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Preface

This handbook is aimed atanaesthetists who have received atleastbasictrainingin anaesthesia. It does not tell the reader how to give an
anaesthetic, butaims to help decide the best anaesthetic for different situations. We have tried to be selective about the contents of the
book and have omitted some of the more traditional, but less relevant, topics for our target audience. The textis splitinto sections:

Section | (Chapters 1-12) gives standard information on pre-operative considerations such as consentand preoperative investigations and
details the implications of pre-existing medical conditions. We have provided information about further reading for many of the varied
conditions thatare metin clinical practice, and have tried to give practical advice whenever possible, though in manysituations the evidence
base forchoosing one technique over anotheris notavailable.

Section Il (Chapters 13-33) gives practical, comprehensive advice for different surgical specialities. When compiling this section we asked
colleagues with specificareas of expertise to describe theirstandard approach for their most common operations. The techniques and
practical considerations described are not meant to be exclusive, but do representa standard approach to many of the more common
procedures. We hope these clinical descriptions will help anaesthetists working outside theirimmediate areas of expertise.In no waycan
guidelines substitute for supervized training butitis a fact of life that although anaesthetists are specialized by day, out of hours many of us
have to be prepared to deal with a considerably wider range of surgery. We have included some details on more specialized areas of surgery
such as cardiacsurgery, neurosurgeryand liver transplantation to give a basic grounding to trainees rotating through these fields.

Section Ill (Chapter 34) covers obstetric anaesthetic practice and Section IV (Chapter 35) covers paediatricand neonatal anaesthesia. Section V
(Chapter 36) covers anaesthetic emergencies. Section VI (Chapters 37-48) discusses a range of practical issues such as airwayassessment.
Section VIl deals with acute painissues and Section VIl is concerned with regional anaesthesia.

Also included are appendices containing a drug formulary, infusion regimes, and normal values.

We hope that this handbook will be useful to a variety of anaesthetists. The exam candidate should find many basic principles listed and
trainees should find the information concerning different areas of anaesthesia useful when moving between specialities. We hope that more
senior colleagues will also find much of the information useful, both in theatre and when preparing a teaching session.

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 families.

We are keen to receive comments about the book;its imperfections and deficiencies are as importantas any positive feedback. Also, if you
know of any better approaches to the problems or operations listed, or would like to add material not covered, please e-mail us. Tryalso to
suggest which sections should be deleted.

Despite exhaustive efforts to check for drug dose errors, itis possible that some exist, please check carefully.

Keith Allman

lain Wilson

2001

oxford.handbook.anaesthesia@ukgateway.net
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List of abbreviations
Abbreviations

A&E

Accident and emergency

AAA

Abdominal aorticaneurysm

ABC

airway, breathing, circulation

ABG

Arterial blood gas

ACT

Activated clotting time

ADH

Antidiuretic hormone

AF

Atrial fibrillation

ALS

advanced life support

ALT

alanine aminotransferase

AMD

airway management device

AP

Anteroposterior

APTR

activated partial thromboplastin ratio
APTT

Activated partial thromboplastin time
ARDS

Acute respiratory distress syndrome
ASA

American Society of Anesthesiologists
ASD

Atrio-septal defect

AV

Atrioventricular

bd

twice daily

BIPAP

Biphasic positive airways pressure
BMI

Body mass index

BNF

British National Formulary

BP

Blood pressure

C&S

Culture and sensitivity

CABG

Coronary arterial bypass grafting
CBF

Cerebral blood flow

Cccu

Coronarycare unit

CEA

Caudal extradural analgesia

Ch

Charriere (French) gauge (also FG or Fr)
CK-MB

creatine kinase - myocardial isoenzyme
CcMv

Cytomegalovirus

CNS

Central nervous system

COAD

Chronic obstructive airways disease
COETT

Cuffed oral endotracheal tube
COHb

carboxyhaemoglobin

COPA

cuffed oropharyngeal airway
COPD

Chronic obstructive pulmonarydisease
CPAP
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Continuous positive airway pressure
CPB
Cardiopulmonary bypass

CPK

creatine (phospho)kinase
CPP

Cerebral perfusion pressure
CPR
Cardio-pulmonaryresuscitation
CSE

Combined spinal/epidural
CSF

Cerebrospinal fluid

CcT

Computed tomography

CVA
Cerebrovascularaccident
CVE

Cerebrovascular episode/event
Ccvp

Central venous pressure
CVs

Cardiovascular system
DDAVP

Desmopressin

DHCA

Deep hypothermiccirculatory arrest

DIC

Disseminated intravascular coagulation
DLT

Double lumen [endobronchial] tube
DVT

Deep vein thrombosis

ECF

Extracellular fluid

ECG

Electrocardiogram

EEG
Electroencephalogram
EMD
electromechanical dissociation
EMG

Electromyograph

EMLA

Eutectic mixture of local anaesthetic

ENT

Ear, nose, and throat

ERPC

Evacuation of retained products of conception
ETCO,

End tidal CO,

ETT/ET

Endotracheal tube

EUA

Examination underanaesthetic
FBC

Full blood count

FEV,

Forced expirationin 1s

FG

French gauge (also Fr or Ch)
FGF

Fresh gas flow

FiO,

Fractional inspired oxygen content
FM

Face mask

FFP

Fresh frozen plasma

Fr

French gauge (also FG or Ch)
FRC

Functional residual capacity
FvC

Forced vital capacity

G

Gauge (standard wire gauge)
G-6-PD



glucose 6-phosphate dehydrogenase
GA

General anaesthetic

G&S

Group and save

GCS

Glasgow coma score

GI(T)

Gastrointestinal (tract)

GTN

Glyceryl trinitrate

HAS

human albumin solution

Hct

Haematocrit

HDU

High-dependency unit

HELLP

Haemolysis, elevated liver enzymes, low platelets
HME

heat and moisture exchanger

HOCM

Hypertrophic obstructive cardiomyopathy
HPA
Hypothalamic—pituitary—adrenal
HRT

Hormone replacement therapy

|IABP

Intra-aortic balloon pump

IBP

invasive blood pressure

ICP

Intracranial pressure

ICU

Intensive care unit

ID

Internal diameter

IDDM

Insulin-dependent diabetes mellitus
I:E ratio

Inspired: expired ratio

IHD

Ischaemic heartdisease

ILMA

Intubating laryngeal mask airway

IM

intra-muscular

INR

International normalized ratio

10

intra-osseous

0P

Intraocular pressure

IPPV

Intermittent positive pressure ventilation
ITP

Idiopathic thrombocytopenic purpura

ITU

Intensive therapy unit
v

Intravenous

IVC

Inferior vena cava

VI

Intravenous infusion
IVRA

Intravenous regional anaesthesia
JVP

Jugularvenous pressure
LA

Local anaesthetic

LFT

Liver function test

LMA

Laryngeal mask airway
LMWH
Low-molecular-weight heparin
Lv

Left ventricle/ventricular



LSCS

lower segment caesarean section
LVEDP

left ventricularend diastolic pressure
LVF

Left ventricular failure

LVH

Left ventricular hypertrophy
MAC

Minimal alveolar concentration
MAOI

Monoamine oxidase inhibitor
MAP

Mean arterial pressure

MCV

Mean corpuscular volume

MH

Malignant hyperthermia

Mi

Myocardial infarction

MIBG
Meta-iodobenzylguanidine
MRI

Magneticresonance imaging
MRSA

Methicillin-resistant Staphylococcus aureus
MST

morphine sulphate

MUA

Manipulation under anaesthesia

NCA

Nurse-controlled analgesia

NIBP

Non-invasive blood pressure

NIDDM

Non-insulin-dependent diabetes mellitus
NIPPV

Non-invasive positive pressure ventilation
NMDA

N-methyl-D-aspartate

nocte

atnight

NR

not recommended

NSAID

Non-steroidal anti-inflammatory drug
OocCP

Oral contraceptive pill

od

once daily

oLv

One-lung ventilation

ORIF

Open reduction internal fixation
PA

Pulmonary artery/arterial

PA

postero-anterior

PaCO,

Arterial partial pressure of CO,
PAFC

pulmonary artery flotation catheter
PaO,

Arterial partial pressure of O,

PAO,

alveolar partial pressure of oxygen
PAOP

Pulmonaryartery occlusion pressure
PAP

pulmonary artery pressure

PAWP

pulmonary artery wedge pressure
PCA

Patient-controlled analgesia

PCEA

Patient-controlled epidural analgesia
PCWP

Pulmonary capillary wedge pressure



PDA
Patent ductus arteriosus

PE

Pulmonary embolism

PEFR

peak expiratory flow rate

PEEP

Positive end expiratory pressure
PND

Paroxysmal nocturnal dyspnoea
PO

peros (oral)

PONV

Postoperative nausea and vomiting
POP

plaster of paris

PvCO,

Mixed venous partial pressure of CO,
PR

perrectum

prn/PRN

‘as required’

PT

prothrombin time

PVvC

Polyvinyl chloride

PVR

Pulmonaryvascularresistance

qds

four times daily

RAE

Ring, Adair, and Elwyn [tube]

RS

respiratory system

RSI

Rapid sequence induction

RV

right ventricle/ventricular

SA

Sinoatrial

Sa0,

Arterial oxygen saturation

SBE

subacute bacterial endocarditis
SpO,

Arterial oxygen saturation

SC

Subcutaneous

SCBU

Special care baby unit

SIRS
Systemicinflammatoryresponse syndrome
SL

sublingual

SLT

Single lumen tube

Sjo,

jugular mixed venous oxygen saturation
SNP

sodium nitroprusside

SSRI

Selective serotonin reuptake inhibitor
(s)ToP

(suction) termination of pregnancy
SV

Spontaneous ventilation

SvC

Superior vena cava

SvO,

Mixed venous oxygen saturation
SVR
Systemicvascularresistance
SVT
Supraventriculartachycardia
TCD

transcranial Doppler

TCI

Target-controlled infusion



tds

three times daily

TEDS

Thromboembolism stockings

TENS

Transcutaneous electrical nerve stimulation
THR

total hip replacement

TIA

Transientischaemicattack

TIVA

Total intravenous anaesthesia

TKR

total knee replacement

TPN

Total parenteral nutrition

TURP

Transurethral resection of the prostate
U&E

Urea +electrolytes

URTI

Upperrespiratory tract infection

VATS

Video-assisted thoracoscopic surgery
VF

Ventricular fibrillation

VP

Venous pressure

v/Q
ventilation/perfusion
VR

Ventricularrate

VSD

Ventriculo septal defect
ViorV;

Tidal volume

VT

Ventricular tachycardia
WBC

White blood cell count
WPW

Wolf Parkinson White
X-match

Cross-match
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Consent

Babinder Sandhar

Background

All competent patients have the right to give or withhold consent for treatment or examination. To obtain consent, the patient must be given
sufficient details and information about the procedure to enable a proper decision to be taken. Any procedure undertaken without the
patient's consent may be considered an assaultin a civil courtand may be regarded as serious professional misconduct by the General
Medical Council.

Consent maybe implied (i.e. the patient willingly cooperates with the procedure), orit may be expressed in written or oral form.
Information

The patient needs sufficient information to allow them to make a considered judgement. This should include:

A description of the proposed procedure.

Discussion of alternative options.

Discussion of the possible complications and theirlikelihood.
Discussion of the benefits versus risks.

There is no legal requirement to discuss every possible complication and side effect but the patient must be warned of any common or
serious risks.

Risk

In order to appreciate risk the patient needs to be told of the likelihood of the complication occurring and this should be putinto context by
using an analogy from everyday life.

Negligible risk: frequencyless than 1:1000 000, i.e. the risk of dying from lightening strike.

Minimum risk: frequency 1:100 000-1000 000, i.e. the risk of dying on the railways.

Very low risk: frequency 1:10 000—-1:100 000, i.e. the annual risk of dying of an accident at home or at work.

Low risk: frequency 1:1000 — 10 000, i.e. the annual risk of dying in a road trafficaccident.

Moderate risk: frequency 1:100 to 1:1000, i.e. the risk of death from natural causes for patients over 40 within the next year.
High risk: frequency greater than 1:100, i.e. the isk of developing diarrhoea after antibiotics.

In addition to the frequency of the risk, the seriousness must be considered. It could be considered negligent to not discuss an infrequent
complication, which could resultin permanent disability or death. In some patients risk maybe increased due to concurrent disease and they
should be informed of this. A balance mustbe achieved between telling the patient enough to enable them to give informed consent, and
providing extensive details which resultin confusing or needlessly frightening the patient.

Competence

Adult patients who are able to make decisions on their own about their treatment

P.5

are considered 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 risks and benefits to arrive ata balanced choice. For competent patients, no other person can consent
orrefuse treatment on their behalf.

Children and young adults

e Overthe age of 16 years, competent young adults can give consent for any treatment without obtaining separate consent from a parent
orguardian.

e Children under 16 years who demonstrate the ability to fully appreciate the risks and benefits of the treatment planned mayalso be
considered competent to give consent.

e |fa ‘competent’ child refuses treatment, but the parent has consented, the treatment should only proceed if failure to do so would
resultin death or permanentinjury.

e Parental consent should be sought foranypatient under 18 years who is not competent to give consent. If such a child refuses
treatment, judgement needs to be exercised by the parentand the doctor as to the level of restraintthatis acceptable, depending on
the urgency of the case. [t may be better to postpone the case until adequate premedication can be given.

e Inlife-threatening situations, verbal consent by telephone is adequate and essential treatment can be started in the absence of
parental authorization.

e Where the child or parent refuse essential treatment, a Ward of Court order can be obtained, but this should not delaythe provision of
emergency therapy. The Court order enables the doctor to proceed with the treatment lawfully.

Restricted consent

e Some patients mayconsentto treatmentin general, but refuse consent for certain aspects of the treatment, e.g. Jehovah's Witness
patients who refuse blood transfusion.

e Restricted consent should be discussed with the patient, in the presence of a witness, so that theyare fullyaware of the implications
of withholding the treatments refused.

e The details of the restriction should be carefully documented on the consent form.

e The patient's wishes must be respected.

Treatment without consent

e Inan emergency, consentis not necessary forlife-saving procedures.

e Unconscious patients may be given essential treatment without consent. Itis good practice to consult with the next of kin, but they
cannot give orrefuse consent for adult patients.
Patients who are ‘incompetent’ may be given treatment provided itis in their bestinterest.
Patients detained under the Mental Health Act 1983 may be treated for the mental disorder without consent but not for physical
disorder unless theyare ‘incompetent’. Electroconvulsive therapyrequires the patientapos;s consent orthe second opinion of an
authorized medical practitioner.

P.6
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Advance statements (directives)

Some patients indicate their preferences regarding treatmentin an advance statement (advance directive or living will). The instructions are
issued by patients when theyare competent, for use when they become unable to express their wishes. Provided the clinical situation falls
within the terms of the statement, the wishes of the patient must be respected. The advance statementis usually used to refuse consent for
certain treatments, and cannot be used to compel clinicians to perform specific procedures.

Research

e All clinical research requires Research Ethics Committee approval.

e Voluntaryconsentis required from competent patients, who must be given full information about the purpose of the research, risks
involved, and benefits (if any).

e |t mustbe made clearthatthe patientis notobliged to participate and that they may withdraw from the studyatanytime. The patient
should be reassured that this will not affect theirclinical management.

e Patients who are incompetent mayonlybe included in therapeuticresearch which is in their bestinterest.
Competent children are allowed to give consent for therapeutic research associated with minimal risk.
Parental consentis required forincompetent children.

Teaching

Students must not take partin clinical procedures without the patient's consent. This applies to medical students, student nurses, and
trainee paramedical staff.

Documentation

The anaesthetic plan discussed and agreed with the patient should be documented, including a list of the risks which have been explained.
Separate written consentis notrequired forlocal orregional anaesthesia. The Department of Health recommends that written consent
should be obtained for general anaesthesia but the Working Party of the Association of Anaesthetists concluded that this was not necessary.
Furtherreading

Association of Anaesthetists of Great Britain and Ireland (1999). Information and consent for anaesthesia.

General Medical Council (1998). Seeking patient's consent: the ethical considerations.

Gilberthorpe J (1997). Consent to treatment. The Medical Defence Union, London.

Jones HJS, de Cossart L (1999). Risk scoring in surgical patients. British Journal of Surgery, 86, 149-57.
Ovid Full Text

Full Text
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Routine preoperative investigations

lain Wilson

A system of routine preoperative investigations forin-patients prior to elective surgeryis suggested below. Check local hospital policy. See
also p. 272 for day surgeryrecommendations.

Test

Urinalysis

ECG

'|'|
[oe]
@]

Creatinine and electrolytes

Blood glucose

Coagulation screen
Sickle cell test

Pregnancy test

Chestradiograph

Indications
All patients: for sugar, blood, and protein

Age > 50 years
History of heart disease, hypertension or chroniclung disease
Anormal previous trace within 1yearis acceptable unless there is a recent cardiac history

Males > 40 years

All females

All major surgery
Wheneveranaemia is suspected
Age > 60 years

All majorsurgery

Diuretic drugs

Suspected renal disease

Diabetic patients
Glycosuria

History of bleeding tendency (some units measure before major surgery)
Black patients with unknown sickle status. If positive then haemoglobin electrophoresis should be performed
Whenever there is any chance of pregnancy

Not routine

Acute cardiac or chestdisease

Chronic cardiac or chest disease that has worsened in the last year

Risk of pulmonary TB (recent arrival from the developing world orimmunocompromise)
Malignant disease
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Premedication drugs

Lauren Barker

See also paediatric premedication (p. 815).

Itis well recognized thata clearexplanation of anticipated events and a rapport with the anaesthetic team provides more effective anxiolysis
than drugs. Premedication is much less commonly prescribed than a few years ago butis still indicated in anxious patients and those in
whom there is an increased risk of gastro-oesophageal reflux. Suitable drugs are listed below. Many patients benefit from sedation the night
before surgery.

Sedatives: 1 h preoperatively unless otherwise indicated

Lormetazepam 0.5-1.5mg
Temazepam 10-30 mg
Benzodiazepines ~ Lorazepam (2 h preop.) 1.0-2.5mg
Midazolam 0.2-0.5 mg/kg
IM Midazolam (20-40 min preop.) 2-10 mg
Non-benzodiazepines PO Zopiclone 3.75-7.5mg

Analgesic drugs
Morphine IM or SC 10-15 mg

Opioids o -

Pethidine IM 50-100 mg
NSAIDs Diclofenac PO or PR 50-100 mg
Other Paracetamol POorPR 1g

Prokinetic drugs
Metoclopramide PO, , M 10 mg

Gastric pH increasing drugs

L PO 150-300 mg night before and 2 h preop.
Ranitidine
Slow [V or IM 50 mg 2 h preop.
PO 40 mg night before and 2-4 h preop.
Omeprazole - ) ]
infusion 40 mg over 30 min

Sodium citrate (0.3 M) PO 30 ml 10 min preop.
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Fasting

Babinder Sandbar

Background

Pulmonary aspiration of gastric contents is associated with significant morbidity and mortality. Factors predisposing to regurgitation and
pulmonaryaspiration include inadequate anaesthesia, pregnancy, obesity, difficult airway, emergency surgery, full stomach, and altered
gastrointestinal motility.

Aspiration of 30-40 ml of gastric contents can cause serious pulmonary damage—fasting before anaesthesia aims to reduce the volume of
gastric contents.

Gastric physiology

e The preoperative fasting period depends upon the type of food and fluids consumed.

e C(Clearfluids are emptied from the stomach in an exponential manner with a half-life of 10-20 min, resulting in complete clearance
within 2 h of ingestion. Examples of clear fluids include water, fruit juices without pulp, carbonated beverages, cleartea, and black
coffee but not alcoholic drinks.

e Gastricemptying of solids is much slower 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 stomach, whereas a light meal such as toastis usuallyclearedin 4 h.
Milk is considered a solid, because when mixed with gastricjuice, it thickens and congeals. However, a small amount of milk (10 ml)
added to tea or coffee, does notcause anyincrease in gastric volume oracidity. Cow's milk takes up to 5 h to empty from the stomach.
Human breast milk has a lower fat and protein contentand is emptied ata fasterrate.

ASA fasting guidelines

In 1999, the American Society of Anesthesiologists (ASA) made the following recommendations on preoperative fasting in elective, healthy
patients:

Ingested material Minimum fast
Clearliquids 2h
Breast milk 4h

Infant formula milk 4—6 h
Non-human milk 6h
Light meal 6h

Delayed gastric emptying

e Delayed gastricemptying due to metaboliccauses (e.g. poorly controlled diabetes mellitus, renal failure), decreased gastric motility
(e.g. head injury), or pyloric obstruction (e.g. pyloric stenosis) will primarily affect emptying of solids, particularly high-cellulose foods
such as carrots and peas. Gastric emptying of clear fluids is only affected in the advanced stages.

e Gastro-oesophageal reflux maybe associated with delayed gastric emptying of solids, but emptying of liquids is not affected.
P.10

e Raised intra-abdominal pressure (e.g. pregnancy, obesity) predisposes to passive regurgitation.
Opioids cause marked delays in gastric emptying.
Trauma delays gastric emptying. The time interval between the last oral intake and the injuryis considered as the fasting period and a
rapid sequence induction should be used if this interval is short. The time taken to return to normal gastric emptying after trauma has
not been established, and varies depending upon the degree of trauma and the level of pain. The bestindicators are probablysigns of
normal gastric motility such as normal bowel sounds and patient hunger.
Anxiety has not been shown to have any consistent effect on gastric emptying.
Oral premedications given 1 h before surgery are without adverse effect on gastric volume on induction of anaesthesia. Studies on oral
premedication with midazolam 30 min preoperatively have not reported anylink with gastric regurgitation or aspiration.

Chemical control of gastricacidityand volume

e Antacids can be used to neutralize acid in the stomach thereby reducing the risk of damage should aspiration occur. Particulate
antacids are not recommended. Sodium citrate solution administered shortly before induction is the is the agent of choice in high-risk
cases (e.g. pregnancy) but this results in anincrease in gastric volume.

e H, blockers/proton pump inhibitors decrease secretion of acid in the stomach and should be used for high-risk patients. Ideally, these

agents should be administered on the evening before surgery (or early morning for an afternoon list) and a second dose given 2 h
preoperatively. Although these agents are generally very effective, there is a small failure rate and therefore other precautions to
preventaspiration are necessary.

e Gastric motilityenhancing agents such as metoclopramide increase gastricemptying in healthy patients, but a clear benefitin trauma
patients has not been demonstrated. Metoclopramide is more effective IV than orally.

e Anticholinergicagents do not have a significant effectand are not routinely recommended.

e Pregnant patients should be given ranitidine 150 mg on the evening before elective surgery (or at 0700h foran afternoon list) and again
2 h preoperatively. During labour, high-risk patients should be given oral ranitidine, 150 mg 6-hourly. For emergency cases, ranitidine
50 mg intravenously should be given at the earliest opportunity. In addition, 30 ml of 0.3 M sodium citrate should be given to neutralize
anyresidual gastricacid.

The ASA do not recommend routine use of these agents in healthy, elective patients.

Furtherreading

Maltby R (1993). New guidelines for preoperative fasting. Canadian Journal of Anaesthesia, 40, R113—-R117.

Library Holdings
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Practice guidelines for preoperative fasting and the use of pharmacological agents for the prevention of pulmonaryaspiration: application to
healthy patients undergoing elective procedures (1999). Anesthesiology, 90, 896-905.
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Prophylaxis of venous thromboembolism
Bruce Campbell

Introduction

e PEis responsible for 10% of all hospital deaths.

e Without prophylaxis 40-80% of high-risk patients develop detectable DVT and up to 10% die from PE.

o Most PEs result from DVTs which startin the venous plexuses of the legs and which then extend up into the common femoral and iliac
veins.
Calf vein DVT is detectable in up to 10% of low-risk patients, but seldom extends into proximal veins.
DVT can resultin chronicleg swelling, skin changes, and ulceration (post phlebitic syndrome).

Reasons foran increased risk of venous thromboembolism atthe time of an operation include:

Hypercoagulability caused by surgery or other factors (cancer, hormone therapy).

Stasis of blood in the venous plexuses of the leg during anaesthesia.

Further stasis due to reduced mobility after the operation.

Damage to veins at the time of surgery.

Interference with venous return (pregnancy, pelvic surgery, pneumoperitoneum during laparoscopic surgery).
Dehydration.

Conditions causing poor cardiac output.

Rememberthatany patient confined to bed is at risk of venous thromboembolism, even if they have not had an operation, and particularlyif
otherrisk factors are present. This applies especiallytoill, elderly patients who need prophylaxis from the time of admission.

Risk factors for venous thromboembolism

Patients can be divided into three categories of risk, low, medium, or high, dependent upon the type of operation, patient factors, and
associated diseases.

e Duration and type of operation:

o Operations lasting less than 30 min are considered minor (low risk) and more than 30 min major (higher risk).

o Particularly high-risk procedures include major joint replacements (hip and knee) and surgery to the abdomen and pelvis.
e Patient factors:

o previous history of DVT or PE

o thrombophilia

o pregnancy, puerperium, oestrogen therapy (contraceptive pill, HRT)

o age over40 (riskincreases with age)

o obesityand immobility

o varicose veins (in abdominal and pelvicsurgery, but no evidence of increased risk for varicose vein surgery).
P.12

e Associated disease:
o malignancy (especially metastatic, orin abdomen/pelvis)
trauma (especiallyspinal cord injury and lower limb fractures)
heart failure, recent myocardial infarction
systemicinfection
lower limb paralysis (e.g. after stroke)
haematological diseases (polycythaemia, leukaemia, paraproteinaemia)
other diseases, including nephrotic syndrome and inflammatory bowel disease.

O 0O O 0 0 o

Forexample, a fit patient over 40 having minor surgeryis low risk, whilst a fit patient under 40 having majorabdominal surgeryis moderate
risk; and an elderly patient having pelvic surgery for canceris high risk for thromboembolism.

Methods of prophylaxis

Every hospital should have a policydetailing local practice. General measures which seem logical include:

e avoidance of prolonged immobility (encourage early mobilization)
e avoidance of dehydration.

Subcutaneous heparin

Subcutaneous heparin reduces the incidence of DVT and fatal PE by about two-thirds. Traditionally, unfractionated (ordinary) heparin has
been used, butthere are advantages to the newer low-molecular-weight heparins.

The small risk of bleeding when using epidural analgesia can be minimized by giving LMWH on the evening before surgery, so that 12 h or
more have elapsed before the epidural is inserted (LMWH plasma half-life is 4 h). (See also epidural, p. 998.)

Subcutaneous heparinis usually stopped when patients are fully mobile, or when theyleave hospital. However, the incidence of late DVT in
orthopaedic practice can be reduced by extended prophylaxis (up to 35 days).

Traditional low-dose unfractionated heparin
) 1

Start 2 h before operation in fit patients, and on admission if unfit orimmobile
Dose is 5000 units 12-hourly or 8-hourly (8-hourly administration may give greater protection, and should be used for very high risk patients)
Some increase in the risk of bleeding and haematoma formation

Low-molecular-weight heparins (LMWHs)

Alittle more effective than unfractionated heparin in reducing DVT and PE, particularlyin trials on hip and knee replacement
Minor bleeding complications, fewer than unfractionated heparin

Daily dosage which is more convenient, but LMWHs more expensive

Dailydoses are: certoparin 3000 units, dalteparin 2500 units, enoxaparin 2000 units, tinzaparin 3500 units

P.13
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Graduated compression stockings (antiembolism stockings)

These reduce the risk of DVT, but are not proven to reduce PE.

May give enhanced protection when used in combination with subcutaneous heparin.

Below-the-knee stockings are probablyas effective as above-the-knee stockings.

Stockings are probablyadvisable in patients having laparoscopic procedures.

Fit with care and monitor for pressure damage: theyshould be avoided in patients with severe arterial disease of the legs (check
ankle systolic pressure if in doubt).

Intermittent pneumatic compression devices

These devices compress the leg (3540 mmHg) for about 10 s every minute, promoting venous flow.

These are as effective as heparinin reducing the incidence of DVT.

Used particularlyin orthopaedic practice to avoid the bleeding risks of heparin, orin combination with heparin.
Foot pumps are similar, and promote blood flow by compressing the venous plexuses of the feet.

Warfarin, dextran, and aspirin.

e Warfarin is used most often in orthopaedic practice, where there is good evidence of its efficacyin relation to hip operations. It may
be given eitheras a fixed low dose (2 mg/day), oras a monitored dose (target INR 2.0-3.0). Itis often started the day before operation,
but maybe given at 2 mg/day for 2 weeks preoperatively, and then as a higher monitored dose after the operation.

e Dextran (Dextran 70 and 40) is as effective as subcutaneous heparinin preventing DVT and PE, butis not often used because itrequires
intravenous infusion. Fluid overload is a risk, and anaphylaxis can occasionally occur.

e Aspirin provides some protection against venous thromboembolism, butis less effective than other methods.

Choice of anaesthetic

e local anaesthesia eliminates the lower limb immobility associated with general anaesthesia.
e Regional anaesthesia (spinal/epidural) appears to be protective in certain kinds of surgery, especially hip/knee replacement.

Oral contraceptive pills (OCPs) and venous thromboembolism

o The risk of spontaneous venous thrombosis is increased in women taking combined OCPs, particularly third-generation pills
containing desogestrel or gestodene.

e OCPs mayincrease the risk of perioperative thromboembolism by up to 3 to 4 times but the evidence is not compelling (small studies
with varying results).

e The risk maydecrease the longeran individual takes a combined OCP.

e Progestogen only OCPs (and injectable progestogen contraceptives) have not been associated with an increased risk of DVT or PE.

P.14

Advice on perioperative managementis conflicting. Manufacturers and the British National Formulary recommend stopping combined OCPs 4
weeks before major operations, and restarting only after the menstrual period atleast 2 weeks following full mobilization. By contrast,
specialist groups advise that the OCP should not routinely be stopped, because of insufficient evidence of risk, and the danger of unwanted
pregnancy.

Areasonable policyis as follows:

There is no need to stop progestogen only contraceptives at the time of any operation.

There is no need to stop combined OCPs for minor operations.

There is no possibility of stopping any contraceptives for emergency surgery.

For patients on combined OCPs facing major elective surgerythe decision should be made on an individual basis, balancing the risk of

thromboembolism, the possibility of unwanted pregnancy, and the preferences of the patient.

Rememberthat other factors (e.g. obesity) mayincrease the risk and influence the decision.

e Patients having intermediate or major surgery when taking the combined OCP should receive subcutaneous LMWH and wear
antiembolism stockings.

e Inselected cases considera change to depot progestogen injections.

o Always record decisions about contraceptives in the casenotes, including a record about discussion with the patient.

If the OCP is stopped, advice must be given about alternative contraceptive measures, and a pregnancy test maybe needed before

operation if there is a possibility of unprotected intercourse.

Hormone replacement therapy (HRT) and venous thromboembolism

e The incidence of spontaneous venous thromboembolismis increased from 3 to 10 women per 10 000 per annum by HRT, but there are
no good data on perioperative risk.

e Stopping HRT maycause recurrence of troublesome menopausal symptoms.

e Despite published recommendations, the advice of specialist groups and common practice suggest that HRT should not be stopped
perioperativelyas a routine.

e Women having major operations whilst on HRT should receive subcutaneous LMWH, perhaps combined with antiembolism stockings.

Furtherreading

Clagett GP, Anderson FA, HeitJ, Levine MN, Wheeler HB (1995). Prophylaxis of venous thromboembolism. Chest, 108, 315-34S.
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Drugs in the peri-operative period: 3-Hormonal contraceptives and hormone replacement therapy (1999). Drugs and Therapeutics Bulletin, 37,
78-80.

Low molecular weight heparins for venous thromboembolism (1998). Drugs and Therapeutics Bulletin, 36, 25-32.

Thromboembolic Risk Factors (THRIFT) Consensus Group (1992). Risk of and prophylaxis for venous thromboembolism in hospital patients.
British Medical Journal, 305, 567-74.
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Preoperative optimization

Julia Munn

Results of studies into high-risk patients undergoing major surgeryt,22 have shown that critical attention to cardiovascular and respiratory
function in the perioperative period improves outcome.
The following criteria have been used to identify high-risk surgical patients:

severe cardiovasculardisease

severe respiratorydisease

aorticsurgery

major surgery for malignancy (cystectomy, oesophagectomy, etc.)
surgery forabdominal sepsis

haemodynamicinstabilitydue to an acute abdominal problem.

It has been suggested thathaemodynamic monitoring should startin the preoperative period using a pulmonary artery catheter to assess
fluid requirement and cardiac output. Patients in these studies were given blood if anaemicand oxygen if hypoxicand subsequently colloid
with or without an inotrope until a predetermined level of pulmonary capillary wedge pressure and oxygen delivery was achieved. This
approach has been shown to reduce mortality, morbidity, and length of stayin the ICU and hospital.

Unfortunately, most ICUs do not have the capacityto admitall such highrisk patients. However, close monitoring of fluid status and replacing
fluids more aggressivelyin emergency patients perioperatively mayalso improve outcome. Such measures would not necessarily need to be
undertaken in the ICU but could be performed on the ward, in the anaestheticroom, orin the recovery area.

Elective or emergency patients who may benefit from a period of preoperative preparation in the ICU should be discussed with the
anaesthetists orthe ICU team as earlyas possible.

Footnotes

1

Boyd O, Grounds RM, Bennett ED (1993). Arandomized clinical trial of the effect of deliberate perioperative increase of oxygen deliveryon
mortalityin high-risk surgical patients. Journal of the American Medical Association, 270, 2699-707.

Ovid Full Text
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SinclairS, James S, Singer M (1997). Intraoperative intravascular volume optimization and length of hospital stay after repair of proximal femur
fracture: randomized control trial. British Medical Journal, 315, 909-12.

Ovid Full Text

Full Text
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Wilson J, Woods |, Fawcett J, Whall R, Dibb W, Morris C, McManus E (1999). Reducing the risk of major elective surgery: randomised control trial
of preoperative optimization of oxygen delivery. British Medical Journal, 318, 1099-103.
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When not to operate

Julia Munn

When a patientis criticallyill and likely to die from a surgical condition itis very difficult to decide not to operate, but however hard, itis an
extremelyimportant decision which will need much thought and discussion with the patient, the family, and senior colleagues in both
anaesthesia and surgery. Many factors, such as the patient's medical condition, functional ability, and mental state, need to be considered in
addition to the surgical pathology. The functional status of a patient with end-stage respiratorydisease or heartfailure, forinstance, will
almost certainly be worse following major surgery and this should be considered in the decision-making process. The patient's GP can often
give aninvaluable insightinto their normal medical condition and their wishes. To decide to operate ‘because the patientis going to die
anyway' is avoiding the issue and may deprive the patientand family of their final hours or days together.

The problem of surgeons, often trainees, deciding to operate on patients in whom the prognosis is hopeless, has been highlighted a number

of times in the CEPOD reports .2

Footnote
4

Confidential Enquiryinto Perioperative Deaths (1987) prepared by N Buck, HB Devlin and JN Lunn.
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When and how to book intensive care

Julia Munn

Criteria for planned admission to ICU or HDU following elective surgeryinclude:

e The nature of the surgeryalone, e.g. aortic surgery, some thoracic or upper Gl surgery, extensive pelvicorspinal surgery. Cardiac and
neurosurgery are usually dealt with in separate units.

e Apatient with severe pre-existing medical problems in whom the added insult of surgeryand anaesthesia mayresultin established
organ failure unless closely monitored and meticulously managed postoperatively, e.g. a patient with verysevere lung disease orleft
ventricular dysfunction undergoing a routine laparotomy or hip replacement.

e Individual surgical ordepartment policies.

If you are unsure about a patient's need for ICU discuss it with the intensive care and ward staff. Inform the patient thatyou are intending to
admit him to intensive care, explain the reasons and what may be expected in terms of monitoring, alarms, ventilation, drips, etc. Elective
cases intended for the ICU/HDU should be booked as farin advance as possible to allow planning of staffing etc. This is most commonly done
via the ICU ward clerk or secretary. On the day of surgeryitis better to cancel majorelective surgery when an ICU bed is notavailable than
attempta complex case with makeshift arrangements that may not serve the patient effectively.
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Perioperative guidelines for body piercing jewellery

The prevalence of body piercing has been increasingin recent years. Patients are often reluctant to remove such jewellery due to difficulties
with reinsertion postoperatively. The following are general recommendations for when such items should be removed prior to surgery.

All body piercing should be removed prior to anaesthesia and surgeryin the following situations:

e All tongue and lip jewelleryshould be removed priorto any general anaesthetic. Such items maycause airwayobstruction, or enter the
tracheobronchial tree if dislodged.
e Anynasal septum, nose, or ear piercing should be removed priorto ENT surgery.
e Bodypiercing jewelleryshould also be removed if
o itis atrisk of being caughtorripped out, e.g. by ECG leads, surgical drapes, surgical instruments, or towel clips if there is any
risk of pressure damage, e.g. chin orlip piercing (pressure from a face mask), nipple piercing (if patientis to be positioned
prone)
o ifthe piercingis in close proximity to the surgical site.
e Anypiercing with signs of infection around the site should also be removed, due to possible focus of infection. This mayalso preclude
some types of ‘clean’ surgery.

Body piercing does not always have to be removed for:

e Male catheterization in a patient with penile piercing-the ring can often be pulled to one side.
e Surgerydistant from the site of female/male genital piercing.

If body piercing jewelleryis to be leftin situ:

e Itshould be taped over preoperatively—if possible.
o The site and nature of piercing should be documented on the preoperative checklist.
e Acheck should be performed to ensure the item is still in situ postoperatively.

Furtherreading
Perioperative guidelines for principles of safe practice with reference to surgical patients with body piercing (1999). British Journal of Theatre
Nursing, 9, 469.
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Ischaemic heartdisease

Cardiovascular disease accounts for the majority of perioperative deaths. Preoperative detection, investigation, treatment, and risk
assessment helps minimize perioperative morbidity and mortality.

History

e The first presentation of ischaemic heart disease (IHD) is acute myocardial infarction (Ml) in 50% of patients.

e Identify previouslyundiagnosed or misdiagnosed angina, CCF, arrhythmia, or old Ml. In established IHD any change in symptoms
should be noted.

e Prognostic co-morbidities should be identified (hypertension, diabetes mellitus, renal impairment, peripheral vasculardisease,
cerebrovasculardisease, or pulmonarydisease).

e Apatientwho has had a CABG within 5years and has no symptoms may be considered a normal preoperative risk.

e The patient's functional capacity should be determined as this has been shown to correlate well with maximal oxygen uptake on a
treadmill and is prognosticallyimportant. This can be quantified in MET (metabolic equivalents). Mobility problems limit this
assessment. Patients who can exercise at 4 MET or greater present a low risk of perioperative morbidity:

o 1MET—eating and dressing

o 3 MET—light housework or walk 100 m at 3.2-4.8 km/h (2-3 mph)
o 4 MET—climb a flight of stairs

o 6-7 MET—short run.

Examination
Aim to identify CCF, valvular heart disease, and concurrent pulmonary disease.
Special investigations

e An ECG should be performed on all patients over 50 years scheduled for surgeryand in younger patients with risk factors for IHD.
Changes from previous traces should be investigated. Bundle branch block may predispose to bradyarrhythmias or AF but 24-h ECG
monitoring is only necessaryif there is a history of palpitations or blackouts.

e Stress testing:an ECG during treadmill exercise can be used to assess cardiovascularrisk. In those unable to exercise a
pharmacological (dipyridamole, adenosine, or dobutamine) stress test may be used. It has a high negative predictive value buta low
positive predictive value and tests maybe equivocal. Testing is useful forassessing patients of intermediate or high risk for elective
surgery of atleastintermediate risk (see tables). Patients with left bundle branch block orabnormal resting ECGs are often not
suitable, as reliable ECG changes maynot be seen.

e Coronaryarteriographyassesses the requirement for revascularization. Itis rarelyjustifiable solelyto enable another operation.
However, patients with severe, uncontrolled IHD are occasionally discovered during preoperative screening that mayrequire urgent
CABG. Preoperative cardiological referral is essential.

p.21
Perioperative management

All patients should be informed about the risks of surgery and alternatives.
Considerreferral to a cardiologist to ensure optimal medical management or evaluation for CABG (see tables). Small, randomized
controlled trials have shown survival benefits if patients are treated with a beta-blockerin the perioperative period. This should be

considered in patients at risk with no contraindication. (Mangano etal.X administered 10 mg atenolol in divided doses 1V 30 min
before surgery, repeated after surgery, and then daily for up to 7 days. 50-100 mg orally was substituted postoperatively when
possible.)

o Beta-blockers should be continued and given IV if Gl absorption is impaired.

e Nitrates should be given preoperatively. In high-risk patients theycan be continued IV ortransdermallyif Gl absorption is impaired. In
low-risk patients they can be resumed when stable postoperatively.

e Calcium antagonists should be given preoperativelyand resumed as soon as possible postoperatively. The dihydropyridine group
(especiallyshortacting nifedipine) may add to the risk of acute MI. These should be substituted to another class or converted to Adalat
LA (NB: nifedipine SR is not long-acting.)

e ACEinhibitors improve survival in patients with left ventricular dysfunction due to IHD. Theyshould be given preoperativelyand
resumed postoperativelyas soon as Gl absorption resumes. If they have been stopped forseveral days restarting ata reduced dose
may be prudent as most of these drugs are associated with first-dose hypotension. Administration may be associated with marked
hypotension on induction.

e In addition to standard monitoring, invasive arterial BP, CVP, or the use of an oesophageal Doppler should be considered for
high/intermediate-risk patients undergoing major surgery. ECG monitoring should be with the CM5 configuration or alternative (p. 930).

e The anaesthetictechnique should minimize myocardial ischaemia (increased by tachycardia, diastolic hypotension, and systolic
hypertension). Anxiolytic premedication may be helpful. Analgesia is important: regional blocks can be very effective but central
neuraxial blocks require care and experience.

e Blood loss needs accurate replacementand haemoglobin should be maintained byregular measurement.

e Myocardial ischaemia occurs often during emergence and extubation. Hypertension and tachycardia should be anticipated and
avoided. ‘Deep’ extubation or the use of a short-acting beta-blocker should be considered.

