca lene brachia l  plexus  block (class ica l  Winnie)
Indications  for this  block are shoulder, humerus , or elbow surgery.

Landmarks : cricoid carti lage, posterior border of s ternomastoid, external  jugular vein, intersca lene groove.
Technique:

The patient should be supine, with one smal l  pi l low under thei r head and neck.
The head should be turned comfortably to the oppos i te s ide.
At the level  of the cricoid carti lage draw a  l ine latera l ly to intersect the posterior border of the s ternomastoid; this  usual ly
corresponds  to where the external  jugular vein crosses .
Pa lpate the sca lenus  anterior underneath the latera l  border of the s ternomastoid. Moving the fingers  latera l ly, pa lpate the
intersca lene groove, between the sca lenus  anterior and medius .
To a id pa lpation ask the patient to thei r l i ft head gently off the pi l low (contracting the s ternomastoid) or sni ff (contracting
sca lene muscles ).
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Stand to the s ide of patient or at thei r head, ra ise a  weal  and insert a  22G 25 mm/50 mm needle of choice perpendicular to the
skin in a l l  di rections  with a  s l ight caudal  di rection.
On entering the fascia l  sheath a  pop may be el ici ted; advance unti l  paraesthes ia  or speci fic motor s timulation i s  achieved
(periphera l  nerve s timulation).
After careful  aspi ration inject 10–20 ml  for postoperative analges ia  or 20–40 ml  for complete brachia l  plexus  block.

Compl ications :
Horner's  syndrome i f the s tel late gangl ion i s  a ffected (10–25%).
Vessel  puncture (external/internal  jugular, common carotid, vertebra l ).
Intratheca l/epidura l  injection.
Phrenic nerve block in a l l  cases  (100%).
Recurrent laryngeal  nerve pa lsy caus ing a  hoarse voice (5–10%).

Cl inica l  tips :
Take care in patients  with COPD, and do not use in patients  with contra latera l  phrenic nerve pa lsy.
In view of potentia l  compl ications  a lways  perform this  block on awake or l ightly sedated patients .
The plexus  i s  very superficia l  in thin people (1–2 cm deep). In a l l  patients , the plexus  should be identi fiable us ing a  25 mm
needle.
Avoid in obese patients  with short necks , as  landmarks  can be imposs ible to locate.
If unable to locate the intersca lene groove, cons ider a  higher approach at the level  of the thyroid carti lage or a  lower approach
(subclavian perivascular).
Digi ta l  compress ion above the injection s i te whi l s t injecting wi l l  a id caudal  spread.
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Look for ful lness  in the posterior triangle on injection—if there i s  no swel l ing the injection i s  too deep, i f there i s  cutaneous
swel l ing i t i s  too superficia l .
Use a  short bevel led needle to a id ‘feel ’.
Phrenic nerve s timulation indicates  that the needle i s  too anterior (on sca lenus  anterior); levator scapulae s timulation
indicates  that the needle i s  too posterior (dorsa l  scapuler nerve).
Do not use for surgery of the hand.
Catheter insertion: a fter entering the intersca lene sheath bring the hub of the needle towards  the neck. Advance s l ightly,
mainta ining s timulation, and insert the catheter after dis tending the space with loca l  anaesthetic.

Fig. 50.4 Intersca lene approach to the brachia l  plexus .
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View Figure
Subclavian perivascular (supraclavicular) block (SPV)
This  block i s  indicated for humerus , elbow, or hand surgery.

Landmarks : intersca lene groove, subclavian artery.
Technique:

Pos i tion the patient lying flat, wi th thei r head turned 30° only to the oppos i te s ide.
Pa lpate the intersca lene groove (as  described for the intersca lene approach).
Fol low the intersca lene groove caudal ly unti l  the subclavian artery i s  fel t above the clavicle (50% of patients ).
With a  finger on the subclavian artery insert a  22G 50 mm needle into the posterior part of the groove, and posterior to the
subclavian artery.
Keeping the hub of the needle aga inst the neck (this  ensures  that the needle di rection i s  para l lel  to the long axis  of the
intersca lene groove), di rect the needle para l lel  to the floor and di rectly caudad; a im for the ips i latera l  nipple or great toe.
P.1015

As  the needle enters  the fascia l  sheath a  dis tinct ‘pop’ wi l l  be fel t; advance s lowly unti l  paraesthes ia  or a  speci fic motor
response i s  el i ci ted (periphera l  nerve s timulator).
The fi rs t rib may be encountered. If so ‘walk’ the needle anteroposteriorly on the rib unti l  the plexus  i s  encountered.
Inject 40 ml  in increments .

Compl ications :
Subclavian artery puncture (20%).
Pneumothorax (0.1%).

Cl inica l  tips :
Best avoided i f the subclavian artery cannot be pa lpated.
Can use a  Doppler probe to locate the artery.
There should be absolutely no media l  di rection to the needle (ri sk of pneumothorax). Keep the hub of the needle aga inst the
s ide of the neck.
If the artery i s  punctured change to a  more posterior di rection.
If us ing a  periphera l  nerve s timulator a im for muscle contract below the elbow (flexion/extens ion of the wris t or fingers ).
May miss  the ulnar component: this  i s  not the best block for hand surgery.

View Figure

Fig. 50.5 Subclavian perivascular (SPV) and vertica l  infraclavicular (VIB) approaches  to the brachia l
plexus .

Vertica l  infraclavicular block (VIB)
Landmarks : suprasternal  notch, anterior process  of the acromion.

Technique:
Pos i tion the patient supine without a  pi l low, with the arm to be blocked resting on the upper abdomen.
Mark a  point midway on a  l ine joining the suprasternal  notch and the anterior prominence of the acromion.
Fol lowing the spine of the scapula  anteriorly or the clavicle latera l ly you can locate the anterior prominence of the acromion.
Pa lpate the subclavian artery above the clavicle; your mark should be just latera l  to this .
Us ing a  22G 50 mm insulated needle insert below but not touching the clavicle, and advance vertica l ly posteriorly at right
angles  to the bed.
Insert s lowly us ing a  periphera l  nerve s timulator unti l  s timulation of the posterior cord (extens ion of the wris t and fingers ) i s
el ici ted.
After careful  aspi ration inject 40–50 ml  in increments .

Compl ications :
Vessel  puncture-subclavian artery, subclavian vein, cephal ic vein (15%).
Pneumothorax (<0.5%).
Horner's  syndrome (<5%).

Cl inica l  tips :
Confi rm the latera l  landmark by external ly rotating the humerus—if you are on the acromion there wi l l  be no movement.
Flexion of the elbow or forearm motor responses  (musculocutaneous) indicate the latera l  cord and may resul t in inadequate
block.
Ensure an absolute vertica l  di rection of injection for safety—it avoids  pneumothorax.
P.1016

If there i s  subclavian puncture the pos i tion i s  too media l—move latera l ly.
If there i s  pectora l  muscle contraction the pos i tion i s  too media l .
This  block i s  contra indicated in anticoagulated patients .

Axi l lary brachia l  plexus
Accompanying the axi l lary artery and vein in the brachia l  plexus  sheath are:

The media l  cutaneous  nerve of the arm (C8, T1).
The media l  cutaneous  nerve of the forearm (C8, T1).
The median nerve (C5–C8, T1).
The ulnar nerve (C7–C8, T1).
The radia l  nerve (C5–C8, T1).



Outs ide the axi l lary sheath are:

The musculocutaneous  nerve (C5–C7) to the biceps  and brachia l i s  (motor) and sensory to the skin on the radia l  border of the forearm
from the elbow to the wris t.
The intercostobrachia l  nerve (T2), supplying the skin of the axi l la  and the media l  s ide of the upper arm.

Axi l lary plexus  block
This  block i s  indicated for elbow, forearm, and hand surgery.
Landmark: axi l lary artery, insertion of pectora l i s  major muscle.
Technique:

The patient should be supine with thei r arm abducted, with thei r elbow flexed.
Pa lpate the axi l lary artery in the axi l la  and mark i ts  pos i tion.
Draw a  l ine down from the anterior axi l lary crease (insertion of the pectora l i s  major) cross ing the axi l lary artery.
At this  point ra ise a  weal , and fixing the artery aga inst the humerus  with the index and middle fingers  insert a  22G 50 mm needle
angled s l ightly proximal ly to pass  ei ther above or below the artery to contact ei ther median or ulnar nerve respectively.
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A perceptible cl i ck or pop i s  fel t on entering the fascia l  sheath, and paraesthes ia  or speci fic motor responses  can be el ici ted.
Inject 40–50 ml  of solution in increments . Four di fferent techniques  can be employed: transarteria l—injecting 20 ml  of solution both
anterior and posterior to the artery;multiple injections—finding each of the four nerves  separately, the success  of the block being
increased when each success ive nerve i s  identi fied; s ingle loss  of res is tance us ing a  short bevel led needle—fascia l  cl i ck, injecting
after ei ther through the needle or after insertion of a  cannula ; infi l tration—fanwise injection of 15 ml  of solution each s ide of the
artery.
Compl ications : vessel  puncture-axi l lary artery or vein.
Cl inica l  tips :

The fascia l  sheath may be multicompartmenta l  caus ing unrel iable spread.
Remember ‘M&M are tops ’—musculocutaneous  and median nerves  are above the artery (ulnar below, radia l  behind).
The musculocutaneous  nerve l ies  outs ide the sheath and needs  to be blocked separately by injection of 10 ml  into the body of
coracobrachia l i s  (us ing a  periphera l  nerve s timulator, di rect the needle towards  the head of the humerus : the motor response
is  flexion of the elbow ‘hi tching a  ride’).
The intercostobrachia l  nerve i s  blocked by infi l trating subcutaneous ly across  the base of the axi l la .
Decide on the area  of operation and target the primary nerve i f us ing a  s ingle injection technique.

View Figure

Fig. 50.6 Relationship of the axi l lary artery and nerves  in the axi l la .

Mid humeral  block
Al l  four periphera l  nerves  can be separately identi fied and blocked from the same point of entry. This  block i s  indicated for elbow, forearm,
and hand surgery.

Landmarks : brachia l  artery, humeral  canal .
Technique:

The patient should be supine with thei r arm abducted and forearm supinated.
The brachia l  artery i s  pa lpated and marked at the junction of the upper and middle thi rd of the humerus  (humeral  canal ).
Draw a  l ine from the insertion of the del toid to cross  the brachia l  artery at this  point. Mark and ra ise a  weal .
Insert a  22G 50 mm insulated needle above the artery in a  proximal  di rection to el ici t a  motor response from the median nerve
—flexion of the fingers .
Return to the skin, and then angle the needle 25° above the artery a iming at the superior border of the humerus  to pass
between the coracobrachia l i s  and the biceps  to el ici t elbow flexion: this  i s  the musculocutaneous  nerve of the forearm.
Return to the skin, redirect the needle inferior to the artery to el ici t an ulnar motor response—thumb adduction, wris t flexion.
Return to the skin, move the insertion point inferiorly (skin traction) and di rect the needle to contact the inferior border of the
humerus , pass ing
P.1018

under the humerus  to el ici t a  radia l  motor response-extens ion of finger and thumb.
Inject 6–10 ml  on each nerve.
The media l  cutaneous  nerve of the arm and forearm can be blocked by subcutaneous  infi l tration over the brachia l  artery at this
level  (5 ml).

Compl ications : vessel  puncture of the brachia l  artery.
Cl inica l  tip: depending on s i te of the operation, di fferent concentrations  of solution can be used for each nerve, a l lowing varying
durations  of anaesthes ia  and postoperative analges ia .

View Figure

Fig. 50.7 Mid humeral  block.



Elbow blocks
Elbow blocks  are indicated for surgery on the forearm and hand.

Landmarks : flexion crease of the elbow, brachia l  artery, biceps  tendon, media l  and latera l  epicondyles .
In a l l  cases  the arm should be s l ightly abducted with the elbow s l ightly flexed, the forearm supinated.
Median nerve technique:

The median nerve i s  media l  and deep to the brachia l  artery, partia l ly covered by the biceps  muscle tendon.
The brachia l  artery i s  pa lpated and a  22G 50 mm needle i s  inserted media l  to i t, 1–2 cm above the elbow flexion crease at 45° to
the skin.
A cl i ck may be fel t as  the needle pierces  the deep fascia , and paraesthes ia  or a  motor response el ici ted.
5–8 ml  of solution i s  injected.
On withdrawal  of needle another 5–8 ml  of solution i s  depos i ted subcutaneous ly a long the media l  border of the biceps  tendon
to block the media l  cutaneous  nerve of forearm

Radia l  nerve technique:
Pa lpate the intermuscular groove between the biceps  and brachioradia l i s .
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Insert a  22G 50 mm needle 2 cm above the flexion crease in this  groove, towards  the latera l  epicondyle, el i ci t paraesthes ia  or a
speci fic motor response.
Inject 5–8 ml  of solution.
On withdrawal  of the needle, inject 5–8 ml  of solution subcutaneous ly a long the latera l  border of the biceps  tendon to block
the latera l  cutaneous  nerve of the forearm.

Ulnar nerve technique:
The patient should be supine with thei r arm across  thei r body and their elbow flexed to 90°.
The ulnar sulcus  i s  pa lpated and a  22G 50 mm needle i s  inserted 1–2 cm proximal  to the media l  epicondyle in l ine with the
ulnar sulcus , at 45° to the skin, di rected proximal ly.
Paraesthes ia  or a  speci fic motor response i s  el i ci ted and 5 ml  of solution injected.
Caution—do not inject into the media l  epicondyle sulcus  as  this  may cause pressure-induced neuropraxia .
Subcutaneous  infi l tration of 5 ml  between the olecranon and latera l  epicondyle of the humerus  wi l l  block the posterior
cutaneous  nerve of the forearm.

Cl inica l  tips :
Elbow blocks  can be useful  for augmenting patchy axi l lary or supra/ infraclavicular techniques .
If surgery i s  l imited to cutaneous  dis tribution of one nerve, individual  nerves  can be targeted.

View Figure

Fig. 50.8 Elbow block (media l , radia l , and ulnar) (ante-cubita l  fossa  right arm).
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Wris t blocks
The arm is  abducted and the forearm supinated. This  block i s  indicated for hand surgery.

Median nerve technique:
Insert a  25G 25 mm needle between the tendons  of the pa lmaris  longus  and flexor carpi  radia l i s  at the level  of the proximal
pa lmar crease.
Res is tance i s  fel t as  the needle passes  through the flexor retinaculum. 3–5 ml  of solution can be depos i ted here or
paraesthes ia  sought.
On withdrawal  of the needle, subcutaneous ly infi l trate 2–3 ml  to block the pa lmar cutaneous  branch. Al ternatively, an injection
can be placed three fingerbreadths  proximal  to the skin crease to catch the pa lmar branch.

Ulnar nerve technique:
Insert a  25G 25 mm needle media l  to the ulnar artery, latera l  to the tendon of the flexor carpi  ulnaris  at the level  of the
proximal  ulnar crease, di rected towards  the ulnar s tyloid.
or
Insert a  25G 25 mm needle on the media l  aspect of the wris t underneath the tendon of the flexor carpi  ulnaris .
P.1021

At a  depth of approximately 1 cm paraesthes ia  wi l l  be el ici ted; s lowly inject 3 ml  of solution.
Subcutaneous  infi l tration around the ulnar aspect of the wris t wi l l  block the dorsa l  cutaneous  branch.

Radia l  nerve technique:
The arm is  abducted and the forearm s l ightly pronated.
The radia l  nerve i s  enti rely sensory and cutaneous  at this  level . A field block of the terminal  branches  i s  achieved by
infi l tration of 5–8 ml  of solution from the radia l  s tyloid over the posterior aspect of the wris t to the mid point of the dorsum of
the wris t.

Cl inica l  tips :
If surgery i s  l imited to cutaneous  dis tribution of one nerve, individual  nerves  can be targeted.
Wris t blocks  can be used in conjunction with wris t tourniquets  for hand surgery.



View Figure

Fig. 50.9 Wris t block (median and ulnar nerves).

Digi ta l  nerve block

Technique:
Pa lpate the metacarpophalangeal  joint and insert a  25G 25 mm needle perpendicular to the skin just dis ta l  to the joint.
Advance the needle towards  the pa lmar surface, injecting 3 ml  on each s ide of the phalanx.
Insert a  25G 25 mm needle into the web space to a  depth of 2 cm, injecting 5 ml  of solution into each space; massage the space
to a id spread.
Avoid adrenal ine-conta ining solutions .

Intravenous  regional  anaesthes ia  (IVRA)-Bier's  block

Technique:
Apply a  double cuff tourniquet (or s ingle cuff) to ei ther the wris t or the upper arm.
Select a  sui table vein and insert a  22G IV cannula , below the cuff.
Insert a  22G IV cannula  into the other hand as  a  safety needle.
Elevate or use an Eschmark bandage to ensanguinate the arm. Inflate cuffs  to 100 mmHg above systole blood pressure, checking
for absence of radia l  pulse. Deflate the dis ta l  cuff.
Inject a  di lute solution of loca l  anaesthetic, e.g. pri loca ine 0.5%, 40 ml  for a  smal l  arm, 50 ml  for a  medium arm, or 60 ml  for a
large arm. (Lidoca ine (l ignocaine) 0.5% maximum dose 250 mg).
Wait 5–10 min for the block to take effect, then inflate the dis ta l  cuff and deflate the proximal  cuff.
The minimum time to cuff deflation i s  15 min with pri loca ine or 20 min with l idoca ine (l ignocaine).

Compl ications : Accidenta l  deflation of the cuff causes  intravenous  injection of a  large volume of di lute loca l  anaesthetic solution.
Cl inica l  tips :

Useful  for cutaneous  anaesthes ia  but often not adequate for bony surgery.
Use only for short procedures , less  than 30 min.
P.1022

For short dis ta l  procedures , gripping the forearm during injection ensures  that most loca l  anaesthetic i s  reta ined dis ta l ly. No
analges ia  i s  provided higher up the arm, however.
Can use l idoca ine (l ignocaine) 0.5%: l imit to 250 mg in adult.
Never use bupivaca ine.
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Lower l imb blocks
Anatomy of the lumbar plexus
The lumbar plexus  l ies  within the psoas  muscle, formed from the ventra l  rami  of L1–L3 and the major part of the L4 nerve. It gives  ri se to the:

i l iohypogastric nerve (L1)
i l ioinguina l  nerve (L1)
genitofemoral  nerve (L1–L2)
latera l  femoral  cutaneous  nerve (L2–L3)
femoral  nerve (L2–L4)
obturator nerve (L2–L4).

Lumbar plexus  block (posterior approach or ‘psoas  compartment’ block)
This  block i s  indicated for hip, knee, and femoral  shaft surgery. In combination with sciatic nerve block i t can be used for a l l  operations  on the
knee, ankle, and foot including the use of tourniquet.

Landmarks : posterior superior i l iac spine (PSIS), l ine joining the i l iac crests  (Tuffier's  l ine)—intercris tine l ine.
Technique:

Pos i tion the patient latera l ly, operative s ide uppermost, and draw a  l ine para l lel  to the spinous  processes , pass ing through
the PSIS.
Mark the point where the intercri s tine l ine crosses .
Us ing insert a  22G 100 mm insulated needle perpendicular to the skin with a  s l ight caudad angle. Insert unti l  ei ther the
transverse process  of L4 i s  encountered (i f there i s  bony contact redirect the needle to pass  beneath the transverse process ) or
quadriceps  s timulation i s  encountered—approximately 8–10 cm.
Reduce s timulation to 0.2–0.4 mA and inject 30–40 ml  of solution.
Al ternatively, use the loss  of res is tance technique. ‘Walk’ a  s tandard Tuohy needle a long the caudad border of the L4
transverse process  and inject a fter there i s  a  loss  of res is tance at 0.5–1 cm.
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Compl ications :

Vascular injection—injection should be s low, with repeated aspiration.
Epidura l—intratheca l  injection or spread.

Cl inica l  tips :
Avoid media l  angulation as  paravertebra l  space/epidura l/intratheca l  injection may occur.
If bone i s  encountered deeper than the ini tia l  s timulation (body of the vertebra) cons ider paravertebra l  placement of the
needle.
Useful  for intra/postoperative analges ia  in surgery for a  fractured femoral  neck.

View Figure

Fig. 50.10 Posterior approach to the lumber plexus  (psoas  compartment block).

Femoral  nerve block (anterior approach to lumbar plexus)
This  block i s  indicated for surgery to the anterior thigh, knee, or femur.

Technique:
Pa lpate the femoral  artery at the level  of the inguina l  l igament.
Mark a  point 1 cm latera l  to the pulsation and 1–2 cm dis ta l  to the l igament.
Insert a  22G 50 cm needle at 45° to the skin in a  cephalad di rection. Two dis tinct ‘pops ’ may be fel t as  the needle passes
through fascia  lata  and i l iopectineal  fascia .
Paraesthes ia  in the knee or s timulation of quadratus  femoris—‘dancing patel la ’—indicates  correct location of the needle.
Inject 10–30 ml  of solution.