Consideradmission to HDU postoperatively where careful monitoring and interventions can be continued in high-risk patients.
Following major surgery, all patients atrisk should have supplemental oxygen for 3 to 4 days postoperatively, particularly at night.
e Antiemetics such as cyclizine and hyoscine can cause tachycardia and may exacerbate ischaemia.

Cardiac risk (% figures relate to combined risk of Ml 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 capacity
Arrhythmia Malignant SVT/VT with rapid ventricular rate. Heart block Abnormal, e.g. AF
Other Severe valvular disease Diabetes CVE. Uncontrolled hypertension. Age

Surgical risk
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. . Major emergency surgery (esp.in elderly)
High: >5% death/non-fatal Ml Aortic/majorvascular surgery

Prolonged surgery with large fluid shifts

Carotid endarterectomy
Head and neck
Orthopaedic

Prostatic

Intermediate: <5%

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

Cardiological referral

Exercise tolerance:
Any <4 MET >4 MET <4 MET >4 MET

Cardiacrisk:

Major Intermediate Minor
Surgery risk
High Refer Refer Refer  Refer Operate
Intermediate Refer Refer Operate Operate Operate
Low Refer Operate Operate Operate Operate
p.22

Perioperative acute myocardial infarction

e Occurs most frequently 3 to 4 days after surgery. Symptoms may be atypical and up to 20% may be silent. The mortalityrate is up to 50%.
Diagnosticcriteria vary but sole reliance on CK-MB assay will over estimate the incidence of Ml especiallyin patients with ischaemic
limbs or afteraorticsurgery.

P.23

e Therapeuticoptions are reduced because thrombolysis is generally contraindicated. Other treatments are possible:aspirin (150 mg od)
and beta-blockers (atenolol 5 mg IV followed by 50-100 mg PO daily) should be used as normal. Acute angioplasty for myocardial
infarction is probablyatleastas effective as thrombolysis. Referimmediatelyto a cardiologistto considerangioplasty or occasionally
surgical revascularization.

Further reading

Guidelines for perioperative cardiovascular evaluation for non cardiac surgery (1996). Circulation, 93, 1286—-317.

Howell SJ, Sear JW, Foex P (2001). Perioperative B-blockade: a useful treatment thatshould be greeted with cautious enthusiasm. British
Journal of Anaesthesia, 86, 160-4.

Library Holdings
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Poldermans D, Boersma E, BaxJJ, etal. (1999). The effect of bisoprolol on perioperative mortalityand myocardial infarction in high-risk
patients undergoing vascular surgery. New England Journal of Medicine, 341, 1789-94.

Ovid Full Text

Full Text
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Turner M, Haywood G (1998). Preoperative assessment of cardiacrisk for non-cardiac surgery. Journal of the Royal College of Physicians of
London, 32, 545-7.
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Mangano DT, Layug EL, Wallace A, Tateo | for the Multicenter Study of Perioperative Ischemia Research Group (1996). Effect of atenolol in
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Heart failure

Heart failure is associated with perioperative morbidity and mortality. Acute heart failure may present as pulmonary oedema (LVF) or
hypoperfusion (cardiogenic shock). Chronic or congestive cardiac failure is typically described with peripheral oedema and an elevated JVP.
Aetiology of heart failure

Right heart failure Left heart failure
Chroniclung disease Ischaemic heartdisease
Chronic pulmonary thromboembolism Dilated cardiomyopathy (idiopathic, alcohol, myocarditis, familial)
Primary pulmonary hypertension Hypertension
Right ventricular cardiomyopathy Drugs (beta-blockers, Ca-channel blockers, antiarrhythmics)

Sepsis, HOCM*, restrictive cardiomyopathy, hypo- or hyperthyroidism
* Hypertrophic obstructive cardiomyopathy.

Treatment
e Diuretics: reduce peripheral and pulmonary congestion.
e Vasodilators: ACE inhibitors (and angiotensin-ll receptor antagonists) and nitrates.
e Anticoagulants:reduce the incidence of thromboembolic events.
e Inotropes:digoxin.
e Antiarrhythmics.
e Beta-blockers: occasionallyused bycardiologists if controlling the heart rate outweighs the risks of myocardial depression.

Preoperative assessment

History and examination should identify present orrecent episodes of decompensated heart failure (any within 6 months adversely affects
risk). Attempts should be made to identifya cause forany decompensation (recent Ml, new anaemia, progression of disease, or non-
compliance with drugs).

Investigations

e ECG: maysuggestaetiology, and comparison with previous traces mayexplain deterioration.

e Chestradiograph:if symptoms are stable and the lastone is less than 12 months old it does not need repeating.

e Echocardiographyshould be performed in poorly controlled patients and for quantification of degree of cardiac dysfunction (see also
p. 343).

P.25
Perioperative management

e Perioperative mortalityis high and increases with worsening left ventricular dysfunction. Non-essential surgery should be avoided.
Where possible perform surgery under a local orregional block.

e Postoperative admission to HDU/ICU should be arranged before starting major surgery. In some centres preoperative admission for
optimization is considered.

e Sedative premedication is generally well tolerated except for cor pulmonale when even a slight worsening of hypoxia oracidosis can
increase pulmonaryvascularresistance and exacerbate heart failure.

e Patients on digoxin and nitrates should receive them preoperatively. Digoxin should be given |V postoperativelyif the patientis in AF
but can usually be safely omitted until a patientis eatingagain iftheyare in sinus rhythm. Nitrates can be given transdermally whilst
the patientis noteating.

e ACEinhibitors should generally be given preoperatively, although a degree of hypotension on induction is to be expected.
Postoperatively theyshould be resumed as soon as the patientis absorbing. If they have been omitted for 3 or more days theyshould
be reintroduced ata low dose to minimize the first-dose hypotensive effect.

e Diuretics are often omitted preoperatively as the patient maylose an unknown intravascularvolume and is to receive a vasodilating
anaesthetic. Postoperative diuretic requirements varyand should be given after consideration of fluid balance and measured
cardiovascularvariables.

e Following central neuraxial blocks it maybe necessaryto prescribe a dose of diuretic to compensate for the contraction of the
intravascularspace that occurs when the block wears off.

o Anaesthetictechnique should minimize negative inotropy, tachycardia, diastolic hypotension, and systolic hypertension. No technique
is clearlysuperior but these high-risk anaesthetics should be given byan experienced anaesthetist. Measurement of CVP is valuable
and this maybe complemented by use of intra-arterial BP, PAOP measurement, or oesophageal Doppler/transoesophageal echo.

e Renal perfusion is easily compromised in these patients-monitor hourly urine volumes. If the urine output falls, hypovolaemia should
be excluded and adequate perfusion pressure ensured before diuretics are used even if a preoperative dose has been omitted.
NSAIDs are a potentrenal insultin these patients and their use requires care.

e All patients should have supplemental oxygen for 3 to 4 days after major surgery.

e Good analgesia is essential to minimize the detrimental effects of catecholamine release in response to pain.
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Hypertension
Approximately 15% of patients are hypertensive (diastolic BP > 90 mmHg). Moderate hypertension (100-115 mmHg) and well-controlled
hypertension has notbeen shown to be an independentrisk factor for cardiovascular complications although itis a marker of coronary artery

disease. Preoperative hypertension is associated with exaggerated intra-operative swings, which can be associated with myocardial
ischaemia.

Potential problems

There is an increased risk of acute Ml, CVA, and renal impairment.

Antihypertensive drugs exaggerate the hypotension caused by hypovolaemia because of attenuation of vasoconstriction or tachycardia
in response to hypovolaemia.

ACE inhibitors mayincrease the risk of renal failure due to effects on glomerular blood flow.

Perioperative management

BP on admission is frequently elevated. Repeated measurement, liaison with the GP, or rechecking afteran anxiolytic can help
differentiate between genuine and anxiety-related hypertension. (NB: ‘white coat’ hypertension is not necessarilya benign disease.)
Assessment should focus on end organ damage (retinal, renal, and vascular bruits) and associated diseases (mainly coronary artery
disease).

If severe diastolic hypertension (> 115 mmHg) is present, whenever possible surgeryshould be cancelled and the patientinvestigated
and treated foratleast 4 weeks before returning for surgery.

If moderate diastolic hypertension (100-115 mmHg) is present and there is evidence of end organ damage then managementis as for
severe elevation. If there is no end organ damage then control over a few days is usuallysafe.

Mild diastolic hypertension (< 100 mmHg) is likely to benefit from betablockade providing there is no contraindication, but there is
little increased risk.

Preoperativelyall normal antihypertensive drugs should be given. Sedative premeds are well tolerated if desired. If notalreadyon a
beta-blocker and one is not contraindicated then perioperative administration may reduce the risk of cardiac complications.

No anaesthetic technique is superior. Good analgesia is important to minimize hypertensive swings. Although effective, central
neuraxial blocks can resultin profound hypotension so frequent or continuous measurement of blood pressure is required.

If hypertension is severe or preoperative control is poorand major or emergency surgeryis planned invasive monitoring of BP and CVP
and postoperative admission to HDU is advisable.
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Cardiomyopathy

There are three subgroups of cardiomyopathy: dilated, constrictive, and restrictive. They are pathophysiologically quite distinct, are associated
with different problems and require different approaches.

Dilated cardiomyopathy

There is systolicimpairment of the LV, although in the early stages there may be no discernible dilation. There are many aetiologies
(alcohol, vitamin deficiencies, drugs) but the commonestis ischaemic heart disease.

The commonest problems encountered are heart failure, arrhythmias (AF and VT), and emboli from left-sided cardiac cavities. Thus
they are treated with combinations of diuretics, ACE inhibitors, vasodilators, anticoagulants, and antiarrhythmics.

Perioperative managementis the same as for heart failure due to ischaemic heart disease.

Hypertrophic obstructive cardiomyopathy

An inherited condition in which excessive muscle bulk impinges on the LV outflow tract causing obstruction thatincreases during
systole. There is a spectrum of severity with some patients having a normal exercise tolerance. Others may have exertional dyspnoea,
angina, dizziness, or syncope. Some cases presentas sudden death.

Diagnosis is made byechocardiography, but suspicions should be raised by a family history, heaving or double apex, an aorticsystolic
murmur but without a slow rising pulse of aortic stenosis. The ECG often shows evidence of LVH.

These patients benefit from negative inotropic agents like beta-blockers or verapamil. Pacemakers are also sometimes used.
Hypovolaemia orvasodilatation can precipitate myocardial ischaemia and rapid decompensation.

Perioperatively all normal drugs should be given. If hypovolaemia is possible (such as patients receiving bowel prep) then an IVI
should be started before theatre. Invasive measurement of arterial BP and CVP or oesophageal Doppler will help avoid significant
hypotension or hypovolaemia. If there is significant hypotension, this is best treated by correcting hypovolaemia and using an alpha
agonist (metaraminol), which will minimize tachycardia. Postoperatively these patients should receive supplemental oxygen and be
managed on an HDU with an emphasis on accurate fluid balance.

Restrictive cardiomyopathy

An exceedinglyrare condition. The commonest cause is myocardial infiltration by amyloid. Exercise tolerance is generallyimpaired but
symptoms are often vague. Echocardiography shows predominant diastolic dysfunction and a fixed stroke volume.

These patients respond poorly to conventional treatments for heart failure but may be sensitive to diuretics.

The rarity of this condition accounts for the paucity of data on which to base anaesthetic technique. They often have a high resting
pulse rate and tolerate pharmacological bradycardia poorly. Increases in systemic vascularresistance may further reduce cardiac
outputand increased catecholamines (endogenous or exogenous) may furtherimpair diastolic dysfunction.
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Arrhythmias

Established atrial fibrillation

e Echocardiographyto assess LV function, left atrium size, and the mitral valve should be performed if there is significant exertional
dyspnoea orangina. Digoxin level if on more than 375 ug or symptoms of toxicity (nausea is most common)
e Ventricularrate should be 60-90 beats/min (almost always increases on induction of anaesthesia).

Intra-operative atrial fibrillation (p. 831, 934)

e Exclude precipitating causes such as hypovolaemia, hypoxia, hypokalemia, hypomagnesemia, and misplaced CVP lines.
e |fthe BPis compromised synchronized d.c. cardioversion (200 J then 360 J) is often the quickest way to restore sinus rhythm.
e |fdrugtreatmentis preferred consider esmolol, amiodarone, flecainide, or digoxin.

Atrial flutter

The management of this condition is the same as for AF. If the diagnosis is notclearthen administration of adenosine will slow the
ventricular response and make the flutter waves more obvious.

Paroxysmal junctional tachycardia

e This often occurs in young patients and the heartis structurally normal. Patients should normally be investigated by a cardiologist
prior to elective surgery.

e Preoperativelythe frequency of episodes and usual treatment should be noted.

o |fthe ECG shows a short PR and delta wave then the patient has Wolf-Parkinson-White syndrome and digoxin is contraindicated as it
mayincrease conduction through the accessory pathwayand progress to VF.

e Treatments include beta-blockers, Ca-channel antagonists, flecainide, propafenone, oramioderone (p.933).

Intra-operative junctional tachycardia (SVT)

See p.933.
Ventricular premature beats (VPB)

e These are common, increase with age, and are generally benign. Theycan, however, be associated with underlying cardiacdisease.
They may be asymptomatic or the cause of an ‘erratic’ heartbeat.

e The presence of VPBs should prompt a search forunderlying heart disease butanyincrease in riskis secondaryto the underlying
disease and not the VPBs. Attempts to suppress them mayincrease mortality. Treatment should only be directed at underlying heart
disease.

Ventricular tachycardia (VT)

e VT occurs more commonlythan previously recognized. It does not necessarilyresultin cardiacarrest butis almostalways associated
with significant
P.29

ventricular disease. Patients with a history of VT will usually be taking an antiarrhythmicagent or have an implantable defibrillator
(see p.33).

e Antiarrhythmicdrugs should be given pre- and postoperatively. If a patientis not eating postoperativelythen therapyshould be
continued IV until oral drugs are being absorbed.

e Animplantable defibrillator should be turned off just before surgeryand turned back on immediately before the patientleaves
theatre. This is done bya cardiology technician and prevents diathermy interference being interpreted as VT/VF.

Intraoperative ventricular tachycardia
See pp. 937, 829.

Intraoperative ventricular fibrillation
See pp. 938, 826.

Sick sinus syndrome

e This maybe due to idiopathic fibrosis of the sinus node, ischaemic heart disease, cardiomyopathy, or myocarditis.

e |tis characterized bysinus bradycardia, sinoatrial block, orsinus arrest but mayalso occur with paroxysmal atrial fibrillation, flutter or
re-entrant tachycardias. However, the ECG may be normal and itis best diagnosed by ambulatory monitoring of the ECG.

e Symptomatic patients should have a pacemaker fitted but mayalso require antiarrhythmics to prevent the tachyarrhythmias.

e |fa patienthas no pacemakerthen anaesthetic drugs may exacerbate the bradycardia orinduce sinus arrest (a long pause maythen
‘escape’ into a tachyarrhythmia).

e Facilities should be available for pacing, and tachyarrhythmias managed appropriately.
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Disturbances of conduction (heart block)

Juliet Lee

The wave of electrical excitation that spreads from the sinoatrial node to the ventricles via the conduction pathways may be delayed or
blocked at any point.

First-degree block

There is a delayin conduction from the sinoatrial node to the ventricles, and this appears as a prolongation of the PR interval ie greater than
0.2s.Itis normally benign but may progress to second-degree block, usually of the Mobitz type I. First-degree heart block is not usuallya
problem during anaesthesia.

Second-degree block-Mobitz type | (Wenkebach)

There is progressive lengthening of the PR interval and then failure of conduction of an atrial beat. This is followed by a conducted beat with
a short PR interval and then the cycle repeats itself. This occurs commonly after an inferior myocardial infarction, and tends to be self-limiting.
It does not normallyrequire treatment although a 2:1 type block may develop with haemodynamicinstability.

Second-degree block-Mobitz type Il

If excitation intermittently fails to pass through the AV node or the bundle of His, this is the Mobitz type Il phenomenon. Most beats are
conducted normally but occasionallythere is an atrial contraction without a subsequent ventricular contraction. This often progresses to
complete heart block and if recognized preoperatively will need expertassessment and pacing.

Second-degree block-2:1 type

There may be alternate conducted and non-conducted beats, resulting in two P waves for every QRS complex-this is 2:1 block. A 3:1 block may
also occur, with one conducted beatand two non-conducted beats. This mayalso herald complete heart block, and in most situations a
temporary transvenous pacing wire is required preoperatively.

Third-degree block/complete heart block

There is complete failure of conduction between the atria and the ventricles. The ventricles are therefore excited by a slow escape mechanism
from a focus within them. There is no relationship between the P wave and the QRS complex, which is abnormally shaped. It may occur
occasionallyas a transient phenomenon in theatre due to severe vagal stimulation, in which case it often responds to stopping surgery and
intravenous atropine. When it occurs in association with acute inferior myocardial infarction, itis due to AV nodal ischaemia and is often
transient. Veryrarelyit may be congenital. However, if it occurs with anterior myocardial infarction itindicates more extensive damage
including the His-Purkinje system. It mayalso occuras a chronic state usually due to fibrosis around the bundle of His.

Bundle branch block

If there is a delayin depolarization of the right or left bundle branches, this will cause a delayin depolarization of part of the ventricular
muscle with subsequent QRS widening. Diagnosis of which bundle is blocked can only be achieved byanalysing a full 12-lead ECG.

P.31

Right bundle branch block

The characteristic pattern here is of wide complexes with an ‘RSR’in lead V1 (so thatit mayappear ‘M’ shaped) andin V6a small initial
negative downward deflection followed by a larger upwards positive wave and then a second downward wave. In addition there are also
often secondary changes in ventricular repolarization with ST segment depression in the right precordial leads. It mayindicate problems with
the right side of the heart, buta right bundle branch block type pattern with a normal axis and QRS duration is not uncommon in normal
individuals.

Left bundle branch block

Septal depolarization is reversed so there is a change in the initial direction of the QRS complexin everylead. The complexes are widened
andin V1there is noinitial positive wave, buta deep negative wave in which there maybe a small upward inflection. In V6 there is a no
initial negative wave and the complex has a characteristic ‘M’ shape. This often indicates heart disease and makes furtherinterpretation of
the ECG other than rate and rhythm impossible.

Bifascicular 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 is the commoner of the two and appears as an ‘RSR’in V1 together with left-axis deviation. In the context of an acute
myocardial infarction this may progress to complete heart block in some patients but generally does not require preoperative pacing. Right
bundle branch block with left posterior hemiblock is 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 considered and itis a non-specificsign.

Trifascicular block

This is the term sometimes used to indicate the presence of a prolonged PR interval together with a bifascicular block.

Preoperative management

e First-degree heartblock in the absence of symptoms is common. It needs no specificinvestigation or treatment.

e Second- orthird-degree heart block mayneed pacemakerinsertion. If surgeryis urgent this maybe achieved quickly byinserting a
temporary transvenous wire prior to definitive insertion.

e Bundle branch, bifasicular, ortrifasicular block (bifasicular with firstdegree block) will rarely progress to complete heart block during
anaesthesia and soitis not normal practice to inserta pacing wire unless there have been episodes of syncope.

Intraoperative heart block

Atropine is rarely effective.

If hypotension is profound then an isoprenaline infusion can be used to temporize: 1-10 pg/min (dilute 0.2 mg in 500 ml of 5% glucose
or dextrose-saline and titrate to effect (2-20 ml/min), or 1 mgin 50 ml 5% glucose/ dextrose-saline at 1.5-30 ml/h).

P.32

e Transcutaneous pacingis rarelypractical in theatre because of difficultyin siting the posterior pad. Oesophageal pacingis effective-
the electrode is passed into the oesophagus like a nasogastrictube and connected to the pulse generator. The position can be
adjusted until there is ventricular capture.

e Transvenous pacingis both more reliable and effective and relatively easy. ASwan-Ganz sheath of adequate size to pass the wire is
inserted into the internal jugular orsubclavian vein (this can be done while other equipmentis being collected). A balloon-tipped
pacing wire is then inserted to the 20 cm mark. The balloon is inflated and a pulse generator connected at5 V. It can then be
advanced-atrial capture is often seen followed by ventricular capture. When this happens the balloon is deflated and a further 5 cm of
catheterinserted. If the 50 cm mark is reached the catheteris coiling up or not entering the heart. Deflate the balloon, withdraw to the
20 cm mark and try again.
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Cardiac pacemakers

Pacemakers are frequently used for a variety of brady- and tachyarrythmias. The North American Society of Pacing and Electrophysiology and
the British Pacing and Electrophysiology Group initiated a generic code for describing pacemaker function. The code consists of five letters or
positions. The first three describe antibradycardia functions and are always stated. The fourth and fifth positions relate to additional
functions and are often omitted if not present (e.g. VDD or 000MS).

Position 1 refers to the chamber paced (V/A/D for ventricle, atrium or dual).

Position 2 refers to the chambersensed (V/A/D).

Position 3 refers to response to sensing (T/I/D for triggered, inhibited or dual).

Position 4 refers to programmability or rate modulation (P simple programmable, M multiprogrammable, R rate modulation).
Position 5 antitachycardia functions (P pacing, S shock, D dual).

Examples

VVI:ventricular demand pacing. The ventricle is sensed and paced if there is no spontaneous rhythm. AV synchronyis lost but the risk
of pacemakerinduced ventricular tachycardia is low.

DDD: pacing and sensing in both chambers. An atrial impulse inhibits atrial output and anticipates a ventricle impulse. If this occurs it
inhibits the ventricular output butif there is no AV conduction then it paces the ventricle.

000MS:is an implantable defibrillator.

Implications

Patients with pacemakers should attend follow-up clinics. The most recent pacemaker check should confirm good function. A
preoperative ECG will detect some problems but by no means all. Absence of all pacing spikes mayrepresentappropriate sensing or
total failure.

Bipolardiathermyis safe with pacemakers. If conventional diathermyis necessarythen the plate should be positioned so that most of
the current passes away from the pacemakerand itshould be used in short bursts. The pacing wires mayactas aerials and cause
heating where the wire contacts the endocardium. The pacemaker may detect the diathermy as ventricular activityand inhibitits
output, but only for the duration of diathermy use. In an emergency a pacemaker can be changed to VOO (asynchronous - ventricular
pacing) by placing a magnet over the box. However, this should only be done as a lastresort as there is a risk of inducing ventricular
fibrillation.

Any pacemaker that has the facility to cardiovert or overpace should have this facility turned off for theatre to avoid erroneous
discharge if diathermy noise is interpreted as a tachyarrhythmia. Itis importantthatitis turned back on before the patientleaves the
theatre area.
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Valvular heart disease (see also p. 347-54)

Preoperative assessment may be the first time a significant valve lesion is diagnosed or a patient mayalready be underregularcardiological
review pending possible cardiacsurgery. In both cases the anaesthetist will need to assess the significance of the lesion and tailor the
anaestheticappropriately. Antibiotic prophylaxis will need to be considered (see p. 896).

Aortic stenosis

e Aorticstenosis greatlyincreases the risks of surgery. The decrease in systemicvascularresistance caused by most anaestheticdrugs

results in a marked fall in BP because cardiac outputis relativelyfixed. This fall in BP reduces coronary perfusion of a left ventricle that
is hypertrophied and mayresultinischaemia, reduced contractility, and a vicious spiral of a further falling BP.

The severityis bestassessed by measuring the valve gradient by echocardiography or cardiac catheterization, but poor exercise
tolerance and especially syncope suggest severe stenosis. The onset of left ventricular failure has a poor prognosis. The valve gradient
should be interpreted with a measure of left ventricular function because with time the left ventricle will fail and the measured
gradient will then start to fall. Less than 40 mmHg is mild, 40-80 mmHg is moderate, and >80 mmHg is severe (untreated severe
symptomatic stenosis has a 50% 1-year survival).

Anaesthesia should be avoided if atall possible with severe stenosis. In other cases spinal anaesthesia should be avoided; epidural
and general anaesthetictechniques can be used butitis mostimportant to give drugs slowly with invasive BP measurement so that
falls in systemicvascularresistance can be rapidlytreated. Hypotension should be treated by an alpha agonist such as metaraminol
to minimize the risk of ischaemia thatcan be induced by a tachycardia. ACVP line or other measure of left ventricularfilling is also
helpful to diagnose and appropriately treat hypotension.

Aortic regurgitation

P.35

The anaesthesia-induced fall in systemicvascularresistance is better tolerated than with aortic stenosis. Afall in systemicvascular
resistance decreases the regurgitant flow; converselyan increase in systemicvascular resistance (caused by pain ordrugs, e.g.
ketamine) mayincrease regurgitant flow and precipitate heart failure. A degree of tachycardia shortens diastole and therefore reduces
regurgitation. As the ventricle is less hypertrophied itis less atrisk from tachycardia-induced ischaemia. A heart rate of 90 beats/min
may be optimal.

The severityis bestassessed by echocardiography or cardiac catheterization. This will also assess left ventricular function. Clinically,
dyspnoea and pulmonary oedema suggest advanced disease and the diastolic BP falls in proportion to the severity of the valve lesion.
Although vasodilation is well tolerated, an epidural maybe saferthan spinal as itcan be slowlyincreased allowing appropriate
measures if the BP falls. Vasopressors should be used carefully to avoid excessive increases in systemicvascularresistance. Invasive
monitoring is desirable in advanced disease.

Mixed aortic valve disease
This maybe verytaxing foran anaesthetist because of the conflicting requirements of each aspect of the valve lesion. The predominantlesion

should be determined by echocardiography or cardiac catheterization and the patient managed in the same wayas if this was the onlylesion.
Mitral stenosis

The majority are secondary to rheumatic fever. The greatestrisk is developing pulmonary oedema which may be precipitated by
tachycardia especiallyatrial fibrillation. The reduction in diastole and loss of the atrial kick greatlyimpairs left ventricular filling
through the stenotic valve. Typically exercise tolerance falls over manyyears (although this maynot be apparentin patients with
arthritis awaiting orthopaedicsurgery). There mayalso be acute crises due to intermittent atrial fibrillation or thromboembolism.
Severityis bestassessed by echocardiography (valve orifice >2 cm2is mild, 1-2 cm2 is moderate and <1 cm2is severe).

No anaesthetic technique has been shown to be safer. However, general anaesthesia often produces the moststable cardiovascular
conditions. Central neuraxial blocks associated with marked falls in systemicvascularresistance are inappropriate in patients with
relatively fixed cardiac outputs.

Invasive monitoring is desirable especiallyto guide fluid balance, but CVP poorly reflects left ventricular filling. Intra-operative
tachycardia should be treated rapidly. Esmolol is rapidly effective and titratable. Any negative inotropic effects are easily outweighed
by the benefits of controlling the rate. If the tachycardia is due to new atrial fibrillation then d.c. cardioversion should be considered.
Anticoagulation should be resumed as soon as possible after the operation as these patients are atrisk of thromboembolism and
this risk is higher postoperatively.

Mitral regurgitation

This maybe due to a valve lesion, a dilated heart, or papillary muscle dysfunction. The haemodynamic considerations are the same
but the aetiology (e.g. IHD) may have additional considerations. Mitral valve prolapse with regurgitation, inducible regurgitation (by
squatting or squatting to standing), or valve thickening on echo should be treated as mitral regurgitation. Anaesthesia and alterations
in systemicvascularresistance are well tolerated unless the regurgitation is very severe.

Severityis bestassessed by echocardiography, butitshould be realized that the left ventricular ejection fraction will be overestimated
in the presence of mitral regurgitation.

Most anaesthetic approaches are well tolerated. Fluid overload is a majorrisk but less than with mitral stenosis. Monitoring and
approach are largely dictated by the underlying aetiology.


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

Back Save | Print Preview | Email | Email Jumpstart

Please Wait...
What's New in Books
Prosthetic valves

o Afull cardiovascularassessmentincluding an ECG, chestradiograph, and echo within the last 12 months are needed to assess the
function of the valve.

e Antibiotic prophylaxis is needed for most surgery (see p. 896).

e Tissue valves do notrequire anticoagulation. If a patientis taking anticoagulants another explanation should be soughtand managed
appropriately.

e The risk of thromboembolism if anticoagulation is stopped with a mechanical heartvalve is small (8/100 patient years). Therefore if
reversal of all anticoagulation is vital (e.g. neurosurgery) this can be done forup to 7 days with only a small risk. For most surgery the
consequences of increased bleeding are less severe. In these cases warfarin should be stopped 4 days before planned surgery. When
the INR falls below 2.0, heparin should be started (either sodium heparin to keep APTR 2.5 or weight-adjusted LMWH). This can be
stopped 3 h priorto surgeryand resumed as soon aftersurgeryas is safe but certainly within 7 days.

Endocarditis prophylaxis

See p. 896.

The patient with an undiagnosed murmur

If a patient presents for surgeryand a previouslyundiagnosed murmuris noticed then this should be fullyinvestigated and diagnosed before
surgery takes place. This should include history, examination, ECG, chestradiograph, and echocardiography. Absence of a diastolic murmur or
cardiac symptoms should not be assumed to infer that the valve lesion is minor.

If the patient has a trulylife-threatening emergency that precludes full investigation then a clinical assessment of the valve lesion may be
the only wayto plan perioperative management.
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Post cardiac transplant

The number of patients who receive heart or heart-lung transplants is increasing and their improved survival makes itincreasinglylikelythat
they present for non-cardiac surgery outside a specialist centre. Liaison with the transplant centre is often helpful especially for the results of
the mostrecentinvestigations. The mostimportant considerations relate to ongoing immunosuppression, altered cardiac (and pulmonary)
physiology, and the direct effects of previous surgery.

Immunosuppression

Immunosupression predisposes to infection. Thus strict asepsis is required if invasive procedures such as CVP line insertion cannot be
avoided. Any suggestion of pulmonaryinfection should be verified and aggressively treated before surgery.

Anaemia and thrombocytopenia as well as leukopenia may be produced requiring treatment before surgery.

Cyclosporin is associated with renal dysfunction and is the most likely cause of hypertension that affects 40% of heart-lung transplant
recipients. It mayalso prolong the action of non-depolarizing muscle relaxants.

Corticosteroid use may necessitate additional doses perioperatively (p. 98).

Pathophysiology of the heart transplant recipient

P.38

The resting heartrate is increased (100-110 beats/min) in the absence of vagal tone on the donor heartsinoatrial node. Diastolic
dysfunction is common early aftertransplant butalso if rejection is developing. Coronary blood flow is increased due to a denervation
although endothelial function (and therefore nitric oxide responsiveness) is normal. Cardiac output will eventuallyincrease in
response to increased metabolicdemand but the response is slow. There is some evidence of sympatheticreinnervation after several
years, which mayincrease the rapidity of this response. The Frank-Starling mechanism is normal. The high resting heartrate and slow
response to sympathetic stimulation resultin poortolerance of sudden hypovolaemia.

Disrupted pulmonary lymphatics makes these patients very susceptible to pulmonary oedema. Strict attention to maintaining
euvolaemia is therefore vital.

If pharmacological manipulation is required then direct-acting agents should be used: atropine has no effect on the denervated heart,
the effect of ephedrine is reduced and unpredictable, and hydralazine and phenylephrine produce no reflex tachy- or bradycardia in
response to their primaryaction. Adrenaline, noradrenaline, isoprenaline, and beta-blockers act as expected.

Sinus bradycardia and AV block are earlysigns of rejection, although rejection may be associated with any arrhythmia (heart-lung
recipients usually present with pulmonaryratherthan cardiacrejection). Comparisons with previous ECGs is therefore important.

Direct effects of previous surgery

Previous and often repeated use of central and peripheral vessels can make intravenous and arterial access difficult.

Cough maybe impaired due to a combination of phrenicand recurrent laryngeal nerve palsies. This increases the risks of sputum
retention and postoperative chestinfection.

Heart-lung recipients will have a tracheal anastomosis. Itis desirable to avoid unnecessaryintubation butifitis necessaryuse a
short tube and minimize tracheal cuff pressure. (NB: this mayincrease during prolonged nitrous oxide anaesthesia.)

Choice of technique

There is no evidence to support one technique above any other. Peripheral surgeryunder regional block is likely to be well tolerated.
However, subarachnoid block mayresultin rapid vasodilation which is highlyundesirable. If regional anaesthesia is not possible or
desirable then either general orepidural anaesthesia are acceptable if administered with care and understanding.
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Pericardial disease

Acute pericarditis

e This is usuallya viral condition that presents with chest pain. The diagnosis is supported by widespread ST elevation on an ECG.
e |tfrequently occurs with a myocarditis which mayincrease the likelihood of arrhythmia and sudden death.
e Elective surgeryshould be postponed foratleast 6 weeks.

Constrictive pericarditis

e This maybe postinfective orsecondaryto an autoimmune disease such as systemic lupus erythematosus. The only effective treatment
is pericardectomy which may be dramatically effective.

Systolic function of the myocardium is well maintained but diastolic function is severelyimpaired. When exercise tolerance is
impaired general anaesthesia has a significantrisk.

Tachycardia and reduced cardiacfilling are poorly tolerated.

Elevations in intrathoracic pressure, as occur during IPPV can resultin profound hypotension.

If anaesthesia is unavoidable and regional block is not possible then a spontaneously breathing technique is preferable to IPPV.
Preload should be maintained and tachycardia avoided.
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Congenital heart disease and non-cardiac surgery

Peter Murphy

Congenital heartdisease (CHD) is common, 8 per 1000 births, with about 85% of these children reaching adult life. New surgical techniques,
betterintra-operative myocardial protection and advances in paediatriccardiac anaesthesia have led to marked improvements in survival
rates for many forms of CHD.

Although many of these children and adults will have undergone corrective surgery, many will still have residual problems. A studyin 1992
reported a 47% incidence of adverse perioperative events in CHD patients undergoing non-cardiac surgical procedures.

General considerations

When faced with a patient with CHD the anaesthetist must understand the physiological implications of the underlying cardiac defect.
Operative procedures for CHD aim to improve the patient's haemodynamic status although complete cure is notalways achieved. Paediatric
cardiacsurgical procedures can be divided into the following groups:

e Curative procedures:the patientis completely cured and has a normal life expectancy (e.g. persistent ductus arteriosus and atrial
septal defect closure).

e Corrective procedures: the patient's haemodynamicstatus is markedlyimproved but their life expectancy may not have returned to
normal (e.g. tetralogy of Fallot repair).

e Palliative procedures:these patients may have distinctlyabnormal circulations and physiology but avoid the consequences of
untreated CHD. Their life expectancyis not normal but manyare expected to reach mid adulthood (e.g. Fontan procedures).

Preoperative assessment
Aim to gain a clearunderstanding of the anatomyand pathophysiology of the patient's cardiac defect.

e History: define the nature and severity of the cardiaclesion. Ask about symptoms of congestive cardiac failure (especiallyregarding
limitation of daily activities). Consider the presence of abnormalities and syndromes associated with CHD and current medication.

e Examination: check for cyanosis, peripheral oedema, and hepato splenomegaly. Assess peripheral pulses and the heartand lungs for
murmurs and signs of infection and failure. Cyanosed patients should have a brief neurological examination.

e Investigations:a recent chestradiograph and ECG. Record baseline SpO, on air. Laboratory tests obviouslydepend on the type of
surgery proposed but most will require FBC, clotting screen, LFTs, and electrolytes. Some patients will need pulmonary function tests.

e Consult with the patient's cardiologist-information regarding recent echocardiography and catheter data should be available. Potential
risk factors in the patientcan be discussed along with potential treatment regimes, e.g. inotropes or vasodilators.

P.41
Factors indicative of high risk

Recent worsening of cardiac failure or symptoms of myocardial ischaemia.
Severe hypoxaemia with SpO, < 75% on air.

Polycythaemia (haematocrit > 60%)

Unexplained dizziness/syncope/fever or recent CVA.

Severe aortic/pulmonary valve stenosis.

Uncorrected tetralogy of Fallot or Eisenmenger's syndrome.

The recent onset of arrhythmias.

In all patients with CHD consider whether the proposed surgeryis necessary with regard to the potential risks; whether admission to ICU/HDU
will be required, and whether the patientcan orshould be moved to a cardiac centre. High risk factors will affect these decisions.
Specific problems found in patients with CHD

e Myocardial dysfunction-some degree of ventricular dysfunction is common. This maybe due to the underlying disease (e.g. hypoplastic
left ventricle), or may be secondary (e.g. following poorintra-operative myocardial protection).

e Arrhythmias maybe related to the original disease or be iatrogenic (surgery or medication). Some CHD patients develop heart block
following cardiac surgeryand have pacemakers in situ.
Airemboli—all CHD patients should be considered atrisk from airembolism. All intravascularlines should be free of air.
Cyanosis can occur due to many causes, e.g. shunting of blood from the right side of the heart to the left (e.g. tetralogy of Fallot,
Eisenmenger's syndrome) or due to general intracardiac mixing (e.g. complete atrioventricular septal defect). Cyanosis results in
polycythaemia and an increased blood volume. Blood viscosityis increased with impaired tissue perfusion. There is often
thrombocytopenia and a deficiencyin fibrinogen leading to a bleeding tendency. These changes are coupled with an increase in tissue
vascularity which worsens bleeding problems. Cyanosis can also lead to renal and cerebral thrombosis and renal tubularatrophy.

e Anticoagulants are taken by many CHD patients, most commonly dailyaspirin or warfarin. Management of anticoagulation in the
perioperative period can be difficult. Seek advice from the patient's cardiologistand a haematologist.

e Antibiotic prophylaxis-most CHD patients are atrisk from endocarditis (see p. 896).

e Myocardial ischaemia developingin a patient with CHD is significant and should be investigated.

Specific CHD lesions

There are over 100 forms of CHD, but eight lesions account for 83% of all cardiac defects. These are ventricular septal defect (VSD), atrial septal
defect (ASD), persistent ductus arteriosus (PDA), pulmonary stenosis (PS), tetralogy of Fallot (TOF), aortic stenosis (AS), coarctation of the aorta,
and transposition of the great vessels (TOGV). In addition, many of the otherlesions are managed palliatively by producing a Fontan
circulation.
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ASD (secundum type)

Patients are often asymptomatic. The ASD usuallyresults in a left to right shuntand can be closed surgically or by the transcatheter route. In
patients in whom the defect has not been closed one must be careful of paradoxical emboli.

ASD (primum type)

This is an endocardial cushion defect and the lesion mayinvolve the atrioventricular valves. The more severe form, atrioventricular septal
defect (AVSD), is associated with Down's syndrome and results in severe pulmonary hypertension if not treated in infancy. Surgical repair of
these lesions occasionallyresults in complete heart block.

VSD
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This represents the commonest form of CHD. Clinical effects depend on how many are presentand theirsize. Asmall, single VSD may be
asymptomatic with a small left to right shunt (pulmonary:systemic flow ratio < 1.5:1). In patients who have not had corrective surgery prevent
airemboli and fluid overload and remember antibiotic prophylaxis.

Patients with a moderate sized, single VSD often present with mild CCF. They have markedlyincreased pulmonary blood flow
(pulmonary:systemic flow ratio 3:1). If the lesion is not recognized these patients are at risk of pulmonary hypertension and shunt reversal.
Patients with a large VSD have equal pressures in theirright and left ventricles and often present around 2 months of age with severe CCF.
These patients require early operations. However, if they require anaesthesia foranother procedure prior to their definitive cardiac operation
they may present severe problems. Theyshould be intubated for all but the most minor procedures, and one should try to avoid increasing the
left to right shunt (e.g. avoid hyperventilation and unnecessarily high inspired oxygen levels). Care should be taken with fluid administration,
and inotropic supportis often required.

Patients with multiple VSDs often require pulmonary artery banding to protect their pulmonary circulation. This band will tighten as the child
grows, resulting in cyanosis. The VSDs often close spontaneouslyand then the band maythen be removed.

PDA

Patients with PDA may have a moderate left to right shuntand this can resultin an elevated pulmonaryvascularresistance ratherlike a
moderately sized VSD. PDAs can be closed surgically or transcatheter.

Tetralogy of Fallot

These patients have pulmonary stenosis, a VSD, an overriding aorta and right ventricular hypertrophy. Total repair of TOF is now undertaken at
around 3 to 8 months of age. Prior to complete repair, these patients may be treated medically with beta-blockade orsurgicallyvia a Blalock-
Taussig (BT) shunt from a subclavian artery (usually the right) to the pulmonaryartery. In patients withouta BT shunt and prior to definitive
surgery, the ratio of systemicvascularresistance (SVR) to pulmonaryvascularresistance (PVR) determines both the systemic blood flow and
blood oxygen saturation. If these patients require surgery prior to their repairtheyshould be intubated and ventilated in order to maintain a
low PVR. Cyanosis should be treated with hyperventilation, intravenous fluid, and systemic vasopressors such as phenylephrine.
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Eisenmenger's syndrome

Patients with this syndrome have a markedlyincreased morbidity and mortality. They have an abnormal and irreversible elevation in PVR
resulting in cyanosis and right to left shunting. The degree of shunting depends on the PVR:SVR ratio. Increasing the SVR or decreasing the PVR
leads to better blood oxygen saturation ratherlike 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 intensive care bed should be available. Avoid reductions in SVR
(epidural/spinal anaesthesia) and rises in PVR (hypoxia/hypercarbia/acidosis/cold). Eisenmenger's patients should be managed in a
specialist centre whenever possible.

Fontan repair

This is a palliative procedure, classically for patients with tricuspid atresia, butit may be performed fora number of different cardiaclesions
including hypoplasticleft heart syndrome. The Fontan procedure is not a specificoperation buta class of operations thatseparate the
pulmonaryand systemic circulations in patients with an anatomical or physiological single ventricle. This separation is accomplished by
ensuring that all superiorand inferior vena caval blood flows directlyinto the pulmonary artery, bypassing the right ventricle and, usually, the
right atrium. Thus, pulmonary blood flow is dependent solely on systemic venous pressure. SpO, should be normal.

The Fontan circuitinvariablyleads to elevated systemic venous pressures which in time leads to liver congestion, protein-losing enteropathy,
and a tendency for fluid overload with ascites and pleural and pericardial effusions. Hypovolaemia can rapidlylead to hypoxia and
cardiovascular collapse. Patients require anticoagulation with warfarin.

Greatcare should be observed when anaesthetizing these patients. Intermittent positive pressure ventilation results in a significant fall in
cardiac output and high ventilatory pressures mayresultin poor pulmonary perfusion. Fluid overload is poorlytolerated, as is hypovolaemia.
Central venous pressure monitoring is helpful butis probably bestinstituted via the femoral venous route.

Adults with congenital heart disease

Anything but the most straightforward or emergencysituation should be discussed and often referred to an appropriate cardiac centre.
Lesions may have been left uncorrected, palliated, or had full anatomical correction.

Uncorrected disease

e Alesion with a large leftto right shunt will cause progressive pulmonary hypertension leading to eventual shunt reversal
(Eisenmenger's syndrome). Once irreversible pulmonary hypertension has developed surgical correction is not possible. These
patients have high mortality forany surgery, even minor procedures. If surgeryis absolutely necessaryitshould be performed in a
specialist centre.

e Ventricularoratrial septal defects maybe small and have no symptoms and little haemodynamic effect. With the exception of
endocarditis prophylaxis a small ventricular or atrial septal defect presents no anaesthetic problems.
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Palliated disease

e These patients have had operations thatimprove functional capacity and life expectancy but do not restore normal anatomy.
Operations include Senning and Mustard for transposition of the great vessels (neonatal switch is now preferred) and Fontan for
single ventricle syndromes (e.g. hypoplasticleft heart and pulmonary atresia).

e Aprecise understanding of the underlying physiologyis required to avoid disaster when anaesthetizing these patients. At present this
is best provided in specialist cardiac centres oratleastafter seeking their advice.

e Patients with a Fontan circulation are surviving well into adulthood and consequently their numbers will increase in the practice of
non-cardiac anaesthetists. Blood leaves a single ventricle, passes through systemic capillaries and then through pulmonary
capillaries before returning to the heart. The consequences of this are that the measured CVPis, and needs to be, high to provide a
pressure gradient across the pulmonarycirculation. Any pulmonary hypertension is tolerated very badly because ventricular filling is
reduced. The high venous pressure can resultin life-threatening haemorrhage from mucosal procedures like adenoidectomy (or nasal
intubation!).

Corrected disease

These patients have either had spontaneous resolution or complete surgical correction. Providing they have normal functional capacity they
can be treated normally. Check foranyassociated congenital abnormalities.

Endocarditis prophylaxis

This is required forall patients with congenital cardiac disease except:isolated secundum atrial septal defect repaired without a patch more
than 6 months ago or persistent ductus arteriosus ligated more than 6 months ago.
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Effects of surgeryand anaesthesia on respiratory function

Surgery

Respiratory complications after surgery are largelyrelated to two factors:

Site of surgical incision. Upperabdominal operations are associated with pulmonary complications in 20-40% of the general surgical
population. The incidence with lowerabdominal surgeryis 2-5%. Following upperabdominal orthoracic surgery, there is a reduction
inlung volume, shallow respiration, and a reluctance orinability to cough effectively. These changes often resultin poor basal air
entry and sputum retention, which maydevelop into atelectasis and/orinfection. Effective postoperative analgesia, early mobilization,
and physiotherapy mayreduce theirincidence and severity.

Pre-existing respiratory dysfunction. Patients with underlying respiratory disease are atincreased risk of developing problems during
and after surgery. Complications are minimized if the underlying condition is identified and optimally controlled preoperatively. All
patients benefit from a review of their medical therapy, early mobilization, and pre- and postoperative chest physiotherapy. Advice
from a respiratory physician may be helpful to ensure optimal preoperative condition.

Anaesthesia

P.47

FRC decreases by 15-20% (about 450 ml): loss of muscle tone on induction of anaesthesia causes the diaphragm to move cranially (loss
of endexpiratory tone) and the rib-cage to move inward. The FRC may be reduced to 50% of the awake, supine value in the morbidly
obese. Ketamine does notreduce muscle tone and consequently FRCis maintained during anaesthesia with this agent.

Closing capacityis the lung volume at which airway closure begins. Underanaesthesia closing capacityis greater than FRCand airway
closure occurs. This occurs more readilyin smokers, the elderlyand those with underlying lung disease.

Immediately afterinduction chest CT shows atelectasis in the dependent zones of the lungs in over 80% of subjects. As a result, at
least 10% of pulmonary blood flow is shunted or goes to areas of low V/Qratio.

Tidal volume and lung compliance decrease (moves down compliance curve) and airwayresistance increases slightly.

Intubation halves dead space by circumventing the upperairway. Alveolardead space rises from 0to about 70 ml.

The response to hypercapnoea is blunted and the acute responses to hypoxia and acidaemia almostabolished by anaestheticvapours
at concentrations as low as 0.1 MAC.

The diaphragm moves less after abdominal surgery (vital capacity falls by 50% after cholecystectomy, even in healthy patients).

Most of these adverse changes are more marked in patients with lung disease, but usuallyimprove within a few hours
postoperatively. After major surgery they maylastseveral days

Furtherreading

Hall JC, Tarala RA, TapperJ, Hall J (1996). Prevention of respiratory complications afterabdominal surgery: a randomised control trial. British
Medical Journal, 312, 148-52.

Ovid Full Text

Full Text

Library Holdings

Bibliog

raphic Links

Hedenstierna G, Rothen HU (1996). Pulmonary gas exchange, effects of anaesthesia and of artificial ventilation. In International practice of
anaesthesia (eds Prys-Roberts and Brown), Butterworth-Heinemann, Oxford.
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Respiratory tract infections and elective surgery

e Patients who have respiratory tract infections producing fever and cough with or without chest signs on auscultation should not
undergo elective surgery under general anaesthesia due to the increased risk of pulmonary complications postoperatively.

e Adult patients with simple coryza are notatsignificantlyincreased risk developing postoperative pulmonary problems unless they
have preexisting respiratory disease or are having major abdominal orthoracicsurgery. There is some evidence that the incidence of
laryngospasm increased in patients with a recent history of upper respiratory tract symptoms who are asymptomatic at the time of
surgery.

e Compared with asymptomatic children, children with symptoms of acute orrecent upper respiratory tractinfection are more likely to
suffer transient postoperative hypoxaemia (5,0, < 93%). This is most marked when intubation is necessary. See p. 812.

Further reading

Fennelly ME, Hall GM (1990). Anaesthesia and upperairwayrespiratory tract infections—a non-existent hazard? British Journal of Anaesthesia,
64, 535-6.

Levy L, Pandit UA, Randel GI, Lewis IH, Tait AR (1992). Upper respiratory tractinfections and general anaesthesia in children. Anaesthesia, 47,
678-82.

Library Holdings
Bibliographic Links
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Smoking

Smokers, both active and passive, have a six-fold increased risk of developing perioperative respiratory problems.
Implications of smoking for anaesthesia

e Cigarette smoke contains nicotine, a highly addictive substance, and atleast 4700 other chemical compounds of which 43 are known to
be carcinogenic. Long-term smoking is associated with serious underlying problems such as COPD, lung neoplasm, ischaemic heart
disease, and vasculardisorders.

e In the respiratorytract, mucus is produced in greater quantities yet cleared less efficiently due to impaired mucociliary clearance. The
airways are hyper-reactive and there is impairment of both cell-mediated and humoral immunity. These changes make smokers more
susceptible to respiratory events during anaesthesia and also to postoperative atelectasis or pneumonia, particularly afterabdominal
or thoracic surgery. Coexisting obesityincreases these risks.

e Increased airwayirritabilityincreases events such as coughing, laryngospasm, and desaturation during induction with volatile
anaestheticagents (particularlyisoflurane). Avoid by using a less irritant volatile (e.g. sevoflurane) and deepening anaesthesia
slowly, or treat with an intravenous agentsuch as propofol.

e Maintaining spontaneous breathing via an ETT or LMA may be awkward due to airwayirritation-try local anaesthesia to the vocal cords,
opioids, relaxants, and IPPV.

Risk reduction

o Atleast 8 weeks'abstinence from smokingis required to decrease morbidity from respiratory complications to a rate similar to that of
non-smokers.

e Smokers unwilling to stop preoperatively will still benefit by refraining from smoking for 12 h before surgery. During this time the
effects of nicotine (activation of the sympathoadrenergic system with raised coronaryvascularresistance) will wear off. The level of
carboxyhaemoglobin (COHb), which mayreach 5-15% in heavy smokers, will also fall.

e Raised COHb levels cause a left-shift of the oxygenation curve and therefore reduced oxygen carriage by the blood. COHb has a similar
absorption spectrum to oxyhaemoglobin and causes pulse oximeters to give a falsely high oxygen saturation reading.

Further reading

Nel MR, Morgan M (1996). Smoking and anaesthesia revisited (editorial). Anaesthesia, 51, 309-11.

Ovid Full Text

Library Holdings

Bibliographic Links

Schwilk B, Bothner U, Schraag S, Georgieff M (1997). Perioperative respiratory events in smokers and non-smokers undergoing general
anaesthesia. Acta Anaesthesiologica Scandinavica, 41, 348-55.
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Predicting postoperative pulmonary complications before surgery

The incidence of postoperative complications in surgical patients with preexisting respiratory dysfunction can be reduced if these patients are
identified preoperatively. Large and rigorous studies to identify risk factors for pulmonary complications are relativelylacking (in comparison
to the large prospective studies of cardiacrisk performed since the 1970s). Comparisons between studies are difficult: definitions of
complications, patient groups, and surgical interventions differ greatly.

Spirometry was formerly considered highlyimportantin the assessment of surgical patients and included in widelyadopted guidelines.
Recent evidence suggests that preoperative spirometry does not predictindividual risk of pulmonary complications and should not be used
alone to determine operability for non-thoracic surgery. Scoring systems which assess overall co-morbidity (ASA physical status grade,
Goldman cardiacrisk index, and Charlson comorbidityindex) are the best predictors of complications. Abnormal findings on examination oran
abnormal chestradiograph reflectsignificantlung disease and are independent predictors of pulmonary complications.

Even in patients with severe pulmonary disease, surgery which does notinvolve the abdominal or chest cavities is inherently of very low risk
for serious perioperative pulmonary complications.

Factors shown to predict perioperative pulmonary complications
Scoring systems which assess overall co-morbidity (ASA physical status grade, Goldman cardiacrisk index, and Charlson co-morbidity index)
Increasing age (>60 years)

Smoking within 8 weeks

History of malignancy

Symptoms of chronic bronchitis

Body mass index >27

Upperabdominal and thoracic surgery

Abnormal clinical signs in chest

Abnormality on chestradiograph

PaCO, >6 kPa

Impaired cognitive function

Postoperative nasogastricintubation

Furtherreading

Lawrence VA, Dhanda R, Hilsenbeck SG, Page CP (1996). Risk of pulmonary complications following abdominal surgery. Chest, 110, 744-50.
Ovid Full Text

Library Holdings

Bibliographic Links

Zollinger A and Pasch T (1998). The pulmonaryrisk patient. Bailliere's Clinical Anaesthesia, 5, 391-400.
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Preoperative assessment of respiratory function
History

Ask about hospital admissions with respiratory disease-particularly visits to intensive care.

Determine patient's assessment of lung function and their compliance with treatments. Respiratory disease tends to fluctuate in
severityand patients are usually best at determining their current state. Ideally, surgeryis performed when the patientis optimally
controlled.

Note cough and sputum production (character and quantity)-with major surgerysend a current sputum sample for C&S preoperatively.
Note past and present cigarette consumption.

Assess current treatment, reversibility of symptoms with bronchodilators, and steroid intake.

Note anyrespiratory symptoms suggestive of cardiacdisease (orthopnoea, PND).

Dyspnoea can be described using Roizen's classification. Undiagnosed dyspnoea of grade |l or worse may require furtherinvestigation
(see below).

Roizen's classification of dyspnoea

Grade 0: No dyspnoea while walking on the level at normal pace

Grade |: ‘l am able to walk as faras | like provided | take my time’

Grade |l: Specific street block limitation—‘l have to stop for a while after one or two blocks’

Grade Ill: Dyspnoea on mild exertion—‘l have to stop and rest going from the kitchen to the bathroom’
Grade IV: Dyspnoea atrest

Examination

Abnormal findings on clinical examination of the respiratory system are predictive of pulmonary complications after abdominal surgery.
Complications of respiratory disease (right heart failure) and its treatment (steroid effects) should be sought. Try to establish any contribution
of cardiac disease to respiratory symptoms.

A formal assessment of exercise tolerance such as stair climbing correlates well with pulmonary function tests and provides a reliable test of
pulmonary function. However, it also reflects cardiovascular status, cooperation, and determination and is an impractical assessment for
those with limited mobility. A few patients present for surgery whilst receiving CPAP for sleep apnoea syndrome or BIPAP for chronic respiratory
failure. Continue these perioperatively and decide the best place for the patients to be looked after.

Respiratoryinvestigations

Peak flow

A useful test for COPD or asthma. When the patient maintains a dailyrecord it will indicate current fitness. Normal values are shown on p.
1104. With peak
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flows of less than 200 litres/min effective coughing is difficult. Measured on ward using a peak flow meter (best of three attempts); technique
is important.

Spirometry

Measured in the respiratory function laboratory or at the bedside using a bellows device. It has been widelyused to assess risk in patients
with significant respiratory disease scheduled for major surgery. However, recent evidence suggests that spirometry does not predict
pulmonary complications, even in patients with severe COPD. Specific subgroups of patients may benefit from spirometry:

e those with equivocal clinical and radiological findings, or unclear diagnosis.
e patients in whom functional abilitycannot be assessed because of lower extremity disability.

Spirometry also forms part of the assessment of patients for lung parenchymal resection (see p. 366).

In those with obstructive symptoms the reversibility with salbutamol should be tested. If time permits, and the patient has undertreated
obstructive disease, a course of steroids (prednisolone 20-40 mg daily for 7 days) should be assessed for effectiveness.

Normally the forced vital capacity (FVC) is reported along with forced expiration in 1s (FEV1), plus the ratio FEV1/FVC (as a percentage). The
results of these tests are given with normal values calculated for thatindividual. Anormal FEV1/FVCratio is > 70% (see p. 1104).

There are no spirometric values which should be viewed as prohibitive for surgery. Despite poor preoperative spirometry, manyseries of
patients undergoing thoracic and major non-thoracic surgeryare beingincreasingly reported. A FEV1 less than 1000 ml indicates that
postoperative coughing and secretion clearance will be poorand increases the likelihood of a period of respiratory support following major
surgery.

Flow volume loops

These are measured in the respiratory function department. Peak flows at different lung volumes are recorded, and although more complex to
interpret, loops are capable of providing more accurate information regarding ventilatory function. Theycan assess airway obstruction from
both extrinsic (e.g. thyroid) and intrinsic (e.g. bronchospasm) causes. In addition they provide useful data about the severity of obstructive and
restrictive respiratory disease.

Transfer factor

This measures the diffusion capability of carbon monoxide into the lung. Itis reduced in lung fibrosis and otherinterstitial disease
processes.

Blood gases

A baseline set of gases provides a guide to the patient's normal respiratory function and should be measured in anyone breathless on
minimal exertion. Carbon dioxide retention will be detected and the efficiency of oxygenation assessed. Record the FiO, when gases are

taken. Check for previous results in patients who have been hospitalized before. Aresting PaCO, > 6.0 kPa is predictive of pulmonary

complications and suggests ventilatory failues.
P.53

Chestradiograph

An abnormality predicts risk of pulmonary complication. Essential in any patients with significant chest disease orsigns on examination
scheduled for major surgery. Reveals lung pathology, cardiac size and outline, and provides a baseline should postoperative problems
develop. Always try to obtain an erect PA film in the X-ray department.

Chest CT

Chest CTis required in a few patients with lung cysts/bullae to assess the size and extent of their disease more accuratelythan can be
assessed on a normal chest radiograph. Anterior or posterior pneumothorax and interstitial disease such as lung fibrosis may be detected.
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Spiral CT chestinvestigations can detect pulmonary embolus and dissecting aorticlesions.

V/Qscan

AV/Qscan reports the likelihood of pulmonary embolus. In patients with abnormal chestradiographs this testis often difficult to interpret.
Also useful in further assessment of patients for lung parenchymal resection to predict the effect of resection on overall pulmonary
performance (resecting a non-ventilated/perfused lung will reduce shunt and should improve oxygenation).

Furtherreading

Lawrence VA, Dhanda R, Hilsenbeck SG, Page CP (1996). Risk of pulmony complications after elective abdominal surgery. Chest, 110, 744-50.
Ovid Full Text

Library Holdings

Bibliographic Links
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Postoperative care in respiratory disease

Important features of particular disease processes are outlined in the sections below; however, the postoperative care of all patients with
respiratory disease is guided by the following principles:

Early mobilization and posture

e Respiratory performance, functional residual capacity, and clearance of secretions are improved when sitting or standing compared
with the supine position.
e Early mobilization reduces the incidence of thromboembolic disease.

Regularclinical review

Regularreview allows urgentinvestigation and aggressive therapy. Early detection of respiratory deterioration which may presentin a non-
specific way (confusion, tachycardia, fever, unwell) are of the utmost importance forrapid detection and resolution of problems. Seek the
assessment and advice of the intensive care team earlyif the patient does not respond to treatment.

Physiotherapy

Incentive spirometryand breathing exercises aid clearance of secretions and reduce atelectasis.

Oxygen

e Anaestheticagents exerta dose-dependent depression on the sensitivity of central chemoreceptors, reducing the stimulatory effect of
CO, on ventilation.

e In patients with lung disease, depression of respiratory function can occur for up to 72 h postoperativelyand is most common at night.
Supplemental oxygen should be delivered foratleast this period of time.

e Patients who chronicallyretain carbon dioxide (advanced COPD) may be dependent on hypoxaemia for their main ventilatory drive due
to downregulation of central chemoreceptors. To prevent hypoventilation oxygen therapy should be controlled and delivered where
adequate monitoring is available (ideally with serial arterial blood gas measurement). A preoperative measurement of Pa0,/Sa0, and
PaCO, is essential to establish a realistic target for each patient. Pulse oximetry cannot provide information about PaCO,.

e Humidified oxygen should be used and aids physiotherapyand sputum clearance.

Fluid balance

e Accurate managementand documentation of fluid balance is important. Adequate intravascularfilling is essential to the maintenance
of adequate perfusion of organs such as the kidneys and alimentary system.

e Patients with lung disease are atincreased risk of pulmonary oedema (a dilated right ventricle may mechanically compromise the
function of the left ventricle). Fluid overload resulting in pulmonary oedema is poorlytolerated in these patients and a high index of
suspicion should be maintained clinically.
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e Readings from central venous catheters maybe misleadingin the presence of pulmonary hypertension orright ventricular failure (cor

pulmonale).

Pain management

e Good analgesia is essential for the maintenance of respiratory function, compliance with physiotherapy, early mobilization, and
minimizing the cardiac stress to patients with ischaemic heart disease.

e Regular paracetamol and, where not contraindicated, NSAIDs should be prescribed. NSAIDs should be used with caution in the elderly
as renal function may be compromised.

e Patients with lung dysfunction may benefit from local orregional anaesthesia, therebyavoiding the sedating effects of opioid
analgesics. Communication with the surgeon mayallow surgical placement of catheters for regional anaesthesia (e.g. a paravertebral
catheter for thoracotomy).

e The benefits of opioid-based analgesia (patient control, mobility, and avoidance of catheterization) should be weighed against the

benefits of regional analgesia (avoidance of high-dose systemic opioids, preservation of respiratory function) and discussed with the

patient preoperatively.

Following major surgery, involve the pain managementteam earlyin the postoperative period. Patients should be seen atleastdaily

bya member of the team.

Indications for postoperative admission to HDU/ICU

e Ideallyadmission to ICU or HDU should be planned preoperatively and discussed with the patientand consultant supervising the unit.
Patients mayrequire admission for ventilatory support (CPAP, BIPAP, invasive ventilation) orincreased levels of monitoring and nursing
care thatare notavailable on the surgical ward.

e The precipitating reasons foradmission to ICU or HDU may be predictable or unpredictable:

Predictable

borderline orestablished failure of gas exchange preoperatively

intercurrent respiratory infection (with urgent surgery)

chest disease productive of large amounts of secretions (e.g. bronchiectasis)
majorabdominal orthoracicsurgery

major surgery notamenable to regional analgesia and necessitating systemic opioids
long duration of surgery.

Unpredictable

unexpected perioperative complications (e.g. fluid overload, haemorrhage, etc.)
inadequate orineffective regional analgesia with deterioration in respiratory function
unexpectedly prolonged procedure

acidosis
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e hypothermia
e depressed conscious level/ slow recovery from anaesthetic/ poor cough.

Indications for minitracheostomy

e ‘Minitracheostomy’ describes devices available for cricothyroidotomy and insertion of a tube (typically4 mm internal diameter) to
facilitate tracheal suction via fine-bore catheters. Itis useful in patients with a poor cough or excessive secretions and enables more
effective physiotherapy. Itis relatively ineffective at removing more tenacious secretions and may partially occlude the airway.

e Insertion carries the risks of haemorrhage and surgical emphysema. Use of minitracheostomyis declining.
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Asthma

Asthma implies reversible airflow obstruction due to constriction of smooth muscle in the airways. Bronchial wall inflammation is a
fundamental component and results in mucus hypersecretion and epithelial damage as well as an increased tendency forairways to
constrict. Bronchoconstriction may be triggered by a number of different mechanisms.

Symptoms of asthma are most frequentlya combination of shortness of breath, wheeze, cough, and sputum production. The presence of
childhood symptoms, cough which wakes the patient at night, diurnal variation, specific trigger factors (especiallyallergic), absence of
smoking history, and response to previous treatment mayall be helpful in differentiating asthma from COPD.

Assessment

Patients and doctors frequently underestimate the severity of asthma, especiallyifitis longstanding.

Assess exercise tolerance (e.g. breathless when climbing stairs, walking on flat, or when undressing) and general activity levels.
Examination is often unremarkable but patients may have a hyperinflated chest, a prolonged expiratory phase and wheeze: there is
little correlation between the presence orabsence of wheeze heard with a stethoscope and the severity of underlying asthma.
Asingle peak flow reading can be helpful butserial measurements are more informative. The response to bronchodilators should be
measured.

Spirometry will give a more accurate assessmentand is easyto perform. Results of peak flow and spirometry are compared with
predicted values based on age, sex, and height (see p. 1104).

Blood gases are usuallyonlynecessaryin assessing severe cases, particularly with impending major surgery.

Patients with severe asthma (poorly controlled, frequent hospital admissions, previous ICU admission) should be considered for
options such as additional medication or steroid cover. In general, patients with mild asthma (peak flow > 80% predicted and minimal
symptoms) require little extra treatment prior to surgery.

If seen before admission for surgery emphasize the need for good compliance with treatment prior to surgery. Consider doubling dose
of inhaled steroids 1 week prior to surgeryif there is evidence of poor control (>20% variabilityin PEFR). If control is very poor, consider
review by a chest physician and possiblya short (1 week) course of oral prednisolone (2040 mg daily).

Do notanaesthetize patients for elective surgery when the patient's asthma is less than optimally controlled. Viral infections are
potent triggers of asthma so consider postponing elective surgery with a symptomatic upperrespiratory tract infection.

Preoperatively

Change inhaled bronchodilators to nebulized bronchodilators on admission.
Add nebulized salbutamol 2.5 mg to premedication.

P.58
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e C(Clearlydocumentanyallergies ordrug sensitivities, especially the effect of aspirin/NSAIDs on asthma.

e Ensure patients are prescribed prn nebulized bronchodilators after surgery.

e With majorabdominal orthoracicsurgerystart chest physiotherapy preoperatively.

e Treatanxiety with appropriate premedication.

e The incidence of perioperative bronchospasm and laryngospasm in asthmatic patients undergoing routine surgeryis less than 2%,
especiallyif they continue their routine medication. The frequency of complications is 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 Perloperatlve. Notes
recommendation
Salbutamol, .
Beta 2 agonists terbutaline, Converttp nebulized High doses maylower K+
preparation
salmeterol
Vagolyticdrug Ipratropium Convert to nebulized form
. Beclomethasone, Continue with inhaled If patient on >1500 pug/day of beclomethasone, adrenal
Inhaled steroids . L .
budesonide, flixotide format suppression may be present
Continue as
Oral steroids Prednisolone hydrocortisone until If >10 mg/day, adrenal suppression likely (p. 98)
taking orally
Leukotriene inhibitor (anti- Montelukast, Restart when taking oral
inflammatory effect) zafirlukast medications
Mast cell stabilizer Disodium cromoglycate Continue byinhaler
Phosphodiesterase . . . . Effectiveness in asthma debated. In severe asthma
Aminophylline Continue where possible

inhibitor

consider converting to an infusion perioperatively

Asthma drugs in the perioperative period
In patients with significant asthma undergoing major surgery:

change salbutamol and ipratropium to nebulized form

consider steroid supplementation if taking > 10 mg of prednisolone/ dayorinhaled beclomethasone > 1.5 mg/day (p. 98)

convert prednisolone to IV hydrocortisone (1 mg prednisolone equivalent to 5 mg hydrocortisone)

aminophylline may be continued intravenously by infusion in critical patients (check levels 12-hourly), or given by suppository. It can
also often be stopped!

Anaesthesia

Most well-controlled asthmatics tolerate anaesthesia and surgery well, requiring minimal changes to anaesthetic technique.
Poorly controlled asthmatics are atrisk of perioperative respiratory problems (bronchospasm, sputum retention, atelectasis, infection,
respiratory failure).
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e Avoid histamine-releasing drugs (morphine, d-tubocurarine, atracurium, mivacurium).
e Intubation may provoke bronchospasm and should be carried out underadequate anaesthesia or opioid cover. Local anaestheticto

the cords may help.

e When asthma is poorly controlled, regional techniques are ideal for peripheral surgery. Spinal anaesthesia or plexus/nerve blocks are
generallysafe, provided the patientis able to lie flat comfortably.

e Patients with severe asthma (previous ICU admissions, brittle disease) undergoing major abdominal orthoracic surgeryshould be

admitted to HDU/ICU for postoperative observation.

Severe bronchospasm during anaesthesia

See p. 848.
Postoperatively

e Following majorabdominal orthoracicsurgery good pain control is importantand epidural analgesia is frequently the best choice,
provided widespread intercostal blockade is avoided. When PCA is used pethidine is a better choice than morphine in symptomatic
asthmatics. Oxygen should
P.60

be prescribed along with regular nebulizer therapy. Convert regular steroids to intravenous preparations. NSAIDs should be avoided in
general (up to 10% of asthmatics may develop bronchospasm), but use them if they have been tolerated in the past.

e |fthereis increasing dyspnoea and wheeze following surgery consider which other conditions can resultin wheeze. Left ventricular
failure and pulmonary emboli are both potent triggers of bronchospasm. Also consider fluid overload and pneumothorax (recent
central line?).

Drugs considered safe for asthmatics

Induction Propofol, etomidate, ketamine, midazolam

Opioids Pethidine, fentanyl, alfentanyl

Muscle relaxants Vecuronium, suxamethonium, rocuronium, pancuronium
Volatile agents Halothane, isoflurane, enflurane, sevoflurane

Furtherreading

Guidelines on the management of asthma (1993). Thorax, 48 (Supplement), S1-524.

Hirshman CA (1991). Perioperative management of the asthmatic patient. Canadian Journal of Anaesthesia, 38, R26—R32.
Library Holdings

Bibliographic Links

Warner DO et al. (1996). Perioperative respiratory complications in patients with asthma. Anaesthesiology, 85, 460-7.
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Chronic obstructive pulmonary disease (COPD)

COPD encompasses chronic bronchitis and emphysema. Chronic bronchitis is diagnosed on a history of a productive cough on most winter days
of three consecutive years. Emphysema is a histological diagnosis of dilatation and destruction of the airways distal to the terminal
bronchioles.

The majority of patients with COPD have been tobacco smokers fora significant period of their lives. Other factors associated with COPD
include occupational exposure to dusts and atmospheric pollution, poor socioeconomic status, repeated viral infections, al-antitrypsin
deficiency, and regional variation within the United Kingdom.

Symptoms of COPD usuallystart after the age of about 55 years. The most common symptom is shortness of breath but there is often a
combination of shortness of breath, cough, wheeze, and sputum production. Symptoms are frequently severe by the time any medical help is
sought. Patients frequently give a history of repeated exacerbations of respiratory symptoms during the winter months. The morning is usually
the worst time for patients with both asthma and COPD.

An increasingly populartreatment of acute severe exacerbations of COPD is non-invasive ventilation via a full face or nasal mask. On
occasions this technique maybe used to assist severely affected patients through the postoperative phase of major surgery. Preoperative
trainingis essential in conjunction with a respiratory unit.

Pathophysiology

The principal problems in COPD are the development of airflow obstruction and mucus hypersecretion, exacerbated by repeated viral and
bacterial infections. Many patients have an element of reversible airflow obstruction. If this can be demonstrated itis managed as asthma.
Progressive airflow obstruction maylead to respiratory failure.

Patients with predominant emphysema may be thin, tachypnoeic, breathless atrest, and, although hypoxic, develop CO, retention onlyas a
late orterminal event. Patients with predominant chronic bronchitis are frequently overweight with marked peripheral oedema, poor
respiratory effort, and CO, retention. These classical stereotyped pictures of ‘pink puffer’ or ‘blue bloater’ are relativelyinfrequentlyseen
compared with the majority of patients who have a combination of features.

Assessment

e Establish exercise tolerance-ask specificallyabout hills and stairs. Aformal assessment of exercise tolerance such as stair climbing
correlates well with pulmonary function tests.

e Ensure anyelementof reversible airflow obstruction (asthma) is optimally treated. A trial of oral prednisolone may be worth
considering, combined with a medical review.

e Pulmonary hypertension and right ventricular failure may follow severe or chronic pulmonary disease-optimize treatment of heart
failure if present.

e Check spirometryto clarify diagnosis and assess severity (this is much more informative than peak flow in COPD).
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e Check arterial blood gases if the patient has difficulty climbing one flight of stairs, is cyanosed, has an oxygen saturation of <95% on
air,or has anyperipheral oedema.

o If the patienthas a very poor exercise tolerance (less than one flight of stairs) and is undergoing a procedure that will make breathing
painful or difficult postoperatively, consider whether ICU or HDU care would be appropriate postoperatively.

e Change to nebulized bronchodilators priorto surgery and continue for 24-48 h afterwards.

Anaesthesia

e See guidelines underasthma (see p. 59).

e Patients with severe COPD (particularly CO, retainers) are ata high risk of respiratory failure developing in the postoperative period
following abdominal orthoracic surgeryand may be sensitive to anyrespiratory depressant. Consider HDU/ICU for any on this group
postoperatively.

e Some patients (particularlythose who are obese, breathless, and require long operations) are unsuitable fora spontaneously
breathing anaesthetic.

Postoperatively

Mobilize as earlyas possible.

Give regular physiotherapy to prevent atelectasis and encourage sputum clearance.

Give oxygen as appropriate (see p. 54).

If the patient becomes pyrexial with more copious or purulent sputum send a sample for culture and start an antibiotic. Oral

amoxicillin, trimethoprim, or clarithromycin are usually sufficient for mild exacerbations of COPD. If the patientis seriously unwell

treat as postoperative pneumonia.

e Continue with nebulized salbutamol (2.5 mg four times a day) and ipratropium (500 pg four times a day) until fully mobile and change
back to inhalers 24 h before discharge. Salbutamol may be given more frequently but there is no benefit from higher doses of
ipratropium.

e If the patientis veryslow to mobilize consider referral to a pulmonaryrehabilitation programme if available.

Lung volume reduction surgery for COPD

This procedure has increased over the last few years. Lung volume reduction surgeryis performed through a sternotomyand involves excision
of 20 to 30% of each lung, aiming to improve respiratory mechanics in severe COPD. Improvements in FEV1 (forced expiration in 1s) of 80%,
reduction in total lung capacity and residual volume, marked relief of dyspnoea, and improved exercise tolerance and quality of life are
described. Twenty per cent of patients exhibit no functional improvement.

Further reading

CooperJD, Trulock EP, Triantafillou AN (1995). Bilateral pneumectomy (volume reduction) for chronic obstructive pulmonary disease. Journal of
Thoracicand Cardiovascular Surgery, 109, 106—-19.
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Bronchiectasis

Bronchiectasis maybe caused by genetic factors, e.g. cystic fibrosis, or acquired following damage to the lower respiratory tract, especiallyin
severe early childhood infections. Most patients have a chronic productive cough, which may be present throughout the year. There is
frequently a component of asthma associated with chronicinflammatory changes in the airways. Once established, bacterial infections can be
difficult orimpossible to eradicate. Pseudomonas aeruginosa is a common pathogen that may be present for manyyears and be associated
with intermittent exacerbations of respiratory symptoms.

The mainstay of treatment for bronchiectasis is regular physiotherapy, frequent courses of appropriate antibiotics, and treatment of any
asthmatic symptoms. In cystic fibrosis there is also malabsorption due to pancreaticinsufficiency, so appropriate dietary advice and
pancreaticsupplements are essential.

Patients with bronchiectasis need to be as fitas possible before undergoing any major surgery which will inhibit their coughing and
respiratory function. For elective surgery this may mean a planned admission forintravenous antibiotics and physiotherapy prior to surgery.
Preoperatively

e Before elective surgerythe patientshould be as fitas possible. Consultation with their chest physician may be helpful. A course of IV
antibiotics and physiotherapy for 3-10 days immediately prior to surgery may be necessary.

e Ensure thatthe patient will receive physiotherapyimmediately postoperativelyif they have severe bronchiectasis. Contact on-call

physiotherapistif necessary.

Maximize bronchodilation: convert to nebulized bronchodilators.

Increase dose of prednisolone by 5-10 mg/day if on long-term oral steroids.

Send sputum sample for C&S before surgery. If antibiotics are needed postoperatively the most appropriate one may then be started.

Prior to major surgery, consider starting IV antibiotics on admission. Use current or most recent sputum culture to guide appropriate

prescribing. If in doubt assume that the patient has Pseudomonas aeruginosa in their sputum and use a combination such as

ceftazidime and gentamicin, orimipenem and gentamicin.

e In patients with severe disease check spirometryand blood gases.

e Postpone elective surgeryif the patient has more respiratory symptoms than usual.

Postoperatively

Ensure thatregular physiotherapyis available: three times dailyand at nightif severely affected.
Adequate oxygenation, check Sa0,.

Continue appropriate IV antibiotics foratleast 3 days postoperatively or until discharged.
Maintain adequate nutrition, especiallyif there is any malabsorption.

Refer to chest physicians earlyif there is any deterioration in respiratory symptoms.
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Cystic fibrosis

Pathophysiology

The basic defectis an abnormal epithelial chloride and sodium transport system encoded by a gene on chromosome 7. Patients experience
chronicsinusitis, nasal polyps in 50% (polypectomyis a leading reason for anaesthesia in this group), and respiratory, cardiovascular, and
gastrointestinal disease. Neonates may present for surgical treatment of meconium ileus. In the lung, viscid mucus causes plugging,
atelectasis, and frequent chestinfection (particularly Pseudomonas). Treatmentis primarily clearance of secretions by postural drainage and
antibiotic treatment of infections. Heart-lung transplant was first performed in 1985 and earlyseries show a 78% 1-year survival. The
perioperative complication rate in cystic fibrosis is about 10% (mostly pulmonary).

Perioperative management

e Exclude ortreatactive chestinfection.

e Clinical signs can be misleading. Perform a chestradiograph. Look for bullae and pneumothorax.

e Spirometry: FEV1 may be prognostic.

e Almostall patients with cystic fibrosis have symptoms from their bronchiectasis and will require treatment as outlined above. Always
inform the patient's cystic fibrosis physician of an admission to a surgical ward.

e Intubation allows bronchial toilet. Monitor for pneumothorax.

e Eighty percentof cystic fibrosis patients have pancreatic malabsorption. Maintaining adequate nutrition after surgeryis essential and
the advice of an experienced cystic fibrosis dietician is essential.

Furtherreading
Walsh TS, Young CH (1995). Anaesthesia and cystic fibrosis. Anaesthesia, 50, 614-22.
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Restrictive pulmonary disease

Restrictive pulmonary disease maybe caused byintrinsiclung disease (such as pulmonary fibrosis) or by extrinsic conditions in which the
lung parenchyma is normal but there is a failure of the respiratory mechanism to provide an adequate air supplyto the lung. Extrinsic
conditions include disease of the chest wall (kyphoscoliosis, severe obesity) or other abdominal problems producing significant splinting of
the diaphragm. Changes on the chest radiograph will be according to the underlying condition.

Pulmonary fibrosis

Pulmonary fibrosis makes patients breathless because they have lungs thatare hard to inflate and have impaired ability to take up oxygen.
Initially there is an inflammatory reaction centred on the alveoli, impairing gas exchange. Over a period of time, which can vary from days to
years, collagen is formed in and around the alveoli causing more marked impairment of gas exchange and smaller, stiffer lungs.

Pulmonary fibrosis is the final response of the lung to a number of different stimuli. Causes include those associated with autoimmune
disorders (e.g. rheumatoid arthritis, scleroderma), inhaled dusts (e.g. asbestos) oringested substances, especially drugs (e.g. amiodarone,
chemotherapyagents, paraquat poisoning). Allergicresponse to inhaled substances can cause fibrosis if exposure is prolonged, e.g. bird
fancier's and farmer's lung. Pulmonaryinfections rarely trigger a fibroticresponse. Treatmentis usually with oral steroids but other
immunosuppressive therapy maybe used and young patients may be considered for lung transplantation if severely affected.
Preoperatively

Many patients are stable and onlyslowly deteriorate over some years. These patients may tolerate surgery relatively well.

Check preoperative blood gases. Areduced PaO, reflects significant disease.
Obtain lung function tests including spirometry, lung volumes, and gas transferif these have not been done within previous 6-8 weeks.
Forthose on steroids, increase dose starting with premedication and continuing an extra 5-10 mg of prednisolone per day until the
patient goes home.

e Discuss seriously affected patients with a chest physician.

Postoperatively

Ensure adequate additional oxygen, maintain Sa0, > 92%.

Mobilize early.

Treat anyrespiratoryinfection vigorously.

Ensure patientis continuing to receive steroids in appropriate form.

Restrictive pulmonary disease due to chest wall conditions

Chest wall orthoracicspinal deformities resultin inefficientrespiration and a reduction of all lung volumes. Respiration is characterized by
rapid shallow breaths and is easierin the sitting position. Blood gases often remain normal until late. CO, retention is a late sign and
implies severe disease and incipient
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ventilatory failure. The significance of the condition may be assessed using spirometry.

Postoperatively sputum retention may be a major problem and good physiotherapyand analgesia are vital. Spinal disease will preclude
certain regional anaesthetictechniques, such as epidural analgesia. Patients may develop respiratory failure with relatively minor
postoperative problems and must be assessed regularly. Alaparotomyin a patient who depends on their diaphragm for adequate ventilation
because of underlying chest wall disease may cause respiratory failure to develop in the early postoperative period.

Perioperative plan

Follow the principles described under pulmonary fibrosis.

Consider ICU/HDU following major surgery.

Vigorous physiotherapy pre- and postoperatively.

Early involvement of the ICU team and respiratory physicians if deterioration occurs.
May be suitable for elective training in CPAP/NIPPV techniques preoperatively.
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Sleep apnoea syndrome (see also page 511)

Sleep apnoea is defined as cessation of airflow at the mouth and nose foratleast 10s. Sufferers develop recurrent apnoea and hypoxaemia
during sleep. Many are overweight, middle-aged men, who present with complaints of snoring with periods of apnoea, disturbed sleep,
excessive daytime drowsiness, and headaches. The patient may develop systemicand pulmonary hypertension, congestive cardiac failure,
and respiratory failure with CO, retention. Two types of sleep apnoea are recognized: obstructive sleep apnoea from obstruction of the upper
airway, which affects 85% of sufferers, and central apnoea (due to intermittent loss of respiratory drive), which affects 10% of sufferers; 5% of
patients have both types. Both conditions resultin intermittent respiratory arrest during rapid eye movement (REM) sleep, which resolves
when the patientresponds to the hypoxia that develops. Patients frequently have marked daytime hypersomnolence because of repeated
nocturnal arousal from hypoxia. The condition is diagnosed in a sleep laboratory by monitoring oxygen saturation and nasal airflow;
additional tests including measurement of respiratoryand abdominal muscle activity, EEG, and EMG activity (polysomnography) may be
required in some patients.