Cl inica l  tips :
Sartorious  s timulation i s  ei ther from direct muscle contact or anterior divis ion of the nerve—not acceptable for a  good effect.
The nerve divides  into multiple branches  at or below inguina l  l igament.
Commonly ca l led a  3:1 block (femoral , latera l  cutaneous  nerve of thigh, obturator) when us ing high volume and dis ta l  pressure
to a id cephalad spread. This  i s  an unrel iable method for obturator nerve block.

Compl ications : vascular injection.

Obturator nerve block
This  block i s  indicated for adductor spasm and knee surgery (optional ).

Landmarks : insertion of adductor tendons .
Technique:

Pos i tion the patient supine with the leg placed in a  ‘figure of four’ pos i tion.
Identi fy the insertion of the adductor magnus  and brevis  into the pubis .
At a  point between the tendons , 1 cm inferior to the pubis , insert a  22G 80 mm insulated needle in the horizonta l  plane a iming
at the ips i latera l  anterior superior i l iac spine.
At a  depth of 5–6 cm res is tance of the obturator membrane may be fel t. Fol lowing a  ‘pop’ ei ther inject 5–15 ml  or el i ci t a  motor
response (adductor s timulation).

Latera l  cutaneous  nerve of the thigh
Block of this  nerve i s  indicated for analges ia  of latera l  femoral  incis ions  (hip
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surgery and surgery for fractured neck of femur). It i s  commonly blocked by a  femoral  nerve block or femoral  3:1 block.
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Landmarks : anterior superior i l iac spine, inguina l  l igament.
Technique:

At a  point 2 cm media l  and 2 cm inferior to the anterior superior i l iac spine, below the inguina l  l igament.
Insert a  22G 25–50 cm short-bevel led needle perpendicular to the skin. 10 ml  of solution i s  injected beneath the fascia  lata .

View Figure

Fig. 50.11 Lumbar plexus .

Subcosta l  nerve (latera l  cutaneous  branch of the T12 intercosta l  nerve)
This  nerve i s  blocked in conjunction with the lumbar plexus  for hip surgery (posterior approach).

Landmarks : anterior superior i l iac spine, i l iac crest
Technique: us ing 22G 80 mm needle make a  subcutaneous  infi l tration backwards  from the anterior superior i l iac spine a long the i l iac
crest us ing 8–10 ml  of solution.

Anatomy of the sacra l  plexus
The sacra l  plexus  i s  formed from the lumbosacra l  trunk (L4–L5), the ventra l  rami  of S1–S3 and part of S4. The plexus  l ies  on pi ri formis  muscle
on the anterior surface of the sacrum, covered by the parieta l  pelvic fascia . It gives  severa l  branches  to the pelvis  but only two nerves  emerge
from the pelvis  to supply the leg:
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the posterior cutaneous  nerve of the thigh (S1–S3)
the sciatic nerve (L4–L5, S1–S3).

Sciatic nerve block (posterior approach–Labat)
This  block i s  indicated for ankle and foot surgery. In combination with femoral  nerve block i t can be used for a l l  surgery on the knee and lower
leg.

Technique:
Put the patient in Sim's  pos i tion (recovery pos i tion with operative s ide uppermost) and arrange the knee, greater trochanter,
and posterior superior i l iac spine (PSIS) in a  l ine.
Draw a  l ine connecting the PSIS and greater trochanter. At i ts  mid point, drop a  perpendicular l ine to intersect another l ine
joining the greater trochanter and the sacra l  hiatus .
Insert a  22G 100 mm needle perpendicular to the skin to a  depth of 8–10 cm, and el ici t ei ther paraesthes ia  or motor s timulation
—evers ion (peroneal ) or plantar flexion (tibia l ). Inject 10–20 ml  of solution.
Three other approaches  to the sciatic nerve have been described: the inferior approach (Raj), the latera l  approach (Ichiangi ),
and the anterior approach (Beck).

Cl inica l  tips :
Only the class ica l  posterior approach guarantees  block of the posterior cutaneous  nerve of the thigh.
If the nerve cannot be immediately identi fied, ‘walk’ the needle a long the perpendicular joining the two l ines  (the sciatic nerve
must cross  this  perpendicularly at some point).
The onset of the block i s  s low and may take up to 60 min.
The tibia l  and peroneal  components  may divide anywhere from the sciatic notch to the popl i tea l  fossa; peroneal  s timulation
alone doesn't ensure tibia l  anaesthes ia . Aim for invers ion and dors i flexion.
At the level  of the greater trochanter the sciatic nerve bears  a  more constant relationship to the i schia l  tubercle being 1–2 cm
latera l .
In approximately 25% of patients  i t i s  imposs ible or di ffi cul t to block the sciatic nerve by the a l ternative anterior approach. The
nerve l ies  underneath the femur (external  rotation of femur may help).

View Figure

Fig. 50.12 Posterior (Labat) approach to the sciatic nerve.
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Anatomy of the nerve supply of the lower leg and foot
Below the knee the sciatic nerve suppl ies  a l l  motor and sensory innervation except for a  cutaneous  s trip fol lowing the long saphenous  vein to
the media l  border of the foot (long saphenous  nerve-terminal  branch of the femoral  nerve). The sciatic nerve divides  usual ly at the upper
angle of popl i tea l  fossa  into:

The tibia l  nerve (L4–L5, S1–S3), branching into the sura l  nerve and the tibia l  nerve.
The common peroneal  nerve (L4–L5, S1–S2), dividing into the superficia l  peroneal  nerve and the deep peroneal  nerve.

Popl i tea l  block (posterior approach)
The popl i tea l  fossa  i s  diamond-shaped area  bounded inferiorly by the media l  and latera l  heads  of the gastrocnemius  and superiorly by the



long head of biceps  femoris  and the superimposed heads  of the semimembranosus  and semitendinosus . The posterior skin crease of the
knee marks  the widest point of the fossa , and with the knee s l ightly flexed, the popl i tea l  artery can be pa lpated in the middle of the fossa .
This  block i s  indicated for ankle and foot surgery.

View Figure

Fig. 50.13 Popl i tea l  fossa  block (right leg).
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Landmarks : popl i tea l  skin crease, popl i tea l  artery.
Technique:

With the patient prone flex the knee, marking the popl i tea l  crease, and pa lpate the popl i tea l  artery.
Mark a  point 4 cm proximal  to the popl i tea l  skin crease and 1 cm latera l  to the artery.
Insert a  22G 50/80 mm needle (depending on the s i ze of the patient) at this  point, di recting the needle proximal ly at an angle
of 45° to the skin.
Stimulation of the sciatic or tibia l  branch wi l l  be achieved at a  variable depth of 2–4 cm.
Injection of 15 ml  of solution wi l l  achieve blockade of the sciatic nerve, but to guarantee blockade of both branches  inject 30–40
ml .

Cl inica l  tips :
As  the sciatic nerve may wel l  branch high within the popl i tea l  fossa  i t may be necessary to identi fy i t higher within the
popl i tea l  fossa  or block the common peroneal  and tibia l  nerve individual ly.
The tibia l  nerve fol lows  the popl i tea l  artery and can be located as  above. Di recting the needle in a  more superolatera l
di rection may be necessary to identi fy the peroneal  nerve.
If the popl i tea l  artery cannot be pa lpated, mark the popl i tea l  crease and drop a  l ine from the apex of the fossa  to the middle of
the crease; this  marks  the popl i tea l  artery.

Intra-articular block
This  block i s  indicated for knee arthroscopy.

Landmarks : media l  border of the patel la .
Technique:

Ful ly extend the knee.
Identi fy the gap between the media l  border of the patel la  and the femur.
Insert a  22G 50 mm needle into the knee joint.
Inject 30 ml  of loca l  anaesthetic.
Inject porta l  s i tes  with loca l  anaesthetic.

Cl inica l  tips :
Steri le technique i s  of the utmost importance when injecting into a  major joint.
Addition of morphine 2–5 mg may improve postoperative analges ia .
Adrenal ine-conta ining solutions  have the advantage of minimizing bleeding into the joint.

Saphenous  nerve block
This  i s  indicated in combination with sciatic nerve block for ankle and foot surgery.

Landmarks : tibia l  tuberos i ty, media l  tibia l  condyle.
Technique:

The patient should be supine, with thei r leg external ly rotated.
Identi fy the tibia l  tuberos i ty and inject 10–15 ml  subcutaneous ly from the tibia l  tuberos i ty towards  the media l  tibia l  condyle.
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Ankle and foot blocks
To ensure anaesthes ia  of the foot requires  the fol lowing nerves  to be blocked at the ankle:
Deep peroneal  nerve

Technique:
3 cm dis ta l  to the inter-mal leolar l ine pa lpate the extensor ha l lucis  longus  tendon (dors i flexion of the big toe); latera l  to this
i s  the dorsa l i s  pedis  artery.
Insert a  23G 25 mm needle just latera l  to the artery, unti l  bony contact i s  made; withdraw s l ightly injecting 2 ml .

Superficia l  peroneal  nerves

Landmarks : injection point i s  the same as  for the deep peroneal  nerve.
Technique: after performing blockade of the deep peroneal  nerve infi l trate subcutaneous ly latera l ly and media l ly to the plantar
junction of the foot with 10 ml  of loca l  anaesthetic. This  blocks  the media l  and latera l  cutaneous  branches .

Tibia l  nerve



Technique:
Draw a  l ine from the media l  mal leolus  to the posterior inferior ca lcaneum.
Palpate the posterior tibia l  artery.
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Insert a  22G 50 mm needle just behind the artery, advancing unti l  ei ther s timulation or paraesthes ia  i s  el i ci ted. If bone i s
encountered, withdraw s l ightly injecting 6–10 ml .

View Figure

Fig. 50.14 Ankle block I.

View Figure

Fig. 50.15 Ankle block II .

Sura l  nerve

Landmarks : latera l  mal leolus , Achi l les  tendon.
Technique: us ing a  22G 50 mm needle, inject 5 ml  subcutaneous ly between the latera l  mal leolus  and the latera l  border of the Achi l les
tendon.

Digi ta l  nerves

Metatarsa l  approach: 22G 50 mm needle at mid metatarsa l  level , 6 ml .
Digi ta l  approach: a  22G 50 mm needle dis ta l  to the metatarsophalangeal  joint, 3–6 ml .
Web space: a  23G 25 mm needle in the web space, 6 ml .
Avoid adrenal ine-conta ining solutions .
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Trunk blocks
Anatomy of the nerve supply to the thorax and abdomen

The muscles  and skin of the chest and abdomen are suppl ied by the spina l  nerves  of T2–T12 with a  contribution of L1 in the inguina l
region. These mixed spina l  nerves  emerge from the intervertebra l  foramen into the paravertebra l  space dividing into posterior and
ventra l  rami .
The posterior rami  supply the deep muscle and skin over the dorsum of the trunk.
The ventra l  rami  form the intercosta l  nerves , which pass  into the neurovascular plane between the internal  intercosta l  and transversus
muscles .
A latera l  cutaneous  branch i s  given off before the costa l  angle, piercing the intercosta l  muscles  and overlying muscles  in the mid-
axi l lary l ine.
The intercosta l  nerves  end as  an anterior cutaneous  nerve.

Thoracic paravertebra l  block

This  block has  many indications :
thoracic surgery—postoperative pa in control
breast surgery
fractured ribs—pain control
open cholecystectomy—postoperative pa in control
renal  surgery.

Landmarks : spinous  processes  of the thoracic vertebrae.
Technique:

The patient should be s i tting or lying with the operative s ide up.
Pa lpate the cephalad aspect of the spina l  process  and make a  mark 2.5–3 cm latera l ly.
Insert a  22G 80 mm needle perpendicular to the skin to contact the transverse process  of the vertebra  below.
Withdraw the needle, reinserting i t to pass  cephalad to the transverse process , advancing unti l  loss  of res is tance or
paraesthes ia  i s  el i ci ted (usual ly 1–1.5 cm).
Inject 5 ml  per level  or 15 ml  to obta in spread in 3–5 segments .
To insert a  catheter use a  16G Tuohy needle unti l  there i s  loss  of res is tance to a i r/sa l ine.

Compl ications :
Intravascular injection of loca l  anaesthetic.
Epidura l  or intratheca l  injection.
Pneumothorax.

Intercosta l  nerve block
Indications  as  for thoracic paravertebra l  block.

Technique:
The patient should be prone or latera l  with the operative s ide up.
Feel  for the posterior angle of the rib at the posterior axi l lary l ine; place the index and middle fingers  ei ther s ide of the rib.
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Insert a  22G 50 mm needle perpendicular to the skin, to touch the lower border of the rib.
Pass  the needle beneath the rib, insert 3–4 mm. A cl i ck or loss  of res is tance or paraesthes ia  may be fel t-inject 3–5 ml .
For catheter insertion use 16G Tuohy needle with an obl ique angulation para l lel  to the rib unti l  there i s  loss  of res is tance to
a i r/sa l ine.

Compl ications :
Intravascular injection.
Bleeding.
Pneumothorax.
Loca l  anaesthetic drug toxici ty.

Cl inica l  tips :
It i s  important to be able to feel  the rib.
Multiple levels  increase the ri sk of pneumothorax.
Bi latera l  block best achieved with the patient prone.

View Figure

Fig. 50.16 Thoracic paravertebra l  block.

Interpleura l  block

This  block i s  indicated for:
fractured ribs
breast surgery
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uni latera l  upper abdominal  surgery—open cholecystectomy
chronic pancreatic pa in.
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Landmarks : posterior angle of the s ixth rib.
Technique:

Pos i tion the patient latera l ly with the operative s ide uppermost.
Use a  16G Tuohy needle with a  one-way or sel f-sea l ing va lve connected to a  bag of IV sa l ine (Arrow catheter sheath adaptor).
Introduce the needle at 45° to the s ixth rib to touch upper border.
Connect the infus ion to the s ide arm of the sheath adaptor and turn i t on.
Advance the needle over the top of the rib (avoiding the neurovascular compartment) unti l  there i s  free flow of sa l ine (the
space between parieta l  and viscera l  pleura  i s  entered).
Thread an epidura l  catheter through the sel f-sea l ing va lve of the adaptor, 8–10 cm into the space, and secure.
Inject 20 ml  solution.

Compl ications : pneumothorax.
Cl inica l  tips :

Us ing a  closed system ensures  that no a i r i s  introduced into the space from outs ide.
Always  go above the rib, avoiding the neurovascular bundle.
Effect i s  due to spread into the paravertebra l  gutter, blocking sympathetic as  wel l  as  somatic nerves .
Keep the sa l ine infus ion no more than 10 cm above the height of the needle hub to avoid fa lse loss  of res is tance.

View Figure

Fig. 50.17 Intercosta l  nerve block.

Inguina l  field block
Il iohypogastric, i l ioinguina l  and geni tofemoral  nerves , plus  branches  from overlapping intercosta l  nerves , supply the inguina l  region. This
block i s  indicated for inguina l  hernia  surgery.
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Technique:
At a  point 2 cm (two fingers ' breadth) media l  to the anterior superior i l iac spine insert a  22G 50 mm short bevel led needle
perpendicular to the skin.
A pop i s  fel t as  the needle passes  through the aponeuros is  of the external  obl ique muscle. Inject 8 ml  blocking the
i l iohypogastric nerve.
Redirect the needle deeper to pass  through the internal  obl ique muscle, injecting 8 ml  between the internal  obl ique and the
transversus  abdominis  to block the i l ioinguina l  nerve.
Further fan-wise subcutaneous  infi l tration superficia l  to the aponeuros is  wi l l  block the cutaneous  supply from the lower
intercosta l  and subcosta l  nerves .
Pa lpate the deep inguina l  ring (1–1.5 cm above the mid point of the inguina l  l igament). Insert a  needle into the inguina l  canal
injecting 5 ml  to block the geni ta l  branch of the geni tofemoral  nerve. This  can only rel iably be done at the time of surgery.
Subcutaneous  infi l tration at the media l  end of incis ion or fan wise from the pubic tubercle wi l l  block contra latera l  innervation.

Compl ications :
Intravascular injection.
Intraperi toneal  injection.
Femoral  nerve block.

Peni le block
This  i s  indicated for ci rcumcis ion.

Landmarks : symphys is  pubis .
Technique:
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Palpate the symphys is  pubis  above the root of the penis .
Insert a  22G 25–50 mm needle to touch the inferior border of the pubis  and advance 1–2 cm unti l  loss  of res is tance i s  fel t.
The needle wi l l  be deep to the superficia l  fascia  of the penis  (Buck's  fascia), inject 5–10 ml  blocking both dorsa l  nerves .
Complete the block by injecting subcutaneous ly around the root of the penis  blocking i l ioinguina l  and gentiofemoral
contributions .

Compl ications : intravascular injection, bleeding.
Cl inica l  tips :

Never use adrenal ine-conta ining solutions .
It i s  often prudent to perform two injections , one ei ther s ide of the midl ine, to avoid the dorsa l  artery of the penis .
The nerve supply to the penis  and scrotum is  primari ly via  the dorsa l  nerve of the penis  and posterior scrota l  branches  of the
pudendal  nerve (S2–S4), with additional  branches  from the i l ioinguina l , geni tofemoral , and posterior cutaneous  nerve of the
thigh.



View Figure

Fig. 50.18 Peni le block.
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Centra l  neuraxia l  blocks
Spina l  and epidura l  anatomy

The spina l  cord terminates  at L1–L2 adults , L3 infants .
The l ine joining the i l iac crests -intercri s tine l ine (Tuffier's  l ine)—is  at the L3/4 interspace.
The subarachnoid space ends  at S2 in adults  and lower in chi ldren (care with paediatric caudal  block, use cannula  rather than needle).
The subarachnoid space extends  latera l ly a long the nerve roots  to the dorsa l  root gangl ia .
There i s  a  capi l lary interva l  (potentia l  space) between the dura  and the arachnoid mater (subdura l  space). This  space i s  widest and
most eas i ly access ible in the cervica l  region.
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The epidura l  (extradura l ) space l ies  between the wal l s  of the vertebra l  canal  and the spina l  dura  mater. It i s  a  potentia l  low-pressure
space, occupied by areolar ti s sue, loose fat, and the internal  vertebra l  venous  plexus .
The l igamentum flavum is  thin in the cervica l  region reaching maximal  thickness  in the lumbar region (2–5 mm).

View Figure

Fig. 50.19 Boney landmarks  of the spine.

View Figure

Fig. 50.20 Subarachnoid and epidura l  spaces .

Spina l  block

Indications  for spina l  block are:
Lower abdominal  surgery (caesarean section, inguina l  hernia).
Lower l imb surgery.
Perineal  surgery.
Analges ia  for upper abdominal  surgery (in combination with GA), less  commonly as  sole anaesthes ia  for upper abdominal
surgery.

Landmarks : spinous  processes  of the lumbar vertebrae and the l ine joining the i l iac crests  (Tuffier's  l ine).
Technique:

The patient should be s i tting or lying on their s ide.
Mark a  l ine joining the i l iac crests .
Identi fy the spinous  processes  at the level  of this  l ine.
The nearest interspace at this  level  i s  L3/4 (there i s  s igni ficant variation).
After ra is ing a  subcutaneous  wheal , insert a  22–29G needle of your choice:

Midl ine: at the level  of the interspace, insert a  needle in the midl ine (coronal  plane). With 15° cephalad angulation,
advance unti l  a  cl i ck or pop i s  fel t, at an approximate depth of 4–6 cm.
Paramedian: 1–2 cm latera l  to the upper border of the spinous  process . Insert a  needle perpendicular to the skin to
contact the lamina of the vertebra. Withdraw s l ightly, reinserting the needle 15° media l ly and 30° cephalad to pass  over
the lamina through the
P.1038

intra lamina space. Advance unti l  a  cl i ck or pop i s  fel t (the dura  i s  pierced).
After free flow of CSF inject the des i red volume, check for free flow of CSF after injection.

Needle des ign:
Quincke (cutting) end hole—insertion para l lel  to dura l  fibres .
Whittaker/Sprotte (spl i tting)—side hole, ‘penci l  point’.
Use 25–29G depending on personal  preference. Use 22G in an elderly patient with a  di ffi cul t back.

Continuous  spina l  anaesthes ia  (CSA)–spina l  catheters

Better control  over level , intens i ty, and duration of block.
Poss ibly less  hypotens ion due to incrementa l  dos ing and reduced tota l  dose.
Trend to larger catheters , e.g. 20G epidura l , 22–24G ‘catheter-over-needle’.
Low incidence of post dura l  puncture headache in older patients  (1–6%).
This  block i s  indicated for lower abdominal , hip, and knee surgery.
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Technique:
Make a  dura l  puncture us ing your needle of choice (18G Tuohy, manufacturer's  speci fic ki t).
The level  and technique are not cri ti ca l .
Insert a  catheter 3 cm into CSF and attach a  bacteria l  fi l ter.
Inject 1–1.5 ml  (0.5% pla in bupivaca ine). Wait 15 min and test the block.
Inject a  further 0.5–1.0 ml  as  necessary or when the level  of block decreases  by two segments .