In children obstructive sleep apnoea is most commonlyassociated with adenotonsillar hypertrophy, but the severity of obstructive sleep
apnoea is notalways proportional to the size of the tonsils and adenoids. Obstructive sleep apnoea should be considered in all children
presenting for adenotonsillectomyand, if suspected, a full blood count (to detect polycythaemia), pulse oximetry, and ECG (looking for signs of
cor pulmonale) should be performed. Three per cent of children presenting foradenotonsillectomy have features of right ventricular strain on
their ECG and echocardiographyis indicated in these patients to exclude right ventricular hypertrophy.

Treatment

e Weightreduction and management of associated conditions such as obstructive airwaydisease, hypertension, and cardiacfailure may
be successful.

e CPAPapplied overnight by a nasal mask is often effective.

e Afew patients require surgeryto the upperairway. In children adenotonsillectomy may be indicated.

Operative risks

Patients with sleep apnoea syndrome are atrisk of respiratoryfailure perioperatively as theyare extremelysensitive to all sedative drugs,
especially opioid analgesics. The risk of developing respiratory complications after major abdominal or thoracicsurgeryis high.
Preoperative care

In cases of suspected sleep apnoea:

e Take a historyfrom the patientand, if possible, theirsleeping partner. Ask the patient about daytime hypersomnolence and how
easilytheywould fall asleep during common tasks such as reading, talking to someone, or driving.

o Ask the partneraboutsnoring and whetheranyapnoeicspells have been noted at night; the patientis usually unaware of these but
spouses may be very worried.
P.68
Obesityand a collarsize of more than 17 inches are risk factors for obstructive sleep apnoea.
Considera respiratory opinion in patients with peripheral oedema and oxygen saturation < 92%.

Previously diagnosed sleep apnoea

Ensure that the patientis optimallytreated foranyassociated medical conditions.

If the patientis oninhalers, change to nebulized bronchodilators.

Ensure that the patient will be able to continue taking theirusual medication byan appropriate route postoperatively.
If the patientis receiving CPAP at night, ensure that ward staff are familiar with setting it up.

Examine the patient: heart failure and peripheral oedema suggest severe obstructive sleep apnoea.

Measure blood gases and pulse oximetry to determine the normal PaO, and whether the patientretains CO,.

Contact the chest physiotherapist.

Do not write up night sedation or sedative premedication.

Anaesthesia

e Airway maintenance, mask ventilation, and intubation may be difficult.

e Regional anaesthesia is often preferred to minimize the use of sedative agents.

e Regional techniques mayalso provide effective postoperative analgesia, avoiding the requirement for opioids.
e Considerthe use of NSAIDs.

Postoperative care

Patients are best managed in a high-dependencysetting oreven ICU.

After major surgery some patients mayneed to be ventilated for a few hours until theyare stable enough to wean from the ventilator.
Continuous pulse oximetry should be used on the ward.

The patient should be nursed sitting up whenever possible.

There is debate about the optimum method of oxygen supplementation. Aim to maintain the oxygen saturation that the patient
maintained preoperatively, titrating the oxygen to the minimum required. A few patients may develop CO, retention with oxygen
therapy. This is best detected by blood gas analysis in those patients atrisk who become difficult to wake or who develop signs of CO,

retention.

Further reading

Boushra NN (1996). Anaesthetic management of patients with sleep apnoea syndrome. Canadian Journal of Anaesthesia, 43, 599-616.
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Anaesthesia for patients after lung transplantation
Lung transplantation was first performed in 1963; outcomes have improved since the introduction of ciclosporin Ain 1981.
Surgery may be indicated for complications related to transplant, complications of immunosuppressive treatment, the underlying condition

(emphysema, al-antitrypsin deficiency, pulmonary fibrosis, primary pulmonary hypertension, cystic fibrosis), or unrelated reasons.
Pathophysiology of the transplanted lung

The transplanted lungis denervated-mucosal sensitivityand the cough reflexare suppressed below the anastomosis, and sputum
clearance is impaired postoperatively.

Hypoxic vasoconstriction is unimpaired.
Lymphatic drainage is severed but then re-established 2-4 weeks posttransplantation. Transplanted lungs are at particular risk of
pulmonary oedema, especiallyin the early postoperative period.

In double lung transplant the heart may be denervated and has a higherresting heart rate (90-100 beats/min) and may be more
susceptible to arrhythmias.

Anaesthetic management

The interaction of immunosuppressive drugs (ciclosporin A, steroids, azathioprine) with anaesthetic drugs is more theoretical than
clinical.

Underlying disease may have effects on pulmonary function. There may be residual 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 carefullyinflated and checked intra-operatively to

minimize the risk of damage to the tracheal or bronchial anastomosis. If a double lumen tube is required it should be placed under
direct vision using a fibrescope.

Strict attention to fluid balance is required.
Aim for early return of pulmonary function and extubation.

Postoperative admission to intensive care is onlyindicated when anaesthesia is complicated byinadequate recovery of respiratory
function, the surgical condition, or the presence of rejection or infection.
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Diabetes mellitusl

Diabetes mellitus is presentin 5% of the population, 80% of whom have noninsulin dependent diabetes (NIDDM) and 20% have insulin-
dependent diabetes (IDDM). Complications resulting from microangiopathyand neuropathy have importantimplications foranaesthesia. The
severityand incidence of these may be related to the duration and control of the disease.

Insulin is necessary even when fasting to maintain glucose homeostasis and balance stress hormones (e.g. adrenaline). It promotes
anabolism, wound healing, and polymorph phagocytic function, and prevents ketogenesis. Lack of insulin is associated with hyperglycaemia,
osmotic diuresis, dehydration, hyperosmolarity, hyperviscosity, a predisposition to thrombosis, cerebral oedema, and increased rates of
wound infection. Sustained hyperglycaemia is associated with an increased hospital stayand complication rates.

Diabetes is ‘starvation in the midst of plenty’—a high blood glucose is combined with intracellular glucose depletion, which in turn results in
ketosis. Perioperativelyinsulin is needed fortransport of glucose into cells and to counter the catabolic effects of increased levels of stress
hormone.

Preoperative assessment

e Cardiovascular:the diabeticis prone to hypertension, ischaemic heartdisease, cerebrovasculardisease, myocardial infarction and
cardiomyopathy. Autonomic neuropathycan lead to tachy- or bradycardia and postural hypotension. Diabetics (especially IDDM) have
three times the incidence of ischaemic heartdisease, and this maybe ‘silent’. Perioperative mortality and morbidityis increased with
underlying renal damage (microalbuminuria).

e Autonomic neuropathy (presentin 50% of diabetics) increases the risk of unstable BP, myocardial ischaemia, arrhythmias, gastric
reflux, and hypothermia during surgery.

e Renal:40% of diabetics develop microalbuminuria, which is associated with hypertension, ischaemic heart disease, and retinopathy.
This may be reduced by treatment with ACE inhibitors.

e Respiratory: diabetics are prone to perioperative chestinfections, especiallyif theyare obese and smokers.

e Airway: thickening of soft tissues (glycosylation) occurs, especiallyin ligaments around joints-the ‘limited joint mobility syndrome’. If
the neck is affected there may be difficulty achieving the ‘sniffing the morning air’ position or sufficient mouth opening forintubation.

e Gastrointestinal: 50% have delayed gastricemptying and are prone to reflux.

e Eyes:cataracts are common, especiallyin the elderlydiabetic.

e Diabetics are prone to infections.

e Miscellaneous: diabetes maybe caused or worsened by treatment with corticosteroids, thiazide diuretics, and the contraceptive pill.

Thyroid disease, obesity, pregnancy, and stress can also affect diabetic control.
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e The diabetic patientis often the best judge of theirinsulin regime. High blood glucose levels are frequently found on admission to
hospital, presumably stress related, and maysettle spontaneously. The ‘diabetic team’ may have nurse specialists as well as medical
staff who will advise on glucose control. Many patients are also familiar with sliding scale insulin regimes from previous hospital
admissions.

General principles
The overall aims of perioperative diabetic management are:

avoid hypoglycaemia which can cause irreversible cerebral damage

avoid severe hyperglycaemia resulting in osmotic diuresis and severe dehydration (>14 mmol/litre)
avoid large swings in glucose, i.e. maintain blood glucose in the range 6-10 mmol/litre

supplycells with insulin so thatintracellular glucose starvation does not occur, preventing ketoacidosis
prevent hypokalaemia, hypomagnesaemia, and hypophosphataemia.

Itis not necessaryto admitdiabetics 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.
All general medications should be continued until and including the morning of surgery. For diabetic medications:

e Metformin should be stopped 2 days before majorsurgeryas itcan precipitate lacticacidosis.
e Chlorpropamide should ideally be stopped 3 days before surgery because of its long action. This is often not possible and should not
pose a major problem if frequent blood glucose monitoring is undertaken.

In both these cases, a shorteracting drug such as glibenclamide should be substituted.

e An occasional patient maystill be taking a long-acting insulin, e.g crystalline insulin zincsuspension. If possible, this should also be
stopped several days before surgeryand substituted with an intermediate-or shortacting insulin.

e Intermediate-and short-acting insulins and other oral hypoglycaemics can be continued up until the day of surgery, and then follow the
regimes below.

The stress response of surgery will alter the patient's insulin requirements. Treatment will need to be adjusted according to:

the nature of the surgery—the extent, length, and period until eating and drinking again
whether the patientis IDDM or NIDDM

the quality of their blood sugar control—should be 6-10 mmol/litre

Insulin requirements usually reduce once the patient begins to recover from surgery.

Preoperative management

e Measure blood sugar preoperatively—4-hourly for IDDM and 8-hourly for NIDDM.
P.74

e Testurine for ketones and sugar.

e Place firston operating list.

e If diabetes is very poorly controlled but ketones are not present, starta sliding-scale insulin regime. If ketones are present, consider
delaying nonurgent surgeryand involving the diabeticteam. If urgent surgery required use the ‘Major surgery regime’.

Perioperative management
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e Ingeneral,if the patientcan be expected to eatand drink within 4 h of surgery, then itis classified as minor. All surgery other than
minoris classified as major. The tables below give various regimes for both types of surgery.

e Patients with diet-controlled diabetes mellitus rarely need more than routine monitoring of their blood glucose levels (4-hourly).
Consideran insulin infusion if the blood glucose is >17 mmol/litre or urinary ketones are present.

e Avoid prescribing Hartmann's solution to diabetics as the lactate mayraise the blood sugarlevel.

Glucose and insulin infusions should be administered through the same cannula to prevent accidental administration of insulin without
glucose. Both infusions should be regulated by volumetric pumps and a one-wayvalve included in the glucose line to prevent retrograde flow
of insulin should the cannula become blocked (on unblocking a large amount of insulin could then be accidentally 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).

Omit oral hypoglycaemic

Blood glucose measurement:

1h preop.
Non-insulin-dependent diabetics atleastonce during operation

postop. 2-hourly until eating

then 8-hourly

Restart oral hypoglycaemics with first meal

Omit normal SCinsulin if glucose <7 mmol/itre

Give half normal insulin if glucose >7 mmol/litre

Blood glucose measurement:
Insulin-dependent diabetics 1h preop.

atleastonce during operation

postop. 2-hourly until eating

then 4-hourly

Restart normal SCinsulin regime with first meal

Major surgery
Check blood sugarand potassium preoperatively
Omit oral hypoglycaemics or normal subcutaneous insulin

Start intravenous infusion of 5% glucose (500 ml/4 h) or 10% glucose (500 ml/8 h) depending on fluid requirements.
Dextrose 4%/saline 0.18% mayalso be used:
If K+ <4.5 mmol/litre add 20 mmol of KCl to each litre

Start a variable-rate insulin infusion (50 ml of 0.9% saline containing 50 units of soluble insulin—1 unit per ml) at
0800h on the day of surgery

Non-insulin-
dependent and
insulin-dependent
diabetics Blood glucose measurement:

2-hourly from start of infusion

atleastonce during operation (hourlyif op.>1h)

hourly postoperatively for 4 h then 2-hourly.

If infusion not maintaining blood sugar within normal limits then the rates should be increased. Similarly patients
on very high doses of insulin normally should be started on a higherrate

NIDDM—stop infusion and restart oral hypoglycaemics when eating and drinking IDDM—stop infusion when eating
and drinking. Calculate the total dailydose (units) of insulin the patient was taking preoperativelyand administer
this as SCsoluble insulin (Actrapid) divided into 3—4 daily doses.

Adjust doses until blood sugarlevels stable. Once stable restart normal regime

Postoperative

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

>28 6

P.75

6
(check infusion running and call doctor) 8 (check infusion running and call doctor)

P.76

Anaesthetic technique
Standard intra-operative monitoring should be used. Check the blood glucose hourly. There are no particular contraindications to standard
general anaesthetic techniques:

Considera rapid sequence induction if gastric stasis is suspected.

If there is autonomicinvolvement administer all drugs slowly.

Regional techniques may be particularly useful for extremity surgery and reduce the risk of undetected hypoglycaemia.
Chart any pre-existing nerve damage before performing blocks.

Autonomic dysfunction may exacerbate the hypotensive effect of spinals and epidurals.

Hypoglycaemia
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Hypoglycaemia (blood glucose <4 mmol/litre) is the main danger to diabetics perioperatively. Fasting, recent alcohol consumption, liver
failure, and septicaemia commonly exacerbate this. Characteristicsigns are:

e Tachycardia, light-headedness, sweating, and pallor. This may progress to cause confusion, restlessness, incomprehensible speech,
double vision, convulsions, and coma. If untreated, permanent brain damage will occur, made worse by hypotension or hypoxia.

o Anaesthetized patients maynot show any of these signs. Monitor blood sugarregularlyand suspect hypoglycaemia with unexplained
changes in the patient's condition.

e Give 50 ml of 50% glucose (oranyglucose solution available) intravenously and repeat blood sugar measurement. Alternatively give 1
mg of glucagon (IMor IV).

e 10-20g (2-4 teaspoons) of sugar, by mouth or nasogastrictube, is an alternative.
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Glucose insulin potassium regime (‘GKI’ or ‘Alberti’)%
This is an alternative simpler regime for major surgery, which does notrequire infusion pumps, but may provide less accurate control of blood
sugar. The original regime as described by Alberti consists of:

500 m| of dextrose 10%

add 10-15 units actrapid, plus 10 mmol potassium chloride per 500 ml bag

infuse at 100 ml/h

provides insulin 2-3 units/h, potassium 2 mmol/h, and glucose 10 g/h.

Dextrose 10% is not always available, so the following regime with 5% dextrose can be used:

infusion of 5% glucose (500 ml bags) at the calculated rate for the patient's fluid maintenance requirements
insulin and potassium should be added to each bag as perthe table below

the bag maybe changed according to 2-hourly blood glucose measurements.

B;I::ogl;tljii:);;a Soluble insulin (units) tgat;e added to each 500 mi Bl?r:crlnr::;aliii:lt;m KCl (mmol) to be added to each 500 mi bag
<4 5 <3 20
4-6 10 3-5 10
6.1-10 15 >5 None
10.1-20 20
>20 Review If potassium level not available, add 10 mmol KCl to each bag
Footnote

1

McAnulty GR, Robertshaw HJ, Hall GM. (2000). Anaesthetic management of patients with diabetes mellitus. British Journal of Anaesthesia,
85(1), 80-90.
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2

Alberti KGMM (1991). Diabetes and surgery. Anesthesiology, 74, 209-11.
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Acromegaly

This syndrome is caused by an excess of growth hormone, produced by a tumour of the anterior pituitary. These patients present several
specificanaesthetic challenges.

Cardiovascular

Hypertension, ischaemic heart disease, arrhythmias, cardiac enlargement, and cardiomyopathy are often present. An ECG and careful clinical
examination forsigns of failure and valvular disease are essential. Echocardiographyis valuable forthose who are symptomatic or who have
murmurs.

Airway

The patient may have a verylarge jaw, head, tongue, lips, and general hypertrophy of the mucosa of the larynx, trachea, and airway structures
making intubation potentially difficult. Vocal cord thickening or strictures, glotticand subglottic stenosis, and chondrocalcinosis of the larynx
may also complicate intubation. Sleep apnoea can occur as a result of these changes. Kyphosis makes positioning difficult and compromises
respiratory function. Enlargement of the thyroid is also common.

Snoring and daytime somnolence mayindicate sleep apnoea.
Careful airwayassessment should be performed and consider direct/indirect laryngoscopy preoperativelyif vocal cord or laryngeal
pathologyis suspected.

e Awake fibreopticintubation is the technique of choice for patients with anticipated difficultintubation butin realityis seldom
required.
Elective tracheostomyshould be considered in those with severe respiratory obstruction.
Consider ICU or HDU postoperatively, especiallyif the patient has a history of sleep apnoea orsevere cardiovasculardisease.
Acromegalics may have a decreased central respiratorydrive and opioid analgesia/hypnotic sedatives should be used with caution,
preferablyin an HDU or ICU.

Endocrine

e Diabetes is common, caused by the excess growth hormone. Perform a preoperative blood sugar measurement and considerstarting a
sliding scale insulin regime.

e Hypothyroidism and hypoadrenalism may occur either posthypophysectomy, or secondary to the expanding tumour, decreasing
production of thyroid-stimulating hormone and ACTH.

Raised intracranial pressure
This mayalso be present.
Drugs

e Patients maybe on somatostatin analogues (octreotide, lanreotide). These may cause gastrointestinal side-effects including vomiting
and diarrhoea.

e Bromocriptine, a long-acting dopamine agonist, is often used to lower growth hormone levels. It can cause severe postural
hypotension.

P.79
Miscellaneous

e large hands and feet maypresenta problemin placing SpO, probes.

e Nerve compression syndromes are common so take care to protect vulnerable areas (the ulnarnerve atthe elbow, the median nerve at
the wrist, and the common peroneal nerve below the knee).

e Myopathy (especially proximal myopathy) may occur. Severe cases may have respiratory muscle involvement. Postoperative
mobilization may be problematical.
The patient's size makes positioning difficult,and long tables and beds may be needed.
Large ETTs should be available (10 mm), but are not usuallyrequired

e Use extra padding to protect pressure areas.

Furtherreading

Hakala P, Randell T, Valli H (1998). Laryngoscopy and fibreoptic intubation in acromegalic patients. British Journal of Anaesthesia, 80, 345-7.
Library Holdings
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Smith M, Hirsch NP (2000). Pituitary disease and anaesthesia. British Journal of Anaesthesia, 85, 3-14.
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Thyroid disease

Patients with thyroid disease may present for removal of an enlarged thyroid gland (goitre) or for non-thyroid related surgery.
Preoperative assessment

e Thyroid function: check that the patientis euthyroid. Surgeryshould be delayed if possible until this is achieved. Clinicallya heartrate
of less than 80 beats/min and no hand tremor are useful confirmatorysigns.

e Respiratory obstruction can occur due to the anatomical position of the gland. Pay particular attention to the airway, noting any
tracheal deviation. This is a particular problem when the gland extends retrosternally oris verylarge. Infiltrating carcinomas may make
any neck movement difficult. Achestradiograph and thoracicinletviews are essential. If there is shortness of breath, dysphagia, or
stridor (occurs with >50% compression), a CT or MRI scan will reveal the extent of the tracheal compression. An awake fibreoptic
intubation or gas induction will probably be the safest course of action in this situation (see pp. 300, 870, 509). Explain the procedure
but avoid atropine premedication if the patientis hyperthyroid orin atrial fibrillation.

e Referpatientto an ENT surgeon forindirect laryngoscopy. Pre-existing vocal cord palsyshould be recorded.

Superior vena caval obstruction can occur (distended neck veins that do not change with respiration).
Look for other autoimmune disorders.

Pharmacology

e Carbimazole inhibits iodination of tyrosyl residues in thyroglobulin. Its main side-effectis granulocytopenia (0.1-1.2%).

e Propylthiouracil as above, plus reduces de-iodination of T4to T3 in peripheral tissue.

e Lugol'siodine (iodine solution in potassium iodide): this decreases the secretion of thyroid hormone from the gland and decreases
vascularity.

e Propranolol, a non-selective beta-blocker, decreases the peripheral conversion of T4 to T3. This action is not presentin more
cardioselective betablockers.

Thyrotoxicosis

e This typically presents with weight loss, hypertension, sweating, and cardiac arrhythmias (especiallyatrial fibrillation).

e Treatmentis with carbimazole (30-45 mg orally daily for 6-8 weeks). Occasionallyin severe cases with a large goitre, Lugol's iodine is
substituted 10 days preoperatively to reduce gland vascularity.

e Beta-blockade (propranolol 30-60 mg 8-hourly) is also started if there are signs of tremor or palpitations. The adequacy of blockade
can be determined by assessing the sleeping heartrate. Maintain beta-blockers perioperatively to reduce the possibility of thyroid
storm (see below).

P.81

Thyroid crisis (‘storm’)

This is due to uncontrolled release of thyroid hormones in a thyrotoxic patient, especiallyif not well controlled with carbimazole. Acute
illness, surgery, and trauma are potent triggers. Patients may present perioperatively with hyperpyrexia, tachycardia, or SVT (mimicking
malignant hyperpyrexia), agitation, nausea and vomiting, diarrhoea, jaundice, or sudden mania. The condition can be fatal and needs urgent
treatment.

e Identifythe cause and treat on HDU/ICU.
e Give emergencydrugs as follows:
o Carbimazole 60-120 mg or propylthiouracil 600-1200 mg orally or down a nasogastric tube. Wait for 1 h for this to start working
then give:
m Lugol's solution (aqueous oral iodine solution) 0.3 ml 8-hourly, orally. If this is given before the carbimazole has time to
work, it may cause further release of hormone!
m Propanolol, up to 10 mg IV bolus and 20-80 mg 8-hourly orally or 1-5 mg 6-hourly IV. Esmolol mayalso be used acutely as
a bolus of 0.5-1.0 mg/kg over 30 s, followed by an infusion of 50-300 pg/ kg/min.
m Hydrocortisone 100 mg 6-hourly IV.
m Cooled intravenous fluids. Heart failure may be precipitated in the elderly. Consider CVP or a pulmonary artery flotation
catheter.
m Active cooling.
m Plasma exchange or charcoal perfusion.
e Itmaybe necessaryto use IPPV to optimize oxygenation.
e Dantrolene has been used with success in doses of 1-10 mg/kg IV
e Some authorities suggest broad spectrum antibiotics

Hypothyroidism

e This is commonlydue to autoimmune thyroid destruction, but may be secondary to pituitary or hypothalamic disease, previous thyroid
surgery, or treatment with radioactive iodine.

e Cardiovascularcomplications include decreased blood volume, cardiac output, and heart rate with a predisposition to hypertension
and ischaemicheartdisease. Pericardial effusions also occur. Patients are thus susceptible to profound hypotension on induction of
anaesthesia, which maybe relatively resistant to the effects of catecholamine therapy.

o The low metabolicrate predisposes to hypothermia, and drug metabolism can be slow. Careful monitoring of the twitch response and
reduced dosage of relaxants and opioids is advised.

e Delaysurgeryif possible to attain a euthyroid state. Joint management with an endocrinologistis suggested. The elderlyare
susceptible to heartfailure with increasing cardiac work caused by thyroxine therapy. A suggested regime is:

o |-thyroxine 100-200 pg daily, orally. Start with 25 pgin the elderly or patients with heart disease and increase at 3—4-weekly
intervals. Suitable for elective surgerythatcan be delayed.

o Ifsurgeryis urgentthen liothyronine (T3), 50-100 pg IV slowly under ECG control, followed by 25 pug 8-hourly can be used. Its
effects develop aftera few hours and disappear 24-48 h after discontinuing therapy.

P.82

Hypothyroid coma
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This can present following surgery, anaesthesia, or secondary to infection or trauma. Itis characterized by mental deterioration, impaired
thermoregulation, and may be fatal if not treated promptly. Treatment consists of:

intravenous liothyronine (as above)
hydrocortisone 100 mg 6-hourly

IV fluids and antibiotics

IPPV and active warming.

Hypoparathyroidism

If the parathyroids are also removed this can cause hypocalcaemia postoperatively. This can present with cramps, tetany, stridor,
paraesthesia, mental confusion, or convulsions. Trousseau's and Chvostek's signs may be elicited. A prolonged QT interval (>0.44 s) maylead
to arrhythmias, especially Torsades de pointes. Treat with calcium gluconate (10%) 10-20 ml 1V, slowly with continual ECG monitoring (see
parathyroid disease pp. 83—-84).

Further reading

Farling PA (2000). Thyroid disease. British Journal of Anaesthesia, 85, 15-28.
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Ober KP (1995). Endocrine emergencies. Medical Clinics of North America, 79, no. 1.
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Parathyroid disorders

The parathyroid glands are responsible for maintaining calcium homeostasis via the secretion of parathyroid hormone. Parathyroid hormone
acts on the bones and kidneys to increase serum calcium and decrease serum phosphate. It stimulates osteoclasts directly, causing the
release of calcium and phosphate into the extracellular fluid and simultaneouslyincreasing phosphate excretion and calcium reabsorption in
the kidney. Over- or undersecretion of parathyroid hormone therefore mainly affects these electrolytes.

Hyperparathyroidism

e Primary-usuallyan adenoma causing a high calcium level and low phosphate level.

e Secondary-complicates chronicrenal failure. Parathyroid hyperplasia causes a normal orlow calcium level and a high phosphate level.

e Tertiary-when parathyroid hyperplasia progresses to autonomous secretion, behaving like an adenoma. Excessive secretion of
parathyroid hormone continues when the renal failure is corrected.

Diagnosis

e Primary hyperparathyroidism is diagnosed on the basis of a raised level of parathyroid hormone with high calcium. Tumours are very
rarely palpable and are localized at surgery. No otherinvestigations are required. Methylene blue (up to 1 mg/kg) is sometimes given
immediately preoperativelyto help localize the parathyroid gland.

e |f hypercalcaemia recurs postoperatively, then formal sampling of venous drainage from the thymus and areas of the mediastinum is
performed underradiological control. Exploration for recurrent disease mayinvolve sternotomy or extensive neck dissection.

e Secondary hyperparathyroidism usually presents as excessive bone resorption (seen earliestin the radial aspect of the middle
phalanxof the second digit) or soft tissue calcification of the vascularand soft tissues including kidneys, heart, lungs, and skin.
Parathyroid hormone and serum phosphate are raised.

Clinical presentation

e Often verysubtle, with 50% of cases being asymptomatic.
e Anorexia, nausea, vomiting, constipation, and weight loss.
e Polyuria, polydipsia, and renal calculi.

e Depression, poor memory, drowsiness.

e Ashortened Q-Tinterval on the ECG.

Hypercalcaemic crisis
This is increasingly common amongst the elderly with undiagnosed hyperparathyroidism and in patients with malignant disease. Treatment
includes:

Rehydration, with 4-6 litres of fluid often required.
Forced saline diuresis using saline and furosemide (frusemide) (40 mg, 4-hourly).
P.84
e Ifserum calciumis over 4.5 mmol/litre, this is life-threatening and can be rapidly but transiently lowered by 500 ml of 0.1 M neutral
phosphate given over 6-8 h.
Pamidronate 60 mg in 500 ml saline over 4 hours.
Calcitonin, 3-4 units/kg IV followed by 4 units/kg SC 12-hourly.
Dialysis is reserved for patients in renal failure.
Invasive vascular monitoring should be considered as these patients are often elderlyand LVF can occur.
Steroids are useful in patients with malignancy: hydrocortisone 200-400 mg IV daily (can take several days to work).

Perioperative plan

e Patients are commonly hypovolaemic, therefore restore normal intravascular volume using 0.9% saline.

e If the patient has normal cardiovascularand renal systems, a normal ECG and a total serum calcium <3 mmol/litre, proceed with the
operation.

e Ifthe serum calcium is >3 mmol/litre or the ECG is abnormal or the patient has cardiovascular orrenal impairment, then theyshould
be delayed and treated.

e Careful monitoring of neuromuscular blockade should be undertaken if non-depolarizing muscle relaxants are used.

Hypoparathyroidism

e Parathyroidectomyis the commonest cause of hypoparathyroidism, but postradiotherapyand idiopathic cases also occur. Patients with
a history of extensive neck surgeryin the pastshould have serum calcium measured before proceeding with further surgery.

e Onlyionized serum calcium is physiologically active. Measurement of ionized calcium is not affected by albumen level. However, about
half the total calcium is bound to albumin and is inactive. Alow serum albumin will therefore alter the total calcium measured. A
state of dynamic equilibrium between the bound and unbound calcium serves to maintain a very stable concentration of ionized
calcium.

e lonized calcium should be corrected prior to elective surgery. Calcium gluconate 10% =1 g (2.2 mmol) in 10 ml. Give 10 ml slowly and
follow with 40 ml in 1 litre of normal saline over 8 h.

e Lowserum magnesium is also common and can be treated with 1-5 mmol magnesium sulphate IV slowly.

P.85

e Acute hypocalcaemia causing tetanycan be treated with 10% calcium gluconate (10-20 ml) IV.

To find the corrected total serum calcium (in mmol/litre) add 0.02 mmol for every 1 g albumin below 40 g.
In other words:

(40 - measured albumin) x 0.02 + measured serum calcium.

Normal total calcium = 2.2-2.5 mmol/litre.

Normal ionized calcium = 0.9-1.1 mmol/litre.

Furtherreading
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Addison's disease

Addison's disease is characterized by decreased or absent glucocorticoid secretion, usually combined with mineralocorticoid insufficiency. It
can be primaryorsecondaryand may presentas an acute, chronic, or acute-on-chronicillness. The most common cause is autoimmune.
Clinical features

Postural hypotension.

Hypoglycaemia.

Nausea, vomiting, diarrhoea, and weight loss.

Decreased body hair.

Pigmentation especiallyin areas exposed to the sun.

Can be associated with pernicious anaemia, myasthenia gravis, and vitiligo

May not be clinically obvious until a significant stress occurs, e.g. acute abdomen.

Investigations

Low serum glucose.

Low Na*, raised K"and urea (itis difficult to diagnose Addison's disease with a normal plasma urea).

Plasma ACTH-measure simultaneously with plasma cortisol at 08:00h. Even if cortisol is normal the ACTH will be elevated.
Short Synacthen stimulation test—250 pug of Synacthen dissolved in 1 ml of sterile wateris given intravenously. Serum cortisol is
measured 30 min later. Aserum cortisol >580 nmol/litre excludes the diagnosis.

e Plasma renin activityand aldosterone—plasma renin activityis usually high with a low aldosterone.

Treatment

e Hydrocortisone orally: 20 mg in the morning and 10 mg at night.
e Fludrocortisone to replace aldosterone: 0.1 mg PO daily.

Adrenal crisis
Adrenal crisis can be precipitated byanystress response where the adrenal glands are unable to increase glucocorticoid production to meet
demand:

Classically presents as hypotension, hyponatraemia, hyperkalaemia, and hypoglycaemia.
Characteristically resembles hypovolaemic shock, but can also mimic septic shock with fever, peripheral vasodilatation, and a high
cardiac output.

e Patients with primaryadrenal insufficiency usually have a hypovolaemic picture (due to mineralocorticoid deficiency).

Management

e Admitto ICU/HDU.
Hydrocortisone 200 mg IV should be given immediately, then 100 mg 6-hourly IM or 200 mg/24 h IV, until oral replacementis possible.
p.87

e Fluid resuscitation with CVP guidance. 0.9% saline is an appropriate fluid with 50% dextrose infused if hypoglycaemia occurs.

e Inotropes if hypotension persists. The choice of inotrope will depend on the clinical picture, i.e. noradrenaline if the patient has
severe vasodilatation.

o Dexamethasone,4mglV,can also be used if the diagnosis has not been confirmed. Hydrocortisone interferes with the cortisol assay
but dexamethasone does not.

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

Give all medication up to the morning of surgery.

25 mg IV hydrocortisone should be given atinduction.

Small orintermediate cases should be managed as per perioperative steroids (p. 99).

In major cases, hydrocortisone 200 mg/24 h should be used until the patient can be weaned back onto maintenance therapy.
4-hourly blood glucose and daily electrolytes.

Joint care with an endocrinologistis advisable.

Relative adrenal insufficiencyin the criticallyill

e Relative hypoadrenalismin ITU patients is well described.
e Occurs in about 3-52% of septic patients.
e An abnormal response to a short Synacthen testis a poor prognosticindicator.

Furtherreading

Mackenzie JS, Burrows L, Burchard KW (1998). Transient hypoadrenalism during surgical critical illness. Archives of Surgery, 133, 199-204.
Ovid Full Text

Full Text
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Oelkers W (1996). Adrenal insufficiency. New England Journal of Medicine, 335, 1206-11.
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Weatherill D, Spence AA (1984). Anaesthesia and disorders of the adrenal cortex. British Journal of Anaesthesia, 56, 741-9.
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Conn's syndrome2

A syndrome associated with hypersecretion of aldosterone. This can arise from either a benign adenoma of the adrenal cortex (75%) or from
bilateral adrenal hyperplasia (25%).

Clinical features

e Hypertension-usually mild.
e Hypokalaemia-often severe and aggravated by patients having been placed on thiazide diuretics to treat hypertension.
e Muscle weakness or paralysis especiallyin ethnic Chinese (secondary to hypokalaemia).
e Nephrogenicdiabetes insipidus secondaryto renal tubular damage.
e Hypovolaemia.
e Metabolicalkalosis.
e Impaired glucose tolerance in about 50% of patients.
Diagnosis

e The aldosterone (pg/ml):renin (ng/ml/h) ratio. This helps to overcome the confounding problems of posture, sodium intake and drugs.
If the ratio is >400 then diagnose an aldosterone-secreting tumour. Secondary hyperaldosteronism has a raised serum aldosterone
with a normal ratio.

e Importantto distinguish between adenoma and hyperplasia as adenoma is usuallytreated surgicallyand hyperplasia medically.

e Arteriography, venous sampling, and MRI are all used

Preoperative assessment

e Spironalactone is usuallygiven to reverse the metabolic and electrolyte effects. It also allows the patient to restore normovolaemia.
Doses of up to 400 mg/day may be required.

e The patientshould have normal serum potassium and bicarbonate.

e Hypertension is usually mild and well controlled on spironolactone, but features of end organ damage, e.g. LVH, should be excluded.

e Unilateral adrenalectomycan be done laparoscopicallyorvia laparotomyand an appropriate method of analgesia should be
discussed.
Handling of the adrenal gland during surgery can cause cardiovascularinstability butis notas severe as with a phaeochromocytoma.
Ashort-acting alpha-blocker should be available (phentolamine 1 mg boluses V).

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

e Such patients usually have bilateral glomerulosa hyperplasia.

e Hypertension is usually more severe and mayrequire additional therapy (ACE inhibitors are useful).
e Ensure a normal serum potassium preoperatively.

e Perform cardiovascularassessmentas forany hypertensive patient.

Footnote
3

Winship SM, Winstanley JH, Hunter JM (1999). Anaesthesia for Conn's syndrome. Anaesthesia, 54, 564-74.
Full Text
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Cushing's syndrome

Cushing's disease results from excess ACTH production by a pituitaryadenoma and is more correctly called pituitary-dependent Cushing's
syndrome. Cushing's syndrome is a collection of signs and symptoms due to an excessively high plasma cortisol. The most common cause of
Cushing's syndrome is treatment with glucocorticoid drugs. Anaesthetists will see this syndrome in:

e Patients having pituitaryoradrenal surgeryto resect tumours causing a raised cortisol.

e Patients with malignant tumours. These occasionallysecrete an ACTH-like hormone that causes profound Cushinoid features. Oat cell
carcinoma of the lung is a common cause.

e Patients on high-dose steroid therapy.

Clinical features

Moon face and truncal obesity.

Proximal myopathy and osteoporosis.
Easybruising and fragile skin.

Impaired glucose tolerance, diabetes.
Hypertension and left ventricular hypertrophy.
Hypernatraemia and hypokalaemia.
Gastrointestinal reflux.

Sleep apnoea.

Diagnosis

e (lassical clinical features are often seen but will not differentiate the various causes of a raised cortisol level. Urinary free cortisol or
lack of diurnal variation will confirm a pathological cause but will not define the aetiology.

e The ‘short dexamethasone suppression test’ (1 mg of dexamethasone is given at nightand a cortisol sample taken in the morning) is a
sensitive test to confirm abnormallyraised serum cortisol. Serum cortisol will be suppressed in the morning if the HPA axis is working
normally.

e Serum ACTH levels will help determine if adrenal or pituitary pathologyis 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 suppression test’ (2 mgis given 6-hourly for 48 h and serum cortisol measured) will cause a fall in early
morning and urinary free cortisol on the second dayin pituitary-dependent Cushing's syndrome, but notin ectopicoradrenal causes.

o |Inferior petrosal venous sinus sampling following CRH stimulation is the final confirmatory test for pituitary Cushing's syndrome.

e MRI scan of the pituitary fossa.

Preoperative assessment

o 85% of patients are hypertensive and are often poorly controlled.
P.90

e ECG abnormalities (high-voltage QRS and inverted T waves) can make IHD difficult to exclude but will revert to normal after curative
surgery. These ECG changes seem to be related to the Cushing's disease itself.

o Sleep apnoeais common and patients should be asked about daytime somnolence and snoring.

e 60% of patients have diabetes orimpaired glucose tolerance and a sliding scale should be started before majorsurgeryif glucose is
>10 mmol.

e Gastro-oesophageal refluxis common and preoperative acid suppression therapyand rapid sequence induction should be considered.
Venous access can be very difficult.
Patients can be obese and appropriatelysized blood pressure cuffs, operating tables, and supports should be ordered.

Furtherreading

Sheeran P, O'Leary E (1997). Adrenocortical disorders. International Anesthesiology Clinics, 35, 85-98.
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Phaeochromocytoma

This is a rare tumour arising from the chromaffin cells in the adrenal medulla or occasionally from other ganglia of the sympathetic nervous
system. Tumours can secrete noradrenaline, adrenaline, ordopamine and the symptomatology of the patient will depend on which is the
dominant catecholamine. Noradrenaline-secreting tumours usually present with refractory hypertension, whilst adrenaline- or dopamine-
secreting tumours present with a variety of episodicsigns and symptoms, ranging from tachycardia to panic attacks. 90% occur sporadically but
10% are part of a familial syndrome, e.g. multiple endocrine neoplasia (MEN) syndrome.

Clinical presentation

e Sustained hypertension is the most common presenting feature (85% of cases).

e Nausea, vomiting, headaches, trembling, and sweating can all occur.

e The overall picture depends on the type and proportion of catecholamines thatare secreted.

e Dilated cardiomyopathy with LVF due to prolonged exposure to catecholamines is well recognized.

e Acute pulmonaryoedema can occuratanytime, especiallyif patients are incorrectly treated with beta-blockers.

e Raised serum glucose due to increased glycogenolysis and impaired insulin secretion should be excluded.
Diagnosis

e Measurement of free catecholamines in a 24-h urine collection to confirm the diagnosis.

e MRI scan to localize the tumour.

e Selective venous sampling.

e Recurrent tumours, metastasis, and tumours in abnormal sites can be identified with meta-iodobenzyl guanidine (MIBG). The tumour

takes up this amine precursor. Itis poorforlocalizing intra-adrenal tumours.

Perioperative management

This is discussed on p. 306

Furtherreading

Prys-Roberts C(2000). Phaeochromocytoma-recent progress in its management. British Journal of Anaesthesia, 85, 44-57.
Full Text
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Apudomas

These are tumours of amine precursor uptake and decarboxylation (APUD) cells. The cells synthesize and secrete polypeptides and amines
which may cause systemic disturbance of, forexample, insulin, glucagon, catecholamines, 5-HT, somatostatin, gastrin, and vasoactive peptide.
APUD cells are presentin the anterior pituitary gland, thyroid, adrenal medulla, gastrointestinal tract, pancreaticislet, carotid bodies, and
lungs. Tumours of APUD cells include phaeochromocytoma, insulinoma, gastrinoma, carcinoid tumour, and VIPomas and may occur as part of
the multiple endocrine neoplasia (MEN) syndrome.

Gastrinoma

e Excess production of gastrin by benign adenoma, malignancy, or hyperplasia of the D cells of the pancreaticislets. Leads to Zollinger-
Ellison syndrome, severe peptic ulceration, and diarrhoea. Mayalso have Gl bleeds, perforation, electrolyte disturbance, and volume
depletion.

e Treatmentincludes proton pump inhibitors, e.g. omeprazole, H2 receptor antagonists, and octreotide.
e Maypresent forsurgeryrelated to gastrinoma, e.g. perforation, ortotally unrelated pathology.
e Antacid prophylaxis preoperatively and rapid sequence induction.
e Invasive pressure monitoring for major surgery.
VIPoma

e Veryrare tumour, often small cell bronchogenic carcinoma. Secretion of vasoactive intestinal 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, metabolicacidosis, and electrolyte imbalance with octreotide and glucocorticoids.