Compl ications : post dura l  puncture headache (see p. 707).

Loca l  anaesthetic drugs  for spina l  anaesthes ia

There i s  no commercia l ly marketed short-acting intratheca l  preparation l i censed for spina l  anaesthes ia  within the United Kingdom.
Manufacturers  advise aga inst the use of l idoca ine (l ignocaine) due to ri sks  of cauda equina  syndrome and trans ient radicular
i rri tation or trans ient neurologica l  symptoms.
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Trans ient neurologica l  symptoms: back pa in or dysaesthes ia  radiating into buttocks  and legs . Begins  within 24 h of procedure.
Usual ly sel fresolving in 3–5 days . No neurologica l  sequelae (see a lso p. 951).

Ropivaca ine does  not have a  product l i cence for intratheca l  use.
Bupivaca ine pla in or heavy can be used (usual ly 0.5%).
‘Heavy’ i s  hyperbaric and conta ins  8% dextrose.
‘Pla in’ bupivaca ine i s  i sobaric at body temperature.
Due to spread in the intratheca l  space, heavy solutions  can be used to achieve a  higher block. Pla in solutions  wi l l  usual ly produce a
lower block height (T12–L1) with consequently less  hypotens ion, under normal  conditions .

Suggested doses for spinal anaesthesia

Block height Volume of solution

Heavy bupivaca ine 0.5%:

T6–T10 2.5–3 ml

T11–L1 2.5 ml

L2–L5 2.0 ml

S1–S5 (saddle block) 1.0–1.5 ml  (s i tting pos i tion)

Pla in bupivaca ine 0.5% (or levobupivaca ine 0.5%):

T6–T10 Unrel iable

T11–L1 2.5–3 ml

L2–L5 2.5 ml

S1–S5 Not poss ible to achieve saddle block

Cl inica l  tips

Ideal ly injection should be at the L3/4 interspace; i f there i s  di ffi cul ty go down not up as  the level  of termination of the conus  i s
variable (L5–S1 Taylor's  approach).
Accurate surface identi fi cation of the L3/4 interspace i s  di ffi cul t– 70% of cl inicians  mark higher.
A s i tting pos i tion increases  CSF pressure and hence improves  CSF flow with fine needles . Also eas ier to find the midl ine in obese
patients .
Latera l  pos i tion offers  fami l iari ty of practice and poss ibi l i ty of sedation.
Often problems are due to too short an introducer and a  flexible needle-can use a  s teri le 19G (white) needle as  a  longer introducer for
most 25G spina l  needles .
The midl ine approach i s  conceptual ly eas ier, but osteophytes  and ca lci fi cation of the interspinous  l igament in the elderly increase the
di fficul ty.
In the latera l/ paramedian approach the lamina acts  as  a  depth gauge; the intra lamina space i s  preserved in elderly patients .
Low-dose bupivaca ine/levobupivaca ine 6–8 mg ± fentanyl  10–25 µg i s  poss ible for day case spina l  anaesthes ia .
The use of l idoca ine (l ignoca ine) i s  not recommended due to trans ient neurologica l  symptoms (see above). Cons ider pri loca ine 2% (60
mg) i f the procedure i s  short.

Contra indications  to spina l  anaesthes ia

Relative contra indications :
Aortic s tenos is/mitra l  s tenos is  (profound hypotens ion-sympathetic block).
Previous  back surgery (technica l  di ffi cul ty).
Neurologica l  disease (medicolega l ).
Systemic seps is  (increased incidence of epidura l  abscess , meningi ti s ).

Absolute contra indications :
Loca l  seps is .
Patient refusa l .
Ful l  therapeutic anticoagulation.
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View Figure

Fig. 50.21 Dermatomes. With kind permiss ion of Oxford Univers i ty Press .

View Figure

Fig. 50.22 Dermatomes. With kind permiss ion of Oxford Univers i ty Press .

P.1040

P.1041

P.1042

Epidura l  block
See p. 701 and p. 984.
Caudal  block
See p. 789.

Adult dose 20–25 ml  bupivaca ine (0.125–0.5%) pla in.
Use a  21G (green) needle or 20G intravenous  cannula .
Urinary retention i s  more common in adults .
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Drug formulary
For paediatric formulary see a lso p. 815.

Drug
Description and perioperative
indications

Cautions and
contraindications

Side-effects IV dose (paediatric) IV dose (adult)

Acetazolamide
(Diamox®)

Carbonic anhydrase inhibi tor
used for acute reduction of
intraocular pressure.
Weak diuretic

Extravasation causes
necros is

 2–7 mg/kg tds 500 mg bd

Adenos ine

Endogenous  nucleos ide with
antiarrhythmic activi ty. Slows
conduction through AV node.
Treatment of acute paroxysmal
SVT (including WPW) or
di fferentiation of SVT from VT.
Duration 10 s

Second or thi rd degree
heart block. Asthma.
Reduce dose in heart
transplant or
dipyridamole
treatment

Flushing, dyspnoea,
headache—al l  trans ient

0.05 mg/kg,
increas ing by 0.05
mg/kg to max. 0.3
mg/kg

6 mg fast IV bolus ,
increas ing to 12 mg at
2 min interva ls  as
necessary

Adrenal ine

Endogenous  catecholamine
with a lpha and beta  action:

1. Treatment of
anaphylaxis

2. Bronchodi lator
3. Pos i tive inotrope
4. Given by nebul i zer for

croup
5. Prolongation of loca l

anaesthetic action.

1:1,000 conta ins  1 mg/ml , 1:10
000 conta ins  100 µg/ml , 1:200
000 conta ins  5 µg/ml

Arrhythmias  especia l ly
with ha lothane.
Caution in elderly.
Via  centra l  catheter
whenever poss ible

Hypertens ion,
tachycardia , anxiety,
hyperglycaemia,
arrhythmias .
Reduces  uterine blood
flow

1–3: IV/IM 0.1 ml/kg
of 1:10 000(10 µg/kg).
Intraosseous/ET 0.1
ml/kg of 1:1000(100
µg/kg).Infus ion 0.05
–1 g/kg/min.
4: Nebul i zation 0.5
ml/kg (upto 5 ml)
1:1000.
5. Maximum dose for
infi l tration 2 µg/kg

1–3: IV/IM/ET 1 ml
a l iquots  of 1:10 000 up
to 5–10 ml  (0.5–1 mg).
Infus ion 2–20 µg/min
(0.04–0.4 µg/kg/min).
4: Nebul i zation 5 ml
1:1000.
5: Maximum dose for
infi l tration 2 µg/kg

Al fentani l
Short-acting, potent, opioid
analges ic. Duration 10 min

 
Respiratory depress ion,
bradycardia ,
hypotens ion

15–50 µg/kg over 5
min, then 0.5–1
µg/kg/min

250–750 µg (5–10
µg/kg). Attenuation of
CVS response to
intubation:
10–20 µg/kg

Aminophyl l ine

Methylxanthine bronchodi lator
used in prevention and
treatment of as thma. Converted
to theophyl l ine, a
phosphodiesterase inhibi tor.
Serum levels  10–20 mg/l i tre
(55–110 µmol/l i tre)

Caution in patients
a l ready receiving ora l
or IV theophyl l ines .
Where serum level
known aminophyl l ine
0.6 mg/kg should
increase level  by 1
mg/l i tre

Palpi tations ,
tachycardia , tachypnoea
seizures , nausea

5 mg/kg over 30 min,
then 0.5–1 mg/kg/h

5 mg/kg over 30 min,
then 0.5 mg/kg/h,
infus ion

Amiodarone

Mixed class  1C and II I
antiarrhythmic useful  in
treatment of supraventricular
and ventricular arrhythmias

Via  centra l  catheter.
Sinoatria l  heart block,
thyroid dys function and
pregnancy

Commonly causes
thyroid dys function and
revers ible corneal
depos i ts

25 µg/kg/min for 4 h,
then 5–15 µg/kg/min

5 mg/kg over 1–2 h.
Maximum 1.2 g in 24 h

Ampici l l in
Broad spectrum penici l l in
antibiotic

His tory of a l lergy Nausea, diarrhoea, rash 10–25 mg/kg qds 0.5–1 g qds

Amoxici l l in
Broad spectrum penici l l in
antibiotic

His tory of a l lergy Nausea, diarrhoea, rash
10–25 mg/kg tds .
50 mg/kg qds  in
severe infections

0.5–1 g qds

Aprotinin
(Trasylol®)

Inhibi ts  plasmin (respons ible
for fibrin dissolution) and
reduces  blood loss  in major
cardiac surgery

 
Hypersens i tivi ty and
phlebi ti s

 

2000 000units  (200 ml)
over 30 min, then
infus ion of 500
000units  (50 ml) per
hour

Atenolol
Cardioselective beta-blocker.
Long acting

Asthma, heart fa i lure,
AV block, verapami l
treatment

Bradycardia ,
hypotens ion and
decreased contracti l i ty

0.05 mg/kg every 5
min–max. four doses

5–10 mg over 10 min.
PO: 50 mg od

Atracurium

Benzyl i soquinol inium non-
depolarizing muscle relaxant.
Undergoes  temperature- and
pH-dependent Hoffman
el imination (to laudanos ine),
plus  non-speci fic enzymatic
ester hydrolys is . Useful  in
severe renal  or hepatic
disease. Duration 20–35 min

Neuromuscular block
potentiated by
aminoglycos ides , loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents . Store at 2–8 °C.

Mi ld his tamine release
and rash common with
higher doses . Flush
with sa l ine before and
after

Intubation: 0.3–0.6
mg/kg. Maintenance:
0.1–0.2 mg/kg.
Infus ion: 0.3–0.6
mg/kg/h, monitor
neuromuscular
blockade

Intubation: 0.3–0.6
mg/kg. Maintenance:
0.1–0.2 mg/kg. Infus ion:
0.3–0.6 mg/kg/h,
monitor
neuromuscular
blockade
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Atropine

Muscarinic acetylchol ine
antagonis t. Vagal  blockade at
AV and s inus  node increases
heart rate (trans ient decrease
at low doses  due to weak
agonis t effect).Tertiary amine
therefore crosses  blood–bra in
barrier

Obstructive uropathy
and cardiovascular
disease

Decreases  secretions ,
and lower oesophageal
sphincter tone, relaxes
bronchia l  smooth
muscle Confus ion in
elderly

IV: 10–20 µg/kg.
Control  of muscarinic
effects  of
neostigmine: 10–20
g/kg. IM/SC:10–30
g/kg. PO: 40 µg/kg

300–600 g. Control  of
muscarinic effects  of
neostigmine: 600–1200
µg.

Benzatropine

Antimuscarinic used in acute
treatment of drug induced
dystonic reactions  (except
tardive dyskines ia)

Glaucoma,
gastrointestina l
obstruction

Urinary retention, dry
mouth, blurred vis ion

>3 years  0.02 mg/kg
repeated after 15
min

IV/IM: 1–2 mg repeated
i f necessary

Benzylpenici l l in Broad spectrum antibiotic His tory of a l lergy Nausea, diarrhoea, rash
25 mg/kg qds .
50 mg/kg qds
for severe infections

300–600mg qds . Higher
doses  may a lso be
used (up to 2.4g qds

Bicarbonate
(sodium)

Alka l ine sa l t used for
correction of acidos is  and to
enhance onset of action of
loca l  anaesthetics . 8.4% = 1000
mmol/l i tre. Dose (mmol) in
acidos is : weight (kg) x base
defici t x 0.3

Precipi tation with
ca lcium conta ining
solutions , increased
CO2 production,
necros is  on
extravasation. Via
centra l  catheter i f
poss ible

Alka los is ,
hypokalaemia,
hypernatraemia

1 ml/kg 8.4%
solution (1 mmol/kg)

Dependent on degree
of acidos is .
Resusci tation: 50 ml  of
8.4% then
recheckblood gases .
Bicarbonation of LA: 1
ml  8.4% to 20
mlbupivaca ine. 1 ml
8.4% to 10 ml  l idoca ine
(l ignocaine)/pri loca ine

Bretyl ium

Treatment of res is tant
ventricular arrhythmias  in
resusci tation s i tuation only
Class  I I I  antiarrhythmic

Phaeochromocytoma.
Avoid
sympathomimetic.
amines . May
exacerbate arrhythmias
due to cardiac
glycos ides

Severe hypotens ion,
trans ient hypertens ion,
dizziness , nausea

5–10 mg/kg over 10–
30 min (di lute to 10
mg/ml  in sa l ine or
dextrose), then 5–30
µ/kg/min

5–10 mg/kg over 10 min
(di lute to 10 mg/ml  in
sa l ine or dextrose)

Bupivaca ine

Amide type loca l  anaesthetic
used for infi l tration, epidura l ,
and spina l  anaesthes ia .
Slower onset than l idoca ine
(l ignocaine). Duration 200–400
min (s l ightly prolonged by
adrenal ine)

Greater cardiotoxici ty
than other loca l
agents . Do not use for
IVRA. Adrenal ine-
conta ining solutions
conta in preservative

Toxici ty:
tongue/ci rcumoral
numbness ,restlessness ,
tinni tus , seizures ,
cardiac arrest

Infi l tration/epidura l :
maximum dose
dependent upon
injection s i te —2
mg/kg/4 h
recommended

0.25–0.75% solution.
Infi l tration/epidura l :
maximum dose
dependent upon
injection s i te— 2
mg/kg/4 h. (2 mg/kg
with adrenal ine).
0.75% solution
contra indicated in
pregnancy

Buprenorphine
(Temges ic®)

Opioid with both agonis t and
antagonis t actions . Duration 6
h

May precipi tate
withdrawal  in opioid
addicts . Only partia l ly
reversed by na loxone

Nausea, respi ratory
depress ion,
constipation

>6 months . IV/IM: 3–
6 µg/kg qds .
SL: 3–6 µg/kg tds

Slow IV/IM: 300–600 µg
qds . SL: 200–400 µg 

Caffeine

Mi ld s timulant effective the
treatment of post dura l
puncture headache.
Intravenous  preparation
avai lable as  caffeine sodium
benzoate

  

SCBU: 5 mg/kg qds .
Prevention of
postop. apnoea: 10
mg/kg

IV/PO: 300–500 mg

Calcium chloride

Electrolyte replacement,
pos i tive inotrope,
hyperka laemia,
hypermagnesaemia. Ca lcium
chloride 10% conta ins  Ca 2+ 680
µmol/ml

Necros is  on
extravasation.
Incompatible with
bicarbonate

Arrhythmias ,
hypertens ion,
hyperca lcaemia

0.1–0.2 ml/kg 10%
solution

2–5 ml  10% solution (10
mg/kg, 0.07 mmol/kg)

Calcium gluconate
As  ca lcium chloride. Ca lcium
gluconate 10% conta ins  Ca 2+

220 µmol/ml

Less  phlebi ti s  than
calcium chloride

As  ca lcium chloride
0.3–0.5 ml/kg 10%
solution (max. 20 ml)

6–15 ml  of 10%
solution (30 mg/kg,
0.07 mmol/kg)

Cefotaxime
Third-generation
cephalosporin broad spectrum
antibiotic

Penici l l in sens i tivi ty  
25 mg/kg tds .
50 mg/kg qds  in
severe infections

1 g bd (up to 12 g da i ly
in divided doses  in
severe infections)

Cefuroxime
Second-generation
cephalosporin broad spectrum
antibiotic

10% cross -sens i tivi ty
with penici l l in a l lergy

 20–30 mg/kg tds 750 mg–1.5 g tds

Celecoxib
(Celebrex®)

NSAID with selective inhibi tion
of cyclo-oxygenase II  (Cox II)
enzyme. May therefore have
reduced gastrointestina l  s ide-
effects

Hypersens i tivi ty to
sulphonamides  or
aspirin, as thma, severe
renal  impairment,
peptic ulceration

  PO: 100–200 mg bd

Ceti ri zine (Zi rtek®)
Non-sedative antihis tamine.
Rel ief of a l lergy, urticaria

Prostatic hypertrophy,
urinary retention,
glaucoma, porphyria

Dry mouth
PO: 0.2 mg/kg up to
10 mg

PO: 10 mg od
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Chlora l  hydrate
Formerly a  popular hypnotic in
chi ldren

Avoid prolonged use.
Caution in elderly,
gastri ti s , and porphyria

Gastric i rri tation, ataxia
PO: 25–50 mg/kg as
s ingle dose for
sedation (up to 1 g)

PO: 0.5–1 g nocte

Chlorphenamine
(chlorpheniramine)
(Pi ri ton®)

Sedative antihis tamine. Rel ief
of a l lergy, urticaria ,
anaphylaxis

Prostatic hypertrophy,
urinary retention,
glaucoma, porphyria

Drows iness , dry mouth
<1 year NR. PO: 0.1
mg/kg up to 4 mg qds

Slow IV/IM/SC: 10–20
mg. PO: 4 mg 4-hourly

Chlorpromazine

Phenothiazine, antipsychotic.
Mi ld a lpha blocking action.
Potent antiemetic and used for
chronic hiccups

Hypotens ion

Extrapyramidal  and
antichol inergic
symptoms, sedation,
hypotens ion

0.1–1 mg/kg over 20
min

Up to 25 mg (at 1
mg/min di luted in
sa l ine to 1 mg/ml).
Deep IM: 25–50 mg 6–8-
hourly

Cimetidine
Competi tive H2 hi s tamine
receptor antagonis t. Reduction
of gastric acid

 

Hypotens ion and
arrhythmias  on rapid IV
adminis tration.
Confus ion in elderly

IV/PO: 10–15 mg/kg
qds

200 mg over 2 min
(di luted in sa l ine) 
PO: 400 mg bd

Cisatracurium

Single i somer of atracurium
with greater potency, longer
duration of action and less
his tamine release. Duration 55
min

Neuromuscular block
potentiated by
aminoglycos ides , loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents . Store at 2–8 °C

Enhanced effect in
myasthenia  gravis ,
effects  antagonized by
antichol in-esterases ,
e.g. neostigmine.
Monitor response with
periphera l  nerve
stimulator

>2 years . Intubation:
100 µg/kg.
Maintenance: 20
µg/kg every 0–30 min
Infus ion: 0.06–0.18
mg/kg/hr

Intubation: 150 µg/kg.
Maintenance: 30 µg/kg
every 20–30 min.
Infus ion: 0.06–0.18
mg/kg/h

Citrate (sodium)
Non-particulate antacid ora l
premedication. Aspiration
prophylaxis

   
PO: 30 ml  0.3 M
solution

Clomethiazole
(Heminevrin)

Hypnotic sedative used a lcohol
withdrawal  and s tatus
epi lepticus .

Caution in elderly.
Nasa l  congestion,
confus ion, phlebi ti s ,
hypotens ion, coma.

1–2 ml/kg (8–16
mg/kg) over 15 min,
then 0.5–1 ml/kg/(4–
8mg/kg/hr)

3–7.5 ml/min (24–60
mg/min) as  0.8%
solution, then reduced
to 0.5–1 ml/min (4–8
mg/min) PO: 1–2
capsules  at night

Clonidine

Selective α2 agonis t. Reduces
requirement for opioids  and
volati le anaesthetics .Enhances
epidura l  ana lges ia

Rebound hypertens ion
on acute withdrawal  of
chronic therapy

Hypotens ion, sedation
3–5 µg/kg s lowly. PO
premed: 4 µg/kg.
Caudal :1 µg/kg

2–4 µg/kg over 5 min.
Epidura l : 150–500 µg
(2–10 µg/kg) in 10 ml
sa l ine

Co-amoxiclav
(Augmentin®)

Mixture of amoxici l l in and
clavulanic acid. 1.2 g conta ins  1
g amoxici l l in.

See amoxici l l in See amoxici l l in 25–50 mg/kg qds
600 mg–1.2 g tds  (qds
in severe infections)

Cocaine

Ester type loca l  anaesthetic
and potent vasoconstrictor.
Topica l  anaesthes ia  of mucous
membranes  (nasa l  passages).
Duration 30–120 min

Topica l  use only.
Caution with other
sympathomimetic
agents , ha lothane, and
in chol inesterase
deficiency. Porphyria

Hypertens ion,
arrhythmias , euphoria

1–3 mg/kg topica l
4–10% solution.
Maximum topica l  dose
1.5 mg/kg

Co-codamol  8/500
Combination ora l  ana lges ic
conta ining codeine 8 mg and
paracetamol  500 mg

See paracetamol  NR
PO: 1–2 tablets  qds
(maximum 8 tablets
per day)

Co-codamol  30/500
Combination ora l  ana lges ic
conta ining codeine 30 mg and
paracetamol  500 mg

See paracetamol .
When no s trength i s
speci fied co-codamol
8/500 i s  dispensed

 NR
PO: 1–2 tablets  qds
(maximum 8 tablets
per day)

Co-codaprin
Combination ora l  ana lges ic
conta ining codeine 8 mg and
aspirin 400 mg

As  NSAIDs  NR
PO: 1–2 tablets  qds
(maximum 8 tablets
per day)

Codeine
phosphate

Opioid used for mi ld to
moderate pa in

 
Nausea, vomiting,
dysphoria , drows iness

PO/IM/PR: 1–1.5
mg/kg 6-hourly

PO/IM: 30–60 mg 4-
hourly

Co-dydramol
Combination ora l  ana lges ic
conta ining dihydrocodeine 10
mg and paracetamol  500 mg

See paracetamol  NR
PO: 1–2 tablets  qds
(maximum 8 tablets
per day)

Co-proxamol

Combination ora l  ana lges ic
conta ining dextropropoxyphene
32.5 mg and paracetamol  325
mg

See paracetamol  NR
PO: 1–2 tablets  qds
(maximum 8 tablets
per day)

Cycl i zine

Antihis tamine antiemetic
agent. Antiemetic effect
probably due to antimuscarinic
activi ty

Caution in severe heart
fa i lure

Drows iness , dry mouth,
blurred vis ion,
tachycardia

IV/IM: 1 mg/kg up to
50 mg

IV/IM/PO: 50 mg tds

Dalteparin
(Fragmin®)

Low molecular weight heparin
used in prevention of venous
thromboembol ism

Once da i ly dos ing. APTT
monitoring not usual ly
required

  
SC prophylaxis : 2500
units  od (5000 uni ts  in
high ri sk)
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Dantrolene

Direct-acting skeleta l  muscle
relaxant used in treatment of
mal ignant hyperpyrexia  and
neuroleptic mal ignant
syndrome. 20 mg/via l—
reconsti tute in 50 ml  water

Avoid combination with
ca lcium channel
blockers  as  may cause
hyperka laemia  and
cardiovascular col lapse

Skeleta l  muscle
weakness

1 mg/kg repeated
every 5 min to a
maximum of 10
mg/kg

1 mg/kg repeated every
5 min to a  maximum of
10 mg/kg

Desmopress in
(DDAVP®)

Synthetic analogue of
vasopress in (ADH) with longer
duration of action and reduced
pressor effect. Used for
neurogenic diabetes  ins ipidus
and haemophi l ia  (enhances
factor VIII  activi ty)

Caution in
hypertens ion and CVS
disease

Hypertens ion, angina,
abdominal  pa in,
flushing,
hyponatraemia

IV/IM/SC: 0.4 µg/day.
Intranasa l : 5–20
µg/day. PO: 100–200
µg tds

IV/IM/SC: 1–4 µg/day.
Intranasa l : 10–40
µg/day. PO: 100–200 µg
tds . Haemophi l ia : 0.3
µg/kg (in 50 ml  sa l ine
over 30 min IV)

Dexamethasone

Prednisolone derivative
corticosteroid. Less  sodium
retention than hydrocorti sone.
Cerebra l  oedema, oedema
prevention in certa in
operations

Interacts  with
antichol inesterase
agents  to increase
weakness  in
myasthenia  gravis

See prednisolone

IV/IM/SC: 200–400
µg/kg bd. Cerebra l
oedema: 100 µg/kg
qds . Croup: 250
µg/kg, then 125 µg/kg
qds  for 24 h

IV/IM/SC: 4–8 mg.
Cerebra l  oedema: 4 mg
qds . (Dexamethasone
0.75 mg = prednisolone
5 mg)

Diamorphine Potent opioid analges ic

Spina l/epidura l  use
associated with ri sk of
respiratory depress ion,
pruri tus , nausea

His tamine release,
hypotens ion,
bronchospasm, nausea,
vomiting, pruri tus ,
dysphoria

IV/SC: 50 µg/kg then
15 µg/kg/h. Epidura l :
2–3 mg in 60 ml
0.125% bupivaca ine
at 0.1–0.4 ml/kg/h

IV/IM/SC: 2.5–5 mg 4
hrly Epidura l : 2.5 mg
di luted in 10 ml  loca l
anaesthetic/ sa l ine,
then 0.1–0.5 mg/hr
Spina l : 0.25–0.5 mg

Diazepam
Long-acting benzodiazepine.
Sedation or termination of
s tatus  epi lepticus

Thrombophlebi ti s :
emuls ion (Diazemuls®)
less  i rri tant to veins

Sedation, ci rculatory
depress ion

0.2–0.3 mg/kg. Recta l :
0.5 mg/kg as
Stesol id® or may use
IV preparation

2–10 mg, repeat i f
required

Diclofenac sodium
(Voltarol®)

Potent NSAID analges ic for
mi ld to moderate pa in

Hypersens i tivi ty to
aspirin, as thma, severe
renal
impairment,peptic
ulceration

Gastrointestina l  upset
or bleeding,
bronchospasm, tinni tus ,
fluid retention, platelet
inhibi tion

PO/PR: 1 mg/kg tds .
Maximum 3
mg/kg/day (> 1 yr)

PO/PR: 25–50 mg tds
100 mg 18-hourly).
Maximum 150 mg/day

Digoxin

Cardiac glycos ide. Weak
inotrope and control  of
ventricular response in
supraventricular arrhythmia.
Therapeutic levels  0.5–2
µg/l i tre

Reduce dose in elderly.
Enhanced
effect/toxici ty in
hypokalaemia. Avoid
cardiovers ion in toxici ty

Anorexia , nausea,
fatigue, arrhythmias

Rapid IV/PO loading:
15 µg/kg s tat, then 5
µg/kg qds , then 5
µg/kg bd. PO: 4
µg//kg bd

Rapid IVIV/PO loading:
250–500 µg
adminis tered over 30
min, repeated
dependent on
response. Maximum
1mg/24 h. PO loading:
1–1.5 mg in divided
doses  over 24 h. PO
maintenance: 125–250
µg/day

Dihydrocodeine
tartrate

Opioid used for mi ld to
moderate pa in

 
Nausea, vomiting,
dysphoria , drows iness

PO/IM/PR: 1–1.5
mg/kg 6-hourly

PO/IM: 30–60 mg 4-
hourly

Dobutamine
β1 adrenergic agonis t, pos i tive
inotrope and chronotrope.
Cardiac fa i lure

Arrhythmias  and
hypertens ion.
Phlebi ti s , but can be
adminis tered
periphera l ly

Tachycardia . Decreased
periphera l  and
pulmonary vascular
res is tance

Infus ion: 2–20
µg/kg/min

Infus ion: 2.5–10
µg/kg/min

Domperidone
Anti -emetic acting on
chemoreceptor trigger zone

Renal  impairment. Not
recommended for PONV
prophylaxis

Ra ised prolactin. Rarely
acute dystonic reactions

PO: 200–400 µg/kg 4-
hourly

PO: 10–20 mg 4-hourly.
PR: 30–60 mg 4-hourly

Dopamine

Natura l ly occurring
catecholamine with a , β1, and
dopaminergic activi ty. Inotropic
agent

Via  centra l  catheter.
Phaeochromocytoma
(due to noradrenal ine
release)

 
Infus ion: 2–20
µg/kg/min

Infus ion: 2–10
µg/kg/min

Dopexamine
Catecholamine with β2 and
dopaminergic activi ty. Inotropic
agent

Via  centra l  catheter.
Phaeochromocytoma

 
Infus ion: 0.5–6
µg/kg/min

Infus ion: 0.5–6
µg/kg/min

Doxacurium

Long-acting non-depolarizing
muscle relaxant. Onset and
duration s imi lar to
pancuronium. Li ttle his tamine
release

Neuromuscular block
potentiated by
aminoglycos ides , loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents

Enhanced effect in
myasthenia  gravis ,
effects  antagonized by
antichol inesterases ,
e.g. neostigmine.
Monitor response with
periphera l  nerve
stimulator

 
Intubation: 50–80
µg/kg. Maintenance: 5–
40 µg/kg

Doxapram

Respiratory s timulant acting
through carotid
chemoreceptors  and medul la .

Epi lepsy, a i rway
obstruction, acute
asthma, severe CVS

Risk of arrhythmia.
Hypertens ion

1 mg/kg s lowly.
Infus ion: 0.5–1
mg/kg/h for 1 h

1–1.5 mg/kg over >30 s .
Infus ion: 2–4 mg/min
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Duration 12 min disease

Droperidol

Butyrophenone related to
haloperidol . Neuroleptic
anaesthes ia  and potent
antiemetic. Duration 4hr.

Alpha adrenergic
blocker. Parkinson's
disease.

Vasodi latation,
hypotens ion. Dystonic
reactions .

Antiemetic: 25–75
µg/kg

Antiemetic: 0.5–2.5 mg
Neuroleptic
anaesthes ia : 0.2 mg/kg
with fentanyl  4 µg/kg

Edrophonium
(Tens i lon®)

Antichol inesterase used in
diagnostic assessment of
myasthenia  gravis

 Bradycardia , AV block
20 µg/kg test dose,
then 80 µg/kg

1 mg s low IV every 2–4
min. Maximum 10 mg

EMLA
Eutectic mixture of 2.5%
l idoca ine (l ignocaine) and 2.5%
pri loca ine.Topica l  anaesthes ia

Absorption of
anaesthetic depends
on surface area  and
duration of
appl ication. Avoid use
on abras ions  or
mucous  membranes

Methaemoglobinaemia
in high doses

NR <1 year

Apply under occlus ive
dress ing 1–5 h before
procedure (maximum
60 g)

Enoxaparin
(Clexane®)

Low molecular weight heparin
used in prevention of venous
thromboembol ism

Once da i ly dos ing and
APTT monitoring not
usual ly required

 
SC prophylaxis : 0.4–
0.8 mg/kg od

SC prophylaxis : 20 mg
(2000 uni ts ) od (40 mg
i f high ri sk)

Enoximone

Selective phosphodiesterase
inhibi tor used in cardiac
fa i lure with increased fi l l ing
pressures . Inodi lator

Stenotic va lvular
disease,
cardiomyopathy

Arrhythmias ,
hypotens ion, nausea

Infus ion: 5–20
µg/kg/min

Infus ion: 90 µg/kg/min
for 10–30 min, then 5–
20 µg/kg/min
(maximum 24
mg/kg/day)

Ephedrine

Direct and indirect
sympathomimetic (α and β
adrenergic action).
Vasopressor, safe in
pregnancy. Duration 10–60 min

Caution in elderly,
hypertens ion and CVS
disease. Tachyphylaxis .
Avoid with MAOI

Increases  heart rate
and blood pressure

 

3–6 mg repeated
(di lute 30 mg in 10 ml
sa l ine, 1 ml
increments ). IM: 30 mg

Ergometrine

Ergot a lka loid used to control
uterine hypotony or bleeding.
Syntometrine® = ergometrine
500 µg/ml  and oxytocin 5
units/ml

Severe cardiac disease
or hypertens ion

Vasoconstriction,
hypertens ion, vomiting

IM: 1 ml  as
Syntometrine®. Not
recommended IV

Erythromycin
Macrol ides  antibiotic with
spectrum s imi lar to penici l l in

Arrhythmias  with
cisapride, terfenadrine,
astemizole

Nausea, diarrhoea
10–25 mg/kg qds  over
15–60 min

500 mg–1 g qds  over
15–60 min

Esmolol

Short-acting cardioselective
beta-blocker. Metabol i zed by
red cel l  es terases . Treatment
of supraventricular tachycardia
or intra-operative hypertens ion

Asthma, heart fa i lure,
AV block, verapami l
treatment

Hypotens ion,
bradycardia

SVT: 0.5 mg/kg over 1
min, then 50–200
µg/kg/min

SVT: 0.5 mg/kg over 1
min, then 50–200
µg/kg/min.
Hypertens ion: 25–100
mg, then 50–300
µg/kg/min

Etamsylate
Reduces  capi l lary bleeding,
poss ibly by enhancing platelet
adhes ion

Porphyria Nausea, headache, rash PO: 12.5 mg/kg qds PO: 500 mg qds

Ethanol

Useful  sedative/hypnotic. Has
been tried as  an intravenous
induction agent in doses  of up
to 44 g!

Adminis tered as
dehydrated absolute
a lcohol  BP

Diuretic effect  

2 g (2 ml) di luted to 5–
10% solution in sa l ine
or dextrose, repeated
as  necessary

Etomidate
IV induction agent.
Cardiostable in therapeutic
doses

Pain on injection
Nausea and vomiting.
Myoclonic movements

0.1–0.4 mg/kg 0.1–0.4 mg/kg

Fentanyl

Synthetic phenylpiperidine
derivative opioid analges ic.
High l ipid solubi l i ty and
cardiostabi l i ty. Duration 30–60
min

Reduce dose in elderly.
Delayed respiratory
depress ion and
pruri tus  i f
epidura l/spina l

Ci rculatory and
venti latory depress ion.
High doses  may produce
muscle rigidi ty

1–5 µg/kg, up to 25
µg/kg i f postop.
venti lation. Infus ion:
2–4 µg/kg/h

1–5 µg/kg (up to 50
µg/kg). Epidura l : 50–
100 µg (di luted 10 ml
sa l ine/loca l
anaesthetic). Spina l :
5–20 µg

Flucloxaci l l in
Penici l l inase-res is tant
antibiotic active aga inst
s taphylococci

Hypotens ion on rapid
IV adminis tration

Thrombophlebi ti s 10–25 mg/kg qds 500 mg–1 g qds  s low 

Flumazeni l
Benzodiazepine receptor
antagonis t. Duration 45–90 min

Benzodiazepine
dependence (acute
withdrawal ),
resedation i f long-
acting benzodiazepine

Arrhythmia, seizures

5 µg/kg, then repeat
up to 40 µg/kg.
Infus ion: 2–10
µg/kg/h

200 µg then 100 µg at
60 s  interva ls  (up to
maximum 1 mg).
Infus ion: 100–400 µg/h

Furosemide
(frusemide)

Loop diuretic used in treatment
of hypertens ion, congestive
cardiac fa i lure, renal  fa i lure,
fluid overload

 

Hypotens ion, tinni tus ,
ototoxici ty,
hypokalaemia  and
hyperglycaemia

0.5–1.5 mg/kg bd 10–40 mg s lowly.

Gal lamine
Long-acting non-depolarizing
neuromuscular blocker

Impaired renal
function (renal
excretion)

Tachycardia 1–2 mg/kg
Intubation: 1–1.5
mg/kg. Maintenance:
0.1–0.75 mg/kg

2 mg/kg tds
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Gentamicin
Aminoglycos ide antibiotic
active aga inst Gram-negative
bacteria . Peak level  <10
mg/l i tre.Trough level  <2
mg/l i tre

Impairs  neuromuscular
transmiss ion—avoid in
myasthenia

Ototoxici ty and
nephrotoxici ty

(adminis tered over 5
min) or 5 mg/kg/day
as  s ingle dose
(adminis tered over 5
min)

0.6–1.6 mg/kg tds  or 2–5
mg/kg/day as  a  s ingle
dose (adminis tered
over 5 min)

Glucagon
Polypeptide hormone used in
treatment of hypoglycaemia
and overdose of beta-blocker

Glucose must be
adminis tered as  soon
as  poss ible

Hypertens ion,
hypotens ion, nausea,
vomiting

<25 kg 0.5 uni t (0.5
mg). >25 kg 1 uni t

SC/IM/IV: 1 uni t (1mg).
Beta-blocker overdose
unrespons ive to
atropine: 50–150 µg/kg
in glucose 5%

Glucose
Treatment of hypoglycaemia  in
unconscious  patient

50% solution i rri tant
therefore flush after
adminis tration

 
1 ml/kg of 50%
solution

25–50 g (50–100 ml  50%
solution). Can use
more di lute solutions

Glyceryl  trini trate

Organic ni trate vasodi lator.
Control led hypotens ion,
angina, congestive cardiac
fa i lure

Remove patches  before
defibri l lation to avoid
electrica l  arcing

Tachycardia ,
hypotens ion, headache,
nausea, flushing,
methaemo-globinaemia

12–60 µg/kg/h
starting dose up to
300 µg/kg/h

Infus ion: 0.5–10 mg/h.
SL tabs : 0.3–1 mg prn
SL spray: 400 µg prn.
Patch: 5–10 mg/24 h

Glycopyrrolate

Quaternary ammonium
antichol inergic agent.
Bradycardia , blockade of
muscarinic effects  of
antichol inesterases ,
antis ia logogue

Caution in glaucoma,
cardiovascular disease.
Unl ike atropine does
not cross  blood–bra in
barrier

Paradoxica l  bradycardia
in smal l  doses . Reduces
lower oesophageal
sphincter tone

4–8 µg/kg. Control  of
muscarinic effects  of
neostigmine: 10–15
µg/kg

200–400 µg. Control  of
muscarinic effects  of
neostigmine: 10–15
µg/kg

Haloperidol
Butyrophenone derivative
antipsychotic

Neuroleptic mal ignant
syndrome

Extrapyramidal
reactions

NR
IM: 2–5 mg (not
recommended IV)

Heparin

Endogenous  mucopoly-
saccharide used for
anticoagulation. Hal f-l i fe 1–3
h.
100 uni ts  = 1 mg

Monitor activated
partia l  thromboplastin
time (APTT). Reversed
with protamine

Haemorrhage

Low dose: 50–75
units/kg IV then 10–
15 uni ts/kg/h. Ful l
dose: 200 uni ts/kg IV
then 15–30
units/kg/h

Low dose SC: 5000 uni ts
bd. Ful l  dose IV: 5000
units , then per 24 h
infus ion 24 000–48 000
units

Hyaluronidase

Enzyme used to enhance
permeation of injected fluids
or loca l  anaesthetics .
Treatment of extravasation of
drugs

Not for intravenous
adminis tration

Occas ional  severe
a l lergy

Loca l  anaesthetic:
25–50 uni ts/ml

Ophthalmology: 10–30
units/ml  loca l
anaesthetic agent.
Extravasation: 1500
units  in 1 ml  sa l ine
infi l trated to affected
area

Hydra lazine

Direct-acting arteriolar
vasodi lator used to control
arteria l  pressure. Duration 2–4
h

Higher doses  required
in rapid acetylators

Increased heart rate,
cardiac output, s troke
volume

0.1–0.5 mg/kg
5 mg every 5 min to a
maximum of 20 mg

Hydrocorti sone

Endogenous  s teroid with anti -
inflammatory and potent
minera locorticoid action
(s teroid of choice in
replacement therapy).
Treatment of a l lergy

 

Hyperglycaemia,
hypertens ion, psychic
dis turbance, muscle
weakness , fluid
retention

4 mg/kg then 2–4
mg/kg qds

IV/IM: 50–200 mg qds
HPA suppress ion and
surgery: 25 mg at
induction then 25 mg
qds  (see p. 98)
(hydrocorti sone 20 mg
= prednisolone 5 mg)

Hydromorphone
hydrochloride

Opioid used for moderate to
severe pa in

 
Nausea, vomiting,
dysphoria , drows iness

 

PO: 2–4 mg 4-hourly
increased as
necessary. PO s low
release: 4 mg bd

Hyoscine
hydrobromide
(Scopolamine)

Antimuscarinic sedative
antiemetic agent used as
premedication. Reduces
secretions  and provides  some
amnes ia

See atropine. Avoid in
elderly—delerium.