Invasive pressure monitoring for major surgery.

Frequent measurement of arterial blood gases to check acid base status and electrolytes.

Insulinoma

Very rare pancreaticislet cell tumour, which secretes insulin leading to fasting hypoglycaemia.
Patients often present for surgical excision of non-malignant tumours.

Diazoxide, chlorothiazide, and octreotide may be used to inhibitinsulin secretion.

Prevent intra-operative hypoglycaemia.

Further reading
Owen R (1993). Anaesthetic considerations in endocrine surgery. In Surgical endocrinology (eds. J Lynn, SR Bloon), pp. 71-84. Butterworth-
Heinemann, Oxford.
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Carcinoid tumours

Carcinoid tumours are derived from argentaffin cells and produce peptides and amines. Most occur in the Gl tract (75%), bronchus, pancreas,
and gonads. Tumours are mainly benign, and of those that are malignant onlyabouta quarterrelease vasoactive substances into the
systemic circulation, leading to the carcinoid syndrome. Mediators are metabolized in the liver, therefore only tumours with hepatic
metastases ora primary tumour with non-portal venous drainage lead to the carcinoid syndrome. To date about 20 different vasoactive
substances have been identified including serotonin, bradykinin, histamine, substance P, prostaglandins, and vasoactive intestinal hormone.
Patients with an asymptomatic carcinoid tumour have simple carcinoid disease and do not present particular anaesthetic difficulties;
however, patients with carcinoid syndrome can be extremely difficult to manage perioperatively.

Carcinoid syndrome

Patients may have symptoms related to:

e The primarytumour causingintestinal obstruction, pulmonary symptoms, e.g. haemoptysis, respiratory compromise, etc.

e Vasoactive peptides resulting in flushing (90%) especiallyof the head, neck, and torso. Diarrhoea (78%) maylead to dehydration and
electrolyte disturbances. Other symptoms include bronchospasm (20%), hypotension, hypertension, tachycardia, hyperglycaemia, and
right heart failure (mediators metabolized in the lungs before reaching the left side) secondaryto endocardial fibrosis affecting the
pulmonary and tricuspid valves.

Patient preparation

e Treatsymptomatically-antidiarrhoeals, bronchodilators, correction of dehydration and electrolyte imbalance, and treatment for heart
failure if required.

e Preventthe release of mediators-octreotide 100 pug SC tds for 2 weeks prior to surgery and octreotide 100 pg IV slowly (diluted to 10
ug/ml) atinduction.

e Avoid factors which may trigger carcinoid crises-catecholamines, anxiety, and drugs which release histamine, e.g. morphine.

e Perform echocardiographyif cardiacinvolvementis suspected.

Anaesthetic management

e Bestmanaged byteams/centres familiar with the difficulties.

e Major complications anticipated in the perioperative period include severe hypotension, severe hypertension, fluid and electrolyte
shiftand imbalance, and bronchospasm.

e Premedication-anxiolytic (benzodiazepine) and octreotide 100 pg (50-500 pug) SC1 h preoperativelyif notalreadytreated, otherwise
continue with preoperative regime.

e Monitoring-in addition to ECG and pulse oximetry, invasive blood pressure monitoring (preinduction as both induction and surgical
manipulation of the tumour can cause large swings), central venous pressure monitoring, regular blood sugars, blood gases.
P.94
Use a pulmonaryartery flotation catheterifindicated due to cardiac complications.
Induction-prevent pressor response to intubation (etomidate/ propofol and fentanyl). Suxamethonium is relatively contraindicated, as
itmayincrease mediatorrelease with fasciculations.

e Maintenance-inhalational with isoflurane, vecuronium or pancuronium, fentanyl, or low-dose epidural (avoiding hypotension as this

may elicit bradykinergic crisis) foranalgesia.

Octreotide 1V boluses 10-20 ug to treat severe hypotension.

Avoid all histamine-releasing drugs and catecholamines.

Labetalol, esmolol, or ketanserin can be used if required for hypertension.

Postoperatively, ICU or HDU is required, patients mayawaken very slowly (thought to be due to serotonin). Hypotensive episodes may

occur, requiring further IV boluses of octreotide (10-20 ug). Wean octreotide over 7-10 days following tumour resection.

Further reading
Veall GRQ, Peacock JE, Bax NDS, Reilly CS (1994). Review of the anaesthetic management of 21 patients undergoing laparotomy for carcinoid
syndrome. British Journal of Anaesthesia, 72, 335-41.

Library Holdings
Bibliographic Links



javascript:history.back()

Back Save | Print Preview | Email | Email Jumpstart

Please Wait...

What's New in Books

Porphyria

The porphyrias are a group of diseases in which there is an enzyme defectin the synthesis of the haem moiety leading to an accumulation of
precursors that are oxidized into porphyrins. There are hepaticand erythropoietic varieties, but only three hepatic forms, inherited in an
autosomal dominant manner (although with variable expression), affect the administration of anaesthesia:

e Acute intermittent porphyria (AIP). Common in Sweden—increased urinary porphobilinogen and d-aminolaevulinicacid.
e Variegate porphyria (VP). Common in Afrikaners—increased copro-and protoporphyrin in the stool. Dermal photosensitivity.
e Hereditary coproporphyria (HCP). Veryrare, increased urinary porphyrins. Dermal photosensitivity.

Porphyric crises

e Acute porphyriccrises may be precipitated by drugs, stress, infection, alcohol, menstruation, pregnancy, starvation, or dehydration.
e Symptoms include acute abdominal pain, vomiting, motor and sensory peripheral neuropathy, autonomic dysfunction, cranial nerve
palsies, mental disturbances, coma, convulsions, pyrexia.

General principles

Patients may never have had an attack, therefore a positive family history must be taken seriously.

Patients may present with unrelated pathology, e.g. appendicitis.

Symptoms may mimicsurgical pathologies, e.g. acute abdominal pain, acute neurology.

Any patient giving a strong family history of porphyria must be treated as potentiallyatrisk. Latent carriers may exhibit no signs, be
potentially negative to biochemical screening, but still be atrisk from acute attacks.

Anaesthetic management

Many commonly used drugs are thought to have the potential to trigger porphyric crises. However, itis difficult to be definitive, as crises can
also be triggered byinfection or stress, which often occur simultaneously. Drugs which are considered to be definitely unsafe to use, probably
safe, and controversial are documented in the table below. Up-to-date information is available in the British National Formulary, the

Committee on the Review of Porphyrinogenicity (CORP)2 or via the internet: http://www.leeds.ac.uk/ifcc/SD/porph/
Suggested anaesthetic techniques

e Premedication—important to minimize stress: use temazepam, droperidol, chloral hydrate.
P.96
P.97

e Regional anaesthesia-bupivacaine is considered safe for epidural anaesthesia butin the context of any peripheral neuropathy,
detailed preoperative examination and documentation is essential. In acute porphyric crises, regional anaesthesia should be
avoided, as neuropathy may be rapid in onsetand progressive.

e General anaesthesia-propofol is the induction agent of choice. Maintenance with nitrous oxide and/or propofol infusion. There are
few data forisoflurane. Neuromuscular blockade-suxamethonium and vecuronium are considered safe (atracurium controversial).
Fentanyl, morphine, and pethidine all considered safe.

e Monitoring—invasive blood pressure during acute crisis as hypovolaemia is common and autonomic neuropathy maycause labile
blood pressure. Perform central venous pressure monitoring if clinicallyindicated.

Definitely unsafe Probably safe Controversial
Induction agents Barbiturates, etomidate Propofol Ketamine
Inhalational . . Halothane, isoflurane,
Enflurane Nitrous oxide, ether, cyclopropane
agents sevoflurane, desflurane
Neuromuscular Alcuronium Suxamethonium, tubocurarine, gallamine, Pancuronium, atracurium,
blocking agents vecuronium rocuronium, mivacurium

Neuromuscular

Atropine, glycopyrrolate, neostigmine
reversal agents p glycopy g

Alfentanil, aspirin, buprenorphine, codeine, fentanyl, Diclofenac, ketorolac,

Analgesics Pentazocine - . .
g paracetamol, pethidine, morphine, naloxone sufentanil

Local

anaesthetics Mepivicaine, ropivacaine Bupivacaine, prilocaine, procainamide, procaine Cocaine, lidocaine (lignocaine)

Lorazepam, midazolam, temazepam, chlorpromazine,

chloral hydrate Diazepam

Sedatives Chlordiazepoxide, nitrazepam

Antiemetics and

H . Cimetidine, metoclopromide Droperidol, phenothiazines Ondansetron, ranitidine
,antagonists

Diltiazem, dizopyramide,

Hydralazine, nifedipine Adrenaline, a-agonists, B-agonists, B-blockers . . .
CVS drugs ¥ ’ . pine, L & ’.B g .’B . ! sodium nitroprusside,
phenoxybenzamine magnesium, phentolamine, procainamide .
verapamil
Aminophylline, oral contraceptive .
Others phy ! P Steroids

pill, phenytoin, sulphonamides

Problems during anaesthesia

e Hypertension and tachycardia-treat with beta-blockers such as atenolol.
e Conwvulsions-treat with diazepam, propofol, or magnesium sulphate (avoid barbiturates and phenytoin).

Postoperative management

e |CU/HDU if a crisis is suspected.
e Rememberthatthe onset of a porphyriccrisis maybe delayed for up to 5 days.
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Treatment of acute porphyric crises

e Reverse factors which increase ALA synthetase. Give haem arginate 3 mg/kg IV once daily for 4 days (leads to negative feedback to ALA
synthetase). Treat infection, dehydration, electrolyte imbalance, give glucose (20 g/h).

e Withdraw drugs which may have precipitated the crisis.

e Treatsymptoms with ‘safe’ drugs.

e Monitor the patientappropriately.

Furtherreading

James MFM, Hift RJ (2000). Porphyrias. British Journal of Anaesthesia, 85, 143-53.
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Jensen NF, Fiddler DS, StriepeV (1995). Anaesthetic considerations in porphyrias. Anaesthesia and Analgesia, 80, 591-9.
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The patient on steroids

Steroids are used as replacement therapyin adrenocortical insufficiency orto suppress inflammatory and immunological responses. Patients
on steroids requiring surgery may develop complications from their underlying disease, or from a potentiallyimpaired stress response due to
hypothalamic-pituitary-adrenal (HPA) suppression. Classicallythese patients were given additional large doses of steroids perioperatively;
however, recent research suggests that much more modest physiological replacement doses are more than adequate in the majority of cases.
Hypothalamic-pituitary-adrenal suppression

Endogenous cortisol production is of the order of 25-30 mg/24 h (following a circadian pattern). During stress induced by major surgery,
itis in the range 75-100 mg/day. The increase is rapid and levels remain elevated for a variable period of time (up to 72 h following
cardiacsurgery).

Low-dose steroid treatment <10 mg prednisolone perdayusuallycarries little danger of HPA suppression.

Treatment with >10 mg prednisolone (or equivalent) risks HPA suppression. This may occur after treatment via the oral, topical,
parenteral, nebulized, orinhaled routes. These patients must be assumed to be suffering from an inability to mounta normal
endogenous steroid response to stress and be supplemented accordingly.

HPA suppression can be measured using various methods. In practice the short synacthen testis reliable, cheap, and safe. Patents are
given 250 pg synacthen (synthetic corticotrophin) IV and serum cortisol is measured at 0, 30, and 60 min. Normal peak cortisol levels
range from 420-700 nmol/litre and indicate the ability of the patient to mount a stress response. In patients where the resultis
equivocal, aninsulin tolerance test can be performed under the advice and supervision of an endocrinologist.

Perioperative steroid replacement therapy

Normal dose steroid >10 mg prednisolone/24 h: assume normal HPA therefore no extra supplementation required.
Steroids stopped within last 3 months:assume still on previous dose and treat accordingly.
Consider whether the surgeryis minor, intermediate, or major and supplement accordingly.
High-dose immunosuppression:itis imperative that these patients continue their usual dose of steroids, given |V if required,
otherwise organ failure can ensue.
Prednisolone 5 mgis equivalent to:
o hydrocortisone 20 mg
methylprednisolone 4 mg
betamethasone 750 ug
dexamethasone 750 pg
cortisone acetate 25 mg
prednisone 5 mg
triamcinolone 4 mg.

0O 0O 0 0 0 o

Patient currently taking regular steroids

<10 mg Assume normal . . .
prednisolone/day hypothalamic—pituitary axis No additional steroid cover required
Minor surgery, e.g. hernia Routine preoperative steroid or hydrocortisone 25 mg |V atinduction
10 m Intermediate surgery, e.g. Routine preoperative steroid plus hydrocortisone 25 mg [V atinduction. Postoperative
g hysterectomy hydrocortisone 25 mg 6-hourly for 24 h

prednisolone/day

Routine preoperative steroid plus hydrocortisone 25 mg |V atinduction. Postoperative

Major surgery, e.g. cardiac hydrocortisone 25 mg 6-hourly for 48-72 h

High-dose Should continue usual immunosuppressive dose until able to revert to normal oral intake, e.g. 60 mg
immunosuppression prednisolone/24 h = 240 mg hydrocortisone/24 h

Patient formerly taking regular steroids

<3 months since
stopped steroids

Treatas if on steroids

>3 months since No perioperative steroids
stopped steroids necessary

P.99

P.100

Complications of steroid therapy
Steroids have multisystemic adverse effects: diabetes, obesity, hypertension, and skin manifestations are particularlyimportant. Also:

CVS—hypertension

renal—polyuria, nocturia

CNS—depression, euphoria, psychosis, insomnia
Gl—pepticulceration, pancreatitis

ophthalmic—cataracts

immune—increased susceptibility to infection

skin—thin, easily bruised, poor healing

endocrine—weight gain, diabetes, adrenal suppression, hypokalaemia
musculoskeletal —osteoporosis, proximal myopathy, wasting.

Furtherreading

British National Formulary 39, March 2000.

Nicholson G, Burrin JM, Hall GM (1998). Perioperative steroid replacement. Anaesthesia, 53, 1091-104.
Ovid Full Text
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Potassium and anaesthesia

Potassium (K*) is the majorintracellularcation in the human bodyand plays a crucial role in the electrophysiology of cell membranes.
Imbalances in potassium homeostasis can be of critical importance to the anaesthetist. Measurements of plasma potassium can be sent to
the laboratory (note that a falselyelevated potassium will be seen with a haemolysed sample) or obtained more rapidlyvia a blood gas
analyser.

Hypokalaemia

Plasma potassium less than 3.5 mmol/litre. This may reflect a total K" deficit of up to 500 mmol (i.e. 15-20% of total body K+). An approximation

of the deficit can be calculated by assuming thata decrease in the serum of 0.27 mmol/litre is equivalent to a total deficit of 100 mmol of
potassium. Hypokalaemia can be caused by:

Intercompartmental shift of potassium-alkalosis (0.1increase in pH decreases K" by 0.6 mmol/litre), insulin administration, B,
agonists, hypothermia.

Increased potassium loss-diuretics, mineralocorticoid activity, renal tubularacidosis, ketoacidosis, ileal conduit, diarrhoea/vomiting,
excess sweating, dialysis.

Decreased potassium intake.

Clinical manifestations

e ECG changes—T wave flattening and inversion, prominent U wave, ST segment depression, prolonged PR interval
e dysrhythmias, decreased cardiac contractility
o skeletal muscle weakness, tetany
e ileus, polyuria, impaired renal concentrating ability
e decreased insulin secretion, growth hormone secretion, and aldosterone
e secretion
e negative nitrogen balance
e encephalopathyin patients with liver disease.
Treatment

The risks of replacement are not trivial, especiallyvia the intravenous route. Some estimate of total deficit should be attempted.

P.102

Oral replacementis safest, up to 200 mmol per day, e.g. potassium chloride (Sando-K) two tablets four times a day = 96 mmol K*.
IV replacement:
o Essential for patients with cardiac manifestations or skeletal muscle weakness from hypokalaemia or where oral replacement
is notappropriate.
o Aimtoincrease K'to 4.0 mmol/litre if treating cardiac manifestations.
o Maximum concentration for peripheral administration =40 mmol/litre (greater concentrations than this can lead to venous
necrosis).
o 40 mmol KCl can be given in 100 ml normal saline over 1 h but onlyvia an infusion device, with ECG monitoring, in HDU/
ICU/theatre environment and via a central vein.

o Plasma K" should be measured atleast hourlyduring rapid replacement.

Anaesthetic considerations

The principal anaesthetic problem is the risk of arrhythmia.
The rate of onsetis important, chronic mild hypokalaemia is less significantthan that of rapid onset.

Ratio of intracellular to extracellular K*is of more importance than isolated plasma levels.
Classicallya K" under 3.0 mmol has led to postponement of elective procedures (some controversy exists about this in the fit, non-

digitalized patient who may well tolerate chronically lower K* levels down to 2.5 mmol/litre without adverse events).
Patients must be viewed individuallyand the decision to proceed should be based on the chronicity and level of hypokalaemia, the
type of surgery, and any other associated pathologies.

For emergency surgery, if possible replace K" in the 24 h prior to surgery. Aim for levels of 3.5-4.0 mmol/litre. If this is not possible use
an |V replacementregime as documented above intra/perioperatively.
Mayincrease sensitivity to neuromuscular blockade, therefore need to monitor block.

Increased risk of digoxin toxicity at low K*levels. Aim for K" of 4.0 mmol in a digitalized patient.

Hyperkalaemia
Plasma potassium greater than 5.0 mmol/litre (some laboratories suggest >5.5 mmol/litre). Hyperkalaemia can be caused by:

Intercompartmental shift of potassium—acidosis, rhabdomyolysis, trauma, malignant hyperpryrexia, suxamethonium (especially with
burns and denervation injuries), familial periodic paralysis.

Decreased urinary excretion—renal failure acute or chronic, adrenocortical insufficiency or drugs (K* sparing diuretics, ACE inhibitors,
ciclosporin etc.).

ncreased intake—IV administration, rapid blood transfusion.

Clinical manifestations

The mostimportant effects are on skeletal and cardiac muscle.

ECG changes progressing through peaked T waves, widened QRS, prolonged PR interval, loss of P wave, loss of R wave amplitude, ST
depression, ventricular fibrillation, asystole.

ECG changes potentiated by low calcium, low sodium, and by acidosis.

Muscle weakness at K*>8.0 mmol/litre.

Nausea, vomiting, diarrhoea.
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Treatment

Treatment should be initiated if K* >6.5 mmol/litre or ECG changes present. Unlike hypokalaemia, the incidence of serious cardiac compromise
is high and therefore intervention is important. Treat the cause if possible.

Insulin 15 units in 100 ml 20% dextrose IV over 30-60 min.

Calcium 5-10 ml 10% calcium gluconate or 3-5 ml 10% calcium chloride (rapid onset, short lived).
e Bicarbonate 50 mmol IV (especially with acidosis).

P.103

e lon Exchange Resin —calcium resonium 15 g PO/ 30 g PR 8 hourly.
e Beta-agonists, considersalbutamol 5 mg nebulized.
e Dialysis or haemofiltration.

Anaesthetic considerations
Do not consider elective surgery. If surgeryis essential:

treat hyperkalaemia as above

ECG monitoring

avoid: suxamethonium, Hartmann's solution, acidosis, hypothermia
control ventilation—mild hyperventilation may be beneficial
monitor neuromuscular blockade, effects accentuated

monitor K* regularly.

Furtherreading

Gennari FJ (1998). Hypokalaemia review article. New England Journal of Medicine, 339, 451-8.

Ovid Full Text
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Sodium and anaesthesia

Extracellular fluid volume is directly proportional to total body sodium (Na*) content. Renal sodium excretion ultimately controls the
extracellular fluid volume and total body sodium content. Imbalances in sodium homeostasis are common, and although the underlying
mechanisms are poorly understood, the clinical manifestations can have significantimplications for the anaesthetist.

The plasma sodium level is important, butitis equallyimportant to evaluate the patient's state of hydration as sodium derangement can

lead to hypo-/eu-/hypervolaemic states. Therefore, patients should be assessed clinicallyin conjunction with their plasma and urinary
sodium levels.

Hyponatraemia
Plasma sodium less than 135 mmol/litre. This usuallyleads to a hypo-osmolar plasma. Hyponatraemia can be caused by:

e Waterexcess (hypervolaemic):

o Intake greaterthan required (urinary Na* <10 mmol/litre), e.g. TURP syndrome, IV fluids, drinking to excess.

o Reduced excretion (urinary Na*>20 mmol/litre), e.g. syndrome of inappropriate antidiuretic hormone (SIADH), tumours, CNS
disorders such as head injury or CVA, IPPV, pneumonia, post-surgery.
o Drugs, e.g. oxytocin.
e Waterexcess with sodium excess of a lesser magnitude (hypervolaemic):
o Cardiacand hepaticfailure (urinary Na* <10 mmol/litre).
o Nephrotic syndrome.
e Waterdeficiency with sodium deficiency of a greater magnitude (hypovolaemic):
o Renal loss (urinary Na*>20 mmol/litre), e.g. diuretics, post relief of urinary obstruction, hypoadrenalism, renal tubular acidosis,
salt-losing nephropathy.
o Otherloss (urinary Na* <20 mmol/litre), e.g. diarrhoea and vomiting, pancreatitis.
e Redistribution of sodium and water (euvolaemic):
o Sick cell syndrome—seen in the terminallyill, Na*redistributed to the intracellular compartment, possibly secondary to
impaired Na*/K* cell membrane transport.
o Hyperglycaemia-leading to intra- to extracellular water movement.

Clinical manifestations
The general signs are those of dehydration and hypovolaemia in sodium deficiency. Specific symptoms include:

The speed of onset of hyponatraemia is much more importantin the manifestation of symptoms than the absolute Na+ value.
Rare if Na*>125 mmol/litre.

Na*125-130 mmol/litre mostly gastrointestinal symptoms.

Na* <125 mmol/litre-neuropsychiatric symptoms, mortality high if untreated. Signs include nausea and vomiting, muscular weakness,
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headache, lethargy, psychosis, raised intracranial pressure, seizures, coma, respiratory depression.

Treatment
Treatment depends on the clinical manifestations and speed of onset:

e Asymptomatic with long-standing hyponatraemia. Simple fluid restriction and reversal of precipitating factors.
e Asymptomatic with acute onset hyponatraemia—treatas above.
e Symptomatic (usuallyassociated with rapid onset hyponatraemia):

o Treatmentrequired urgentlyin consultation with an endocrinologist.

o Intravenous saline 0.9%, rate of correction controversial, but rapid correction can lead to central pontine myelinolysis, subdural
haemorrhage, and cardiac failure. Therefore, aim for 5-10 mmol/litre/day. Aim to attain Na* no greater than 130 mmol/litre
initially.

o Diuretics mayalso be required, especiallyif seizures and/or cerebral oedema are presentorif administration of saline does
not bring about a spontaneous diuresis. Use mannitol 20% 500 ml or furosemide (frusemide) 20 mg IV.

o SIADH—fluid restriction and demeclocyclidine 300-900 mg daily.

e Treatanyunderlying pathology concomitantly.

Anaestheticimplications

e No elective surgeryif Na* <120 mmol/litre orif the patient shows signs of fluid balance disturbance, decreased levels of
consciousness, seizures, or focal nervous system deficit.

e Mayneed to deal with problem acutelyintra-operatively, e.g. TURP syndrome (p. 628).

Hypernatraemia
Plasma sodium greater than 145 mmol/litre. Always reflects a hyperosmolar state. Hypernatraemia can be caused by:

e Sodium excess (hypervolaemic, urinary Na*>20mmol/litre)—hyperaldosteronism, Cushing's syndrome, iatrogenic, e.g. secondary to
hypertonicsaline, drugs such as sodium bicarbonate, TPN.

e Waterdepletion (euvolaemicurinary Na*variable)—renal, e.g. diabetes insipidus or otherinsensible loss, inadequate water intake,
burns.

e Sodium deficiency with an even greater water deficiency (hypovolaemic, urinary Na*>20 mmol/litre):
o renal loss, e.g. osmoticdiuresis secondary to mannitol, glucose, urea

o other (urinary Na* <10 mmol/litre), e.g. vomiting, diarrhoea, sweating, wound exudates, adrenocortical insufficiency.

Clinical manifestations

e May have features of dehydration.


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

The rate of onsetis important, slow onsetis much better tolerated

CNS symptoms are prominent because of the hyperosmolarstate (cellular dehydration).
Altered mental status, lethargy, irritability, restlessness.

Seizures, muscle twitching, spasticity, hyperreflexia.
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e Fever, nausea, vomiting, intense thirst.
Intracranial haemorrhage as a result of cerebral dehydration.
e Prerenal failure secondaryto decreased cardiac output.

Treatment
Correction should be achieved slowly overatleast48h, as rapid correction maylead to cerebral oedema and convulsions.

Treatthe underlying cause if possible.

Treat with oral fluids (water) if possible.

Sodium excess (hypervolaemic): diuretics, e.g. furosemide (frusemide) 20 mg IV and 5% dextrose, dialysis if required.
Water depletion (euvolaemia): estimate the total body water deficit, treat with 5% dextrose.

Sodium deficiency (hypovolaemic): 0.9% saline until hypovolaemia corrected, then consider 0.45% saline.

Diabetes insipidus-keep up with urinary fluid losses and give desmopresssin 1-4 ug daily (SC/IM/1V).

Anaestheticimplications

e No elective surgeryif Na*>155 mmol/litre or hypovolaemic.
e Urgentsurgery—use invasive central venous pressure monitoring if volume status is uncertain or may change rapidlyintra-operatively,
and be aware of dangers of rapid normalization of electrolytes.

Furtherreading

Kumars, Berl T (1998). Sodium. The Lancet, 352, 220-8.

Ovid Full Text
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Obesity

Mathieu Ickeringil

Body mass index (BMI) = mass (kg)/[height (m)]?.

Obesityis defined by a BMI >28 kg/m2 and morbid obesity by BMI >35 kg/m2.

17% of the UK population are obese and approximately 1% morbidly obese.

Obesityis associated with hypertension, ischaemic heart disease, noninsulin-dependent diabetes mellitus, peripheral vascular
disease, gallstones, and osteoarthritis.

Pathophysiology

e Obesityis associated with inincrease in absolute blood volume, although this is low relative to body mass (occasionally only 45
ml/kg).
Oxygen consumption is increased by metabolically active adipose tissue and the workload of supporting muscles.
FRCis reduced in the awake obese patientand decreases significantly following induction, which may encroach upon the closing
capacity.

e Oxygen desaturation occurs rapidlyin the obese apnoeic patient.
Pulmonary compliance is decreased by up to 35% (due to heavy chestwall and splinted diaphragm).
Obesity hypoventilation syndrome (OHS) occurs with progressive obesity causing respiratoryimpairment. Carbon dioxide respiratory
drive is lost and hypoxaemia, pulmonary hypertension, and polycythaemia can develop.
Obstructive sleep apnoea (OSA) is also more common in the obese.
Increased gastric volumes, raised intra-abdominal pressure, and a higherincidence of hiatus hernia pose a significantrisk of
aspiration.

e Insulinresistance maycause perioperative diabetes.

o Volume of distribution for drugs is altered due to a smaller proportion of total body water, greater proportion of adipose tissue,
increased lean body mass, and increased blood volume and cardiac output.

Conduct of anaesthesia

e Calculate the BMI and assess venous access, risk of aspiration, and possibility of a difficultintubation/difficulty with mask
ventilation. ABMI of 46 is associated with a 13% risk of difficultintubation. Itis useful to assess the airwayin both the erect and
supine positions.

Considerasking forassistance.

Atypical operating table will support 150 kg, but the tilting/tipping may not function.

Thromboembolic events are twice as common and so thromboprophylaxis is important.

Premedication with respiratory depressants should be used with caution. An H, blocker or proton pump inhibitor plus metoclopramide

should be administered on the ward (£ 30 ml sodium citrate 0.3 M in the anaesthetic room).
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o The sphygmomanometer cuff width should be 20% greater than the diameter of the arm. Invasive blood pressure monitoring may be
required.

e Fluid balance maybe difficultto assess clinicallyand increased blood loss is common due to difficult surgical conditions.
Full preoxygenation is essential.
Intubation maybe warranted for all but the briefest of procedures due to the risk of aspiration, and IPPV is often necessary because of
the increased work of breathing and tendency to hypoventilation.

e Awake fibreopticintubation maybe indicated, although some use topical anesthesia and direct laryngoscopy. Traction on the breasts
byan assistant oruse of a polio blade may help.

e Reduced FRCcan be increased by administering PEEP or large sustained manual inflations. Increasing the |:E ratio mayreduce airway
pressures.

e Aortocaval compression mayoccurin the supine position and table tilt may help. Avoid head-down positioning especiallyin
spontaneous ventilation.

e Local anaestheticdoses forspinals and epidurals should be 75-80% of normal because engorged extradural veins and fat constrict
these spaces.

Postoperative

e Postoperative mortalityis twice that of the non-obese.

e Mobilize as soon as practical-ensure enough staff are available.

e Pulmonaryatelectasis is common and lung capacities remain decreased foratleast5 days postabdominal surgery. To optimize the
FRC/closing capacityratio the obese patient should be nursed at 30-45 degrees head-up tilt for this period.

e Humidified oxygen and early, regular physiotherapyshould be administered.

e Nocturnal nasal CPAP and continual pulse oximetry may be considered in OSA.

e PCAis more predictable than IMopioids because injections are frequentlyinto subcutaneous fat.

e HDU care should be available for higher-risk patients with pre-existing respiratory disease especiallythose undergoing thoracic or

abdominal surgery.

Furtherreading

Dominguez-Cherit G, Gonzalez R, Borunda D, et al. (1998). Anesthesia for morbidly obese patients. World Journal of Surgery, 22, 969-73.
Full Text
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Shenkman Z, ShirY, BrodskyJ (1993). Perioperative management of the obese patient. British Journal of Anaesthesia, 70, 349-59.
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Chronicrenal failure

Patients with chronicrenal failure (CRF) usually have complex medical histo-ries, take a multitude of drugs, and often have severe systemic
complications which increase the risk of anaesthesia and surgery. The main causes of CRF include glomerulonephritis, diabetes mellitus,
hypertension, cystic disease, and pyelonephritis/interstitial nephritis.

Preoperative

e Check for hypertension, diabetes mellitus, and ischaemic heart disease.

e The cause of CRF may have anaesthetic considerations.

e Check for symptoms and signs of fluid overload (dependent oedema, basal crepitations) or hypovolaemia (sitting and standing BP, JVP,
thirst, skin turgor).

Investigations

FBC: usually normochromic, normocyticanaemia due to uraemia affecting erythropoesis, decreased red cell survival, and increased bleeding
tendency. Many patients maintain a haemoglobin of 8 g/dl. These patients should not be transfused and if symptomatic can be commenced
on erythropoetin therapy. In the past blood transfusion has been shown to increase the survival of renal transplants. Recent surveys, which
show a general increase in graft survival, have demonstrated farless effect, and therefore a policy of deliberate transfusion is now rarely
used.

e Electrolytes:a recentserum K'is essential. If K" >6.0 mmol/litre dialysis will usuallybe required prior to surgery. Na*is often
decreased due to increased water retention. Calcium is often decreased due to inadequate vitamin D.

e Coagulation:uraemia affects platelet function and leads to a prolonged bleeding time. INR and APTT are usually normal (DDAVP 0.3
ug/kg in 50 ml saline over 30 min mayimprove platelet function if necessary, in uncontrolled bleeding).

e ECG:mayshow ischaemicheartdisease.Rarelysigns of hyperkalaemia K*>6.5 mmol/litre (arrhythmias, widened QRS, peaked T waves)

or hypo-kalaemia K*<3.0 mmol/litre (arrhythmias, U waves, flattened T waves and A/V block) maybe seen. These are metabolic
emergencies and need urgent treatment.

Perioperative care

e Many patients with CRF have an upperlimb arteriovenous shunt for haemodialysis. Venous/arterial cannulation and non-invasive 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 available, short-term emergency cannulation of the fistula arm is acceptable (avoiding the fistula).

e Patients with or without a shunt mayneed further access in the future, at which time their survival maydepend upon good vascular
access. Avoid cannulation of the forearm and antecubital veins. Use veins in the back of the hand orulna aspect of forearm as these
are rarely used forfistulae.
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Arterial lines should only be used when essential and the radial arteryis preferred.

e Fluid and electrolyte balance must be carefully managed. CRF patients are very susceptible to further renal damage with dehydration.
Find out their normal daily fluid allowance and plan accordingly.

e Many patients with some renal function benefit from a preoperative IV saline 0.9% infusion to maintain renal blood flow.

e All fluids containing K" should be avoided—generally use saline.

e Forpatients with K* >5.5 mmol/litre, suxamethonium and factors that cause acidosis (hypoventilation and respiratory obstruction)
should be avoided due to the risks of increasing potassium further.

e |flarge fluid shifts are likely, CVP monitoring should be performed.

e Delayed gastricemptying and increased gastricacidity make gastricrefluxand aspiration more likely. Give H2 antagonists/proton
pump inhibitors (cimetidine may cause confusion and should be avoided) and considerrapid sequence induction.

o Immunityis suppressed byuraemia and this is often exaggerated byimmunosuppressants, therefore use strict asepsis forany
invasive procedures.

e Universal precautions are particularlyimportant as hepatitis Band Care common.

Postoperative

Ensure careful fluid balance, and avoid nephrotoxic drugs and accumulation of analgesics.

Drugs and renal disease

Most drugs are excreted by the kidneys. Therefore most drugs or their metabolites have the potential to accumulate in renal failure. Loading
doses of drugs are unchanged but maintenance doses of drugs are usuallyreduced. If in doubt refer to the BNF.

Some drugs are directly nephrotoxicand can lead to a decrease in renal function. Many anaesthetic drugs and techniques can decrease renal
blood flow, glomerular filtration rate, and urine output.

Drugs safe in CRF Drugs contraindicated in CRF
Premed Lormetazepam, temezepam, midazolam
Induction Propofol, thiopental, etomidate
Maintenance Isoflurane, desflurane, halothane, propofol Enflurane
Muscle relaxant Atracurium, cisatracurium, Pancuronium
Opioids Alfentanil, remifentanil Pethidine

Local anaesthetics Bupivacaine, lidocaine (lignocaine)
Analgesics Paracetamol, codeine NSAIDS
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Special considerations

e Opioids:all have prolonged action in renal failure. Morphine and pethidine are both metabolized to active metabolites (morphine 6-
glucuronide and norpethidine) by the liver. Norpethidine can cause convulsions. Fentanyl builds up in peripheral tissues rarely
leading to delayed respiratory depression. Morphine and fentanyl can be used with care. Respiratoryrate and pulse oximetryshould
be measured postoperativelyand continuous oxygen prescribed. Build-up of metabolites can best be avoided by using a PCA system for
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administration, or use of regional block techniques. Drugs varyas to how well they are removed from the blood with dialysis and
morphine maytake some time to be removed.

Sevoflurane: can be used forinduction, but has been shown to produce inorganic fluoride with prolonged exposure. No evidence of
nephrotoxicity has been found, butisoflurane is a safe alternative.

Suxamethonium: will increase serum K* by 0.5 mmol/litre and is therefore contraindicated in hyperkalaemic patients but otherwise can
be used.

Vecuronium and rocuronium: can be used with extreme care in renal failure, but atracurium (orcisatracurium) is a better alternative
due to Hofmann elimination.

Local anaesthetic drugs have a shorter duration of action, particularly forinfiltration, in the acidictissues of renal failure. Therefore
bupivacaine may have advantages overlidocaine (lignocaine). The increased risk of haemorrhage and haematoma formation must be
considered before using spinal and epidural techniques.

Reversal of neuromuscular blockade. The use of a nerve stimulatoris recommended. Neostigmine, glycopyrrolate, and atropine can all
be used but half-lives are likely to be doubled.

Antibiotics are usually excreted by the kidney. The usual advice is a normal loading dose with a decreased maintenance but always
check with the BNF. Aminoglycosides and vancomycin are nephrotoxic (particularlyin combination with otherrisk factors, e.g. diuretics,
dehydration, jaundice, etc.). It is bestto avoid these antibiotics, if possible, butin severe infection, blood levels should be closely
monitored.
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Patients on haemodialysis

e Haemodialysis patients undergo dialysis forseveral hours, three or four times a week.

e These patients usually have an intravenous access catheter (short term) or an arteriovenous shunt. These shunts are extremely
importantand are atrisk from accidental damage or clotting (see above).

e Haemodialysis patients should be dialysed a few hours before surgery to control potassium levels. Following dialysis, patients will be
relatively hypovolaemicand mayhave residual anticoagulation effects (heparin used during dialysis).

e Expecta degree of vascularinstability on induction. Intra-operatively use 0.9% saline to achieve normovolaemia as this can be
removed by dialysis ata later date. Give IV fluids to replace losses, but do not use excessive fluid. Colloids such as modified gelatins
can be used as normal.

e Delayhaemodialysis for 1-2 days postoperativelyif possible, to avoid heparin-induced bleeding.

e Remembersuxamethonium mayincrease K* by 0.5-1 mmol/litre.
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Patients on peritoneal dialysis

e In peritoneal dialysis a temporary (hard) or permanent (soft or ‘Tenchkoff’) catheteris inserted into the peritoneal cavity. Dialysis is
carried out by the exchange of fluid across the peritoneal membrane. As dialysis is continuous these patients often have a more
relaxed fluid restriction than haemodialysis patients.

e Peritoneal dialysis patients should have theirdialysate drained prior to surgery for optimal respiratory function. They can often omit
24-48 h of dialysis butif they have bowel surgerythey will need a short period of haemodialysis. Itis often kinder to the patient to
inserta venous dialysis catheterunder general anaesthesia.

e Take care with the choice of cannulation sites (see above).
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Transplanted patients

o These patients maystill have a degree of CRF and a functioning fistula, butif the transplanted kidneyis working well fluid balance is
not normallya problem.

e Patients are at particularrisk of infection as theyare immunosuppressed and therefore strict asepsis mustbe applied.

e The transplantis atriskifimmunosuppresion is withdrawn, therefore care must be taken during perioperative fasting.

o long-term steroid treatment maylead to adrenal suppression, osteoporosis, and increased risk of Gl bleeding. Steroid cover may be
required (p. 98).

e Avoid haemodynamic compromise of the transplanted organ and any potentially nephrotoxic drugs. Remember thateven if serum
creatinine is normal, creatinine clearance and renal function may be compromised and therefore NSAIDs are best avoided.

e Beware prone positioning when the transplanted kidney can be damaged by supports.
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Patients with raised creatinine

Creatinine is a breakdown product of skeletal muscle metabolism. Under normal circumstances it undergoes minimal tubular secretion and
its clearance accurately reflects the glomerular filtration rate (GFR). However, tubular secretion occurs with increasing serum creatinine

leading to an overestimate of GFR. The plasma creatinine shows a rectangular hyperbolicrelationship with creatinine clearance (see
diagram). This has several important ramifications:
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GFR must be reduced by up to 50% before serum creatinine rises above normal levels.

Small changes in serum creatinine in the low (normal) range imply a large change in GFR, making the test very sensitive.

Individuals with different muscle mass will have very different curves and therefore each result must be determined in relation to this,
and trends are most useful.

e The GFR does notalways reflect overall renal function if an acute illness has caused a recent depression in GFR.

Consider whether the raised creatinine represents acute renal impairment (possiblyreversible), or CRF. If an acute onsetis suspected:

Optimize the preoperative metabolicstate and consider |V saline the night before theatre to avoid dehydration.
Inserta urinary catheter and monitor urine output hourly peri- and post-operatively (maintain >1 ml/kg/h).
Have a low threshold for CVP insertion to monitor fluid balance.

Take scrupulous care with fluid balance and blood pressure (avoid hypotension relative to the patient's normal value).
Occasionallyinotropes may be required to achieve an adequate BP.

If urine output falls despite fluid loading (CVP 10-15 cmH,0), try mannitol (0.5 g/kg) or furosemide (frusemide) (20-40 mg).
Avoid NSAIDs and any potentially nephrotoxic drugs.
Take care of arm vessels in case of future fistula.

Contactthe ICU ora renal physician to ascertain likely long-term plans for renal management—will dialysis be needed immediately
postoperatively? If so a venous dialysis catheter can be inserted at the time of the anaesthetic.
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Acute renal failure

Acute renal failure (ARF) commonly develops in the perioperative period and is associated with a high mortality (oliguric 50-80%, non-oliguric
10-40%). It is easily diagnosed in those with a rising creatinine, or oliguria. Occasionally, however, ARF may occur with relatively normal
volumes of urine.

Risk factors for developing perioperative acute renal failure include:

sepsis (especiallyabdominal)

prolonged hypotension/hypovolaemia

prolonged preoperative dehydration (orthopaedic/surgical patients)
advanced age

nephrotoxins—drugs, myoglobin

diabetes mellitus

renovascularsurgery

known chronicrenal failure with raised serum creatinine (acute on chronic)
a history of cardiac failure, hypertension, diabetes mellitus, rhabdomyolysis (crush syndrome), aortic surgery, pregnancy-induced
hypertension

urinary obstruction

hepatorenal syndrome (see p. 132).