See atropine. Sedation. IV/IM/SC: 10 µg/kg
IV/IM/SC: 200–600 µg.
PO: 300 µg qds

Hyoscine
butylbromide
(Buscopan)

Antimuscarinic agent used as
an antispasmodic

See atropine See atropine  
IV/IM: 20 mg s lowly
repeated i f necessary

Ibuprofen
NSAID analges ic for mi ld to
moderate pa in. Best s ide-
effect profi le of NSAIDs

Hypersens i tivi ty to
aspirin, as thma, severe
renal  impairment,
peptic ulceration

Gastrointestina l  upset
or bleeding,
bronchospasm, tinni tus ,
fluid retention, platelet
inhibi tion

PO: 5–10 mg/kg tds
(>7 kg)

PO: 400 mg qds

Imipenem

Carbapenem broad spectrum
antibiotic. Adminis tered with
ci las tatin to reduce renal
metabol i sm

Caution in renal  fa i lure
and pregnancy

Nausea, vomiting,
diarrhoea, convuls ions ,
thrombophlebi ti s

>3 months  10 mg/kg
over 30 min qds  (25
mg/kg severe
infections)

Slow IV (1 h): 500 mg–1
g qds . Surgica l
prophylaxis : 1 g at
induction, repeated
after 3 h

Indometacin

NSAID analges ic for moderate
pain. High incidence of s ide-
effects . Also used for neonata l

Hypersens i tivi ty to
aspirin, as thma, severe
renal  impairment,

Gastrointestina l  upset
or bleeding,
bronchospasm, tinni tus ,

Ductus  closure: 100–
200 µg/kg, three

PO: 50–100 mg bd. 
100 mg bd
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ductus  arteriosus  closure peptic ulceration fluid retention, platelet
inhibi tion

doses

Insul in (Actrapid®)

Human soluble pancreatic
hormone faci l i tating intra-
cel lular transport of glucose
and anabol i sm. Diabetes
mel l i tus , ketoacidos is , and
hyperka laemia

Monitor blood glucose
and serum potass ium.
Store at 2–8 °C

Hypoglycaemia,
hypokalaemia

Ketoacidos is : 0.1–0.2
units/kg then 0.1
units/kg/h

Ketoacidos is : 10–20
units  then 5–10
units/h. Sl iding sca le
(p. 74) . Hyperka laemia
(p. 101)

Isoprenal ine

Synthetic catecholamine with
potent beta  adrenergic agonis t
activi ty. Emergency treatment of
heart block or bradycardia
unrespons ive to atropine and
beta-blocker overdose

Ischaemic heart
disease,
hyperthyroidism,
diabetes  mel l i tus

Tachycardia ,
arrhythmias , sweating,
tremor

Infus ion: 0.1–2
µg/kg/min

Infus ion: 0.5–10
µg/min. (2 mg in 500 ml
5% dextrose at 7–150
ml/h or 1 mg in 50 ml
at 1.5–30 ml/h)

Ketamine

Phencycl idine derivative
producing dissociative
anaesthes ia .
Induction/maintenance of
anaesthes ia  in high-ri sk or
hypovolaemic patients

Emergence del i rium
reduced by
benzodiazepines .
Caution in
hypertens ion. Control
excess  sa l ivation with
antimuscarinic agent

Bronchodi lation.
Increased ICP, blood
pressure, uterine tone,
sa l ivation. Respiratory
depress ion i f given
rapidly

Induction: 1–3 mg/kg
IV, 5–10 mg/kg IM.
Infus ion: 1–3
mg/kg/h

Induction: 1–3 mg/kg
IV, 5–10 mg/kg IM.
Infus ion: 1–3 mg/kg/h
(analges ia  only 0.2
mg/kg/h). Caudal : 0.5
mg/kg di luted in
sa l ine/loca l
anaesthetic
(preservative free only)

Ketorolac
NSAID analges ic for mi ld to
moderate pa in

Hypersens i tivi ty to
aspirin, as thma, severe
renal  impairment,
peptic ulceration

Gastrointestina l  upset
or bleeding,
bronchospasm, tinni tus ,
fluid retention, platelet
inhibi tion

Slow IV/IM: 0.5
mg/kg up to 30 mg
qds

Slow IV/IM: 10 mg then
10–30 mg every 4–6 h
(maximum dai ly dose
90 mg—60 mg in
elderly)

Labeta lol

Combined α (mi ld) and β
adrenergic receptor antagonis t.
Blood pressure control  without
reflex tachycardia . Duration 2–4
h

Asthma, heart fa i lure,
AV block, verapami l
treatment

Hypotens ion,
bradycardia ,
bronchospasm

0.2 mg/kg boluses  up
to 1 mg/kg. Infus ion:
1–3 mg/kg/h

5 mg increments  up to
100 mg. Infus ion: 20–
160 mg/h

Lansoprazole
(Zoton®)

Proton pump inhibi tor.
Reduction of gastric acid
secretion

 Headache, diarrhoea Headache, diarrhoea PO: 15–30 mg od

Levobupivaca ine
Levorotatory enantiomer of
bupivaca ine with reduced
cardiotoxici ty

See bupivaca ine See bupivaca ine See bupivaca ine See bupivaca ine

Lidoca ine
(l ignocaine)

Amide type loca l  anaesthetic:
1. Treatment of ventricular
arrhythmias .
2. Reduction of pressor
response to intubation.
3. Loca l  anaesthetic—rapid
onset, duration 30–90 min
(prolonged by adrenal ine)

Adrenal ine-conta ining
solutions  conta in
preservative

Toxici ty:
tongue/ci rcumoral
numbness ,
restlessness , tinni tus ,
seizures , cardiac arrest

1. Antiarrhythmic: 1
mg/kg then 10–50
µg/kg/min
2. Attenuation of
pressor response:
1.5 mg/kg
3. Loca l  anaesthes ia :
0.5–2% solution.
Maximum dose
dependent upon
injection s i te—3
mg/kg/4 h (6 mg/kg
with adrenal ine)

1. Antiarrhythmic: 1
mg/kg then 1–4
mg/min.
2. Attenuation of
pressor response: 1.5
mg/kg.
3. Loca l  anaesthes ia :
0.5–2% solution.
Maximum dose
dependent upon
injection s i te—3
mg/kg/4 h (6 mg/kg
with adrenal ine)

Loratidine
(Clari tyn®)

Non-sedative antihis tamine.
Rel ief of a l lergy, urticaria

Prostatic hypertrophy,
urinary retention,
glaucoma, porphyria

Dry mouth
<2 years  NR. PO: 0.2
mg/kg up to 10 mg od

PO: 10 mg od

Lorazepam

Benzodiazepine:
1. Sedation or premedication.
2. Status  epi lepticus . Duration
6–10 h

Decreased requirement
for anaesthetic agents

Respiratory depress ion
in combination with
opioids . Amnes ia

 
1. PO: 2–4 mg 1–2 h
preop.
2. IV: 2–4 mg

Lormetazepam
Benzodiazepine hypnotic
sedative premed.

Decreased requirement
for anaesthetic agents

Respiratory depress ion
in combination with
opioids . Amnes ia

 
0.5–1.5 mg 1–2 h preop.
(elderly 0. 5 mg)

Magnes ium
sulphate

Essentia l  minera l  used to
treat:
1. Hypomagnesaemia
2. Arrhythmias
3. Eclamptic seizures .
Magnes ium sulphate 50% = 500
mg/ml  = 2 mmol  Mg2+/ml .
Normal  plasma level  Mg2+ 1.5–
2.2 mEq/l i tre

Potentiates  muscle
relaxants . Monitoring
of serum level
essentia l  during
treatment. Heart block

CNS depress ion,
hypotens ion

1. Hypomagnes-
aemia: 0.2 ml/kg 50%
solution over 20 min

1. Hypomagnesaemia:
10–15 mg/kg over 20
min, then 1 g/h.
2. Arrhythmias : 2 g over
10 min.
3. Eclamps ia : 4 g over
10 min then 1 g/h for 24
h

Mannitol

Osmotic diuretic used for renal
protection and reduction of
intracrania l  pressure. 20%
solution = 20 g/100 ml

Extracel lular volume
expans ion especia l ly
in severe renal  or
cardiovascular disease

 0.25–0.5 g/kg
0.25–1 g/kg (typica l ly
0.5 g/kg of 20%
solution)
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Metaraminol
(Aramine®)

Potent di rect acting
αadrenergic sympathomimetic.
Treatment of hypotens ion.
Duration 20–60 min

MAOIs , pregnancy.
Caution in elderly and
hypertens ives .
Extravasation can
cause necros is

Hypertens ion, reflex
bradycardia ,
arrhythmias , decreased
renal  and placenta l
perfus ion

10 µg/kg then 0.1–1
µg/kg/min

0.5–2 mg. Di lute 10 mg
in 20 ml  sa l ine and
give 0.5–1 ml
increments  (increase
di lution in elderly)

Methohexi tone

Short-acting barbi turate
induction agent useful  for ECT.
Duration 5–10 min. 1% solution
= 10 mg/ml

Porphyria .
Premedication reduces
exci tation at induction

Exci tatory phenomenon,
hypotens ion, respi ratory
depress ion, hiccups

1–2 mg/kg
1–1.5 mg/kg. Infus ion:
50–150 µg/kg/min

Methoxamine
(Vasoxine®)

Potent di rect-acting α1

adrenergic sympathomimetic.
Treatment of hypotens ion.
Duration 15–60 min

MAOIs , pregnancy.
Caution in elderly and
hypertens ives .
Extravasation can
cause necros is

Hypertens ion, reflex
bradycardia ,
arrhythmias , decreased
renal  and placenta l
perfus ion

10 µg/kg increment

1–2 mg. Di lute 20 mg in
20 ml  sa l ine and give
0.5–1 ml  increments
(increase di lution in
elderly)

Methyl thio-ninium
chloride
(methyleneblue)

1. Treatment of
methaemoglobinaemia.

2. Ureteric identi fi cation
during surgery (renal ly
excreted).

3. Identi fi cation of
parathyroid glands
during surgery

G-6-PD deficiency. Blue
colouration causes
acute
changes  in pulse
oximetry
readings

Tachycardia , nausea,
s ta ins  skin

1–4 mg/kg
s low IV

1–2 mg/kg s low IV

Metoclopramide

Dopaminergic anti -emetic
which increases  gastric
emptying and lower
oesophageal  sphincter tone

Hypertens ion in
phaeochromocytoma.
Inhibi ts  plasma
chol inesterase

Extrapyramidal/dystonic
reactions
(treat with benztropine
or procycl idine)

PO/IM/IV:
0.15 mg/kg up to
10 mg tds

PO/IM/IV: 10 mg tds

Metoprolol Cardioselective beta-blocker
Asthma, heart fa i lure,
AV block, verapami l
treatment

Causes  bradycardia ,
hypotens ion and
decreased cardiac
contracti l i ty

0.1 mg/kg up to 5 mg
over 10 min

1–5 mg over 10 min

Metronidazole
Antibiotic with activi ty aga inst
anaerobic bacteria

Disul fi ram (Antabuse®
l ike effect

 
7.5 mg/kg tds . PR:
125– 500 mg tds

500 mg tds . PR: 1 g 

Midazolam

Short-acting benzodiazepine.
Sedative, anxiolytic, amnes ic,
anticonvulsant. Duration 20–60
min. Ora l  adminis tration of IV
preparation effective though
larger dose required

Reduce dose in elderly
very sens i tive).

Hypotens ion,
respiratory depress ion,
apnoea

0.1–0.2mg/kg. PO: 0.5
mg/kg (use IV
preparation in
orange juice).
Intranasa l : 0.2–0.3
mg/kg (use 5 mg/ml
IV preparation)

Sedation: 0.5–5 mg,
ti trate to effect. PO
mg/kg (use IV
preparation in orange
juice). IM: 2.5–10 mg

Mi l rinone

Selective phosphodiesterase
inhibi tor used in cardiac
fa i lure with increased fi l l ing
pressures . Inodi lator used
after cardiac surgery

Stenotic va lvular
disease,
cardiomyopathy

Arrhythmias ,
hypotens ion, nausea

50 µg/kg over 10 min,
then 0.375 0.75
µg/kg/min. Maximum
1.13 mg/kg/day

50 µg/kg over 10 min,
then 0.375– 0.75
µg/kg/min. Maximum
1.13 mg/kg/day

Mivacurium

Short-acting non-depolarizing
muscle relaxant. Metabol i zed
by plasma chol inesterase.
Duration 6–16 min (often
variable). Enhanced duration i f
low plasma chol inesterase.
May be antagonized by
neostigmine—but not usual ly
necessary

Neuromuscular block
potentiated by
aminoglycos ides , loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents

Enhanced effect in
myasthenia  gravis ,
effects  antagonized by
antichol inesterases ,
e.g. neostigmine.
Monitor response with
periphera l  nerve
stimulator. Some
his tamine release.
Avoid in asthma

Intubation: 0.15–0.2
mg/kg. Maintenance:
0.1 mg/kg. Infus ion:
10–15 µg/kg/min

Intubation: 0.07–0.25
mg/kg (doses  of 0.07,
0.15, 0.2, and 0.25
mg/kg produce block
for 13, 16, 20, and 23
min respectively).
Maintenance: 0.1
mg/kg. Infus ion: 0.3–0.6
µg/kg/h

Morphine Opioid analges ic

Prolonged ri sk of
respiratory depress ion,
pruri tus , nausea when
used via
spina l/epidura l

His tamine release,
hypotens ion,
bronchospasm, nausea,
vomiting, pruri tus ,
dysphoria

PO: 0.2– 0.4 mg/kg 4-
hourly. IV/SC: 0.1–0.2
mg/kg 4-hourly
(infants  0.1–0.15
mg/kg 4-hourly).
Infus ion: 10–40
µg/kg/h (lower range
in neonates)

IV: 2.5–10 mg. IM/SC
10 mg 4-hourly. PO
30 mg 4-hourly. PCA: 1
mg 5 min lockout.
Infus ion: 1–3.5 mg/h.
Epidura l : 2–5 mg
preservative free.
Spina l : 0.1–1 mg
preservative free

Naloxone

Pure opioid antagonis t. Can be
used in low doses  to reverse
pruri tus  associated with
epidura l  opiates  and as  depot
IM injection in newborn of
mothers  given opioids

Beware renarcotization
i f revers ing long-acting
opioid. Caution in
opioid addicts—may
precipi tate acute
withdrawal

 

5–10 µg/kg. Infus ion:
5–20 µg/kg/h. IM
depot in newborn:
200 µg. Pruri tus : 0.5
µg/kg

200–400 µg ti trated to
des i red effect.
Treatment of
opioid/epidura l
pruri tus : 100 µg bolus
plus  300 µg added to 
fluids

Naproxen
NSAID analges ic for mi ld to

Hypersens i tivi ty to
aspirin, as thma, severe
renal

Gastrointestina l  upset
or bleeding,
bronchospasm, tinni tus ,

>5 years . PO: 5 mg/kg
PO: 500 mg bd
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moderate pa in impairment,peptic
ulceration

fluid retention, platelet
inhibi tion

bd (>5 years )

Neostigmine

Antichol inesterase used for:

1. Reversa l  of non-
depolarizing muscle
relaxant.

2. Treatment of
myasthenia  gravis .
Duration 60 min IV (2–4
h PO)

Adminis ter with
antimuscarinic agent

Bradycardia , excess ive
sa l ivation (muscarinic
effects )

50 µg/kg with
atropine 20 µg/kg or
glycopyrrolate 10
µg/kg

1. 50–70 µg/kg
(maximum 5 mg) with
atropine 10–20 µg/kg or
glycopyrrolate 10–15
µg/kg.
2. PO: 15–30 mg at
sui table interva ls

Neostigmine and
glycopyrrolate

Combination of neostigmine
methylsulphate (2.5 mg) and
glycopyrrolate (500 µg) per 1 ml

See neostigmine. See neostigmine.
0.02 ml/kg (di lute 1
ml  with 4 ml  sa l ine,
give 0.1 ml/kg)

1–2 ml  over 30 s

Nimodipine
Calcium channel  blocker used
to prevent vascular spasm after
subarachnoid haemorrhage

Via  centra l  catheter.
Cerebra l  oedema,
ra ised intracrania l
pressure, grapefrui t
juice

Hypotens ion, flushing,
headache

Infus ion: 0.1–1
µg/kg/min

PO: 60 mg 4-hourly
(maximum 360
mg/day). Infus ion: 0.5
mg/h increas ing over 2
h to 2 mg/h

Nitropruss ide
(sodium—SNP)

Nitric oxide generating potent
periphera l  vasodi lator.
Control led hypotens ion

Protect solution from
l ight. Metabol i sm
yields  cyanide which i s
then converted to
thiocyanate

Methaemoglobin-
aemia, hypotens ion,
tachycardia . Cyanide
causes  tachycardia ,
sweating, acidos is

Infus ion: 0.3–1.5
µg/kg/min

Infus ion: 0.3–1.5
µg/kg/min. Maximum
dose: 3.5 mg/kg

Noradrenal ine
Potent catecholamine α
adrenergic agonis t.
Vasoconstriction

Via  centra l  catheter
only. Potentiated by
MAOI and tricycl ic
antidepressants

Reflex bradycardia ,
arrhythmia,
hypertens ion

Infus ion: 0.1–1
µg/kg/min

Infus ion: 2–20 µg/min
(0.04–0.4 µg/kg/min)

Octreotide

Somatostatin analogue used in
treatment of carcinoid,
acromegaly, and varicea l
bleeding (unl icensed use)

Pi tui tary tumour
expans ion, reduced
need for anti - diabetic
treatments

GI dis turbance,
ga l l s tones , hyper- and
hypoglycaemia

SC: 1 µg/kg od/bd

SC: 50 µg od/bd
increased up to 200 µg
tds . IV: 50 µg di luted in
sa l ine (ECG
monitoring)

Omeprazole
(Losec®)

Proton pump inhibi tor.
Reduction in gastric acid
secretion

 Headache, diarrhoea
PO: 0.4–0.8 mg/kg up
to 40 mg od

PO: 20–40 mg od.
Premedication PO: 40
mg evening before and
morning of surgery

Ondansetron
Serotonin (5-HT3) receptor
antagonis t anti -emetic

 
Hypotens ion, headache,
flushing

>2 years . Slow IV: 100
µg/kg (maximum 4
mg) qds

Slow IV/IM: 4 mg qds

Oxybuproca ine
(Benoxinate®)

Loca l  anaesthetic.Topica l
anaesthes ia  to cornea

   
0.4% solution. 0.5 ml
eye drops

Oxycodone
Opioid used for moderate pa in,
often in pa l l iative care

 
Nausea, vomiting,
dysphoria , drows iness

 

PO: Oxynorm® 5 mg 4–6-
hourly increased up to
400 mg/day as
required. Oxycontin® 10
mg bd, increased up to
400 mg/day as  required

Oxytocin
(Syntocinon®)

Nonapeptide hormone which
stimulates  uterine contraction.
Induction of labour and
prevention of postpartum
haemorrhage

 
Vasodi latation,
hypotens ion, flushing,
tachycardia

 

Postpartum s low IV
units , fol lowed i f
required by infus ion
(5–20 uni ts  in 500 ml
dextrose at 0.02–0.04
units/min)

Pancuronium

Long-acting aminosteroid non-
depolarizing muscle relaxant.
Li ttle his tamine release.
Duration 45–65 min

Increased heart rate
and blood pressure
due to vagolys is  and
sympathetic
s timulation.
Neuromuscular block
potentiated by
aminoglycos ides ,loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents

Enhanced effect in
myasthenia  gravis ,
effects  antagonized by
antichol in- esterases ,
e.g.neostigmine.
Monitor response with
periphera l  nerve
stimulator

Intubation: 0.08–0.15
mg/kg. Maintenance:
0.01–0.05 mg/kg

Intubation: 0.04–0.1
mg/kg. Maintenance:
0.01–0.05 mg/kg

Pantoprazole
Proton pump inhibi tor used to
inhibi t gastric acid secretion

Liver disease,
pregnancy

Headache, diarrhoea,
pruri tus , bronchospasm

 
Slow IV: (10–15 min):40
mg od. PO: 40 mg od

PO: 20 mg/kg then 15
mg/kg 4-hourly. PR:
30 mg/kg then 20
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Paracetamol Mi ld to moderate analges ic
and antipyretic

 Liver damage in
overdose

mg/kg 6-hourly.
Maximum 90
mg/kg/day
(neonates  60
mg/kg/day)

PO: 0.5–1 g qds

Para ldehyde Status  epi lepticus   
Deep IM: 0.2 ml/kg.
PR: 0.3 ml/kg

Deep IM: 5–10 ml . 
10–20 ml

Pethidine

Synthetic opioid:

1. Analges ia  (agent of
choice in asthma).

2. Postoperative shivering

Seizures  poss ible in
high dosage–maximum
dai ly dose 1 g/day (20
mg/kg/day). MAOI

Respiratory depress ion,
hypotens ion, dysphoria

IV/IM/SC: 0.5–1
mg/kg. Infus ion: 5
mg/kg in 50 ml  5%
dextrose at 1–3 ml/h
(100–300 µg/kg/h)

IM/SC: 25–100 mg 3-
hourly. IV: 25–50 mg.
Epidura l : 50–100 mg in
10 ml  sa l ine or loca l
anaesthetic. PCA: 10
mg/5 min lockout.
Shivering: 10–25 mg 

Phentolamine
(Rogi tine®)

α1 and α2 adrenergic
antagonis t. Periphera l
vasodi latation and control led
hypotens ion. Treatment of
extravasation. Duration 10 min

Treat excess ive
hypotens ion with
noradrenal ine or
methoxamine (not
adrenal ine/ephedrine
due to β effects )

Hypotens ion,
tachycardia , flushing

0.1 mg/kg then 5–50
µg/kg/min

2–5 mg. (10 mg in 10 ml
sa l ine, 1 ml  a l iquots )

Phenylephrine

Selective di rect-acting α
adrenergic agonis t. Periphera l
vasoconstriction and treatment
of hypotens ion. Duration 20
min

MAOI. Caution in
elderly or
cardiovascular disease

Reflex bradycardia ,
arrhythmias

2–10 µg/kg then 1–5
µg/kg/min

0.1–0.5mg increments .
(10 mg in 20 ml  sa l ine,
1 ml  a l iquots .) IM: 2–5
mg. Infus ion: 30–60
µg/min

Phenytoin

Anticonvulsant and treatment
of digoxin toxici ty. Serum levels
10–20 mg/l i tre (40–80
µmol/l i tre)

Avoid in AV heart block
and pregnancy. Monitor
ECG

Hypotens ion, AV
conduction defects ,
ataxia

Loading dose: 15
mg/kg over 1 h.