Nephrotoxic drugs

Analgesics Aspirin, NSAIDs

Antibiotics Aminoglycosides, amphotericin B, vancomycin
ACE inhibitors

Anti-neoplastic Cisplatinum, methotrexate

Immunosuppressants Ciclosporin

Psychiatric Lithium

Radiocontrast agents

Assessment of renal function

Assess volume of urine being produced hourly (remember catheters can become blocked). Urinary electrolytes can help differentiate
hypoperfusion (Na+ <20 mmol/litre, urine osmolality >500 mosmol/kg) from acute tubular necrosis (ATN) (Na+ >20 mmol/litre, urine
osmolality <500 mosmol/kg). Remember that these results are meaningless if diuretics have been given.

Serum creatinine is the main initial measurement of renal function (rememberitis affected by body mass—see earlier) and increasing
levels indicate worsening renal function. Serum urea is much less helpful as italso increases in dehydration, Gl bleeding, sepsis, and
diureticadministration, even with normal renal function.

Electrolyte levels should be checked prior to surgery (exclude high serum K*).
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Creatinine clearance is a useful marker of renal function. However, it needs a 24-h urine collection, and is rarely performed in the
perioperative period.

Abdominal ultrasound can be easily performed and will help differentiate chronic causes (two small kidneys) and obstructive causes.
Itcan also estimate renal perfusion.

If further assessment of renal function is required, dynamicrenal scans examine perfusion and excretion from the kidney, but
guidance should be sought from a nephrologist.

Perioperative considerations

e The main priorityis the prevention/further deterioration of acute renal failure, plus maintenance of an adequate urine output (1-2
ml/kg/h)— ‘non-oliguric renal failure’. Urinary catheterization should be considered early (i.e. presurgery).

e Preoperative rehydration is importantin preventing ARF. Patients who are significantly dehydrated (e.g. bowel obstruction) need fluid
deficit cor-rected prior to surgery, and this is often best judged by CVP monitoring (maintain CVP at 10-15 cmH,0).

e The response to a fluid bolus (250-500 ml) over 10-15 min may help differentiate between hypovolaemia and acute tubular necrosis
while more invasive monitoring is prepared.

e An adequate BPis important forrenal perfusion. Amean arterial pressure of >70 mmHg (85 mmHg in hypertensive patients) should be
maintained (use inotropes if necessary).

e The outcome from polyuric ARF is better than oliguric ARF, but no patient should be given furosemide (frusemide) until they have an
adequate filling pressure and systemic arterial pressure.

e Furosemide (frusemide)is given initiallyas an IV bolus of 2040 mg. In patients with established renal insufficiency (i.e. raised serum
creatinine) give 250 mg over 1 h as an infusion.

e Consider mannitol (0.5-1 g/kg IV).

e Monitorserum K*1-2-hourlyif raised (most blood gas analysers give accurate levels).
P.119

e In patients with established ARF, further acid-base deterioration should be avoided. Plan for perioperative renal replacement therapy
(see Table).

e Anyabdominal surgeryorinfection contraindicates peritoneal dialysis and a dialysis cathetershould be inserted whilst the patientis
still anaesthetized.

Guidelines for renal replacement therapy
Haemofiltration Haemodialysis Peritoneal dialysis
Time period Continuous Intermittent Continuous

CVS stability Stable Unstable Stable
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Fluid removal Good Good Poor

Urea removal Reasonable Good Poor
Abdominal surgery Indicated Indicated Contraindicated
Infection Moderate risk  Moderate risk High risk
Bleeding complications Moderate Moderate Low

Postoperative care

Avoid NSAIDs in all patients atrisk of renal failure.

Give appropriate IV fluids and avoid dehydration (consider CVP monitoring if not instituted).

Closely monitor urine output.

If oliguria occurs (<0.5 ml/kg/h) try a fluid challenge of 250- 500 ml 0.9% saline/gelofusine, or mannitol (0.5-1 g/kg I1V). Consider CVP and

adequate arterial pressure as previously.

e Intra-abdominal pressure if raised to more than 20 mmHg can lead to anuria by direct compression on the renal pelvises. Raised intra-
abdominal pressure is found in up to 30% of emergency surgerycases and is especially common after massive intra-abdominal
bleeding such as a leaking abdominal aneurysm repair.

e Intra-abdominal pressure can be measured via the bladder. Instil 50 ml saline into the bladdervia a standard foley catheter, clamp off
the drainage port, and measure pressure via a manometer line connected to a needle inserted into the catheter lumen. Remember
thatraised intra-abdominal pressure will also tend to cause falsely high reading of CVP pressures (hence the patient may be
underfilled despite apparently adequate CVP).

e Bleeding maybe a particular problem due to poor platelet function. Reverse anyresidual heparin (protamine 1 mg/100 units heparin

slow IV) and con-sider cryoprecipitate and DDAVP (0.3 mg/kg IV over 30 min in 50 ml 0.9% saline). Conjugated oestrogen (0.6 mg/kg/day

for 5 days) mayalso help.

Emergency management of raised serum potassium
Treatment

Treatment should be initiated if K* >6.5 mmol/litre or ECG are changes pre-sent. Unlike hypokalaemia, the incidence of serious cardiac
compromise is high and therefore intervention is important. Treat the cause if possible.

Insulin 15 units in 100 ml 20% dextrose |V over 30-60 min.

Calcium 5-10 ml 10% calcium gluconate or 3—5 ml 10% calcium chloride (rapid onset, short lived).
Bicarbonate 50 mmol IV (especially with acidosis).

lon exchange resin—calcium resonium 15 g PO/30 g PR 8-hourly.

Beta-agonists, considersalbutamol 5 mg nebulized.

Dialysis or haemofiltration.

Further reading

Bannister KM, Field MF (1996). Clinical physiology of the kidney: tests of renal function and structure. In Oxford textbook of medicine (3rd edn),
(eds. Weatherall, Ledingham, Warrell) pp. 3101-15. Oxford University Press, Oxford.

Bolsin SN (1996). Anaesthesia for patients with renal disease. In International practice of anaesthesia (eds. C Prys-Roberts, DR Brown), pp.
1781-6. Butterworth-Heinemann, Oxford.
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El Nahas AM, Winearls CG (1996). Chronic renal failure. In Oxford textbook of medicine (3rd edn) (eds. Weatherall, Ledingham, Warrell), pp.
3294-306. Oxford University Press, Oxford.

Malbrain MLNG (1999). Abdominal pressure in the criticallyill: measurementand clinical relevance. Intensive Care Medicine, 25, 1453-8.
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Complications of Liver Disease

There are numerous causes of hepatic disease. The most common in the Western world is cirrhosis secondaryto viral hepatitis oralcoholism.
Patients with underlying hepatic disease often present to the anaesthetistand surgeon. Problems include:

e Bleeding. The liveris responsible for the production of clotting factors (all except factor VIIl) and the prothrombin time is usually
prolonged. This can be improved by dailyvitamin Kinjections (10 mg IV slowly). Thrombocytopenia is common, as is defective platelet
function. Bleeding is more likelyto be secondary to thrombocytopenia than due to clotting factor deficiency. Both duodenal ulceration
and oesophageal and gastricvarices are common in patients with liver failure and bleeding can be torrential. Clotting studies and FBC
must be carefully checked perioperativelyand adequate provision must be made for the cross-match of blood, fresh frozen plasma,
and platelets.

e Encephalopathy. In severe liver failure toxic products build up (particularlyammonia, due to deranged amino acid metabolism)
leading to a progressive encephalopathy. This occurs in hyperacute hepatic failure (within 7 days), acute (7-28 days), and subacute (28
days to 6 months). This classification replaces fulminant hepatic failure where encephalopathy developed within 8 weeks of the
precipitatingillness. In cirrhosis this may be precipitated by sedatives, a high-protein diet (including Gl bleed), infection, surgical
operations, trauma, hypokalaemia, or constipation. The decreased level of consciousness may compromise the airwayand intubation
may be required if cerebral oedema develops.

Grades of hepatic encephalopathy

Grade 0 Alertand orientated

Grade | Drowsyand orientated

Grade Il Drowsyand disorientated

Grade Il Rousable stupor, restlessness
Grade IV Coma—unresponsive to deep pain

e Hypoglycaemia. The liver contains major stores of glycogen, a glucose precursor. Check blood glucose levels regularly. Give 10%
dextrose infusions if <2mmol/litre. Monitor plasma K+.

e Ascites. Fibroticchanges in the liverlead to portal hypertension, and in combination with saltand water retention and a low serum
albumin, fluid accumulates in the peritoneal cavity. This can lead to respiratoryfailure, due to pressure on the diaphragm, and the
ascites mayneed to be drained.

e Infection. Immune function is depressed and infections of the respiratoryand urinary tract are common.

e Renal failure. This is often multifactorial. Combined liver and renal failure mayresult from:

o a common pathomechanism (sepsis, toxic,immune, and genetic).
o secondarydue to decreased circulating blood volume orincreased renovascular
P.123

resistance (prerenal), impaired renal tubular function, or hepatorenal failure. Hepatorenal failure is due to intrarenal arterial
and arteriolar vasoconstiction and can only be diagnosed after exclusion of shock, sepsis, and nephrotoxic drugs.
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Acute hepaticdisease

Previously well patients with acute liver failure rarely present for anaesthesia and surgery (mortality rates of 10 and 100% have been
described). More commonly, acute failure is due to decompensation of chronicliver disease. Hyperacute hepatic failure (encephalopathy
within 7 days) paradoxically has the best prognosis.

Causes of acute liver failure

e Viral hepatitis: types Ato G, cytomegalovirus, herpes simplexvirus, and Epstein-Barr virus.

e Drugs: paracetamol excess, idiosyncratic reactions, halothane.

e Toxins:carbon tetrachloride, Amanita phalloides mushrooms.

e Others:acute fattyinfiltration of pregnancy, HELLP syndrome, Wilson's disease, Reye's syndrome.

Patients with acute liver disease and encephalopathy have severe coagulopathyand active fibrinolysis, high cardiac output and reduced
systemicvascularresistance, hypoglycaemia/hypokalaemia, and metabolicacidosis. Theyare also atrisk of raised intracranial pressure. Due
to the high perioperative mortality, patients should have all anaesthetics postponed (unless true emergency) until atleast 30 days after liver
function tests have returned to normal. Hepatitis Band Care highly contagious via parenteral inoculation to theatre personnel and universal
precautions must be strictlyadhered to.
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Chronic hepaticdisease
The commonest cause of chronicliver disease is cirrhosis, but chronic hepatitis is also widespread. Chronic hepatitis is any hepatitis lasting
longerthan 6 months and cirrhosis is hepatic fibrosis with regeneration nodules.

Cirrhosis can be acquired (alcohol, viral hepatitis, drugs, secondary biliary, or veno-occlusive disease) orinherited (primary biliary,
haemachromatosis, Wilson's, galactosaemia, sickle cell disease).

Chronic hepatitis B develops in 3% of those infected. Itis widespread in the Far East and Africa and infects 300 million people
worldwide. Other highrisk groups include homosexuals, IV drug abusers, haemophiliacs, haemodialysis patients, and those in
institutional care. It may progress to cirrhosis or hepatocellular carcinoma.

Chronic hepatitis Cdevelops in 75% of those infected. Risk groups are similar to hepatitis B and cirrhosis and hepatocellular
carcinoma can develop. Blood products were previouslyresponsible for many cases of hepatitis Cbut now all donors are screened.
Other causes of chronic hepatitis include alcohol, autoimmune, metabolic, and drugs (isoniazid, methyldopa).

Assessment of risk factors for surgeryand anaesthesia is described by Child's classification. Common causes of mortalityin the
perioperative period include sepsis, renal failure, bleeding, and worsening liver failure with encephalopathy.

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

Mortality

Minimal Modest Marked

(<5%)  (5-50%) (>50%)
Bilirubin (umol/litre) <25 25-40 >40
Albumin (g/litre) >35 30-35 >30
PT (seconds prolonged) 1-4 4-6 >6
Ascites None Moderate Marked
Encephalopathy (p. 122) None Grades 1and 2 Grades 3and 4
Nutrition Excellent Good Poor

PT = prothrombin time.

Drug metabolism and liver disease

The vast majority of drugs, including anaesthetic drugs, are metabolized by the liver.

Most drugs are initially metabolized by the cytochrome P450 system. In Phase | they are either oxidized orreduced and in Phase Il they
are conjugated with a glucuronide, glycine, or sulphate to enhance water solubilityand excretion in bile or urine.

In earlyalcoholicliver disease the cytochrome P450 system is often induced, leading to rapid metabolism of drugs, whereas this is
reversed in end stage disease.

P.126

The liver has a large functional reserve and so these functions are usually preserved until end-stage disease.
Pharmacodynamics and the sensitivity of target organs forsedatives and anaesthetics maybe altered with coma easilyinduced in end-
stage liverdisease.

Causes of altered drug pharmacokinetics in liver failure
Liver problem Pharmacological effect
Decreased portal blood flow in hepatic fibrosis Decreased Gl drug clearance

Hypoalbuminaemia Increased free drug in plasma
Ascites and sodium and water retention Increased volume of distribution
Biotransformation enzymes Activity mayincrease or decrease
Reduced liver cell mass Reduced activity

Obstructive jaundice Decreased biliary excretion of drugs
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Anaesthetic management of the patient with liver failure
Preoperative laboratoryinvestigations

Full blood count and clotting studies. The prothrombin time is a good marker of liver function.
Electrolytes and creatinine. The urea is often falselylow due to decreased hepatic production.
Glucose-hepatic stores of glycogen and glucose utilization are often affected.

Liver function tests (see below).

Arterial blood gases.

Urinalysis.

Hepatitis screening (although universal precautions should always be observed).

Assessment of liver function

e Serum liver function tests are rarely specific but prothrombin time (PT), albumin, and bilirubin are sensitive markers of overall liver
function. Serial measurements are useful and indicate trends. Itis important to avoid giving FFP, unless treating active bleeding, to
avoid altering the PT time, which is an excellent guide to overall liver function.

e Llivertransaminases (aspartate ‘AST’, alanine ‘ALT’) are sensitive to even mild liver damage and have no role in mortality prediction.

Levels maydecrease in severe disease.

Alkaline phosphatase is raised with biliary obstruction.

e Immunological tests: antinuclearantibodyis presentin 75% of patients with chronic active hepatitis and smooth muscle antibodyin
nearlyall cases of primary biliarycirrhosis. a-fetoprotein is a marker of hepatoma.

e Imaging techniques: ultrasound is the main initial investigation of obstructive jaundice. Other useful investigations include ERCP, CT,
and MRI cholangiograms.

e Liverfunction tests (LFTs) must always be interpreted in consideration with a careful historyand examination. The liver has a large
reserve function and can often withstand considerable damage before LFTs become deranged.

Perioperative considerations

e Proton pump inhibitors or H2 antagonists should be used preoperatively. Rapid sequence induction will reduce the risks of gastric
aspiration.

e Eveninsevere liverdisease the problem is usually one of exaggerated effects of drugs on the CNS, rather than poor liver metabolism
perse.

e Hepaticblood flow is often altered during anaesthesia and surgery by anaestheticdrugs (including a and B agonists/antagonists),
positive pressure ventilation, PEEP, and surgical technique.

e In mostcases anaesthesia reduces liver blood flow, particularlyif halothane is used. However, isoflurane actually seems to improve
hepatic blood flow.

Anaesthetic drugs in liver failure

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

Premedication Lorazepam Midazolam, diazepam

Induction Propofol, thiopental, etomidate

Maintenance Pesflurane, sevoflurane, Enflurane Halothane (probably)
isoflurane

Muscle . . . . . .
Atracurium, cisatracurium Pancuronium, vecuronium, suxamethonium

relaxants

Opioids Remifentanil Fentanyl, alfentanil, morphine, pethidine

Analgesics Paracetamol NSAIDS, lidocaine (lignocaine), bupivacaine

P.128
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e Regional techniques can be used as long as coagulation is nottoo deranged, and itshould be remembered thatall local anaesthetics
are metabolized by the liver.

e Isoflurane is the preferred volatile agents as enflurane, and particularly halothane, have marked effects in decreasing hepatic blood
flow and inhibiting drug metabolism.

Physiological considerations

e Cardiovascular:liver disease causes various types of shunt, from cutaneous spiderangioma to portapulmonary A/V shunts. These
shunts lead to an increase in cardiac output, often by 50%. This is combined with a reduction in systemicvascularresistance and an
increase in extracellular fluid due to an activated renin-angiotensin system. In contrast, some alcoholics may have a decreased cardiac
output secondary to cardiomyopathy.

e Ascites:a common manifestation of liver disease. Water and sodium retention may be treated with potassium-sparing diuretics, e.g.
spironolactone. A careful check of electrolytes is essential. Removal of ascites at operation will be followed by postoperative re-
forming. This should be taken into accountin fluid balance.

e Pulmonary: up to 50% of patients may have intrapulmonary shunting and V/Q mismatch, pleural effusions, and respiratory splinting of
the diaphragm by ascites causing a decrease in PaO, notimproved byincreasing the FiO,. Diuretics or paracentesis mayimprove
ascites.

e Bleeding and clotting problems: both clotting factors and platelets are affected quantitativelyand qualitatively. Coagulation should be
carefullyassessed preoperativelyand adequate provision made forintra-operative blood products.
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Postoperative liver dysfunction

Although postoperative jaundice is relatively common, significant liver dysfunction is relatively rare. Dysfunction has varied aetiology and
often resolves without treatment. It should be remembered that hepatitis due to volatile agents is extremelyrare and is largelya diagnosis of
exclusion.

Causes of postoperative liver dysfunction or jaundice

Blood transfusion
Bilirubin overload (haemolysis) Haematoma resorption
Haemolyticanaemia (sickle cell, prosthetic heart valve, glucose-6-phosphatase deficiency)

Exacerbation of pre-existing liver disease

Hepaticischaemia: hypovolaemia, hypotension, cardiac failure
Septicaemia

Drug-induced (antibiotics, halothane)

Hypoxia

Viral hepatitis

Hepatocellularinjury

Intrahepatic (benign, infection, drug-induced, e.g. cephalosporins, carbamazepine, erythromycin)

Cholestasis Extrahepatic (pancreatitis, gallstones, bile duct injury)

Congenital Gilbert's syndrome

e Common causes include hepatic oxygen deprivation from intra- and postoperative hypoxia and hypotension.

e Benign postoperative intrahepatic cholestasis mimics biliary obstruction and usually occurs after major surgery associated with
hypotension, hypoxaemia, or multiple transfusions.

e The surgical procedure should also be considered, and significant haematoma resolution is a common cause.

Halothane hepatitis

e Halothane has been linked to postoperative liver dysfunction.
e Two syndromes are recognized:
o The firstis associated with a transientrise in liver function tests and low morbidity, often afterinitial exposure.
o The second is thought to occur afterrepeated exposure and has an immune’ mechanism with the development of fulminant
hepaticfailure (FHF) and high mortality. Itis rare, with an incidence of 1in 35000 anaesthetics.
e Antibodies specificto FHF patients exposed to halothane are found in 70% of such patients. Itis postulated thata halothane oxidative

metabolite binds to liver cytochromes to form a hapten and induce a hypersensitivity reaction.
P.131

All patients exposed to halothane have altered liver proteins butitis unknown whyonlya few develop liver failure.
o There does appearto be a geneticsusceptibilityas shown byin vitro testing.
e Halothane has also been shown in several animal studies to significantly decrease liver blood flow, particularly during hypoxia.

Otherinhalational anaestheticagents

e The chance of an ‘immune’ reaction occurring to a volatile agentis thought to relate to the amountitis metabolized. Halothane is 20%
metabolized.

e Enflurane is 2% metabolized and should therefore cause 10 times fewer reactions. Products of enflurane metabolism have been shown
to alter liver proteins and there have been rare case reports linking enflurane with liver damage. There is a theoretical basis for cross-
reactivity with previous halothane exposure.

e Isoflurane is 0.2% metabolized. There is, therefore, a theoretical risk of reaction and indeed there have been a few case reports.
These, however, have been contested and isoflurane is considered safe for use in patients atrisk of hepatic failure.

e Sevoflurane and desflurane also appearto be safe in liver failure.
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Renal failure and the hepatorenal syndrome

Hepatorenal syndrome and acute tubular necrosis are common in patients with liver disease. Maintenance of an adequate urinary output
with fluids is the mainstay of prevention. Once renal failure occurs, due to any cause, with a high creatinine level in the presence of cirrhosis,
mortality is usually 100%.

e The hepatorenal syndrome is a functional renal failure which occurs spontaneously or more commonly due to fluid shifts particularly
in patients with obstructive jaundice.
e The kidneyis normal histologically and functions normally following a liver transplant orif transplanted into a recipient.
e All pathophysiological changes seen in ascites (renal sodium and water retention and plasma expansion) are present to an extreme
formin the hepatorenal patient.
e Diagnosticcriteria are:
o urinarysodium <10 mmol/litre
o urine:plasma osmolarityand creatinine ratios >1
o normal CVP with no diuresis on central volume expansion
o a patientwith chronicliver disease and ascites.
e Worsening hepatorenal failure results in death, despite haemofiltration ordialysis, and can only be corrected by liver transplantation.
Prevention
e Preoperativelyan IV infusion of 0.9% saline should be commenced to avoid hypovolaemia.
e Renal blood flow must be optimized by monitoring CVP and correcting any hypovolaemia.
e Rememberthattense ascites maycause compression of the rightatrium and falsely high CVP measurements.
e Mannitol is often used prophylactically to maintain urine output (0.5 g/kg over 30 min).
e Hypotension should be avoided intra-operativelyand mean BP should be maintained within 10-20% of preoperative levels-particularly
in the hypertensive patient.
e An adequate urine output of atleast 1 ml/kg/h must be achieved.
e Avoid the use of any nephrotoxic drugs such as NSAIDs, and gentamicin in repeated doses.
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Portal hypertension and oesophageal varices

Portal hypertension commonly occurs with cirrhosis but can arise in anycondition where there is disruption of pre-, intra-, or
posthepatic blood flow.

Portal hypertension causes enlargement of the anastomoses between the portal and systemic circulation leading to varices at the
gastro-oesophageal junction, haemorrhoids, and dilated abdominal wall veins (‘caput medusa’).

30% of varices bleed and presentas haematemesis or malaena.

Mortality is up to 50% for the acute bleed, particularlyin patients with advanced cirrhosis.

Treatment

Initial managementis to correct hypovolaemia, stop the bleeding, and tryto avoid complications such as fluid and electrolyte
imbalance, encephalopathy, and aspiration pneumonia.

Two large-bore IVs and a CVP line should be inserted.

Drugs that maycause or exacerbate the bleeding, e.g. aspirin, should be stopped.

Early endoscopyis warranted to confirm the diagnosis (remember pepticulceration and oesophageal and gastricerosions in up to 30%
of cases) and control bleeding (band ligation appears more effective than sclerosantinjection). However, 70% of patients will rebleed,
most within 6 weeks.

Vasoactive drugs (terlipressin 2 mg 6-hourly, vasopressin 0.2-0.4 units/min for 24-48 h) constrict vessels in the mesenteric beds but
may cause coronary constriction and angina. GTN patches orinfusion may help. Terlipressin causes less angina than vasopressin.
Somatostatin (a hypothalamic hormone) 250 pug/h and octreotide (an analogue) 50 ug/h for 2 to 5 days (as well as
terlipressin/vasopressin) in combination with endoscopic therapy may be more effective than eitheralone and should be started
whilst waiting for an experienced endoscopist.

Balloon tamponade with an oesophageal and gastric balloon can provide temporary haemostasis but should only be used where
endoscopic and drug treatments have failed. There is a high risk of fatal complications (aspiration, oesophageal tear/rupture, and
airway obstruction) and therefore this should only be used in HDU/ICU.

70% of cirrhotic patients who survive their first variceal bleed will rebleed, most within 6 weeks.

Beta-blockade (propranolol 40-160 mg twice daily) can decrease portal pressure in the chronicsituation and may decrease the rebleed
rate from 70 to 50%, but may mask the early signs of hypovolaemia and exacerbate the hypotension during rebleeding.

Portal-systemic shunting is now rarely performed as an emergency due to its high mortality. It can occasionally be performed after the
first bleed, to lower portal pressure, butis contraindicated if there is anyclinical or EEG evidence of encephalopathy.

P.134

A transjugularintrahepatic portosystemic stent shunt (TIPSS) achieves shunting without the need for surgery but has a high thrombosis
rate.

Oesophageal staple transection can be used if endoscopic therapyfails oris unavailable. The effectiveness and mortalityare similar
to sclerotherapy. These patients are atincreased anaestheticrisk from hypovolaemia, a full stomach, and liverimpairment.

Further reading

Brown BR Jr. (1996). Risk assessment for anaesthesia in patients with liver disease. In International practice of anaesthesia (eds, C Prys-
Roberts, DR Brown), pp. 1731-9. Butterworth-Heinemann, Oxford.

Clarke P, Bellamy MC (1999). Anaesthesia for patients with liver disease The Royal College of Anaesthetists Bulletin, 4, 158-61.

Early management of bleeding oesophageal varices (2000). Drug and Therapeutics Bulletin, 38, 37-40.

Strunin L (1996). Effects of anaesthetics and drugs on liver function. In International practice of anaesthesia (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, is common in patients undergoing surgery: usually
due to blood loss (acute or chronic) but also from failure of production or haemolysis. Conventionally diagnosed when the haemoglobin (Hb)
concentration is <13 g/dl in an adult male and <12 g/dl in an adult female. Common causes of anaemia in the surgical patientare:

e Blood loss eitheracute or chronic.

e Bone marrow failure due to infiltration by tumour or suppression by drugs.

e Megaloblasticanaemias due to either folate or vitamin B12 deficiency.

e Complexanaemias with effects on production and breakdown, e.g. renal failure, rheumatoid arthritis, and hypothyroidism.

e Haemolyticanaemias are eitherinherited, e.g. the thalassaemias, sickle cell disease, and spherocytosis (see references), acquired,
e.g.autoimmune (often drugs orinfections), or physical (mechanical heartvalves, DIC, and jogging).

Clinical

e Associated with fatigue, dyspnoea, palpitations, headaches, and angina. The severity often reflects the speed of onset more than the
degree of anaemia because there is less time foradaptation.

e Symptoms of the commonest causes should be elicited, including relevant family history; always enquire about aspirin, NSAIDs, and
alcohol.

e Respiratoryand cardiovascular history may be worsened by the anaemia or make its impact greater.

Investigations

Measure Hb priorto surgeryin appropriate patients p. 7Zincluding all those atrisk of anaemia undergoing major surgeryand anyone with
othersignificant medical problems, especiallyheartorlung disease. Much can be deduced from the Hb and mean corpuscular volume (MCV)
alone butin manyinstances a blood film gives additional useful information. Confirmatory tests such as ferritin, B12, and folate levels,
reticulocyte count, direct Coombs test, erythrocyte sedimentation rate, liver and renal function, and bone marrow should be requested as
appropriate.

Preoperative preparation

Ideally, patients scheduled for elective surgery should have their FBC checked in the weeks approaching the operation so thatabnormalities
such as anaemia can then be investigated and corrected in time. When delayto surgeryis possible itis more appropriate and farsafer to
treat the underlying cause and to raise the Hb slowly with simple, effective measures, e.g. oral iron, B12 injections. Transfusing a patient with
pernicious anaemia may precipitate heart failure.

P.137

Perioperative blood transfusion (see also p. 911)

A better appreciation of the potential risks of allogeneic blood has led to a more conservative approach to transfusion support. Unfortunately,
there are no evidence-based guidelines thatsetcleartargetlevels fortransfusion. In addition as Hb decreases cardiac outputincreases
(decrease in blood viscosity) and oxygen delivery may be maintained.

e Although unsupported byclinical evidence, an Hb of 10 g/dl (haematocrit of 30%) is often quoted as the lowest acceptable level. This
level has been criticized in recent years and there is increasing evidence thatin fit patients lowering the transfusion triggerto 8 g/dl is
notassociated with increased morbidity but mayactuallyimprove it!

e Red cell transfusion is indicated if the haemoglobin level is <7 g/dI.

e Checking a HemoCue(r) reading gives comparable results to a Coulter(r) counterand can help to avoid a transfusion if above 8 g/dl.

e Each case mustbe assessed with a view to coexistent disease, expected intraoperative blood loss, and whether acute or chronic.

e Forpatients who maytolerate anaemia poorly, e.g. patients over the age of 65 or those with significantischaemicheart or respiratory
disease, considerraising the transfusion threshold to 9-10 g/dl.

Complications of blood transfusion

e Mismatch: most commonly due to giving the wrong blood to the wrong patient. The transfusion must be immediatelystopped, the unit
returned to transfusion and full blood, clotting and serum samples sent. Signs and symptoms of a transfusion reaction should be
soughtand a haematologist contacted.

e Transfusion reactions: acute allergic reactions with fever, sweating, tachycardia, and urticaria are not uncommon (2%). Provided there
are no signs of a haemolytic reaction give antipyretics and antihistamines (paracetamol 1 g PO and chlorpheniramine 10 mg V) and
continue the transfusion. Haemolytic reactions are suggested by hypotension, back and chest pains, oliguria, and haemoglobinuria
and should be treated as a mismatched transfusion. Anaphylactic shock may develop with hypotension, bronchospasm, and urticaria
and should be treated with urgentintravenous adrenaline boluses titrated to effect (see p. 857).

e Metabolic: acidosis, hyperkalaemia, and hypocalcaemia (from the citrate anticoagulant).

e Hypothermia: particularlyin a large-volume transfusion unless the blood is adequately warmed (this can lead to poor platelet
function and can exacerbate bleeding).

e Circulatory overload: particularlyin patients with cardiac failure.

e Dilutional coagulopathy: clotting factors and platelets onlysurvive a few days in stored blood.

e Cross-infection: the blood-borne viruses, e.g. HIV, hepatitis B and C (although screened, donors may donate prior to seroconversion),
butalso bacteria and malaria.

e Massive transfusion exacerbates all these problems butcan also lead to acute lung injury after several days.

e Massive transfusion exacerbates all these problems butcan also lead to acute lunginjury after several days.

P.138

Group and save or cross-match?

e Once grouped and saved, blood can usually be cross-matched within half an hour.
e 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.


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

Back Save | Print Preview | Email | Email Jumpstart

Please Wait...

What's New in Books

Coagulation disorders

Abnormalities of coagulation are common in patients presenting for anaesthesia.

Congenital disorders may not present until challenged by trauma or surgeryin adult life.
Acquired disorders are due to lack of synthesis of coagulation factors, increased loss due to consumption (such as disseminated
intravascular coagulation) or massive blood loss, or the production of substances thatinterfere with their function.

e Afamilyhistory maybe elicited (haemophilia Aand B-sexlinked recessives; von Willebrand's disease-autosomal dominant with
variable penetrance) but cannot be relied upon (absentin 30% of haemophiliacs).

e Response to previous haemostatic challenges (tonsillectomy, dental extractions) mayindicate the severity of the coagulopathy, e.g.in
severe haemophilia A (factor VIII <2%) bleeding occurs spontaneously; in mild haemophilia (factor VIII 5-30%) bleeding occurs only
after trauma.

e Concurrentand past medical problems such as liver disease, malabsorption (vitamin K deficiency), infection, malignancy (DIC),
autoimmune disease (systemic lupus erythematosus, rheumatoid arthritis) as well as medications (anticoagulants, aspirin, and
NSAIDs) may be relevant.

Laboratoryinvestigations

The usual screening tests of bleeding include a platelet count, prothrombin time/international normalized ratio (PT/INR), activated partial
thromboplastin time (APTT), thrombin time (TT) and fibrinogen. Specific factor assays are dictated by the pattern of abnormalities in the initial
screen and usually follow discussion with a haematologist. Circulating anticoagulants, e.g. antibodies to factor VIIl or von Willebrand's factor,
are often secondary to systemic lupus erythematosus, rheumatoid arthritis or malignancy. Managementis difficult and surgeryshould be
avoided if atall possible. Lupus anticoagulants are not uncommon, are often not associated with systemic lupus erythematosus, and may be
of no clinical significance if transient, e.g. following viral infections.

Preoperative preparation

An unexpected abnormalityin the coagulation screen should be investigated before surgery by seeking advice from a haematologist.
Anticoagulation guidelines-see p. 142.

e Previouslyuntreated mild haemophilia requires strenuous efforts at avoiding blood products (use DDAVP or tranexamic acid instead, if
appropriate), but if factor concentrates are necessary the treatment of choice is now recombinant material in accordance with
established guidelines. Always involve a haemophilia specialist.

e Abnormalities due to liver disease orvitamin K deficiency-give dailyvitamin K (phytomenadione) 10 mg slowly IV. FFP (15 ml/kg) may be
needed in addition if the presenting symptom is bleeding.

Disorder Platelet count INR APTT T Fibrinogen Other

Haemophilia A Normal Normal T Normal Normal Vi

Haemophilia B Normal Normal ™ Normal Normal JIX

von Willebrand's disease Normal (usually) Normal ™ Normal Normal VI, VWWF, T bleeding time
Liver disease Normal or T T Normal Normal ord 4V

Vitamin K deficiency Normal T T Normal Normal UL, VI X, X

DIC Normal or ¢ T T T Normal or 4, FDPs, d-dimers, {11, V, VIII
Massive transfusion J T T Normal or 7 Normal or{ Normal FDPs

Heparin (unfractionated) Normal (rarely ) Normalor® 1 ™ Normal Manti-Xa

Heparin (LMWH) Normal (rarely ') Normal Normal Normal Normal MNanti-Xa

Warfarin Normal ™ ™ Normal Normal 1L, VI X, X

Lupus anticoagulant Normal Normal or ™ 1 Normal Normal DRVVT +ve, cardiolipin antibody

Abbreviations: INR =international normalized ratio. APTT = activated partial thromboplastin time. TT = thrombin time. VWF = von
Willebrand's factor. DIC=disseminated intravascular coagulation. LMWH = low-molecular-weight heparin. FDPs =fibrin degradation
products. DRVVT =dilute Russell's viper venom time.

P.140
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Perioperative management of coagulation failure

Acute DICis probablythe commonest cause of a significant coagulation abnormalityin the surgical setting especiallyin the peri- and
postoperative phase. Itis associated with infections (especially Gram-negative bacteraemia), placental abruption, amniotic fluid embolism,
major trauma, burns, hypoxia, hypovolaemia, and severe liver disease. Haemorrhage, thrombosis, or both may occur. Chronic DICis associated
with aneurysms, haemangiomas, and carcinomatosis. The laboratory abnormalities are variable, depending on the severity of the DIC, and
reflect both consumption of platelets and coagulation factors as well as hyperplasminaemia and fibrinolysis.

e Treatmentshould be aimed primarilyat removal or control of the underlying cause whilst supportis given to maintain tissue perfusion
and oxygenation.

o Abnormal coagulation parameters in the presence of bleeding orthe need foran invasive procedure are indications for haemostatic
support. Transfusion of platelets (for advice see under thrombocytopenia, p. 145) and FFP (15 ml/kg initially or 4 units in an average
adult) should help restore platelets, coagulation factors, and the natural anticoagulants, antithrombin-Ill and protein C.
Cryoprecipitate (10 units initially) mayalso be necessaryif the fibrinogen level cannot be raised above 1 g/litre by FFP alone.

e The indications for heparin and concentrates of antithrombin and protein Care notestablished. Antifibrinolytics such as tranexamic
acid are generally contraindicated in DIC. Intramuscularinjections, aspirin, and NSAIDs should be avoided in any patientatrisk of
bleeding; the intravenous and subcutaneous routes are acceptable.

e Massive transfusion of stored blood perioperatively maycause significant coagulation disorders due to the lack of factors V, VIII, and
XI. DIC, which can be precipitated by shock, is often also present. In addition thrombocytopenia is a frequent occurrence. Therapy
consists of replacement FFP and platelets as guided by coagulation tests.

Guidelines for fresh frozen plasma administration (see p. 920)
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The usual dose is 12-15 ml/kg which raises the coagulation levels by 12-15%.
FFP takes 20 min to thaw. The infusion should be commenced within 2 h of thawing and be complete within 4 h of thawing.

Definite indications foruse are life-threatening haemorrhage with overdose of coumarin anticoagulants orvitamin Kdeficiencyand
acute DIC.

Conditional indications include massive blood transfusion (bleedingis usually secondary to thrombocytopenia) and liver disease.
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Anticoagulants

The main indications foranticoagulation are:

e To prevent stroke in atrial fibrillation.
e To prevent stroke with mechanical heartvalves.
e Forthe treatmentand prevention of venous thrombosis and pulmonary emboli.

Warfarin

e An oral anticoagulantthatresults in the liver synthesizing non-functional coagulation factors II, VII, IX,and Xas well as proteins Cand
S, by interfering with vitamin K metabolism. Prolongs the prothrombin time and monitoring is achieved by comparing this with a
control-as the international normalized ratio (INR).

e Itis recommended thatthe INR be between 2 and 3 formostindications. However, in mechanical heartvalves, or for the recurrence of
thrombosis or pulmonary emboli, an INR of 2.5-3.5is required (see also p. 1088).

e Reversal of a high INR can be achieved in several ways depending on the circumstances. In the absence of bleeding, omitting a dose is

usually sufficient. If there is minor bleeding or a grosslyraised INR give a small intravenous dose of vitamin K (2-5 mg). Life-

threatening bleeding requires slow intravenous vitamin K (10 mg) and either coagulation factor concentrate or FFP. The last two cases
must be discussed with a haematologist.

It should be remembered that warfarin pharmacokinetics and dynamics can be affected by a multitude of other drugs and the readeris

referred to the references and the BNF for a fullerdiscussion. The important anaestheticinteractions include:

Potentiation (byinhibition of metabolism): Alcohol, amiodarone, cimetidine, ciprofloxacillin, cotrimoxazole, erythromycin,

indometacin, metronidazole, omeprazole, paracetamol.

Inhibition (byinduction of metabolism): barbiturates, carbamazepine.

e In addition drugs that affect platelet function can increase the risk of warfarin-associated bleeding, e.g. aspirin and NSAIDs.

Heparin

e Aparenterallyactive anticoagulantthatacts by potentiating antithrombin; can be used for both prophylaxis and treatment of
thromboembolism.

Unfractionated heparin is given by IV bolus orinfusion, and SCfor prophylaxis. Itis monitored by the prolongation of the APTT.

e Ithas a narrow therapeutic window with complex pharmacokinetics and greatinterpatientvariation in dose requirements.

e Protamine sulphate can counteract heparin (1 mg IV neutralizes 100 units of heparin). It should be given slowly to avoid hypotension to
a maximum of 50 mg-a higher dose is itself anticoagulant.

LMWH has recently been introduced. Itis replacing unfractionated heparin for both prophylaxis and treatment of thromboembolism.
Administered once daily by subcutaneous injection it needs no monitoring.
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Anticoagulation in the perioperative period

Patients on warfarin are atincreased risk of perioperative thromboembolism if the drugis stopped and are atincreased risk of bleeding if the
drugis continued. Therefore a balance must be achieved between these two conflicting approaches. The risks of each will vary depending on
the underlying reason for anticoagulation, the risks of bleeding postoperatively, the period of immobility, and the use of other prophylaxis
such as compression stockings and foot pumps. There are no randomized controlled trials to compare different regimes so the followingis a
suggested regime based on current evidence. The following points should be considered:

Some minorsurgeryincluding skin, dental, and ocular surgery can be performed without stopping 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 therapyis restarted it takes about 3 days for the INR to reach 2.0.

Although there is good evidence that surgeryincreases the risk of venous thromboembolism there is no evidence forincreased risk of

arterial embolism with atrial fibrillation or mechanical heart valves.

e Additional methods of prevention of venous thromboembolism include graduated compression stockings and intermittent pneumatic
compression devices.

e Forrecommendations forregional anaesthesia (spinal and epidural anaesthesia) during anticoagulation see p. 998.

Recommendations for preoperative and postoperative anticoagulation after stopping warfarin

e Warfarin should be stopped 4 days prior to surgeryto allow the INR to decrease below 1.5. This is if the INR is normally between 2 and
3. It maytake longerif the INRis higher.

e The INR should be checked the day priorto surgeryand once the INR is <2 alternative pre- and postoperative prophylaxis should be
considered, and continued postoperatively until the INR is >2, according to the following table:

Indication Preoperative Postoperative
Acute venous thromboembolism

Month 1 IV heparin IV heparin
Months 2 and 3 Nothing extra IV heparin
>Month 3 Nothing extra SC heparin

Recurrent venous thromboembolism Nothing extra Nothing extra

Acute arterial thromboembolism

Month 1 IV heparin IV heparin*
Mechanical heartvalves Nothing extra SC heparin
Non-valvular atrial fibrillation Nothing extra SCheparin

*Onlyif the risks of bleeding are low.

P.144

e In patients at high risk for thromboembolism a continuous 1V infusion of unfractionated heparin should be started at 1000 units/h and
adjusted to keep the APTT between 1.5 and 2.5. This should be stopped 6 h priorto surgery and restarted 12 h afterwards. This should
be continued until warfarin therapyis restarted and the INR >2.0.

e Formanypatients in whom the risk of postoperative thromboembolism is not high enough to warrant 1V heparin (and its increased risk
of bleeding) the use of SCLMWH is recommended. Again this should be continued until warfarin is restarted and the INR >2.0.

e In emergencysurgerythere is too little time to withdraw warfarin and specialist haematological advice should be sought. Fresh frozen
plasma (10-15 ml/kg) and vitamin K1-2 mg IV slowly can be given, but this maylead to difficultyin regaining anticoagulant control
postoperatively.

Aspirin

Long-term, low-dose aspirin is a mainstay of secondary prevention in patients with thromboembolic disease.
If aspirinis to be stopped ittakes 7-9 days for platelet function to return to normal.

There are few published trials looking at perioperative bleeding.

In coronary artery bypass grafting aspirin increases perioperative bleeding butincreases graft patency.

In transurethral prostatectomyaspirin considerablyincreases perioperative bleeding.

Minor surgery to skin or cataract surgery does not require aspirin to be stopped.

In conclusion, aspirin should be stopped foratleast 7 days prior to surgery, when the risks of perioperative bleeding are high (major surgery)
or where the risks of even minor bleeding are significant (retinal and intracranial surgery). This risk of bleeding again must be balanced
againstthe possibility of precipitating a thromboembolic event, particularlyin patients with unstable angina.
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Thrombocytopenia

Thrombocytopenia may be due to:

e Failure of platelet production, either selectively (hereditary, drugs, alcohol, viral infection) or as part of general marrow failure
(aplasia, cytotoxics, radiotherapy, infiltration, fibrosis, myelodysplasia, megaloblasticanaemia).

e Increased platelet consumption, with an immune basis (ITP, drugs, viral infections, systemic lupus erythematosus, lymphoproliferative
disorders) or without an immune basis (DIC, TTP, cardiopulmonary bypass).

e Dilution, following massive transfusion of stored blood to bleeding patients.

e Splenicpooling (hypersplenism).

Note that platelet function can be impaired byrenal failure and aspirin.
Laboratory features
Unexpected thrombocytopenia should always be confirmed with anothersample and a blood film.

e The blood film will exclude pseudothrombocytopenia due to platelet clumping (caused by EDTA anticoagulant with a prevalence of
0.1%) and may provide diagnostic clues such as leukaemic cells, leucoerythroblastic picture, giant platelets (e.g. May-Hegglin
anomaly), large platelets (e.g. ITP), small platelets (e.g. Wiskott-Aldrich syndrome), red cell fragmentation (DIC, TTP).

e Abnormal coagulation associated with thrombocytopenia suggests the possibility of DICor liver disease orrarelyvon Willebrand's
disease type IIB.

o The bone marrow will distinguish marrow failure from other causes of thrombocytopenia.

e Plateletantibodytests have not been shown to be important for routine diagnosis and management, but may be useful in special
circumstances, e.g. anti-HPA-1A in neonatal alloimmune thrombocytopenia.

Clinical features

Spontaneous bleeding is rare above a platelet count of 50x10°/litre. Minor bleeding (purpura, epistaxis) may occur below this level. Serious
spontaneous haemorrhage (Gl bleeding, haematuria, cerebral haemorrhage) is unlikely above a count of 10x10°/litre unless there is
concurrent coagulopathyorinfection. For a given degree of thrombocytopenia the risk of bleedingis lowerin ITP than in marrow failure,

probably because young platelets in ITP are larger.
Preoperative preparation

e Unexplained thrombocytopenia should be investigated before elective surgery, as the appropriate precautions will be determined by
the underlying cause.

e Minor procedures such as bone marrow biopsy may be performed without platelet support provided adequate pressure is applied to
the wound.

e Forprocedures such as insertion of central lines, transbronchial biopsy, liver biopsy or laparotomy, the platelet count should be raised
to at least 50x10%/litre.
P.146

e Forlumbar puncture, epidural anaesthesia, and operations in critical sites such as the brain or eyes, the platelet count should be
raised to 100x10%/litre.

e InITP, platelettransfusions should be reserved for major haemorrhage. Preparation for surgery entails the use of steroids or high-dose
immunoglobulins initially.

Platelet transfusions
Astandard adult therapeutic dose of 6 units contains <240x10%/litre of platelets and will on average raise the platelet count by (20—
40)x10%/litre in an adult, providing there are no complicating risk factors such as sepsis or splenomegaly. Platelets must be given either

through a fresh blood-giving set or through a special platelet-giving set (usuallysent with them).
Perioperative and postoperative management

e Efforts directed at minimizing trauma and achieving surgical haemostasis paydividends.

o Monitor platelet count and give platelets as necessaryto maintain a safe level until wound healingis well advanced.

e If microvascular bleeding continues despite a platelet count of <50x10%/litre suspect DIC. If confirmed by coagulation tests give FFP and
cryoprecipitate as appropriate.
Intramuscularinjections and analgesics containing aspirin or NSAIDs should be avoided.
Remember that with renal failure and aspirin abnormal platelet function maycause bleeding with normal platelet counts. DDAVP 40
pugin 50 ml 0.9% saline over 30 min may improve platelet function in renal failure.
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Sickle cell disease

The term sickle cell disease (SCD) refers to the group of clinically significant haemoglobinopathies which have in common the inheritance of
sickle haemoglobin, eitherin the homozygous state (HbSS, sickle cell anaemia) orin combination with another haemoglobin Bchain
abnormality such as haemoglobin C (HbSCdisease), haemoglobin D (HbSD disease) or B-thalassaemia (HbS/ B-thal). Itis estimated that there
are now over 10 000 patients with SCD in Britain. SCD is endemicin parts of Africa, the Mediterranean, the Middle East, and India. The highest
incidence is from equatorial Africa, therefore all black patients should have a sickle test preoperatively. Susceptibility to sicklingis
proportional to the concentration of HbS. In the heterozygous state (sickle cell trait) sickling is uncommon as the HbS concentration is <50%.
HbCand HbD in association with HbS enhance the sickling process while HbF impedes it. Hypoxia, hypothermia, pyrexia, acidosis, and
dehydration (often associated with infection) are known to precipitate sickle crises. The pathology of SCD is primarily a result of vaso-
occlusion bysickled red cells leading to haemolysis and tissue infarction.

Clinical features

e The manifestations of SCD do not become apparent before 3—-4 months of age when the main switch from foetal to adult haemoglobin
occurs.

e There is greatvariability, not only between patients, butalso within individual patients at different periods of life. Many remain well

most of the time.

Vaso-occlusive crises are the most common cause of morbidity and mortality. The presentation may be dramatic with acute abdomen,

‘acute chest syndrome’, stroke, priapism, and painful dactylitis. By the time patients reach adulthood most will have small, fibrotic

spleens. Aless acute complication is proliferative retinopathy due to retinal vessel occlusion and neovascularization (more common

in HbSCdisease).

Aplasticcrises are characterized by temporary shutdown of the marrow manifested by a precipitous fall in the Hb and an absence of

reticulocytes. Infection with parvovirus B19 and/or folate deficiency are often responsible.

e Sequestration crises occur mainlyin children. Sudden massive pooling of red cells in the spleen can cause hypotension and severe
exacerbation of anaemia with fatal consequences unless transfusion is given in time.

e Haemolyticcrises, manifest bya fall in Hb and rise in reticulocytes and bilirubin, usually accompany vaso-occlusive crises. Chronic
haemolysis leads to gallstones in virtuallyall patients with SCD though many remain asymptomatic.

Laboratory features

e The Hbis usually 6-9 g/dl, much lowerthan symptoms suggest. Reticulocytes are almost always increased and the film shows sickled
cells and target cells. Howell-Jolly bodies are presentif the spleen is atrophic. Leucocytosis and thrombocytosis are common reactive
features. In sickle cell trait the Hb and film are normal.
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e Screening tests forsickling which rely on deoxygenation of HbS are positive in both HbSS and HbAS.

e Hb electrophoresis distinguishes SS, AS, and other haemoglobinopathies. Quantitation of the HbS level is importantin certain clinical
situations (e.g. crises) where a level of <30% is aimed for. Itis not necessaryto wait for the results of electrophoresis before
embarking on emergency surgery; a positive sickle testand the blood picture usuallyallow distinction between SCD and sickle cell
trait. A mixed race patient always has sickle cell trait.

Management

e As no effective routine treatment exists for SCD, care is directed toward prophylaxis, support, and treatment of complications. Folic acid
supplements, pneumococcal/HIB vaccinations and penicillin prophylaxis are recommended from an early age, preferably within a
comprehensive care programme.

e Forcrises-rest, rehydration with oral/IV fluids, antibiotics if infection is suspected, maintain PaO,, keep warm, prompt and effective
analgesia.

e Blood transfusions maybe life saving, butthe indications are limited. Exchange transfusions have a limited role in some vaso-
occlusive crises (acute chest syndrome, stroke). Always discuss with a haematologist. Recent studies comparing preoperative exchange
transfusions 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 complications.

Preoperative preparation

Always seek expert advice from a haematologist well before surgery. Asample for group and antibody screening should be sent well in
advance as previouslytransfused sickle cell patients often have red cell antibodies.

Perioperative and postoperative care

Special attention must be given to the potential problems of hypoxia; dehydration, infection, acidosis, hypothermia, and pain associated with
anaesthesia and surgeryin both SCD and sickle cell trait patients. These considerations must be continued well into the postoperative
period.

Dehydration must be avoided by allowing oral fluids as late as possible and giving pre- and postoperative IV fluids.

Hypoxia can be avoided by measuring pulse oximetry and giving prophylactic oxygen.

Prophylactic antibiotic cover should be considered.

Positive pressure ventilation may be required to achieve normocarbia and avoid acidosis.

Hypothermia should be avoided by warming the operating room, using a fluid warmer, and the use of a Bair Hugger(r). Core
temperature should be monitored.

e Regional anaesthesia is not contraindicated and tourniquets can be used if limbs are meticulously exsanguinated prior to inflation.

P.149

Haemoglobin SCdisease

Results from double heterozygosity for HbS and HbC.

Affects 0.1% of American blacks.

Intermediate in severity between sickle cell disease and trait.

Patients develop anaemia, splenomegaly, jaundice, aseptic necrosis of the femoral head, hepaticdisease, retinal disease, and bone
marrow and splenicinfarcts.

e Myocardial necrosis has been described after general anaesthesia.
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e Management principles are as forsickle cell disease.
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Rare blood disorders
Hereditary spherocytosis

An autosomal dominant condition in which erythrocytes have a smaller surface to volume ratio and are abnormally permeable to
sodium.

The inflexible red cells are phagocytized in the spleen resulting in a microspherocyticanaemia with marked reticulocytosis. The cells'
increased osmotic fragility is diagnostic.

Splenomegalyis common. Splenectomy leads to a 50-70% increase in red cell survival.

Splenectomyshould not be performed in children under 10 years of age, and should be followed by pneumococcal, meningococcal, and
HIB vaccine and lifelong oral penicillin, to help avoid infection.

There are no particularanaestheticconsiderations.

Glucose-6-phosphate dehydrogenase (G6PD) deficiency

X-linked trait with variable penetrance in American blacks and people from the Mediterranean.

The disease may afford some protection against malaria and is prevalentin endemicareas.

The G6PD enzyme is responsible for the production of NADPH, which is involved in the cell's defence against oxidative stresses such as
infections (usuallyviral, but also septicaemia, malaria, and pneumonia) or oxidative drugs (aspirin, quinolones, chloramphenicol,
isoniazid, probenacid, primaquine, quinine, sulphonamides, naphthalene, and vitamin K).

Additionally, drugs producing methaemoglobinaemia, such as nitroprusside and prilocaine, are contraindicated, as patients are
unable to reduce methaemoglobin, thereby diminishing oxygen-carrying capacity.

Classically, ingestion of broad (fava) beans results in haemolysis (favism).

Usually the haemolysis of red cells occurs 2 to 5 days after exposure, causing anaemia, haemoglobinaemia, abdominal pain,
haemoglobinuria, and jaundice.

Diagnosis is made by demonstration of Heinz bodies and red cell G6PD assay.

Treatmentincludes discontinuation of the offending agent and transfusion may be required.

Thalassaemias

Thalassaemias are due to absent or deficient synthesis of a- or B-globin chains of haemoglobin. The severity of these disorders is related to
the degree of impaired globin synthesis.

The hallmark of the disease is anaemia of variable degree.

Diagnosis is confirmed by haemoglobin electrophoresis and/or globin chain analysis.

The disease is prevalentin peoples of Mediterranean (mainly B), African (o and B) and Asian (mainly a) extraction.

Patients with a-thalassaemia have mild or moderate anaemia.
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Those with severe B-thalassaemia, also called thalassaemia major, are transfusion dependent.

Since there is no iron excreting mechanism, iron from transfused blood builds up in the reticuloendothelial system, until itis
saturated, when iron is deposited in parenchymal tissues, principally the liver, pancreas, and heart.

Preoperative preparation should include assessment of the degree of major organ impairment (heart, liver, pancreas) secondary to
iron overload.

High-output congestive cardiac failure with intravascular volume overload is common in severe anaemia and should be treated
preoperatively by transfusion.

Previous transfusion exposure may cause antibody production and therefore cross-matching may be prolonged.

The exceedingly hyperplasticbone marrow of the majorthalassaemias maycause overgrowth and deformity of the facial bones
leading to airway problems and making intubation difficult.
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Hypercoagulability syndromes

Polycythaemia

Refers to a pattern of red blood cell changes thatusuallyresults in a haemoglobin <17.5 g/dl in males and <15.5 g/dl in females (this is

accompanied by a corresponding increase in the red cell count 6.0 and 5.5x10*%/litre and a haematocrit of 55% and 47% respectively).
Causes of polycythaemia
Primary  Polycythaemia vera

Due to compensatory erythropoietin increase: high altitude, cardiovascular diseases, especially congenital cyanotic respiratory
disease and alveolar hypoventilation, heavy smoking, methaemoglobinaemia

Due to inappropriate erythropoietin increase: renal diseases (hydronephrosis, cysts, carcinoma), massive uterine fibromyomata,
hepatocellularcarcinoma, cerebellar haemangioblastoma

Secondary

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

Polycythaemia vera

e Presenting features include headaches, dyspnoea, chest pain, vertigo, pruritis, epigastric pain, hypertension, gout, and thrombotic
episodes (particularlyretinal).
The spleen is often enlarged.
The platelet countis raised in 50% of cases.

e Differential diagnosis is with other causes of polycythaemia. These can be excluded by history, examination and blood tests including
bone marrow aspiration, arterial blood gases, and erythropoetin levels.

e Therapyis aimed at maintaining a normal blood count by venesection and myelosuppression with drugs.

e Thrombosis and haemorrhage are a frequent cause of death and 30% develop myelofibrosis and 15% acute leukaemia.

Essential thrombocythaemia

e Megakaryocyte proliferation and overproduction of platelets are the dominant features with a sustained platelet count above
1000x10%/litre.

Closelyrelated to polycythaemia vera with recurrent haemorrhage and thrombosis.

Recurrent haemorrhage and thrombosis are the principal clinical features.

Abnormal large platelets or megakaryocyte fragments maybe seen on a blood film.

Differential diagnosis is from other causes of a raised platelet count.

Platelet function tests are consistentlyabnormal.

Radioactive phosphate oralkylating agents are used to keep platelet counts down.

Causes of a raised platelet count

Haemorrhage, trauma, postoperative
Chronicinfection
Malignancy

R iv - .
eactive Chroniciron deficiency

Connective tissue diseases, e.g. rheumatoid arthritis
Postsplenectomy with continuing haemolyticanaemia
Essential thrombocythaemia

Endogenous . . . . .
Polycythaemia vera, myelosclerosis, or chronic granulocytic leukaemia
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Antiphospholipid syndrome

This is a rare, butincreasingly recognized syndrome, when arterial or venous thrombosis orrecurrent miscarriage occurs with positive
laboratory tests for antiphospholipid antibody and/or lupus anticoagulant (LA). This syndrome may present with another autoimmune disease
such as systemic lupus erythematosus (secondary) oras a primarydisease. The main feature of the disease is thrombosis, with a spectrum
from subacute migraine and visual disturbances to accelerated cardiac failure and major stroke. Arterial thrombosis helps distinguish this
from other hypercoagulable states.

Diagnosis

Paradoxicallythe LA leads to a prolongation of coagulation tests such as the APTT but detailed testing is needed before the diagnosis can be
confirmed.

Perioperative considerations

Patients may present for surgery because of their complications (miscarriage, thrombosis) or forincidental procedures. Initially patients are
started on aspirin but aftera confirmed episode of thrombosis, theyusuallyremain on lifelong warfarin. The high risk of thrombosis in these
patients means thatif warfarin needs to be stopped for surgery, intravenous heparin should be commenced both pre- and postoperatively.
Anaesthesia and surgeryin the hypercoagulable patient

o There are no published guldelines, butitseems prudent that elective patients who are polycythaemicshould be venesected to a
normal blood count to decrease the risk of perioperative thrombosis.

e Antithrombotic stockings and intermittent compression devices should be used with SCheparin.

e Haematological advice maybe required.

Porphyria

See p. 95.
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Jehovah's Witnesses

Richard Telford

The Jehovah's Witness religious movementis 120 years old. There are an estimated 6 million Jehovah's Witnesses worldwide. Most Jehovah's
Witnesses will not accept a transfusion of blood norits derivatives. This includes fresh frozen plasma (FFP), packed cells, white blood cells,
and platelets. This policy was introduced in 1945, and since 1961 members who accept prohibited blood components have been expelled.
However, in June 2000 a directive was issued stating that the organization would no longer expel individuals who did not comply with the
policy of refusal of blood. Absolute rules regarding specific blood products do not exist. Individual Witnesses may accept the use of certain
blood components (e.g. albumin, immunoglobulins, haemophiliac preparations) on a personal basis. Cardiac bypass may be accepted
provided that the extracorporeal circuitis primed with crystalloid and the patient's blood is not stored as a part of the procedure.
Perioperative cell salvage is acceptable to manyJehovah's Witnesses provided the equipmentis arranged in a closed circuit thatis constantly
linked to the circulation and there is no storage of the patient's blood. Some Jehovah's Witnesses permit removal of blood in the anaesthetic
room with reinfusion when surgical blood loss has ended (acute normovolaemic haemodilution), provided the blood remains in contact with
the patient's circulation. Administration of blood or blood products to a competent patient who has refused blood transfusion against their
wishes is unlawful and maylead to criminal and/or civil proceedings forassaultagainstthe doctor. In emergency situations when the doctor
has not been able to ascertain the status of the patient with regard to blood transfusion the doctor has an obligation to actin the best
interests of the patient. This mayinclude the administration of blood or blood products. The doctor must make a detailed entryin the case
notes as to what has been said and get the next-of-kin to countersign the entry. Itis preferable thatthe consultant makes these decisions. If
time permits, opinions of relatives orassociates that the patient would notaccepta blood transfusion must be verified if possible. Evidence
of an advance directive should be sought. Contact with the patient's GP may be worthwhile as some Witnesses mayleave a copy of their
advance directive with him or her. The care of children of Jehovah's Witnesses (aged less than 16 years) may present particular difficulty. If the
parents refuse permission for blood transfusion it may be necessaryto applyfora legal ‘Specific Issue Order’ via the High Court (in Scotland
the Sheriff's Court) in order to administer a blood transfusion without parental consent. In England and Wales there is a judge who is always
on call in London. The Senior Manager on call for the hospital should know how to contact him. A statement will be prepared for the judge and
faxed to the court. It needs to be proven that the child's need for treatmentis so overwhelming for his/her welfare that the parents’ wishes
must be overridden. In an emergency situation, when there is not time to proceed via the court, blood should be transfused. Courts are likely
to uphold this medical decision. Anaesthetists have the right to refuse to anaesthetize Jehovah's Witnesses for elective surgery. However, the
anaesthetistis obliged to provide care in emergency cases, and must respect the patient's wishes.
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Clinical management

e Earlycommunication with the anaestheticdepartmentis essential. Apart from minor surgerya consultantanaesthetistshould be
available who is prepared to manage the patient.

o Meetthe patientas earlyas possible preoperatively with the results of relevantinvestigations to ascertain the degree of limitation of
normal routine management.
There is a specific consent form thatJehovah's Witnesses must sign.

e Atthe preoperative visit establish which treatments are acceptable. ManyJehovah's Witnesses have signed an ‘advance directive’

which stipulates which treatments they will accept. Make the patient aware of the risks of non-acceptance of blood and blood

products.

Specifically discuss and document:

whether acute normovolaemic haemodilution is acceptable

if perioperative cell salvage maybe used.

Involve the local Hospital Liaison Committee in the discussions. Representatives can help avoid confrontation and assist the

understanding of both parties. The address of the local committee may be obtained by contacting Hospital Information Services

(Britain): Tel.: 0208 906 2211; Fax: 0208 343 0201; E mail: his @wbts.org.uk

e Preoperative anaemia should be investigated and treated. Oral iron supplements can be used to improve iron stores (ferrous sulphate
200 mg twice daily). The use of recombinant erythropoetin B has been described (initial dose 20 units/kg SCthree times per week).
Remember that the clinical response takes up to a month. Discussion of an individual case with a haematologist may be useful.

e Majoroperations can sometimes be staged to limit acute blood loss.

e Choice of anaesthetic and operative technique should be chosen to minimize blood loss (e.g. regional anaesthesia and the use of
tourniquets).

Intra-operative management

e Minimize bleeding by careful patient positioning to avoid venous congestion, tourniquets where appropriate, meticulous
haemostasis, and the use of controlled hypotensive anaesthesia where appropriate.

e Considerthe use of invasive monitoring, even when the medical condition of the patient or the nature of the operation would not
usuallywarrantit—in patients who are veryanaemicitis veryimportantto maintain cardiac output to maximize oxygen delivery.

e Considerthe use of systems forintra-operative cell salvage if the operative field is not contaminated by bacteria or malignant cells.
Use of cell salvage in life-threatening obstetrichaemorrhage is controversial because of the concern of precipitating disseminated
intravascular coagulation. Its use has been advocated in life-threatening obstetric haemorrhage in Jehovah's Witnesses.

e Drugs such as tranexamicacid (1 g three or fourtimes a day) and aprotinin have been used to reduce fibrinolysis and increase
coagulability. Desmopressin (0.3-0.4 pug/kg) has been recommended to boost factor VIl levels.

P.157

Postoperative care

e Have a low threshold foradmission to HDU/ICU.

e Treat postoperative oozing aggressively. Remember simple measures such as direct compression. Earlyre-exploration is mandatory.

e Following massive blood loss patients should be electively ventilated to reduce oxygen demand. Augment oxygen delivery with
inotropes if indicated. Considerintravenous iron sucrose (Venofer(r) 100-200 mg IV) three times per week, folinicacid (15 mg/day),
recombinant erythropoetin

® (20 units/kg SCthree times per week) and parenteral nutrition.

e Surface cooling has been advocated to reduce oxygen consumption and increase oxygen deliveryas the amount of dissolved oxygen in
the plasma increases with decreasing temperature. However, hypothermia impairs haemostasis, which may be disadvantageous.

e Hyperbaric oxygen therapy has been described. Referral maybe considered if an appropriate facilityis available. However, few
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hyperbaric chambers can take a ventilated intensive care patient.

Furtherreading

Baker CE, Kelly GD, Perkins GD (1998). Perioperative care of a Jehovah's Witness with a leaking abdominal aorticaneurysm. British Journal of
Anaesthesia, 81, 256-9.
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leucocyte depletion to remove amniotic fluid from operative blood loss at caesarian section. International Journal of Obstetric Anaesthesia, 8,
79-84.
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Rheumatoid arthritis

Rheumatoid arthritis (RA) is a multisystem disorder mainlyinvolving joints. It affects up to 3% of females and 1% of males. Patients are
frequently frail, in chronic pain, and taking medication with adverse effects. Disease-modifying antirheumatic drugs may have
immunosuppressant effects. Airway problems are common.

Preoperative assessment

Articular

e Temperomandibular. Assess mouth opening as it maybe limited.

e Cricoarytenoid. Fixation of the cricoarytenoid joints maylead to voice changes, hoarseness, oreven rarely to stridor from glottic
stenosis. Minimal oedema maylead to airway obstruction postoperatively.

e Atlantoaxial subluxation (AAS) occurs in approximately 25% of severe rheumatoids, but of these only a quarter will have neurological
signs or symptoms. Enquire about tingling hands or feet, neck pain, and assess the range of neck movement. Excessive movement
during anaesthesia can lead to cervical cord compression.

o Anterior AAS. Comprises 80% of all AAS. C1 forward on C2 from destruction of transverse ligament. Significantif there is a gap of
>3 mm between the odontoid and the arch of the atlas in lateral flexion radiographs. Atlantoaxial flexion is potentially
hazardous.

o Posterior AAS. This is rare. Cl backward on C2 resulting from destruction of the odontoid peg. Can be seen on lateral extension
radiographs. Atlantoaxial extension (e.g. from direct laryngoscopy) is potentially hazardous.

o Vertical AAS. Arises from destruction of lateral masses of C1. The odontoid moves upwards through foramen magnum to
compress cervicomedullary junction.

o Lateral AAS. Uncommon. Arises from involvement of the C1/C2 facet joints. More than 2 mm difference in lateral alignmentis
significant. Requires a frontal open mouth odontoid view to assess.

e Subaxial subluxation:

o More than 2 mm loss of alignmentis significant.

o Look forthis particularlyif patient has undergone previous fusion ata higherlevel.

e Otherjoints. Assess joint deformities with a view to positioning and possible anaesthetic technique (if planning an axillary block can
the patientabduct theirarm?). Manual dexterity may be importantif planning to use standard PCA apparatus after surgery. Special
adaptations are available, e.g. trigger by blowing.

Non-articular

e Cardiovascular. Asymptomatic pericardial effusion is relatively common. Myocardial and valvularinvolvement are rare.

e Respiratory. Pulmonaryfibrosis (methotrexate may contribute). Pleural involvementis usually asymptomatic. Pulmonary nodules can
occur.
P.161

e Anaemia-usually normochromicanaemia of chronic disease, drugassociated bone marrow depression, and NSAID-associated blood
loss.

e Renal. Amyloid orinterstitial nephritis may occur. Asymptomatic renal impairmentis common. Drug effects may contribute.

e Nervous system. Peripheral neuropathy. This may be aggravated by pressure effects when positioned on the operating table.
Neurological symptoms and signs may arise from cord or root compression in the neck.
e The skin and veins are fragile.

Investigations

e All patients should have FBC, creatinine and electrolytes, ECG, and chest radiograph.

e Cervical spine radiographs. The role of preoperative cervical spine flexion/extension views is controversial and interpretation is
difficult. The automaticreordering of radiographs in all patients seems unnecessary, particularlyif it will not alter management.
Flexion/extension views are mandatoryin all patients with neurological symptoms orsigns, and in those with persistent neck pain.
Stabilization surgery may be necessary before other elective surgeryis undertaken. Preoperative cervical spine radiographs may help
determine managementin some patients with severe disease requiring intubation but only after review of previous radiographs, case
notes, and anaesthetic charts. Specialist radiological advice may be required. Unless itis certain that the cervical spine is stable,
therefore, all rheumatoid patients should be treated as if they might have an unstable spine. This mayinvolve awake fibreoptic
intubation or manual in-line stabilization when undertaking direct laryngoscopy or LMA insertion.

e Pulmonaryfunction tests should be carried out for patients with unexplained dyspnoea orradiological abnormalities.

o An ENT opinion should be soughtand nasendoscopy performed if there is hoarseness or symptoms and signs of respiratory
obstruction.

e Echocardiographyis needed if there is valvular or pericardial involvementand in symptomatic cardiac disease.

Drugs in the perioperative period

e Considersteroid supplementation (p. 98).

e NSAIDs. Aspirin has irreversible effects on platelet function and should be stopped 10 days prior to surgery. Other NSAIDs should
usually be continued to enable early mobilization, but should be stopped if there is excessive bleeding, shock, or deterioration in
renal function.

e Disease-modifying antirheumatoid drugs (DMARDs). These drugs include gold, penicillamine, and immunusuppressant drugs such as
methotrexate and azathioprine. Leflunomide is a recently introduced DMARD with an improved safety profile. The potential for these
drugs to contribute to increased infection and reduction in wound healing has to be balanced againstthe likelihood of flare-ups of
the disease and delayed mobilization if the drugs are with-drawn before surgery. In practice these drugs are commonly only omitted
fora day ortwo following surgery as there is little evidence that omitting them preoperatively reduces postoperative complications
and in particular wound infections. However, if there is leucopenia
P.162

(e.g. with azathioprine) withdrawal of the drugs for 2-3 weeks before surgery may be advisable (consult with rheumatologist).

e DVT prophylaxis (see p. 11). Early mobilization.

e Gastrointestinal agents. Patients on H2 antagonists, e.g. ranitidine and prostaglandin analogues, should continue priorto and after
surgery.
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Anaesthesia

o Take care of the neck and maintainitin a neutral position atall times when the patientis anaesthetized, especiallyon transferand
turning. Use manual in-line stabilization during airway manipulation whilst the patientis unconscious (unless itis certain that the
spine is stable). If intubation is necessary consider fibreopticintubation (p. 882), particularlyif there is posterior AAS (rare) and/or
predicted difficulty 866. If direct laryngoscopyis undertaken together with manual in-line stabilization use a gum elastic bougie
initially. If this is difficult have a low threshold for converting to awake fibreopticintubation early on.

e Ensure careful positioning and padding/protection of vulnerable areas on the operating table. Note the position before induction,
then try to maintain this during surgery.

e Regional techniques maybe difficult. Patient discomfort from prolonged immobilization may favour general anaesthesia perhaps in
combination with regional catheter techniques.

e Normothermia is especiallyimportant, as hypothermia mayincrease the risk of wound infections.

Postoperative

Adequate pain control allows early mobilization. PCA is often impractical due to impaired hand function.
Continue NSAIDs unless contraindicated.

Physiotherapy and mobilization are important.

Continue DVT prophylaxis until the patientis fully mobile.

Maintain fluid intake and monitorrenal function.

Restart DMARDs to avoid exacerbation of jointimmobility.

Furtherreading

Campbell RSD, Wou P, Watt | (1995). A continuing role for pre-operative cervical spine radiographyin rheumatoid arthritis? Clinical Radiology,
50, 157-9.

Macarthur A, Kleiman S (1993). Rheumatoid cervical joint disease-a challenge to the anaesthetist. Canadian Journal of Anaesthesia, 40, 154-9.
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Matti MV, Sharrock NE (1998). Anesthesia in the rheumatoid patient. Rheumatic Diseases Clinics of North America, 24, 19-34.
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Ankylosing spondylitis

Inflammatory arthritis of the sacroiliacjoints and spine, leading to ankylosis and ‘bamboo spine’. Itis associated with HLA B27 in more than
90% of cases. The male to female ratio is about 4:1. Important anaestheticimplications are both articularand non-articular.

Articular

e Progressive kyphosis and fixation of the spine may preclude an intubating position. Severe cases will be impossible to intubate using
conventional means and tracheostomy mayalso be impossible. Atlantoaxial subluxation and myelopathy can occurrarely. There may
be limited mouth opening from temperomandibularinvolvement. Consider awake fibreopticintubation.

e Axial skeletal involvement may make centroneuraxis block difficult orimpossible. Spinal anaesthesia using a paramedian approach
appears to be the most practical technique for neuraxial block. There may be an increased risk of epidural haematoma in patients
with ankylosing spondylitis possiblyas a result of associated trauma in attempts to place a catheter.

e Limited chestexpansion maylead to postoperative pulmonary complications. Effective external cardiac massage maybe impossible.

e Deformityleads to difficulty with positioning, particularlyif a prone position required.

Non-articular

e Fibrosing alveolitis may occur, exacerbating postoperative hypoxia.
e Aorticregurgitation is presentin 4% of cases. Mitral valve involvement and conduction defects are rare.

e Amyloid maycause renal involvement.

Furtherreading

Schelew BL, Vaghadia H (1996). Ankylosing spondylitis and neuraxial anaesthesia-a 10 year review. Canadian Journal of Anaesthesia, 43, 65-8.
Library Holdings
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Sinclair JR, Mason RA (1984). Ankylosing spondylitis. The case for awake intubation. Anaesthesia, 39, 3-11.
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Systemic lupus erythematosus

This is a chronic multisystem disease commonestin young females, especiallyin pregnancy. Itis characterized by the presence of numerous
antibodies including antinuclear antibody and immune mediated tissue damage. Although joints may be affected there is no deformity or
bonyerosion and no specificairwayimplications. The main anaestheticimplications are cardiovasculardisease, renal disease, and
coagulation status.

Preoperative assessment

e Skin and jointinvolvementare common.

Cardiovascular problems are relatively common and include myocarditis (15%), pericarditis (60%), and non-bacterial endocarditis

affecting the mitral and aorticvalves.

Raynaud's phenomenon is common.

Respiratory system: patchy atelectasis, pleurisy, and fibrosing alveolitis may occur.

Neurological: cranial and peripheral nerve lesions may occur, secondary to arteritis and ischaemia. Depression, psychosis, and fits.

Renal involvement occurs in 60% of patients usuallyin the form of nephrotic syndrome. Progressive renal failure and hypertension may

also occur.

e Haematological: clotting disorders or hypercoagulable states can occur. Patients with systemic lupus erythematosus should have both
full blood count and clotting status checked. Immune thrombocytopenia orcirculating anticoagulants (e.g. antibodies to factor VIll)
may be present. Up to a third of patients with systemiclupus erythematosus may demonstrate features of antiphospholipid syndrome.
This is a hypercoagulable state which paradoxically maybe associated with the presence of lupus anticoagulantand a prolonged
APTT. Since a prolonged APTT mayindicate either a clotting disorder or a hypercoagulable state further haematological advice should
be sought. The anaemia of chronicdisease is common and may be aggravated by blood loss (see p. 152).

e Oral and pharyngeal ulceration are common.

e Drugs; steroids and otherimmunosuppressant drugs are used.

Anaesthesia

o There maybe absolute orrelative contraindications to neuraxial blocks in patients taking anticoagulants orin patients with
coagulopathyassociated with systemiclupus erythematosus. Cases should be considered individually. Contraindications include
platelets <100 000x10°%/litre or INR >1.5 (see p.998). The presence of a peripheral nerve lesion may be a relative contraindication to
neuraxial block.

e Maintenance of normothermia mayreduce the risk of infection as well as lessening the impact of Raynaud's phenomenon if present.

e |fthereis cardiacorrenal involvement consider hourly urine outputand invasive monitoring.

e Steroid supplementation (p. 98).

P.165

Further reading

Davies SR (1991). Systemic lupus erythematosus and the obstetrical patient— implications for the anaesthetist. Canadian Journal of
Anaesthesia, 38, 790-5.
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Madan R, Khoursheed M, Kukla R, al-Mazidi M, Behbehani A (1997). The anaesthetistand the antiphospholipid syndrome. Anaesthesia, 52, 72—
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Scoliosis

Progressive lateral curvature of the spine with added rotation. Scoliosis maybe idiopathic (about 75%) or secondary to other conditions with
anaestheticimplications, forexample

Muscular dystrophies
Poliomyelitis
Cerebral Palsy
Friedrich's Ataxia

Preoperative Assessment
Scoliosis may be progressive and lead to an increasing restrictive ventilatory defect which in turn leads to hypoxia, hypercarbia and pulmonary
hypertension. Corrective surgery may be carried outin the teens to arrest these changes, or the surgery may be non spinal.

e Formal respiratory function tests including vital capacity and oxygen saturation on airare mandatoryin severe cases (>65 degree
curvature).

e Look for evidence of pulmonary hypertension and right heart failure. Some muscular dystrophies may be associated with primary
cardiacabnormalities. Consider echocardiography.
Avoid sedative premedication in patients with poorrespiratoryreserve.
Plan for high dependencyorintensive care in complexcases.

Anaesthesia

e Regional cathetertechniques where possible (usuallyin combination with general anaesthesia) mayreduce postoperative opioid
requirements.

e Monitor neuromuscular function.

e Patients with muscular dystrophies may be susceptible to MH (see p. 199). Avoid suxamethonium and known triggers.

Further reading

Gibbons PA, Lee IS (1985). Scoliosis and anesthesia. International Anesthesiology Clinics, 23, 149-61.
Library Holdings
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Achondroplasia
The commonest form of dwarfism is caused by premature ossification of bones combined with normal periosteal bone formation giving a
characteristicappearance of shortlimbs and a relatively normal cranium. The following should be noted:

The larynx may be small and intubation is occasionally difficult. Have a range of tube sizes and a difficultintubation trolley available.
Foramen magnum stenosis is common. Avoid hyperextension during intubation.

Central and peripheral venous access is often difficult. Consider femoral vein cannulation.

Use an appropriatelysized blood pressure cuff.

Obstructive sleep apnoea is common.

Restrictive ventilatory defects may occurand can lead to pulmonary hypertension.

Regional techniques may be difficult.

The back may be normal. The epidural space is often narrowed.

The volume of local anaesthetic needed foran epidural is reduced. Itis difficult to predict the volume needed fora one-shot spinal.
Use an incremental spinal orepidural catheter technique.

The patientis of normal intelligence. Take care to treat on age ratherthan size.

Furtherreading
Berkowitz ID, Raja SN, Bender KS, Kopits SE (1990). Dwarfs: pathophysiology and anestheticimplications. Anesthesiology, 73, 739-59.
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Morrow MJ, Black IH (1998). Epidural anaesthesia for Caesarian section in an achondroplastic dwarf. British Journal of Anaesthesia, 81, 619-21.
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Epilepsy

Surgeryand anaesthesia in epilepsy

The aim is avoidance of perioperative seizure by avoiding interference with drug therapy (maintaining Gl function) and avoiding metabolic
disturbance (maintaining hydration, glucose, and electrolyte balance). Prolonged starvation should be avoided and the anaesthetic technique
should seek to minimize surgical stress and gastrointestinal dysfunction.

Preoperative assessment

e The nature, timing, and frequency of any seizure should be recorded pre-operatively. The effect of the condition on lifestyle and on
ability to hold a driving licence should be recorded.

e Afull drug historyshould be taken. The effect of dose timing and a missed dose should be recorded.
If prolonged postoperative Gl dysfunction is anticipated, formulate a plan for nasogastric or parenteral anticonvulsant therapy.
A plan for postoperative analgesia should be formulated with the patient.

Conduct of anaesthesia

Avoid prolonged preoperative starvation.
Sedative premedication, if necessary, may be achieved with benzodiazepines. Long-acting drugs such as diazepam (10 mg PO) or
lorazepam (2—4 mg PO) are useful.

e Maintain antiepileptictherapy up to the point of surgery.

e All commonlyused anaestheticagents are anticonvulsantin conventional dosage (see table)—whilstall have been used in epileptics
withoutill effect, itis prudentto use activelyanticonvulsant drugs to avoid the adverse physiological and social consequences of a fit
in a previously well controlled patient.

Thiopental is powerfullyanticonvulsantin the therapeuticrange.

Muscle relaxation is best achieved by drugs without a steroid nucleus (e.g. atracurium, cisatracurium) since enzyme induction by all
commonly used antiepileptic agents (especially phenytoin, barbiturates, and carbamazepine) maylead to reduced activityand shorter
action of agents such as pancuronium and vecuronium.

e Avoidance of hyperventilation (and consequent hypocarbia) is essential since hypocarbia reduces cerebral blood flow and worsens
pre-existing abnormal EEG activity.

e Regional anaesthesia is useful since earlierreturn to oral intake is possible. Maximum local anaestheticdoses should be keptin
mind.

e Antiemetic medication should be with agents unlikelyto cause dystonia (e.g. domperidone 30-60 mg PR, cylizine 50 mg IV/IM,
ondansetron 4 mg IV).

e Anyepileptiform activityin the recovery period should be described and recorded. The misdiagnosis of postoperative shivering or
confusion as epilepsy may have profound implications for the patient since driving privileges maybe withdrawn.

P.171
Drugissues
The following anaestheticand allied drugs should be used with caution in epileptics:

Drug Notes

Reported to produce seizures in children. Increased EEG evidence of

Methohexitone spike activityduring administration. No longer marketed in the UK

Avoided because of cerebral excitatory effects although has been

Ketamine . L . . .
used withoutincidentin manyepileptics

Associated with a high incidence of myoclonus (not centrally

Etomidate mediated). May be confused with epileptic activity

Antiemetics: phenothiazines (e.g. prochlorperazine), central dopamine High incidence of dystonicreactions maylead to confusion with
antagonists (e.g. metoclopramide), butyrophenones (e.g. droperidol) epilepticactivity

Associated with abnormal EEG activity after administration—

Inhalational agents: enflurane . . A
especiallyin presence of hyperventilation

Neuromuscular blockers: steroid based (e.g. vecuronium, pancuronium) Pharmacodynamicresistance due to enzyme activation

Propofol

Propofol is reported to be associated with abnormal movements both during induction and emergence from anaesthesia. Although in most
cases this is unlikelyto represent true seizure activity (EEG studies fail to demonstrate epileptiform activity during these episodes), itis also
likely that patients with controlled epilepsy or previously undetected seizure foci may be prone to seizure during the rapid emergence from
propofol anaesthesia. Propofol is widely used for sedation during ‘awake’ craniotomy for epilepsy surgery. Profound suppression of abnormal
EEG activityis usually noted during its infusion. It has also been reported to be useful in status epilepticus in ITU.

Caution is advised in the administration of propofol to epileptics (particularly those holding driving licences) unless there is overwhelming
clinical need forits administration. Co-induction with benzodiazepine (e.g. midazolam 2 mg IV) may reduce its potential to produce abnormal
movements and reduce the potential for postoperative seizure.

Daycase anaesthesia

All epileptics should be warned of the possibility of perioperative convulsions no matter how minor the procedure to be undertaken. Local
and regional techniques should be used where possible. In general, those with well-controlled epilepsy (seizure free for over 1 year or
nocturnal fits only) can be considered for day case anaesthesia.