Loading dose: 15 mg/kg
over 1 h (di lute to 10
mg/ml  in sa l ine)

Piperacurium
Piperazinium derivative long-
acting non depolarizing muscle
relaxant. Duration 45–120 min

Neuromuscular block
potentiated by
aminoglycos ides , loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents

Enhanced effect in
myasthenia  gravis .
Effects  antagonized by
antichol inesterases ,
e.g. neostigmine.
Monitor response with
periphera l  nerve
stimulator

 
Intubation: 0.08 mg/kg.
Maintenance: 0.01–0.04
mg/kg

Piroxicam
NSAID analges ic for moderate
pain. High incidence of s ide-
effects

Hypersens i tivi ty to
aspirin, as thma, severe
renal  impairment,
peptic ulceration. Avoid
in porphyria

Gastrointestina l  upset
or bleeding,
bronchospasm, tinni tus ,
fluid retention, platelet
inhibi tion

 PO/PR: 10–30 mg od

Potass ium chloride Electrolyte replacement
Di lute solution before
adminis tration

Rapid infus ion can
cause cardiac arrest.
High concentration
causes  phlebi ti s

0.5 mmol/kg over 1 h.
Maintenance: 2–4
mmol/kg/day

10–20 mmol/h (max.
concentration 40
mmol/l i tre
periphera l ly).With ECG
monitoring: up to 20–40
mmol/h via  centra l
l ine (max 200
mmol/day)

Prednisolone
Oral ly active corticosteroid.
Less  minera locorticoid action
than hydrocorti sone

Adrenal  suppress ion,
severe systemic
infections

Dyspeps ia  and
ulceration,
osteoporos is , myopathy,
psychos is , impaired
heal ing, diabetes
mel l i tus

PO: 1–2 mg/kg od.
Asthma: 0.5–1 mg/kg
qds  day 1, bd day 2,
then 1 mg/kg/day.
Croup:4 mg/kg then 1
mg/kg tds

PO: 10–60 mg od,
reduced to 2.5–15 mg
od.

Pri loca ine

Amide type loca l  anaesthetic.
Less  toxic than l idoca ine
(l ignocaine). Used for
infi l tration and IVRA. Rapid
onset. Duration 30–90 min
(prolonged by adrenal ine)

Adrenal ine-conta ining
solutions  conta in
preservative.
Signi ficant
methaemoglobinaemia
i f dose >600 mg

Toxici ty:
tongue/ci rcumoral
numbness ,
restlessness , tinni tus ,
seizures , cardiac arrest

NR <6 months . 0.5–
2% solution.
Maximum dose
dependent upon
injection s i te—6
mg/kg/4 h (9 mg/kg
with adrenal ine)

Loca l  anaesthes ia : 0.5–
2% solution. Maximum
dose dependent upon
injection s i te—6
mg/kg/4 h (8 mg/kg
with adrenal ine)

Prochlorperazine Phenothiazine anti -emetic

Hypotens ion on rapid
IV adminis tration.
Neuroleptic mal ignant
syndrome

Tardive dyskines ia  and
extrapyramidal
symptoms

>10 kg. PO: 0.1–0.4
mg/kg tds . IM: 0.1–0.2
mg/kg tds

IM: 12.5 mg tds . PO
mg then 5–10 mg tds

Procycl idine

Antimuscarinic used in acute
treatment of drug-induced
dystonic reactions  (except
tardive dyskines ia)

Glaucoma,
gastrointestina l
obstruction

Urinary retention, dry
mouth, blurred vis ion

<2 years : 0.5–2 mg. 2–
10 years : 2–5 mg

IV: 5 mg. IM: 5–10 mg
repeat after 20 min i f
needed

Promethazine
Phenothiazine, antihis tamine,
antichol inergic,antiemetic  

Extrapyramidal
>2 years .
Sedation/premed

PO/IM:25–50 mg
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(Phenergan®) sedative. Paediatric sedation reactions PO: 1–2 mg/kg. Anti -
emetic: 0.2–0.5 mg/kg

Propofol

Di -i sopropylphenol
intravenous  induction agent.
Rapid recovery and l i ttle
nausea. Agent of choice for day
stay surgery, sedation or
laryngeal  mask insertion

Reduce dose in elderly
or haemodynamica l ly
unstable. Not
recommended for
caesarean section.
Al lergy to eggs  or
soybean oi l . Caution in
epi lepsy

Apnoea, hypotens ion,
pa in on injection.
Myoclonic spasms,
rarely convuls ions

Induction: 2–5 mg/kg.
Infus ion: 4–15
mg/kg/h. NR
induction <1 month.
NR maintenance <3
years

Induction: 2–3 mg/kg.
Infus ion: 6–10 mg/kg/h.
TCI: ini tia l ly 4–8 µg/ml
then 3–6 µg/ml  (reduce
in elderly)

Propranolol
Non-selective β adrenergic
antagonis t. Control led
hypotens ion

Asthma, heart fa i lure,
AV block, verapami l
treatment

Bradycardia ,
hypotens ion, AV block,
bronchospasm

0.1 mg/kg over 5 min
1 mg increments  up to
5–10 mg

Protamine
Bas ic protein produced from
salmon sperm. Heparin
antagonis t

Weakly anticoagulant
and marked his tamine
release. Risk of a l lergy

Severe hypotens ion,
pulmonary
hypertens ion,
bronchospasm, flushing

Slow IV: 1 mg per 1
mg heparin (100
units ) to be reversed

Slow IV: 1 mg per 1 mg
heparin (100 uni ts ) to
be reversed

Pyridostigmine
Long-acting antichol inesterase
used in treatment of
myasthenia  gravis

See neostigmine See neostigmine
PO: 1–3 mg/kg at
interva ls  (4–12-
hourly)

PO: 30–120 mg at
interva ls  through day
(maximum 1.2 g/day)

Ranitidine
His tamine (H2) receptor
antagonis t. Reduction in
gastric acid secretion

Porphyria Tachycardia
IV: 1 mg/kg s lowly
tds . PO: 2–4 mg/kg bd

IV: 50 mg (di luted in 20
ml  sa l ine, given over 2
min) qds . IM: 50 mg
qds . PO: 150 mg bd
300 mg od

Remifentani l

Ul tra  short-acting opioid used
to supplement genera l
anaesthes ia . Metabol i zed by
non-speci fic esterases  not
plasma chol inesterase.
Duration 5–10 min Start at 0.1
µg/kg/min and adjust dose as
necessary

 

Muscle rigidi ty,
respiratory depress ion,
hypotens ion,
bradycardia

0.1–0.4 µg/kg/min

Slow bolus : up to 1
µg/kg. Infus ion (IPPV):
0.1–0.5 µg/kg/min.
Infus ion (SV): 0.025–0.1
mg/kg/min

Rocuronium

Rapidly acting aminosteroid
non-depolarizing muscle
relaxant. Rapid sequence
induction (avoiding
suxamethonium). Duration 10–
60 min (variable)

Neuromuscular block
potentiated by
aminoglycos ides , loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents

Mi ld tachycardia .
Enhanced effect in
myasthenia  gravis ,
effects  antagonized by
antichol inesterases ,
e.g. neostigmine.
Monitor response with
periphera l  nerve
stimulator

Intubation: 0.6–1
mg/kg. Maintenance:
0.1–0.15 mg/kg.
Infus ion: 0.3–0.6
mg/kg/h

Intubation: 0.6–1
mg/kg. Maintenance:
0.1–0.15 mg/kg.
Infus ion: 0.3–0.6
mg/kg/h

Rofecoxib (Vioxx®)

NSAID with selective inhibi tion
of cyclo-oxygenase II  (Cox II)
enzyme. May therefore have
reduced gastrointestina l  s ide-
effects

Hypersens i tivi ty to
aspirin, as thma, severe
renal  impairment,
peptic ulceration

 PO: 12.5–25 mg od

Ropivaca ine

Amide type loca l  anaesthetic
agent. Poss ibly less  motor
block than other agents .
Duration s imi lar to
bupivaca ine, but lower toxici ty

  

0.2–1% solution.
Maximum dose
dependent upon
injection s i te—3–4
mg/kg/4 h

0.2–1% solution.
Infi l tration/epidura l :
maximum dose
dependent upon
injection s i te—3–4
mg/kg/4 h

Sa lbutamol
β2 receptor agonis t. Treatment
of bronchospasm

Hypokalaemia
poss ible

Tremor, vasodi latation,
tachycardia

4 µg/kg s low IV then
0.1–1 µg/kg/min.
Nebul izer: <5 years
2.5 mg, >5 years  2.5–5
mg

250 µg s low IV then 5
µg/min (up to 20
µg/min). Nebul i zer:
2.5–5 mg prn

Suxamethonium

Depolarizing muscle relaxant.
Rapid short-acting muscle
para lys is . Phase II  block
develops  with repeated doses
(>8 mg/kg). Store at 2–8 °C

Prolonged block in
plasma chol inesterase
deficiency,
hypokalaemia,
hypocalcaemia.
Mal ignant
hyperthermia,
myopathies

Increased intraocular
pressure. Increased
serum potass ium
(normal ly 0.5 mmol/l i tre
—greater in burns ,
trauma, upper motor
neuron injury).
Bradycardia  with second
dose

1–2 mg/kg
1–1.5 mg/kg. Infus ion:
0.5–10 mg/min

Sufentani l
More potent thiamyl  analogue
of fentanyl  (five times  potency).
Analges ia . Duration 20–45 min

See fentanyl See fentanyl  

Analges ia : 10–30 µg
(0.2–0.6 µg/kg).
Anaesthes ia : 0.6–4
µg/kg

Teicoplanin

Glycopeptide antibiotic with
activi ty aga inst aerobic and
anaerobic Gram-pos i tive
bacteria

 
Ototoxici ty,
nephrotoxici ty

10 mg/kg for 3 doses
12 hourly then 6
mg/kg od

IV/IM: 400 mg for 3
doses  12 hourly then
200 mg od
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Temazepam
Benzodiazepine. Sedation or
premedication. Duration 1–2 h

Decreased requirement
for anaesthetic agents

Respiratory depress ion
in combination with
opioids . Amnes ia

PO: 0.5–1 mg/kg
preop.

PO: 10–40 mg 1 h preop.
(elderly 10–20 mg)

Tenoxicam
NSAID analges ic for mi ld to
moderate pa in

Hypersens i tivi ty to
aspirin, as thma, severe
renal
impairment,peptic
ulceration

Gastrointestina l  upset
or bleeding,
bronchospasm, tinni tus ,
fluid retention, platelet
inhibi tion

 
PO: 20 mg od. IV/IM
mg od

Tetraca ine
(amethocaine)
(Ametop®)

Ester type loca l  anaesthetic.
Topica l  ana lges ia  prior to
venepuncture. Ametop® gel
conta ins  4% amethocaine.
(Also ava i lable as  eye drops ,
but has  temporary dis ruptive
effect on corneal  epi thel ium).
Duration 4 h

Apply only to intact
skin under occlus ive
dress ing. Remove after
45 min

 
As  adult. <1month
NR

Each tube expels  1 g
(sufficient for area  6 ×
5 cm)

Thiopenta l

Short-acting thiobarbi turate.
Induction of anaesthes ia ,
anticonvulsant, cerebra l
protection. Recovery due to
redis tribution

Accumulation with
repeated doses .
Caution in
hypovolaemia  and
elderly. Porphyria

Hypotens ion
Induction: neonate
2–4 mg/kg, chi ld 5–6
mg/kg

Induction/cerebra l
protection: 3–5 mg/kg.
Anticonvulsant: 0.5–2
mg/kg prn

Tramadol

Opioid analges ic thought to
have less  respi ratory
depress ion, constipation,
euphoria , or abuse potentia l
than other opioids . Has  opioid
and non-opioid mechanisms  of
action

Only 30% antagonized
by na loxone. Caution in
epi lepsy. Previous ly not
recommended for intra-
operative use. MAOI

Nausea, dizziness , dry
mouth. Increased s ide
effects  in conjunction
with other opioids

 

PO: 50–100 mg 4-hourly.
Slow IV/IM: 50–100 mg
4-hourly (100mg
ini tia l ly then 50 mg
increments  to
maximum 250 mg).
Maximum 600 mg/day

Tranexamic acid

Inhibi ts  plasminogen
activation reducing fibrin
dissolution by plasmin.
Reduced haemorrhage in
prostatectomy or denta l
extraction

Avoid in
thromboembol ic
disease and renal
impairment

Dizziness , nausea PO: 15–20 mg/kg tds
Slow IV: 0.5–1 g tds
15–25 mg/kg tds

Triamcinolone
hexacetonide
(Lederspan®)

Relatively insoluble
corticosteroid for depot
injection.
(Epidura l  unl icensed use)

Dose depends  upon
s i te of injection. Strict
aseps is  essentia l .
Di lute 20 mg/ml
solution prior to use

 
Intra-articular or
intrasynovia l : 2.5–15
mg

Intra-articular or
intrasynovia l : 2–30 mg.
Epidura l : 40–60 mg
di luted with loca l
anaesthetic
(triamcinolone 4 mg =
prednisolone 5 mg)

Trimetaphan
Gangl ion blocking hypotens ive
agent

Tachyphylaxis  with
prolonged use

Tachycardia , mydrias is 0.04–0.1 mg/kg/min 2–4 mg/min

D-Tubocurare
Intermediate acting non-
depolarizing muscle relaxant

Neuromuscular block
potentiated by
aminoglycos ides , loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents . Asthma

Enhanced effect in
myasthenia  gravis .
Effects  antagonized by
antichol in-esterases .
Hypotens ion due to
his tamine release and
gangl ion blockade

Intubation: 0.6
mg/kg. Maintenance:
0.15 mg/kg

Intubation: 0.3–0.6
mg/kg. Maintenance:
0.05–0.3 mg/kg

Vancomycin

Glycopeptide antibiotic with
activi ty aga inst aerobic and
anaerobic Gram-pos i tive
bacteria . Peak level  <30
mg/l i tre.Trough level  <10
mg/l i tre

Avoid rapid infus ion
(hypotens ion,
wheezing, urticaria , red
man syndrome).
Reduce dose in renal
impairment

Ototoxici ty,
nephrotoxici ty, phlebi ti s

>1 month: 15 mg/kg
over 2 h tds

1 g over 100 min bd
(check blood levels
after thi rd dose)

Vasopress in
(Pi tress in®)

ADH used in treatment of
diabetes  ins ipidus

Extreme caution in
coronary vascular
disease

Pal lor, coronary
vasoconstriction, water
intoxication

Diabetes  ins ipidus
SC/IM: 2–10 uni ts  4-
hourly

Diabetes  ins ipidus
SC/IM: 5–20 uni ts  4-
hourly

Vecuronium

Aminosteroid non-depolarizing
muscle relaxant. Cardiostable
and no his tamine release.
Duration 30–45 min

Neuromuscular block
potentiated by
aminoglycos ides , loop
diuretics , magnes ium,
l i thium, hypothermia,
hypokalaemia,
acidos is , prior use of
suxamethonium,
volati le anaesthetic
agents

Enhanced effect in
myasthenia  gravis .
Effects  antagonized by
antichol in-esterases ,
e.g. neostigmine.
Monitor response with
periphera l  nerve
stimulator

Intubation: <4
months  10–20 µg/kg,
plus  increments  as
required >5 months
100 µg/kg

Intubation: 80–100
µg/kg. Maintenance:
20–30 µg/kg. Infus ion:
0.8–1.4 µg/kg/min

Coumarin derivative ora l
anticoagulant. DVT prophylaxis :
INR 2.0–2.5. DVT/PE treatment,

PO: 0.2 mg/kg up to
PO: 10 mg od for 2 days

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Warfarin AF, mitra l  va lve disease: INR
2.5–3.0. Recurrent DVT/PE,
prosthetic heart va lve: INR 3.0–
4.5

Pregnancy, peptic ulcer
disease

Haemorrhage 10 mg od for 2 days ,
then 0.05–0.2 mg/kg
od

then 3–9 mg od
dependent on INR

Zolpidem
Short-acting imidazopyridine
hypnotic with l i ttle hangover
effect

Obstructive s leep
apnoea, myasthenia
gravis

  
PO: 10 mg nocte
(elderly 5 mg)

Zopiclone
Short-acting cyclopyrrolone
hypnotic with l i ttle hangover
effect

Obstructive s leep
apnoea, myasthenia
gravis

  
PO: 7.5 mg nocte
(elderly 3.75 mg)

IV = intravenous . IM = intramuscular. SC = subcutaneous . PO = per os  (ora l ). SL = subl ingual . ET = endotracheal . od = once da i ly. bd = twice da i ly. tds
= three times  da i ly. qds  = four times  da i ly. NR = not recommended. Doses  are intravenous  and di lutions  in 0.9% sa l ine unless  otherwise s tated.
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Appendix 2
Infus ion regimes

Drug Indication Diluent Dose
Suggested regime
(60 kg adult)

Infusion
range

Initial
rate
(adult)

Comments

Adrenal ine
Treatment of
hypotens ion

0.9%
sal ine, 5%
dextrose

2–20 µg/min (0.04–0.4
µg/kg/min)

5 mg/50 ml  (100
µg/ml)

1.2–12+
ml/h

5 ml/h

Via  centra l  catheter. Suggest 1
mg/50ml  for ini tia l  intra-operative
use (or 1 mg/500ml  i f no centra l
access )

Al fentani l Analges ia
0.9%
sal ine, 5%
dextrose

0.5–1 µg/kg/min
Undi luted (500
µg/ml)

0–8 ml/h 4 ml/h
1–2 mg can a lso be added to 50 ml
propofol  for infus ion

Aminophyl l ine Bronchodi lation
0.9%
sal ine, 5%
dextrose

0.5 mg/kg/h
250 mg/50 ml  (5
mg/ml)

0–6 ml/h 6 ml/h
After 5 mg/kg s low IV bolus  over 30
min

Amiodarone
Treatment of
arrhythmias

5%
dextrose
only

Loading infus ion 5
mg/kg over 1–2 h,
then 900 mg over 24 h

300 mg/50 ml  (6
mg/ml)

25–50
ml/h
then 6
ml/h

25
ml/h

Via  centra l  l ine. Maximum 1.2 g in 24
h

Atracurium Muscle relaxant
0.9%
sal ine, 5%
dextrose

0.3–0.6 mg/kg/h
undi luted (10
mg/ml)

1.5–4
ml/h

3 ml/h Assess  rate with nerve s timulator

Cis -atracurium Muscle relaxant
0.9%
sal ine, 5%
dextrose

0.06–0.18 mg/kg/h
undi luted (2
mg/ml)

2–5 ml/h 5 ml/h Assess  rate with nerve s timulator

Digoxin
Rapid control  of
ventricular rate

0.9%
sal ine, 5%
dextrose

250–500 µg over 30–
60 min

250–500 µg/50 ml
0–100
ml/h

50
ml/h

ECG monitoring suggested

Dobutamine
Cardiac
fa i lure/inotrope

0.9%
sal ine, 5%
dextrose

2.5–10 µg/kg/min
250 mg/50 ml  (5
mg/ml)

2–7 ml/h 2 ml/h  

Dopamine Inotrope
0.9%
sal ine, 5%
dextrose

2–10 µg/kg/min
200 mg/50 ml  (4
mg/ml)

2–9 ml/h 2 ml/h Via  centra l  l ine

Dopexamine Inotrope
0.9%
sal ine, 5%
dextrose

0.5–6 µg/kg/min
50 mg/50 ml  (1
mg/ml)

2–22
ml/h

2 ml/h
May be given via  large periphera l
vein

Doxapram
Respiratory
stimulant

0.9%
sal ine, 5%
dextrose

2–4 mg/min
200 mg/50 ml  (4
mg/ml)

30–60
ml/h

30
ml/h

Maximum dose 4 mg/kg

Enoximone Inodi lator
0.9%
sal ine
only

90 µg/kg/min for 10–
30 min, then 5–20
µg/kg/min

100 mg/50 ml  (2
mg/ml)

9–36
ml/h

162
ml/h
for

Maximum 24 10–30 min mg/kg/day

Esmolol Beta-blocker
0.9%
sal ine, 5%
dextrose

50–200 µg/kg/min
2.5 g/50 ml  (50
mg/ml)

3–15
ml/h

3 ml/h  

Glyceryl
trini trate

Control led
hypotens ion

0.9%
sal ine, 5%
dextrose

0.5–12 mg/h
50 mg/50 ml  (1
mg/ml)

0.5–12
ml/h

5 ml/h  
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Heparin Anticoagulation
0.9%
sal ine, 5%
dextrose

24 000–48 000 uni ts
per 24 h

50 000 uni ts/50 ml
(1000 uni ts/ml) 1–2 ml/h 2 ml/hr Check APTT after 12 h

Insul in
(soluble)

Diabetes
mel l i tus

0.9%
sal ine,
haemaccel

Sl iding sca le
50 uni ts/50 ml  (1
unit/ml)

Sl iding
sca le

Sl iding
sca le

See p. 74

Isoprenal ine
Treatment of
heart block or
bradycardia

5%
dextrose
D. sa l ine

0.5–10 µg/min
1 mg/50 ml  (20
µg/ml)

1.5–30
ml/hr

7 ml/h  

Ketamine
Genera l
anaesthes ia

0.9%
sal ine, 5%
dextrose

1–3 mg/kg/h
500 mg/50 ml  (10
mg/ml)

6–18
ml/h

10
ml/h

Induction 0.5–2 mg/kg

Ketamine Analges ia
0.9%
sal ine, 5%
dextrose

0.2 mg/kg/h
200 mg/50 ml  (4
mg/ml)

0–6 ml/h 3 ml/h  

Ketamine
‘Trauma’
mixture

0.9%
sal ine

0.5 ml/kg/h
50 ml  mixture (4
mg/ml  ketamine)

15–45
ml/h

30
ml/h

200 mg ketamine + 10 mg midazolam
+ 10 mg vecuronium in 50 ml

Lidoca ine
(l ignocaine)

Ventricular
arrhythmias

0.9%
sal ine

4 mg/min for 30 min,
2 mg/min for 2 h,
then 1 mg/min for 24
h

500 mg/50 ml  (10
mg/ml  = 1%)

6–24
ml/h

24
ml/h

After 50–100 mg s low IV bolus . ECG
monitoring

Mi l rinone Inodi lator
0.9%
sal ine, 5%
dextrose

50 µg/kg over 10 min,
then 0.375–0.75
µg/kg/min

10 mg/50 ml  (0.2
mg/ml)

7–14
ml/h

90
ml/h
for 10
min

Maximum 1.13 mg/kg/day

Mivacurium Muscle relaxant
0.9%
sal ine, 5%
dextrose

0.3–0.6 mg/kg/h
Undi luted (2
mg/ml)

9–18ml/h
18
ml/h

Assess  rate with nerve s timulator

Morphine Analges ia
0.9%
sal ine

0–3.5 mg/h
50 mg/50 ml  (1
mg/ml)

0–3.5
ml/h

2 ml/h
Monitor respi ration and sedation
hourly. Adminis ter oxygen

Naloxone
Opioid
antagonis t

0.9%
sal ine, 5%
dextrose

>1 µg/kg/h
2 mg/500 ml  (4
µg/ml)

  Rate adjusted according to response

Nimodipine

Prevention of
vasospasm
after
subarachnoid

0.9%
sal ine, 5%
dextrose

0.5–1 mg/h
increas ing to 2 mg/h
over 2 h

Undi luted (0.2
mg/ml)

2.5–10
ml/h

2.5–5
ml/h

Via  centra l  l ine. Incompatible with
polyvinyl  chloride

Nitropruss ide
(sodium)

Control led
hypotens ion

5%
dextrose

0.3–1.5 µg/kg/min
25 mg/50 ml  (500
µg/ml)

2–10
ml/h

5 ml/h
Maximum dose 3.5 mg/kg. Protect
from l ight

Noradrenal ine
Treatment of
hypotens ion

5%
dextrose

2–20 µg/min (0.04–0.4
µg/kg/min)

4 mg/40 ml  100
µg/ml)

1.2–12+
ml/h

5 ml/h Via  centra l  l ine

Octreotide
Somatostatin
analogue

0.9%
sal ine

25–50 µg/h
500 µg/50 ml  (10
µg/ml)

2–5 ml/h 5 ml/h Use in varicea l  bleeding unl icensed

Oxytocin
Prevention of
uterine atony

5%
dextrose

0.02–0.04 uni ts/min
20 uni ts  in 500 ml
(0.04 uni ts/ml)

30–60
ml/h

60
ml/h

 

Phenytoin
Anticonvulsant
prophylaxis

0.9%
sal ine

15 mg/kg

900 mg/90 ml
(adminis ter
through 0.22–0.5
µm fi l ter)

Up to 50
mg/min

180
ml/h

ECG and BP monitoring. Complete
within 1 h of preparation

Propofol Anaesthes ia 6–10 mg/kg/h
Undi luted (10
mg/ml)

36–60 ml/h TCI: ini tia l ly 4–8 µg/then 3–6 µg/ml

Propofol Sedation 0–3 mg/kg/hr
Undi luted (10
mg/ml)

0–20
ml/h

 TCI: 0–2.5 µg/ml

Remifentani l
Analges ia
during genera l
anaesthes ia

0.9%
sal ine, 5%
dextrose

0.1–0.5 µg/kg/min
2 mg/40ml  (50
µg/ml)

5–40
ml/h
IPPV. 2–7
ml/h SV

8 ml/h
IPPV. 2
ml/h
SV

Suggest s tarting at 0.1 µg/kg/min (8
ml/h) then adjust up to 0.25
µg/kg/min (20 ml/h) as  required

Rocuronium Muscle relaxant
0.9%
sal ine, 5%
dextrose

0.3–0.6 mg/kg/h
undi luted (10
mg/ml)

1.5–4
ml/h

3 ml/h Assess  rate with nerve s timulator

Sa lbutamol Bronchospasm
5%
dextrose

5–20 µg/min
1 mg/50 ml  (20
µg/ml)

15–60
ml/h

30
ml/h

After 250 µg s low IV bolus

Sodium
bicarbonate

Acidos is  
[weight (kg) x base
defici t x 0.3] mmol

Undi luted (8.4%
solution)

  
8.4% = 1000 mmol/l i tre.Via  centra l
l ine i f poss ible

Vancomycin Antibiotic
0.9%
sal ine, 5%
dextrose

1g 1 g/500 ml
500
ml/100
min

500 ml/100 min

Vecuronium Muscle relaxant
0.9%
sal ine, 5%
dextrose

0.05–0.08 mg/kg/h
undi luted (2
mg/ml)

1.5–3
ml/h

2.5
ml/h

Assess  rate with s timulator

Al ternative regimes  for any infus ion: 3 mg/kg/50 ml  then 1 ml/hr = 1 µg/kg/min
3 mg/50 ml  then 1 ml/hr = 1 µg/min
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Appendix 3
Volati le agents

 
MAC in
oxygen (%)

MAC in 66%
N2O (%)

Boiling
point (°C)

Saturated vapour
pressure at 20°C (kPa)

Oil/gas partition
coefficient 37°C

Blood/gas partition
coefficient 37°C

Molecular
weight

Biotransoxygen
formation %

Desflurane 6 2.8 23.5 88.5 18.7 0.42 168 minimal

Enflurane 1.7 0.65 56.5 22.9 96 1.91 184.5 3

Halothane 0.77 0.29 50.2 32.5 224 2.3 197.4 25

Isoflurane 1.15 0.5 48.5 31.9 91 1.4 184.5 0.2

Sevoflurane 1.71 0.66 58.5 21.3 53 0.59 200 2.5

Nitrous
oxide

104 NA –88 5200 1.4 0.47 44 0

View Figure

Chemica l  s tructure of inhaled anaesthetic agents

P.1099

Normal  va lues
P.1100

ASA classification of physical state

Grade Description

1 A heal thy patient with no systemic disease

2 Mi ld to moderate systemic disease treated and not l imiting patient's  activi ties

3 Severe systemic dis turbance impos ing defini te functional  l imitation on patient

4 Severe systemic disease which i s  a  constant threat to l i fe

5 Moribund patient unl ikely to survive 24 h, with or without surgery

CEPOD classification

Grade
Description of
surgery

 

1 Elective Operation at a  time to sui t both patient and surgeon (e.g. cholecystectomy, joint replacement)

2 Scheduled An early operation but not immediately l i fe-saving (e.g. mal ignancy). Operation usual ly within 3 weeks

3 Urgent
Operation as  soon as  poss ible after resusci tation (e.g. i rreducible hernia , intestina l  obstruction, major fracture).
Operation within 24 h

4 Emergency
Immediately l i fe-saving operation, resusci tation s imultaneous  with surgica l  treatment (e.g. trauma, ruptured AAA).
Operation usual ly within 1 h

P.1101

Cardiovascular pressures (mmHg)

 Range Mean

Centra l  venous  pressure (CVP) 0–8 4

Right atria l  (RA) 0–8 4

Right ventricular (RV):

   Systol ic 14–30 25

   End-diastol ic (RVEDP) 0–8 4

Pulmonary arteria l  (PA):

   Systol ic 15–30 23

   Diastol ic 5–15 10

   Mean (PAP) 10–20 15

Mean pulmonary artery wedge (PAWP) 5–15 10

Left atria l  (LA) 4–12 7

Left ventricular (LV):

   Systol ic 90–140 120

   End-diastol ic (LVEDP) 4–12 7
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Arterial/Mixed venous blood gases

 
Mixed venous blood gases Arterial blood gases

mmHg kPa mmHg kPa

O2 37–42 4.93–5.60 90–110 12.00–14.67

CO2 40–52 5.33–6.93 34–46 4.53–6.13

N2 573 76.39 573 76.39

pH 7.32–7.42 7.36–7.44

Lung volumes

 Adult (65 kg)

Dead space (VD) 2.2 ml/kg

Tida l  volume (VT) 7–10 ml/kg

Alveolar venti lation (VA) 70 ml/kg/min

Minute venti lation (VE) 85–100 ml/kg/min

Vita l  capaci ty (VC) 50–55 ml/kg

Respiratory rate (RR) 12–18 breaths/min

Tota l  lung capaci ty (TLC) 5000–6500 ml

Inspiratory reserve volume (IRV) 3300–3750 ml

Expiratory reserve volume (ERV) 950–1200 ml

Functional  res idual  capaci ty (FRC) 2300–2800 ml

Res idual  volume (RV) 1200–1700 ml

P.1102

Derived haemodynamic variables

Variable value Formula Normal values

Cardiac output (CO) SVx HR 4.5–8 l i tre/min

Cardiac index (CI) CO/BSA 2.7–4 l i tre/min/m2

Stroke volume (SV) (CO/HR) × 1000 60–130 ml/beat

Stroke volume index (SI) SV/BSA 38–60 ml/beat/m2

Systemic vascular res is tance (SVR) 80 × (MAP - CVP)/CO 770–1500 dyn s/cm5

Systemic vascular res is tance index (SVRI) 80 × (MAP - CVP)/CI 1860–2500 dyn s/cm5/m2

Pulmonary vascular res is tance (PVR) 80 × (PAP -PCWP)/CO 100–250 dyn s/cm5

Pulmonary vascular res is tance index (PVRI) 80 × (PAP -PCWP)/CI 225–315 dyn.sec/cm5/m2

Left ventricular s troke work index (LVSWI) SIx MAPx 0.0144 50–62 g.m/m2/beat

Rate-pressure product (RPP) SAP × HR 9600

Ejection fraction (EF) (ESV - EDV)/EDV >0.6

BSA = body surface area; HR = heart rate; MAP = mean arteria l  pressure; CVP = centra l  venous  pressure; PAP = mean pulmonary arteria l
pressure; PCWP = pulmonary capi l lary wedge pressure; SAP = systol ic arteria l  pressure; ESV = end-systol ic volume; EDV = end-diastol ic
volume.
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Gas flows in anaesthetic breathing systems

 Spontaneous ventilation Intermittent positive pressure ventilation

Mapleson A (Lack or Magi l l )
MV (theoretica l ly VA) 80
ml/kg/min

2.5 × MV (200 ml/kg/min)

Mapleson D (Ba in or coaxia l  Mapleson D)
(2–3) × MV (150–250
ml/kg/min)

70 ml/kg/min for PaCO2 of 5.3 kPa. 100 ml/kg/min for PaCO2
of 4.3 kPa

Mapleson E (Ayre's  T-piece) 2 × MV As  Mapleson D. Minimum of 3 l i tre/min fresh gas  flow

Mapleson F (Jackson Rees  modi fication of Ayre's
T-piece)

As  Mapleson E As  Mapleson E

MV = minute venti lation; VA = a lveolar venti lation

Ayre's T-piece system (spontaneous ventilation)

Patient age Fresh gas flow (litres/min) Reservoir limb (ml)

0–3 months 3–4 6–12

3–6 months 4–5 12–18

6–12 months 5–6 18–24

1–2 years 6–7 24–42

2–4 years 7–8 42–60
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Pulmonary function tests (females)

Age (years) Height (cm) FEV1 (litres) FVC (litres) FEV1/FVC (%) PEFR (litre/min)

20

145 2.60 3.13 81.0 377

152 2.83 3.45 81.0 403

160 3.09 3.83 81.0 433

168 3.36 4.20 81.0 459

175 3.59 4.53 81.0 489

30

145 2.45 2.98 79.9 366

152 2.68 3.30 79.9 392

160 2.94 3.68 79.9 422

168 3.21 4.05 79.9 448

175 3.44 4.38 79.9 478

40

145 2.15 2.68 77.7 345

152 2.38 3.00 77.7 371

160 2.64 3.38 77.7 401

168 2.91 3.75 77.7 427

175 3.14 4.08 77.7 457

50

145 1.85 2.38 75.5 324

152 2.08 2.70 75.5 350

160 2.34 3.08 75.5 380

168 2.61 3.45 75.5 406

175 2.84 3.78 75.5 436

60

145 1.55 2.08 73.2 303

152 1.78 2.40 73.2 329

160 2.04 2.78 73.2 359

168 2.31 3.15 73.2 385

175 2.54 3.48 73.2 415

70

145 1.25 1.78 71.0 282

152 1.48 2.10 71.0 308

160 1.74 2.48 71.0 338

168 2.01 2.85 71.0 364

175 2.24 3.18 71.0 394

FEV1 = forced expiratory volume in i s ; FVC = forced vi ta l  capaci ty; PEFR = peak expiratory flow rate.
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Pulmonary function tests (males)

Age (years) Height (cm) FEV1 (litres) FVC (litres) FEV1/FVC (%) PEFR (litre/min)

20

160 3.61 4.17 82.5 572

168 3.86 4.53 82.5 597

175 4.15 4.95 82.5 625

183 4.44 5.37 82.5 654

191 4.69 5.73 82.5 679

30

160 3.45 4.06 80.6 560

168 3.71 4.42 80.6 584

175 4.00 4.84 80.6 612

183 4.28 5.26 80.6 640

191 4.54 5.62 80.6 665

40

160 3.14 3.84 76.9 536

168 3.40 4.20 76.9 559

175 3.69 4.62 76.9 586

183 3.97 5.04 76.9 613

191 4.23 5.40 76.9 636

50

160 2.83 3.62 73.1 512

168 3.09 3.98 73.1 534

175 3.38 4.40 73.1 560

183 3.66 4.82 73.1 585

191 3.92 5.18 73.1 608

60

160 2.52 3.40 69.4 488

168 2.78 3.76 69.4 509

175 3.06 4.18 69.4 533

183 3.35 4.60 69.4 558
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191 3.61 4.96 69.4 579

70

160 2.21 3.18 65.7 464

168 2.47 3.54 65.7 484

175 2.75 3.96 65.7 507

183 3.04 4.38 65.7 530

191 3.30 4.74 65.7 551

FEV1 = forced expiratory volume in 1 s ; FVC = forced vi ta l  capaci ty; PEFR = peak expiratory flow rate.
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Haematology

Measurement Reference interval Your hospital

White cel l  count (WCC) 4.0–11.0 X109/L  

Red cel l  count
♂ 4.5–6.5 × 1012/L  

♀ 3.9–5.6 × 1012/L  

Haemoglobin
♂ 13.5–18.0g/dL  

♀ 11.5–16.0 g/dL  

Packed red cel l  volume (PCV) or haematocri t
♂0.4–0.54 L/L  

♀ 0.37–0.47 L/L  

Mean cel l  volume (MCV) 76–96 fL  

Mean cel l  haemoglobin (MCH) 27–32 pg  

Mean cel l  haemoglobin concentration (MCHC) 30–36 g/dL  

Neutrophi l s
2.0–7.5 × 109/L  

40–75% WCC  

Lymphocytes
1.3–3.5 × 109/L  

20–45% WCC  

Eos inophi l s
0.04–0.44 × 109/L  

1–6% WCC  

Basophi l s
0.0–0.10 × 109/L)  

0.1% WCC  

Monocytes
0.2–0.8 × 109/L  

2–10% WCC  

Platelet count 150–400 × 109/L  

Reticulocyte count 0.8–2.0%* 25–100 × 109/L  

Erythrocyte sedimentation rate depends  on age  

Prothrombin time (factors  I , I I , VII , X) 10–14 seconds  

Activated partia l  thromboplastin time (VIII , IX, XI, XII) 35–45 seconds  

*Only use percentages  as  reference interva ls  i f red cel l  count i s  normal ; otherwise use the absolute va lue. Express  as  a  ratio versus  control .
For INR va lues  see p. 1088.

P.1107

P.1108

Biochemistry
Drugs  (and other substances) may interfere with any chemica l  method; as  these effects  may be method-dependent, i t i s  di ffi cul t for the
cl inician to be aware of a l l  the poss ibi l i ties . If in doubt, discuss  with the lab.

Substance Specimen Reference interval Your hospital

Adrenocorticotrophic hormone P <80ng/L  

Alanine aminotransferase (ALT) P 5–35 lu/L  

Albumin P¶ 35–50 g/L  

Aldosterone P‡ 100–500 pmol/L  

Alka l ine phosphatase P 30–300 lu/L (adults )  

α-amylase P 0–180 Somogyi  u/dL  

α-fetoprotein S <10 ku/L  

Angiotens in I I P‡ 5–35 pmol/L  

Antidiuretic hormone (ADH) P 0.9–4.6 pmol/L  

Aspartate transaminase P 5–35 iu/L  

Bicarbonate P¶ 24–30 mmol/L  

Bi l i rubin P 3–17 µmol/L  

Ca lci tonin P <0.1 µg/L  

Ca lcium (ionized) P 1.0–1.25 mmol/L  
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Calcium (tota l ) P¶ 2.12–2.65 mmol/L  

Chloride P 95–105 mmol/L  

*Cholesterol P 3.9–7.8 mmol/L  

VLDL P 0.128–0.645 mmol/L  

LDL P 1.55–4.4 mmol/L  

HDL P 0.9–1.93 mmol/L  

Corti sol P
a.m. 450–700 nmol/L  

midnight 80–280 nmol/L  

Creatine kinase (CK) P
♂ 25–195 lu/L  

♀ 25–170 lu/L  

Creatinine (∞ to lean body mass) P¶ 70-≤150 mmol/L  

Ferri tin P 12–200 µg/L  

Folate S 2.1 µg/L  

Fol l i cle-s timulating hormone (FSH)
P/S 2–8 u/L in ♀ (lutea l );  

>25 u/L in menopause  

Gamma-glutamyl  transpeptidase P
♂ 11–51 lu/L  

♀ 7–33 lu/L  

Glucose (fasting) P 3.5–5.5 mmol/L  

Glycated (glycosylated) Hb B 2.3–6.5%  

Growth hormone P <20 mu/L  

HbAMlc(= glycosylated Hb) B 2.3–6.5%  

Iron S
♂ 14–31 µmol/L  

♀ 11–30 µmol/L  

Lactate dehydrogenase (LDH) P 70–250 lu/L  

Lead B <1.8 mmol/L  

Luteinizing hormone (LH) (pre-menopausa l ) P 3–16 u/L (lutea l )  

Magnes ium P 0.75–1.05 mmol/L  

Osmola l i ty P 278–305 mosmol/kg  

Parathyroid hormone (PTH) P <0.8–8.5 pmol/L  

Phosphate (inorganic) P 0.8–1.45 mmol/L  

Potass ium P 3.5–5.0 mmol/L  

Prolactin P ♂ <450 u/L; ♀ <600 u/L  

Prostate speci fic antigen P 0–4 nanograms/mL, p. 653  

Protein (tota l ) P 60–80 g/L  

Red cel l  folate B
0.36–1.44 µmol/L  

(160–640 µg/L  

Renin (erect/recumbent) P‡ 2.8–4.5/1.1–2.7 pmol/mL/h  

Sodium P 135–145 mmol/L  

Thyroid-binding globul in (TBG) P 7–17 mg/L  

Thyroid-s timulating hormone (TSH) NR widens  with age P 0.5–5.7 mu/L  

Thyroxine (T4) P 70–140 mmol/L  

Thyroxine (free) P 9–22 pmol/L  

Tota l  i ron binding capaci ty S 54–75 µmol/L  

Triglyceride P 0.55–1.90 mmol/L  

Tri -iodothyroinine (T3) P 1.2–3.0 nmol/L  

Urate P
♂ 210–480 µmol/L  

♀ 150–390 µmol/L  

Urea P 2.5–6.7 mmol/L  

Vi tamin B12 S 0.13–0.68 nmol/L (>150 ng/L)  

* Des i red upper l imit of cholesterol  would be ~ 6 mmol/L.
‡ The sample requires  specia l  handl ing; contact the laboratory.
P = plasma (eg heparin bottle; S = serum (clotted; no anticoagulant);
B = whole blood (edetic acid EDTA bottle)
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Checkl i s t for Anaesthetic Apparatus
The fol lowing checks  should be made prior to each operating sess ion.

Check that the anaesthetic machine i s  connected to the electrici ty supply (i f appropriate) and switched on.
Take note of any information or label l ing on the anaesthetic machine referring to the current s tatus  of the machine. Particular
attention should be pa id to recent servicing. servicing labels  should be fixed in the service logbook.

Check that an oxygen analyser i s  present on the anaesthetic machine.
Ensure that the analyser i s  switched on, checked and ca l ibrated.
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The oxygen sensor should be placed where i t can monitor the compos i tion of the gases  leaving the common gas  outlet.
Identi fy and take note of the gases  which are being suppl ied by pipel ine, confi rming with a  “tug-test” that each pipel ine i s  correctly
inserted into the appropriate gas  supply terminal .
Note: Carbon dioxide cyl inders  should not be present on the anaesthetic machine unless  requested by the anaesthetis t. A blanking
plug should be fi tted to any empty cyl inder yoke.

Check that the anaesthetic machine i s  connected to a  supply of oxygen and that an adequate supply of oxygen i s  ava i lable from
a reserve oxygen cyl inder.
Check that adequate suppl ies  of other gases  (ni trous  oxide, a i r) are ava i lable and connected as  appropriate.
Check that a l l  pipel ine pressure gauges  in use on the anaesthetic machine indicate 400 kPA.

Check the operation of flowmeters .
Ensure that each flow control  va lve operates  smoothly and that the bobbin moves  freely throughout i ts  range.
Check the operation of the emergency oxygen bypass  control .

Check the vaporiser(s ).
Ensure that each vaporiser i s  adequately but not over fi l led.
Ensure that each vaporiser i s  correctly seated on the back bar and not ti l ted.
Check the vaporiser for leaks  (with vaporiser on and off) by temporari ly occluding the common gas  outlet.
When checks  have been completed turn the vaporiser(s ) off.
A leak test should be performed immediately after changing any vaporiser.

Check the breathing system to be employed.
The system should be visua l ly inspected for correct configuration. Al l  connections  should be secured by “push and twis t”.
A pressure leak test should be performed on the breathing system by occluding the patient port and compress ing the reservoir
bag.
The correct operation of unidi rectional  va lves  should be careful ly checked.
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Check that the venti lator i s  configured appropriately for i ts  intended use.
Ensure that the venti lator tubing i s  correctly configured and securely attached.
Set the controls  for use and ensure that an adequate pressure i s  generated during the inspi ratory phase.
Check that the pressure rel ief va lve functions .
Check that the disconnect a larm functions  correctly.
Ensure that an a l ternative means  to venti late the patient's  lungs  i s  ava i lable.

Check that the anaesthetic gas  scavenging system is  switched on and i s  functioning correctly.
Ensure that the tubing i s  attached to the appropriate expiratory port(s ) of the breathing system or venti lator.

Check that a l l  anci l lary equipment which may be needed i s  present and working.
This  includes  laryngoscopes , intubation a ids , intubation forceps , bougies  etc. and appropriately s i zed facemasks , a i rways ,
tracheal  tubes  and connectors .
Check that the suction apparatus  i s  functioning and that a l l  connections  are secure.
Check that the patient can be ti l ted head-down on the trol ley, operating table or bed.

Ensure that the appropriate monitoring equipment i s  present, switched on and ca l ibrated ready for use.
Set a l l  defaul t a larm l imits  as  appropriate.
(It may be necessary to place the monitors  in the s tand-by mode to avoid unnecessary a larms  before being connected to the
patient.)
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Useful  web s i tes

http://www.rcoa.ac.uk/ Royal  Col lege of Anaesthetis ts

http://www.aagbi .org/ Association of Anaesthetis ts  of Great Bri ta in and Ireland

http://www.anzca.edu.au/ Austra l ian and New Zealand Col lege of Anaesthetis ts

http://www.asahq.org/homepageie.html American Society of Anesthes iologis ts

http://www.bja .oupjournals .org/ Bri ti sh Journal  of Anaesthes ia

http://www.anesthes iology.org/ Anesthes iology

http://www.anesthes iaanalges ia .org/ Anesthes ia  and Analges ia

http://www.bmj.com/ Bri ti sh Medica l  Journal

http://www.thelancet.com/ The Lancet

http://www.aaic.net.au/ Anaesthes ia  & Intens ive Care

http://www.esraeurope.org/ European Society of Regional  Anaesthes ia

http://www.scata .org.uk/ Society of Computing and Technology in Anaesthes ia

http://www.pedsanesthes ia .org/ Society for Pediatric Anesthes ia

http://www.his tansoc.org.uk/ His tory of Anaesthes ia  Society

http://www.vasgbi .com/ Vascular Anaesthes ia  Society of Great Bri ta in and Ireland

http://www.oaa-anaes .ac.uk/ Obstetric Anaesthetis ts  Association

http://www.nda.ox.ac.uk/wfsa World Anaesthes ia

http://www.cochrane.org/ Cochrane Col laboration

http://www.vi rtua l -anaesthes iatextbook.com/ Virtua l  Anaesthes ia  Textbook

http://www.eguidel ines .co.uk/ eGuidel ines

http://www.ncbi .nlm.nih.gov/PubMed/ PubMed

http://www.ohsu.edu/cl iniweb/ Cl iniweb

http://www.medexplorer.com/ MedExplorer

http://www.medimatch.com MediMatch

http://www.bma.org.uk Bri ti sh Medica l  Association



http://www.mps.org.uk The Medica l  Protection Society

http://www.the-mdu.com/ The Medica l  Defence Union

http://www.mddus .com The Medica l  and Denta l  Defence Union of Scotland
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Advanced Li fe Support for adul ts

View Figure

Figure. No caption ava i lable.

Fa i led Intubation

View Figure

Figure. No caption ava i lable.

Management of a  Patient with Suspected Anaphylaxis
Ini tia l  Therapy

Stop adminis tration of drug(s ) l ikely to have caused the anaphylaxis .
Mainta in a i rway: give 100% oxygen.
Lay patient flat with feet elevated.
Give adrenal ine. This  may be given intramuscularly in a  dose of 0.5 mg to 1 mg (0.5 to 1 ml  of 1:1,000) and may be repeated every 10
minutes  according to the arteria l  pressure and pulse unti l  improvement occurs .
Al ternatively, 50 to 100 µg (0.5 to 1 ml  of 1:10,000) intravenous ly over 1 minute has  been recommended for hypotens ion with ti tration of
further doses  as  required.
In a  patient with cardiovascular col lapse, 0.5 to 1 mg (5 to 10 ml  of 1:10,000) may be required intravenous ly in divided doses  by ti tration.
This  should be given at a  rate of 0.1 mg/minute s topping when a  response has  been obta ined.
Start intravascular volume expans ion with crysta l loid or col loid.

Secondary Therapy

ntihis tamines  (chlorpheniramine 10–20 mg by s low intravenous  infus ion).
Corticosteroids  (100–300 mg hydrocorti sone iv).
Catecholamine infus ions  (s tarting doses : adrenal ine 4–8 µg/min [0.05–0.1 µg/kg/min]; noradrenal ine 4–8 µg/min [0.05–0.1 µ/kg/min];
i soprenal ine 0.05–1 mg/min).
Cons ider bicarbonate (0.5–1.0 mmol/kg iv) for acidos is .
Ai rway eva luation (before extubation).
Bronchodi lators  may be required for pers is tent bronchospasm.

Courtesy of the Association of Anaesthetis ts  of Great Bri ta in and Ireland





What's New in Books@Ovid?

 

Released on September 7, 2004!

Ovid i s  an industry leader in developing user-friendly products  that empower researchers ,
cl inicians , s tudents  and information managers . Our new books  platform, des igned with guidance
from our customers , promises  to be another va luable research tool  in this  tradi tion of innovation. 

Fol lowing i s  an outl ine of the new features  of Books@Ovid that are now ava i lable. If you have any
questions  about these enhancements  or need ass is tance with your subscription, please contact
us  at support@ovid.com.

Books@Ovid enhanced platform
To regis ter for a  web-based tra ining sess ion, contact us  at www.ovid.com/bookstra ining

Easier Search Capabilities

Use natura l  language to search for cl inica l  concepts  in a  s ingle s tep: for example,
"prevention of MI in patients  with hypertens ion." Al ternatively, the Key Word button i s  s ti l l
ava i lable for fielded and Boolean searching.
Identi fy the best resul ts  at a  glance: resul ts  are retrieved at the passage level , so you
needn’t scrol l  through enti re chapters  to find your resul ts .
View resul ts  ranked by relevance, not by book ti tle.
Limit resul ts  to your specia l ty (nurs ing, cardiology etc) to eas i ly identi fy the information
related to your area  of experti se.
Limit searches  to a  chosen book type for further precis ion: for example, l imit to
comprehens ive texts , drug manuals , or cl inica l  handbooks .

One-click links from book bibliographies to:

Ful l  text journals
Bibl iographic records
External  resources

Single, expandable table of contents

Integrates  the book and chapter tables  of contents  that previous ly appeared on separate
pages
Table of contents  now a lways  vis ible when ful l  text i s  viewed
Ful l  text synchronizes  with table of contents  selection
Retrieved when searching and brows ing

New Browse Options

Browse by ti tle i s  organized into clean a lphabetic l inks .
Browse by subject a l lows  for multiple subjects  to be appl ied to the same ti tle.
Subject and a lphabetic browse pers is ts  for easy navigation.
Back of the book index browse offers  l inks  to the page where the indexed concept i s
described.

Enhanced usability and workflow tools

Print Preview supports  s ingle printing for chapter text, plus  a l l  figures  and tables .
Emai l  JumpStart generates  URLs  for sections  within chapters .
Updates  are now flagged in the table of contents  and in the ful l  text.
Page numbers  are presented within the text.
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International Directory of Laboratories
for the Biochemical Diagnosis of Porphyria

 About the di rectory

 What information i s  l i s ted for each laboratory?

 What laboratories  are included in this  di rectory?

 How is  the di rectory indexed?

 How were the laboratories  selected?

 How is  the turnaround time defined?

 Combined research service laboratories

 How to arrange for your samples  to be analysed

 IFCC Working Group-Laboratory Diagnos is  of Porphyria  - Members

 Link to Laboratory Index



About the Directory.
This  di rectory i s  primari ly wri tten for IFCC members  who work in service laboratories  which do not specia l i se in the diagnos is  of porphyria  and
are asked to investigate a  patient suspected of having porphyria .



What information is listed for each laboratory?
The fol lowing information i s  included for each laboratory:

1). The posta l  address , telephone, EMai l  and Fax numbers , and the name of a  contact person

2). Li s t of the assays  offered, the approximate charge for doing the assay (in $US) and average turnaround time for each assay. The laboratory
should be contacted for updated information.

3). Deta i l s  of other services  used in the diagnos is  and treatment of porphyria  provided by the laboratory

4). Deta i l s  about the assay method. This  includes  the publ i shed reference upon which the assay i s  based. The fol lowing coding system is
used to identi fy the assay:

# = laboratory method number

Specimen. Test

U = Urine ALA = d Aminolevul inic acid

F = Faeces PBG = Porphobi l inogen

P = Plasma Por = Porphyrin

R = Red Blood Cel l s Prot = Protoporphyrin

W = Whole Blood PPC = Porphyrin- Protein Complex

L - Lymphocytes ALAD = ALA dehydratase

Le = Leucocytes PBGD = PBG deaminase

UROS = Uroporphyrinogen II I  synthase

UROD = Uroporphyinogen Decarboxylase

COOX = Coproporphyrinogen Oxidase

PROX = Protoporphyrinogen Oxidase

FECH = Ferrochelatase

Type (Ty)

S = Screen

Q = Quanti tation of tota l  porphyrins  or precursors .

F = Fractionation (and quanti tation of a  number of tests  eg urine thin layer chromatography)

Fi  = Fractionation including i somer separation.(and quanti tation of a  number of tests  eg. urine HPLC)

A = Activi ty (ie enzyme activi ty)

G = amount ( ie enzyme amount)

M = mutations

Other abbreviations

M: Major modi fications  to the method

m: minor modi fications

n: no modi fications

What laboratories  are included in this  di rectory? This  di rectory l i s ts  laboratories  which specia l i se in the biochemica l  diagnos is  of porphyria .
The di rectory only conta ins  the names  of laboratories  which offer a  diagnostic service and does  not include research laboratories .

Molecular Biology: These investigations  are ava i lable in some laboratories ,. some of which have been l i s ted in this  di rectory. In this  rapidly
expanding field we advise contacting individual  laboratories  and finding out what particular genetic s tudies  are ava i lable.

How is the directory indexed?

The di rectory i s  indexed by country. Idea l ly the laboratory named offers  a  complete service including a  wide range of assays , interpretation of
resul ts , investigation of latent porphyria  in affected fami l ies , genetic counsel l ing and cl inica l  backup. However in some countries  this  level  of
service i s  not yet ava i lable and the best service ava i lable i s  l i s ted. Some countries  have more than one laboratory l i s ted.

How were the laboratories selected?



Laboratories  were nominated for inclus ion in this  di rectory by the IFCC representatives  in that country and by various  Porphyria  Reference
Laboratories . It i s  hoped that at least one laboratory in each country wi l l  have, or develop, the range of assays  and faci l i ties  required to
enable provis ion of a  complete Porphyria  Reference Laboratory service.

Incomplete information

Complete information was  not received from a l l  nominated laboratories . We hope this  wi l l  be ava i lable for subsequent edi tions .

How is the turnaround time defined?

The turnaround time (T.A.T.) i s  important for service laboratories  to know. The turnaround time i s  the maximum number of days  taken from the
time of receipt of the sample unti l  the resul t i s  ava i lable.

Combined research-service laboratories.

The laboratories  l i s ted in this  di rectory are primari ly service providers  however they may be associated with research laboratories . Therefore
there i s  provis ion under turnaround time to indicate that the assay i s  a  research project and that no turnaround time can be given. Simi larly
the laboratory may waive charges  for analys is  i f the samples  are primari ly used for research purposes  rather than diagnostic purposes . This
should be indicated in the charge column as  N/C and turnaround time as  N/A.

How to arrange for your samples to be analysed.

If you wish to have samples  assayed by a  laboratory in this  di rectory please contact the laboratory before samples  are sent (and preferably
before the samples  are col lected). This  wi l l  ensure that the samples  are correctly col lected, transported and received by the laboratory.

This  di rectory was  prepared by members  of the IFCC Working Group on Laboratory Diagnos is  of Porphyria . The information in the di rectory i s
correct at the time of publ ication but i s  subject to change without notice. We intend to update this  di rectory periodica l ly.Any a l terations  or
corrections  to this  di rectory should be sent in wri ting to Dennis  Blake. Our thanks  to Ms  Vi rginia  Cronin (AUS) for the fina l  corrections  and
production of the di rectory.

Signed on behal f of the members  of the IFCC Working Group on Laboratory Diagnos is  of Porphyria .

Dennis Blake (Chairperson).
Porphyria Reference Laboratory
Pathology Dept.
Royal Melbourne Hospital
Grattan St.
Parkville, 3050
Australia
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My eShop Cart 

ORDER DANTROLENE:

USA:
1-800-448-4878

CANADA:
1-800-265-8676

ALL OTHERS (FAX):
+496151-877601 

More Information:

CONTACT US SITE SEARCH

Welcome!

Since 1981, 
MHAUS has been dedicated 

to patient safety.

Dear Fr iend,

Thanks to y ou, MHA US has accomplished many  significant adv ances in its quest
to prev ent death and disability  from MH.

Long-awaited molecular genetic (DNA ) testing for MH is now  av ailable at two
laboratories; policy  and procedure manuals are av ailable to prepare staff for
an MH crisis; MH education in Spanish is offered v ia our Web site; and the  
new  Patient Safety  A wareness Program includes an MH-Susceptible A lert
Package and an MH A wareness Band.

These adv ances are in addition to our basic v ital MH programs, such as the
life-sav ing 24/7  hotline, updated educational materials, and Web site.

Your continued support is essential to mov e programs in progress forward: 

A  new  in-serv ice v ideotape or C D-RO M; Web-based accredited programs; a
Speakers' Bureau; support for MHS patients who need financial assistance
w ith the molecular genetic test; and ongoing research efforts to eliminate
the threat of MH.

Your support is tremendously  appreciated.

Cynthia, Diane, Dianne, Fay, Glor ia and Jo 
Board of Directors 

Professional A dvisory Council
MH Hotline Consultants

North A merican MH Registry of MHA US staff 
                                                                                                                  

MHAUS News:

   To download a form from the North American MH Registry of
        MHAUS, cl i ck on the Regis try logo in the left margin, cl i ck on
        www.mhreg.org, cl i ck on the tab "downloads" on Regis try s i te.

  The winner of the 2005 Daniel  Mass ik Anesthes iology Res ident's  Wri ting Award was
announced at the MHAUS Recognition Reception,
October 23, 2005 - Atlanta , Georgia  - during the ASA meeting.

  Become a Member to support MHAUS

            Membership provides  you Benefi ts    

            Membership Promotion: *compl imentary* in-service videotape, 
            i f requested, when you join or renew.

            Li fetime MHAUS Membership

          Make a Donation to support MHAUS

            Your gi ft may be a  Gi ft of a  Li fetime (gi ft options)

            NEW Donor Program: Honor Your Anesthesia Care Professional

 News from NMSIS (Neuroleptic Mal ignant Syndrome Information
      Service, a  uni t of MHAUS):  
            2nd Annual  Promis ing New Investigators  Competi tion
            For deta i l s , cl i ck on the NMSIS logo in the left margin above



Neuroleptic Mal ignant
Syndrome

Information Service

 
North American

MH Regis try of MHAUS

Log In -
MHAUS Associates  Only

 MH Hotline Case of the Month

      Medical Prof essionals - Challenge y ourself !  
      Would you know how to manage this case?   

 Testing for Susceptibility to MH

       Molecular Genetic DiagnosticTesting - NEW
       To learn more and for Testing Si tes , click here.

       Muscle Contracture Diagnostic Test - 
       Li s t of MH Muscle Contracture Testing Si tes  in North America .       

  JOURNALISTS' MEDIA RESOURCE ROOM includes
       current s tories , s treaming video of pre-edi ted soundbites  with incues  
       and outcues , plus  more.

  Updated Products (8/2005): *ORDER NOW*
       Poster: Emergency Therapy for MH *
       Pocket Card: Emergency Therapy for MH *
       Brochure: Cl inica l  Update - Managing MH       

  New Products:            
       MH awareness  wris tband "MH Strikes  Fast" (red/s i l i con)
       MHS Alert Band & Sticker ki t for surgery
       Magnet with MH Hotl ine phone number

  Product Feature:  MH Procedure Manuals  (three vers ions)
       Hospital MH Procedure Manual
       Ambulatory Surgery Center MH Procedure Manual
       Office-Based MH Procedure Manual

      Training from these manuals has the potential to 
reduce your response time by 50 percent!

 En Español:  
      Que  es  MHAUS?
        Que es la Hipertermia Maligna?
        HM - Un Problema Tambien en Odontologia & Cirugia Oral/Maxilofacial
        Manejando la HM - Drogas, Equipo, y Dantrolene Sodico 
        Actualización Clínica - Manejo de la Hipertermia Maligna 
        Prevención de la HM - Un Protocolo Anestésico 
        Monitorización de la Temperatura en el Periodo Perioperatorio
        Preguntas y respuestas frecuentes con relación a la Prueba de Genética
             Molecular para detectar la Hipertermia Maligna

 Take time to review Dr. Henry Rosenberg's  s l ideshow presentation
      that i s  ava i lable in English or en Español.  

            (Note: a  CD/Sl ide Presentation i s  ava i lable  in Engl i sh to purchase, 
            which comes  with lecture notes  and an option for 2 CME credi ts .)

Vis i t our eShop and browse these products  and more!
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