P.172

Driving and epilepsy

At present, United Kingdom law mandates the withdrawal of a driving licence from an epileptic until 12 months from the lastseizure. The
implications of a single fitin the postoperative period on a previously well-controlled epileptic cannot be overstated. Up-to-date advice on
fitness to drive is available from the DVLA (Driver and Vehicle Licensing Agency: http://www.dvla.gov.uk).

Whatif oral ornasogastrictherapyis not possible?

The following drugs are available in parenteral orrectal formulations. In general, intramuscular administration of antiepileptic medication
should be avoided because of unpredictable absorption postoperatively and the irritant nature of the formulations.

Drug levels should be measured during parenteral therapy or after changing the route of administration.
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Drug
Carbamazepine

Phenobarbital

Phenytoin

Sodium
valproate

Fosphenytoin

Clonazepam

Notes
125 mg rectal, equivalent to 100 mg oral. Maximum 1 g dailyin four divided doses

200 mg IM repeated 6-hourly. Child 15 mg/kg. Intravenous administration associated with sedation. Slow infusion of dilute
preparation recommended

Loading dose 15 mg/kg IV at rate of no greater than 50 mg/min. Maintenance dose (same intravenous as oral) twice daily.
Infusion usually under ECG and BP control

Intravenous dose same as oral dose, twice daily. Dose to be injected intravenously over 3-5 min

A prodrug of phenytoin. Less irritation and cardiovascularinstability on injection. Absorbed veryslowly after IM injection
although non-irritant. Dose—same dose and frequency as oral phenytoin

Intravenous infusion in high-dependency area only—facilities for airway control available. Child (anyage) 500 ug. Adult 1
mg
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Cerebrovasculardisease

Cerebrovascular disease is manifest by either global cerebral dysfunction (multi-infarct dementia) or focal ischaemicdisorder ranging from
transientischaemic attack to major stroke. Stroke is the third leading cause of death in the industrialized world (after heart disease and
cancer).

Cerebrovascular disease is associated with hypertension, diabetes, obesity, and smoking. The incidence rises with age. Medical treatment
revolves around the treatment of the underlying disorder, cessation of smoking, and antiplatelet/anticoagulant therapy. The use of low-dose
aspirin prophylaxis is gaining wide acceptance and popularity.

Assessment of the patient with cerebrovascular disease

Measure blood pressure (both arms) and test blood glucose. The therapeuticaims are for normotension and normoglycemia.

Take a full drug history.

Antihypertensive drugs can as a rule continue to the time of operation.

Warfarin should be discontinued and substituted with heparin if necessary.

Aspirin is onlydiscontinued if the consequences of haemorrhage are great (e.g. tonsillectomy, neurosurgery, etc.).

Document the nature of anyischaemic events and anyresidual neurological deficit. These mayrange from transient blindness
(amaurosis fugax) to dense hemiplegia. This will help in differentiating new lesions from pre-existing deficits that mayrequire urgent
therapy.

Ask about precipitating events. Vertebrobasilarinsufficiencyis most likely to be precipitated by postural changes and neck
positioning. Avoidance of precipitating neck positions is mandatory.

Transientischaemic attacks (TIA)

These are defined as focal neurological deficits that occur suddenly and last for several minutes to hours but never more than 24 h.
Residual neurological deficit does not occur.

They are thought to be related to embolism of platelet and fibrin aggregates released from areas of atherosclerotic plaque. The risk of
stroke in untreated patients is said to be around 5% perannum with a mortality of around 30% per episode.

Patients with a history of TIAshould be investigated and assessed bya specialistvascularservice if practical. Doppler flow studies,
with or without angiography, are indicated in all cases.

Delayof all but emergencysurgeryis warranted until Doppler studies are performed. If surgery has to be undertaken, the principles of
anaesthesia should be followed as outlined below.

Who needs carotid endarterectomy?

At present only those with history of TIA with good recoveryand a surgically accessible lesion of either greater than 80% stenosis or
‘ragged’ plaque are routinely considered for surgery. Crescendo TIA is considered by some as an indication for urgent surgery.

P.174

Consensus opinion at presentis againstsurgeryin those with asympto-matic carotid bruit.

Cerebrovascular event (CVE or stroke)

This may be caused by:
o cerebral thrombosis
o cerebral embolism
o intracranial haemorrhage.
The underlying cause is usuallyrelated to cerebrovascular disease secondaryto advanced age, smoking, diabetes, and hypertension.
10% of stroke in the industrialized world is due to intracranial haemorrhage.
Haemorrhage mayoccurinto a tumour orvascular malformation.
Embolization may originate from the heart or extracranial vessels.
All maylead to deficits ranging from minor limb weakness to complete hemiplegia and death.
Therapeuticgoals and anaesthetic management are shared with those of TIA.

When to operate

Operation within 6 weeks of a cerebral eventis associated with an up to 20-fold increase in risk of postoperative stroke.

Hemiplegia of less than 6-9 months' duration is associated with exaggerated hyperkalaemicresponse to suxamethonium.

It therefore seems prudentto delayall butlife-saving surgery foratleast 6 weeks following a cerebral event and preferablyto waitat
least 6 months before considering elective surgery.

Anaesthetic management of patients with cerebrovasculardisease

Ensure that antihypertensive medication (with the possible exception of ACE inhibitors) is continued to the time of operation.
ACE inhibiters are associated with non-specific kininase inhibition and may predispose to profound, resistant hypotention under
anaesthesia.
Thromboprophylaxis is advisable unless contraindicated (e.g. low-dose unfractionated heparin).
Ensure that pressorand depressoragents are available priorto induction to treat unwanted changes in blood pressure. Use agents
with which you are familiar. Maintain blood pressure as close as practical to preoperative levels to maintain cerebral blood flow:
o useful pressors are ephedrine/metaraminol
o useful depressors are labetalol, esmolol, GTN.
Blood pressure may ‘swing’ excessively during surgery. This is due to a relativelyrigid vascularsystem and relative hypovolaemia due
to antihypertensive therapy. Intravenous fluid replacement should be proactive rather than reactive, with large-bore IV access and
invasive central pressure monitoring if large fluid shifts are expected.
Ensure that neck positioningis neutral and avoids movements associated with syncope (gained from the history).
P.175

Induction of anaesthesia mayresultin dangerous hypotension followed by extreme hypertension on intubation. Gentle intravenous
induction is indicated. Cover forintubation may be provided by:
o opioid (e.g. alfentanil 500-1000 ug V)
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o beta-blocker (e.g.labetalol 50 mg slow 1V)
o lidocaine (lignocaine) 1-1.5 mg/kg IV.

Avoid hyperventilation. Hypocapnia is associated with reduced cerebral blood flow and therefore cerebral ischaemia. Normocarbia
should be the goal of intra-operative ventilation.

Examine the patient earlyin the postoperative period to determine any change in neurological status. New neurological signs will
require urgent referral to a neurologist/vascularsurgeon and urgent treatmentif possible.
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Parkinson's disease

Parkinsonism is a syndrome characterized by: tremor, akinesia, rigidity, and postural instability. The aetiology of Parkinson's disease is
unknown, but Parkinsonism may be precipitated by drugs (especially neuroleptic agents), or be post-traumatic/postencephalitic.
Pathophysiology

Parkinsonism is due to an imbalance of the mutuallyantagonisticdopaminergicand cholinergic systems of the basal ganglia. Pigmented cells
in the substantia nigra are lost, leading to reduced dopaminergic activity. There is no reduction in cholinergic activity. Drug therapy of
Parkinsonism is aimed atrestoring this balance byeitherincreasing dopamine or dopamine-like activity or reducing cholinergic activity within
the brain.

Medical treatment

Drug therapyin Parkinsonism is limited by severe side-effects (nausea and confusion), especiallyin the elderly. Up to 20% of patients will
remain unresponsive to drug therapy.

Dopaminergicdrugs

e |-dopais aninactive form of dopamine, which needs conversion by decarboxylases to dopamine within the brain to be effective. Itis
the therapy of first choice in idiopathic Parkinsonism. Itis more useful in patients with bradykinesia and rigidity than tremor, and is
usually administered with decarboxylase inhibitors (e.g. benserazide, carbidopa) that do not cross into the brain, reducing peripheral
conversion of dopamine and thus reducing dose and side-effects.

e Monoamine oxidase B inhibitors (MAO-B inhibitors; e.g. selegiline) act by reducing central breakdown of dopamine. Selegiline has
fewer druginteractions than the non-specific MAO inhibitors, but maycause a hypertensive response to pethidine and dangerous CNS
excitability with SSRI and tricyclicantidepressants (see p. 207).

e Ergotderivatives such as bromocriptine, cabergoline, lisuride, and pergolide act by direct stimulation of dopamine receptors. Theyare
usuallyreserved for adjuvant therapyin those alreadyon I-dopa orthose intolerant of the side-effects of I-dopa.

e Entacapone is an adjuvantagentcapable of reducing the dose of I-dopa and increasing the duration of its effect. Itis usually reserved
forthose experiencing ‘end of dose’ deterioration after long-term dopaminergic therapy.

e Otheradjuvantdopaminergicagents are ropinirole, pramipexole, amantadine, apomorphine, and tolcapone.

e There are no parenteral dopaminergicagents currentlyavailable foruse in Parkinsonism.

Anticholinergic (antimuscarinic) drugs

e The mostcommonly used agents in this group are benztropine, procyclidine, benzhexol, and orphenadrine. These agents are indicated
as first-line therapy only when symptoms are mild and tremor predominates. Rigidity
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and sialorrhoea may be improved bythese agents but bradykinesia will not be affected. This class of drugs is useful for drug-induced
Parkinsonism but notin tardive dyskinesia.
e Parenteral formulations exist for procyclidine and benztropine, making these useful foracute druginduced dystonias.

Surgical therapy
Surgery for treatment of Parkinson's induced disabilityis increasing in popularity. Itis normally performed in the awake patient using
stereotactic guided probes:

e Thalamotomyis used in those with tremor as the predominantdisability, especiallyif the tremoris unilateral. Anterior thalamotomy
is sometimes used forrigidity.
e Pallidotomyis primarily for those with rigidity and bradykinesia, although the tremor (if present) mayalso be reduced.

Drugissues

Most patients with severe disease are on several maintenance drugs and drug interactions are a potential hazard (see p. 178).
Anaesthetic considerations

Ideally, patients with severe disease should be under the care of a physician with a special interestin Parkinson's disease and the
perioperative care should involve them.

The following assessmentis of particularinterest:

e Ahistoryof dysphagia or excessive salivation (sialorrhoea) is evidence of increased risk of aspiration and possible failure to maintain
an airwayin the perioperative period. Gastro-oesophageal refluxis common in this group of patients.

e Postural hypotension maybe evidence of both dysautonomia and drug-induced hypovolaemia and should warn of possible
hypotension on induction of anaesthesia or position changes during surgery.

e Drug-induced arrhythmias, especiallyventricular premature beats, are common although theyare usually notclinically significant.

e Respiratory function may be compromised by bradykinesia and muscle rigidity as well as by sputum retention. Chestradiograph, lung
function tests, and blood gases may be indicated.

e Difficultyin voiding maynecessitate urinary catheterization. Postoperative urinaryretention maybe a potent cause of postoperative
confusion.

e The severity of the underlying disease should be determined and other likely problems anticipated, e.g. akinesia, muscle rigidity,
tremor, confusion, depression, hallucinations, and speech impairment.

Conduct of anaesthesia

e Treatment for Parkinsonism should be continued up to the start of anaesthesia. Distressing symptoms may develop as little as 3 h
aftera missed dose.

e Premedication is usuallyunnecessaryunless distressing sialorrhoea is present. Antisialogogue treatments include atropine (10 pug/kg
IM up to 1 mg) or glycopyrrolate (200-400 pg | M).

Drug interactions in Parkinsonism

Class of drug Interaction Notes

Analgesics: pethidine synthetic

opiates e.g. fentanyl, alfentanil Hypertension and muscle rigidity with selegiline May resemble malignant hyperpyrexia

Muscle rigidity More apparentin high doses
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Inhalational agents Potentiates |-dopa induced arrhythmias Avoid use of halothane if ventricular
arrhythmia present on preop. ECG

For management of PONV see p. 179.

Antiemetics: e.g. . .
. . May produce extrapyramidal side effects or worsen . -
metoclopramide, droperidol. . Metoclopramide mayincrease plasma
. Parkinson symptoms )
prochlorperazine concentration of I-dopa
Antipsychotics: e.g.
phenothiazines, May produce extrapyramidal side-effects or worsen Better to use ‘atypical antipsychotics’ such
butyrophenones, piperazine Parkinson symptoms as sulpiride, clozapine, risperidone, etc.
derivatives
Antidepressants: tricyclics (e.g.
amitriptylene) Potentiate I-dopa induced arrhythmias (tricyclics only)
serotonin reuptake inhibitors Hypertensive crises and cerebral excitation with
(e.g. fluoxetine) selegiline (tricyclics and SSRIs)
Marked antihypertensive effectin treated and untreated
Antihypertensives (all classes) Parkinsonism. Related to postural hypotension and Most marked with clonidine and reserpine

relative hypovolaemia

=
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e The presence of preoperative sialorrhoea ordysphagia is a sign of gastro-intestinal dysfunction. Airway control with intubation by
rapid sequence induction may be indicated.

e Maintain normothermia to avoid shivering.

e There is no evidence thatanyanaesthetic technique is superior to any other.

e Analgesia:intravenous morphine is useful if regional orlocal analgesia is not possible (PCA may prove difficult for the patient). Oral

analgesia maybe difficult to administer with coexisting dysphagia (a nasogastric tube maybe necessary).

Postoperative considerations

e In principle, the more disabled the patient preoperatively, the greater the need for postoperative high-dependency and respiratory
care.

Postoperative physiotherapyshould be arranged if rigidityis disabling.

Nasogastric tube insertion maybe needed if Gl dysfunction is presentto allow earlyreturn of oral medication.

e Prolonged Gl dysfunction postoperatively maylead to severe disabilitysince no parenteral dopaminergictherapyis currentlyavailable.

Antiemetics

Domperidone (10-20 mg 4-6-hourly PO or 30-60 mg 4—6-hourly PR). The drug of first choice for PONV in Parkinson patients. It does not
cross the blood-brain barrier to a significant degree and is thus not associated with significant extrapyramidal effects.
Serotonin antagonists ondansetron 4 mg |V or granisetron 1 mg IV slowly, may be useful rescue agents in PONV if domperidone alone

is ineffective.
e Antihistamine derivatives (e.g. cyclizine 50 mg IV/IM).

Further reading
Anesthesia and Parkinson's disease (1996). International Anesthesiology Clinics, 34, 133-50.

Severn AM, Parkinsonism and the anaesthetist (1988). British Journal of Anaesthesia, 61, 761-70.
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Anaesthesia in spinal cord lesions

There are approximately 40 000 patients in the United Kingdom with spinal cord injuries. Most are young adults who may present for a variety
of surgical interventions. Fertility in affected females approaches that of the non-injured population and obstetric services are regularly
required.

Pathophysiology of spinal cord injury

Spinal shock can be divided into three distinct phases:

e The initial phase:veryshort (minutes) period of intense neuronal discharge caused by direct cord stimulation. This leads to extreme
hypertension and arrhythmias, with risk of left ventricular failure, myocardial infarction, and pulmonary oedema. Early treatment with
steroids during this phase mayimprove neurological outcome (referto section on trauma management).

e Spinal shock: follows rapidly from the initial phase and is characterized by hypotension and bradycardia due to loss of sympathetic
tone as well as probable myocardial dysfunction. Itis most common after high cord lesions (above T7). There is associated loss of
muscle tone and reflexes below the level of the lesion. Vagal parasympathetic tone continues unopposed, leading to a tendency to
profound bradycardia and even asystole with tracheal suctioning orintubation. This phase maylastfrom 3 days to 8 weeks. Paralytic
ileus is common during this phase.

e Reflexphase:as neuronal ‘rewiring’ occurs distal to the cord lesion, efferent sympathetic discharge returns, along with muscle tone
and reflexes.

Autonomic dysreflexia

This is characterized by a massive, disordered autonomicresponse to stimulation below the level of the cord lesion. Itis rare in lesions lower
than T7. The incidence increases with higherlesions and is most common in those with cervical lesions. It may occur within 3 weeks of the
original injury butis unlikelyto be a problem after 9 months. The dysreflexia and its effects are thought to arise because of a loss of
descending inhibitory control on regenerating presynaptic fibres and interneurons, leading to chaoticreflexaction and massive release of
catecholamines, especiallynoradrenaline.

Hypertension is the most common feature of this reflexdisorder butis by no means universal. Features include headache, flushing, pallor
(may be manifest above the level of lesion), nausea, anxiety, hypertension, sweating, bradycardia, and penile erection. Less commonly
pupillary changes or Horner's syndrome occur. Dysreflexia may be complicated by seizures, pulmonary oedema, coma, or death and should be
treated as a medical emergency. The stimulus required to precipitate the condition varies butis most commonly:

urological —bladder distension, urinary tract infection, catheterinsertion, etc.
obstetric—labour, cervical dilation, etc.

bowel obstruction/faecal impaction

acute abdomen

fractures

rarely minor trauma to skin, cutaneous infection (bedsores).
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Management

e Discoverthe cause if possible and treat.
e If no apparentcause, examine carefully forunrevealed trauma orinfection, catheterize and check for faecal impaction.

If simple measures fail to control hypertension then treatment options include:

Nifedipine 10-20 mg SL

Phentolamine 2-10 mg IV repeated if necessary

Transdermal GTN

Clonidine (150-300 pg by slow IV infusion) is useful if there is associated hypertension and spasticity.

Beta-blockers are indicated onlyif there is associated tachycardia (bradycardia is more common—see above). A useful drugis esmolol
(10 mg IV repeated until symptoms are controlled) but beware of reflex bradycardia.

Systemic complications of spinal cord lesions

e Reduced blood volume (up to 60 ml/kg, a reduction of approximately 20%).

e Abnormal response to the Valsalva manoeuvre with continued drop in blood pressure (no plateau) and no overshoot with release of
pressure.

e Profound postural hypotension with gradual improvement afterinitial injury (neverto normal). Changes in cerebral autoregulation
reduce its effect on CBF and consciousness in the non-anaesthetized patient.

e lesions above C3—apnoea.

e Llesions at C3/4/5—possible diaphragmatic sparing, some respiratory capacity. Initial lesions may progress in height with shock and
oedema, with recovery as the oedema improves, leading to a marked improvementin respiratory capacity.

e Below C5—phrenicsparing, intercostal paralysis. Recruitment of accessory muscles is necessaryto improve respiratory capacity (this
may take up to 6 months).

Paralysis of abdominal muscles severely affects the ability to force expiration, reducing the ability to cough.

The FVCis betterin the horizontal orslight head-down position due to increased diaphragmatic excursion. Abdominal contents push
the diaphragm higherin this position leading to improved muscle contraction (Starling's law).

Bronchial hypersecretion may occurimmediately after high lesions with resolution after several weeks.

Poorthermoregulation due to isolation of central regulatory centres from information pathways, inability to use muscle to generate
heatand altered peripheral blood flow. This maylead most commonly to hypothermia but occasionally to hyperthermia in hot climatic
conditions.

e Muscle spasms and spasticity occur due to intact reflexes below the level of the lesion. Theyare caused by even minor stimuli such as
light touch. They may be violent enough to injure the patientand maybe severe enough to interfere with surgery and physiotherapy.
Baclofen and diazepam may be necessary, the formerincreasinglyvia epidural infusion.
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e Reduced bone densityleading to increased risk of fractures. There is heterotopic calcification around the joints in up to 20% of
patients.
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e Poor peripheral perfusion leading to pressure sores and difficult venous access.
Anaemia, usually mild unless associated with chronicillness such as decubitus ulcers.
There is a tendency to thrombosis and therefore pulmonary embolism. Some centres warfarinize tetraplegics 5 days afterinitial
presentation.

e There is delayed gastricemptying in tetraplegics —up to five times longer.

Suxamethonium in chronicspinal cord lesions

e After upper motor neuron denervation, the motor endplate effectively extends to cover the entire muscle cell membrane. With
administration of suxamethonium, depolarization occurs over this extended endplate, leading to massive potassium effluxand
potential cardiac arrest.

e Recommendations vary as to the period of potential risk of this phenomenon. It would be prudent to avoid use of suxamethonium from
72 h following the initial injury. There are no reports of clinically significant hyperkalaemia with suxamethonium after 9 months.

e Ifrapid sequence induction with suxamethonium is considered essential during the high-risk phase then potassium flux may be
reduced by precurarization (e.g. 5-10 mg atracurium) and methods of treating hyperkalaemia should be available (calcium,
bicarbonate, insulin/dextrose).

Conduct of anaesthesia

Spinal shock phase

Surgery during this phase is usually confined to the management of life-threatening emergencies and coexisting injury. Anaesthesia should
reflect this.

e Severe bradycardia oreven asystole maycomplicate intubation. Atropine (300 ug 1V) or glycopyrrolate (200 ug 1V) prior to intubation
should prevent this.
Extreme care should be taken if cervical spine injuryis suspected.
Preloading with fluid (500-1000 ml crystalloid) will reduce hypotension on induction.

e Central line insertion maybe necessaryto manage fluid balance and guide appropriate inotrope therapy.

Reflex phase
Previous anaesthetic historyis vital—many procedures in these patients are multiple and repeated. Payclose attention to the following:

Is there a sensorylevel and is it complete? (Risk of autonomic dysreflexia)

If complete, is the proposed surgery below the sensorylevel? (Is anaesthesia necessary?)
Has there been spinal instrumentation? (Potential problems with spinal/epidural)

Is the cervical spine stable/fused/instrumented? (Potential intubation difficulty)

Is postural hypotension present? (Likelyto be worsened by anaesthesia)
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e |s there a history of autonomic dysreflexia (paroxysmal sweating and/or headache) and if so, what precipitated it?
In cervical lesions, what degree of respiratory supportis necessary?
e Are there contractures, pressure sores? (Care with positioning and pressure areas)

Investigations

FBC—potential anaemia.

Urea and electrolytes—potential renal impairment.

Liver functions—possible impairment with chronic sepsis.

Lung function tests (FVC)—mandatory with all cervical lesions due to potential respiratory failure.

Is anaesthesia necessary?
In principle, if the planned procedure would require anaesthesia in a normal patient, it will be required fora cord-injured patient.

e Minor peripheral surgery below a complete sensorylevel is likelyto be safe without anaesthesia.

e Even with minor peripheral surgery, minimal stimulation may provoke muscular spasm that mayrequire anaesthesia to resolve. Local
anaestheticinfiltration may preventits occurrence.

e Care should be taken in those with high lesions (T5 and above) undergoing urological procedures or with a history of autonomic
dysreflexia.

e |fthe decisionis made to proceed without anaesthesia, intravenous access is mandatoryand ECG, NIBP, and pulse oximeter should be
applied.

e An anaesthetistshould be present on ‘standby’ for such procedures.

General anaesthesia

e Monitoring should be applied priorto induction and blood pressure measured before and after every position change. Invasive
monitoring should be performed with the same considerations as for the non-cord injured patient.

e Despite theoretical risk of gastro-oesophageal refluxthere appears to be no increased risk of aspiration. If intubation is necessary for
the desired procedure, anticholinergic pretreatmentis recommended.

e Those with cervical cord lesions are likely to require assistance with ventilation under general anaesthesia. If IPPV is performed in
tetraplegics, blood pressure may drop precipitously. Fluid preloading and vasopressors (ephedrine) may be required.

e With the exception of paralysis to facilitate intubation, neuromuscular blockade is unlikely to be necessaryif the surgeryis below
sensorylevel unless troublesome muscularspasm s present.

e Care should be taken to preserve body temperature (wrapping or forced air warming blankets). Position with respect to pressure areas.

e Fluid management may be difficultas blood volume is usuallylow, and with high cord lesions, reflex compensation for blood loss is
absent. Fluid preloading coupled with aggressive replacement of blood losses with warmed fluid is recommended.
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Regional anaesthesia
Advantages

e Prevents autonomic dysreflexia.



Unlikely to cause cardiovascularinstability since sympathetic tone is alreadylow prior to blockade.

No reported effect of spinal injection of local anaesthetics or opioids on neurological outcome.

Avoids risks of general anaesthesia.

In general, spinal anaesthesia is performed more commonly than epidural anaesthesia as itis technicallyeasierand more reliable in
prevention of autonomic dysreflexia. Use standard doses of local anaesthetic agents (bupivacaine ‘heavy or plain). Intrathecal
opiates appearto conferno advantage.

Disadvantages

o Maybe technicallydifficult to perform. Spinal anaesthesia is usually possible but epidural techniques are likely to fail in the
presence of spinal instru-mentation or previous spinal surgery due to obliteration of the epidural space.

e There is difficultyin determining the success orlevel of blockade in complete lesions. Incomplete lesions are tested in the same way
as fornormal patients and itis theoretically possible to test the level by testing abolition of spasms provoked by ethyl chloride spray
or by observation of relaxation of spasticity.

Postoperative care

Tetraplegics are best nursed supine oronlyslightly head up due to improved ventilatory function in this position.

Temperature should be closely monitored and hypothermia actively treated.

Analgesia should be provided by conventional means according to the type and level of surgery.

Dysreflexia may occur and require drug treatment after removal of precipitating causes (such as pain and urinary retention)—for
treatment, refer to the section above.

Obstetricanaesthesia
Effect of pregnancy on spinal cord injury

e Exaggerated postural hypotension and worsened response to caval occlusion.
e Reduced respiratoryreserve with increased risk of respiratoryfailure and pneumonia. Increased oxygen demand.
e Worsening of pre-existing anaemia due to haemodilution.
e labouris a potentcause of autonomic dysreflexia in those with lesions above T5 (dysreflexia may be the first sign of labourin such
patients).
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Effect of spinal injury on pregnancy

Increased risk of infection (urinary and pressure sores).

Increased risk of premature labour (increasing risk with higher level injury).
Increased risk of thromboembolic complications.

Labour pains will notbe feltin complete lesions above T5.

Lesions between T5 and T10 will be aware of some contractions.

Management of labour

e All cord-injured patients should be reviewed earlyin pregnancyand a plan formulated for the likely need foranalgesia. The relative
risks and difficulties of epidural catheterinsertion should be predicted and discussed with the patient. Aplan foranaesthesia in the
event of Caesarean section should also be formulated and recorded in the patient notes.

e Epidural analgesia is usually possible in those with high cord lesions with-out vertebral instrumentation at the level of catheter
insertion.

e Spinal anaesthesia is usuallypossible forelective Caesarean section and may be achievable with both single-shot or microcatheter
techniques, irrespective of the presence of spinal instrumentation.

e General anaesthesia may proceed with the precautions outlined above.

Epidural analgesia in labour

o The most effective preventive measure forautonomic dysreflexia is adequate epidural analgesia. Those with high lesions mayhave an
epidural commenced priorto induction of labour.

e Hypotensionis notusuallya problem afteradequate fluid preloading (atleasta litre of crystalloid or colloid). However, hypotension
from anycause should be treated aggressivelyin those with high lesions due to the lack of compensatory mechanisms and a tendency
to progressive hypotension.

Aortocaval compression should be avoided by careful positioning for the same reasons.
Autonomic dysreflexia has been reported up to 48 h after delivery. If successful block is achieved it would appear prudent to leave the
epidural in situ for this time to restart analgesia if required.

e Failure to establish adequate epidural blockade may necessitate drug treat-ment of autonomic dysreflexia (see above).

Furtherreading
Hambly PR, Martin B (1998). Anaesthesia for chronic spinal cord lesions Anaesthesia, 53, 273-89.
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Myasthenia gravis

Myasthenia gravis is caused by autoimmune disruption of postsynaptic acetylcholine receptors at the neuromuscular junction. In symptomatic
patients up to 80% of functional receptors are lost, leading to weakness and marked fatigability. The disease mayoccuratanyage butis most
common in young adult women. It may be associated with thymus hyperplasia with approximately 15% of affected patients having thymomas.
Clinicallyimportant manifestations of the disease range from mild ptosis to bulbar palsyand respiratoryinsufficiency. Patients are usually
maintained on anticholinesterase medication (pyridostigmine) and occasionally steroids. Other treatments include immunosuppressants,
thymectomy, and plasma-pheresis in patients with resistant orlife-threatening weakness.

All patients with myasthenia are exquisitely sensitive to the effects of non-depolarizing neuromuscular blocking agents:

e Non-depolarizing drugs should be used sparingly. Monitor the response with a nerve stimulator. Initial doses of around 10-20% of the
normal dose are usuallyadequate.

e Newershort- and intermediate-acting non-depolarizing drugs such as atracurium, mivacurium, or vecuronium are preferable to the
longer-acting drugs.

o Plasmapheresis depletes plasma esterase levels, thus prolonging the effect of drugs eliminated by these enzyme systems
(suxamethonium, mivacurium, ester-linked local anaesthetics).

e Suxamethonium mayhave an altered effect and patients may be resistant to depolarization due to reduced receptor activity, requiring
increased dose. This, in conjunction with treatment-induced plasma esterase deficiency, leads to an increased risk of non-
depolarizing (Phase I1) block.

Preoperative assessment

e Assess the degree of weakness and the duration of symptoms. Those with isolated ocular symptoms of long standing are unlikely to
have progressive disease. Those with poorly controlled symptoms should have their condition optimized unless this is precluded by
surgical urgency.

Any degree of bulbar palsyis predictive of the need for both intra- and postoperative airway protection.
Perform lung function tests —FVC <50% predicted (or <2.9 litres) or those who have coexisting respiratory disease are more likely to
require postoperative ventilation.

e Take a full drug historyand determine the effect thata missed dose of anticholinesterase has on the patient. Those with severe
disease mayundergo rapid deterioration following a single missed dose.

e Maintain anticholinesterase therapy up to the time of induction. Although theoretical inhibition of neuromuscular blockade is
possible, this has never been reported.

Premedication should be minimal.
Facilities for postoperative ventilation should be available.
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Rapid sequence induction

e Suxamethonium maybe used if indicated—doses of 1.5 mg/kg are usually effective.
e |f doubtexists as to the difficulty of intubation, awake techniques may be useful.
o |f suxamethoniumis used, do notuse anyneuromuscular blockade drug until muscle activity has returned and no fade is present.

Perioperative considerations

e All butshort, minimallyinvasive procedures will require ventilation as the respiratory depressant effects of all drugs may be

accentuated.

Avoid any neuromuscular blockade if possible. Intubation and ventilation may be performed using non-paralysing techniques.

If muscle relaxants are necessary use reduced doses (10% normal) under nerve stimulator control (placed and tested before blockade).
Careful titration of dose to effectis necessary.

e Reversal of neuromuscular blocking drugs should be achievable with stan-dard doses of neostigmine if preoperative symptom control
has been good (see below). Avoidance of reversal is preferred since further doses of anticholinesterase mayintroduce the risk of
overdose (cholinergic crisis). Drugs with spontaneous reversal such as atracurium are optimal.

e Considerinserting a nasogastric tube for postoperative anticholinesterase therapyif early return to oral intake is not predicted.

e Extubation should onlybe performed when full return of muscular activity and consciousness allows. The best predictive test for safe
extuba-tion is a sustained head lift of >5s. Those with bulbar palsyneed special care and mayrequire airway protection until the
return of bulbar function.

Postoperative considerations

Postoperative ventilation is likely to be required following major body cavity surgery.

Analgesia maybe provided by anyappropriate means. Regional techniques are especially useful.

Rapid return of therapyis mandatory—via nasogastric tube if necessary.

In the event of gastrointestinal failure and inability to provide oral or naso-gastric anticholinesterase therapy, parenteral therapyis
indicated (see p. 188).

Preoperative predictors of postoperative need for ventilation

e Duration of disease of greaterthan 6 years.

e Ahistory of coexisting chronicrespiratory disease.

e Dose requirements of pyridostigmine >750 mg/day less than 48 h prior to surgery.
e Apreoperative vital capacity of less than 2.9 litres.

Signs of impending respiratory failure

Stridor (may be due to vocal cord adductor weakness)

Inability to cough (vocal cord weakness and reduced vital capacity)

Generalized muscle weakness (inability to sustain hand grip or head lift)

The best monitors of postoperative respiratory capacityare: repeated peak flow measurement (cheap, easy, and reliable if used as trend)
and vital capacity measurement (requires special equipmentand training). These are best done regularly (hourlyinitially) and interpreted
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according to trend
Blood gases and peripheral saturation mayremain normal up to the point of respiratory failure and are thus not reliable monitors of
postoperative respiratory capacity

P.188

Anticholinesterase therapy

An easy conversion for oral pyridostigmine to parenteral (IV, IM, or SC) neostigmine is to equate every 30 mg of oral pyridostigmine to 1 mg of
parenteral neostigmine. If oral therapyis contraindicated for a prolonged period, conversion to a subcutaneous orintramuscular neostigmine
regime is indicated. Fordoses see below.

Principles of perioperative cholinesterase management

Maintain oral cholinesterase therapy up to the point of surgery.
Reversal of neuromuscular blockade is possible with neostigmine if indicated by nerve stimulator—in general, no twitches on train of
four means no reversal possible.

e Dosage of neostigmine should be used under nerve stimulator control, starting with a 2.5-5 mg bolus and increasing if necessary with
a 1 mg bolus every 2-3 min to a maximum equivalent dose to the oral pyridostigmine dose (1:30). For example, if the pyridostigmine
dose is 120 mg 3—4-hourly, then the maximum neostigmine dose should be 4 mg (to be repeated after2-4 h if necessary).

e Resume oral anticholinesterase therapyas soon as practical.

e |f oral therapyis not possible, commence parenteral neostigmine in the doses outlined above.

Thymectomy

Consensus now favours thymectomyin all adults with generalized myasthenia gravis. Remission rates are high and improvement of symptoms
is almostuniversallyattainable (96% gain benefit regardless of preoperative characteristics). The bestresults are achieved in those with
normal or hyperplastic thymus, although those with thymoma (benign orlocallyinvasive) also derive major benefit

The approach mostused is trans-sternal, allowing best access to perform the required anterior mediastinal exenteration. Transcervical
approaches provide less satisfactory access for surgery. Thoracoscopic thymectomyis gaining acceptance, although its reputed benefit of
reduced complications and need for postoperative ventilation is yetto be proven.

Anaesthetic management follows the same general principles outlined in this chapter, although all patients need postoperative care in HDU
orrequire
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ventilation fora short period in the early postoperative period. Fewer than 8% of sternotomies for thymectomy require ventilation for more
than 3 h post-operatively. Aimost all patients will require a degree of muscle relaxation if preoperative preparation has been optimal and
postoperative analgesia can be achieved satisfactorily with epidural or PCA.

Specific drugs of interest in myasthenia gravis

Drug Interaction Notes

Non-
depolarizing
neuromuscular
blocking agents

Avoid use if possible. Start with 10% normal dosage. Always monitor

Marked sensitivit A . : .
y neuromuscular function. Use short- and intermediate-acting agents only

No reported clinical ill effects of using 1.5 mg/kg. Delayed recoveryin
. Resistance to depolarization and delayed patients with induced esterase deficiency (plasmapheresis,
Suxamethonium - . . - .
onset of action anticholinesterase treatment). Follow with non-depolarizing agents only

when full recovery of neuromuscular function is noted

Inhalational All inhalational agents reduce

anaesthetic neuromusculartransmission by up to 50% in May be useful by avoiding neuromuscular blocking agents

agents myasthenia

Intravenous . . . . . . .

anaesthetic No discernible clinical effect on Total intravenous anaesthesia with propofol maybe useful if

agents neuromusculartransmission neuromuscular function is precarious prior to surgery

Local Prolonged action and increased toxicity in

anaesthetic ester-linked agents with anticholinesterase Use minimum dosage required foradequate block. Monitor respiratory

agents therapyand plasmapheresis. Exacerbation of function as with general anaesthesia

& myasthenia reported
Drugs

Prolonged effect and increased toxicity if
patient on plasmapheresis or (theoretically)
anticholinesterase therapy

Suxamethonium, remifentanil, mivacurium, ester-linked local anaesthetics,
esmolol etc.

dependenton
esterases for
elimination

Neuromuscular blocking effects may become Avoid use of aminoglycosides (e.g. gentamicin). Similar effects reported with

Antibiotics clinicallyimportant erythromycin and ciprofloxacin

All the following agents have a reported
effect on neuromusculartransmission:
procainamide, beta-blockers —especially
propranolol, phenytoin

Miscellaneous

Adult: 30-120 mg at suitable interval (usually

4-6-hourly). Do not exceed total daily dose of

720 mg

Child: <6 years initial dose 30 mg; 6-12 years
Pyridostigmine initial dose 60 mg. Total daily dose 30-360

mg

Neonate: 5-10 mg every 4 h, 30-60 min before

Useful duration of action. No parenteral preparation available. Less
powerful and slower onset than neostigmine



feeds

Adult: 15-30 mg PO at suitable intervals (up

to 2-hourly). Total daily dose 75-300 mg

Child: <6 years initial dose 7.5 mg PO; 6-12 More marked Gl effects than pyridostigmine. Useful if parenteral therapy
years initial dose 15 mg PO. Total dailydose indicated but more likelyto require antimuscarinic (atropine or

15-90 mg glycopyrrolate) coverif used by this route

Neonate: 1-5mg PO 4hrly, 30 minutes before

feeds

Neostigmine (by
mouth)

Adult: 1-2.5 mg at suitable interval (usually
2—-4-hourly) Total daily dose 5-20 mg

Child: 200-500 pg as required

Neonate: 50-250 pg 4-hourly 30 min before
feeds

Neostigmine (by
subcutaneous or
intramuscular
injection)

Adult: 2 mg by intravenous injection followed

after30s by8 mgif no adverse reaction Usage limited by ultra short duration of action and cost to diagnosis of
Child: 20 ug/kg 1V followed by 80 ug/kg after myasthenia and differentiation of myasthenicand cholinergiccrises
30s if no adverse reaction

Edrophonium

Adult: 5 mg daily halfan hour before Verylong acting with risk of cholinergic crisis due to dosage accumulation.

Distigmine . . - .
& breakfast. Maximum 20 mg daily Not recommended in small children or neonates

Eaton—-Lambert syndrome

Eaton—-Lambert syndrome (myasthenicsyndrome) is a proximal muscle weakness associated with cancer (most often small cell carcinoma of

the lung).

e The condition is thought to be due to a reduction in the release of acetylcholine (prejunctional failure).
e Itis notreversed byanticholinestrase therapyand muscle weakness is improved by exercise.
e Associated dysautonomia maybe manifestas dry mouth, impaired accommodation, urinary hesitance, and constipation.

Anaestheticimplications

Unlike myasthenia gravis, patients with myasthenic syndrome are sensitive to both depolarizing and non-depolarizing neuromuscularagents.
Reduced doses should be used if the disease is suspected. Maintain a high index of suspicion in those undergoing procedures related to
diagnosis and management of carcinoma of the lung.

Further reading

Baraka A (1992). Anaesthesia and myasthenia gravis. Canadian Journal of Anaesthesia, 39, 476-86.

Library Holdings

Bibliographic Links

Krucylak PE, Naunheim KS (1999). Preoperative preparation and anesthetic management of patients with myasthenia gravis. Seminars in
Thoracicand Cardiovascular Surgery, 11, 47-53.

Library Holdings

Bibliographic Links

Wainwright AP, Brodrick PM (1987). Suxamethonium in myasthenia gravis. Anaesthesia, 42, 950-7.

Library Holdings
Bibliographic Links
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Dystrophia myotonical
Dystrophia myotonica (myotonic dystrophy, myotonia atrophica) is the most common of the dystonias (1in 20 000), the others being myotonia
congenita and paramyotonia.ltis an autosomal dominant trait, presenting in the second or third decade of life.

The disease leads to a persistent contraction of skeletal muscle following stimulation and is characterized by prefrontal balding and
cataracts. The main clinical features are related to muscular atrophy, especially of facial, sternomastoid, and peripheral muscles.

Clinical features

e Muscle contraction is not affected by neuromuscular blocking agents (with the exception of suxamethonium—see below) orregional
anaesthesia.

e Progressive deterioration/atrophy of skeletal, cardiac, and smooth muscle overtime leads to a deterioration in cardiorespiratory
function and a possiblysevere cardiomyopathy.

e Furtherrespiratorydeterioration occurs due to degeneration of the central nervous system, leading to central respiratory drive

depression.

Progressive bulbar palsy, leading to difficultyin swallowing/clearing secretions and a proneness to aspiration.

Degeneration of the cardiac conduction system causes dysrhythmia and atrioventricular block.

There is mitral valve prolapse in approximately 20% of patients.

Mental deterioration after the second decade.

Endocrine dysfunction leading to diabetes mellitus, hypothyroidism, adrenal insufficiency, and gonadal atrophy.

Death usually occurs in the fifth orsixth decade.

Pregnancy may aggravate the disease and Caesarean section is more common due to uterine muscle dysfunction.

Therapyis supportive with the use of antimyotonic medications such as procainamide, phenytoin, quinine, and mexiletine.

Conduct of anaesthesia
Preoperative evaluation

Respiratory: clinical examination supplemented by spirometryand blood gases if indicated.
Cardiac:signs of heart failure and check ECG for conduction problems. Some patients may have a cardiomyopathy thatimproves with
exercise.

e Presence of bulbarpalsyindicated by difficultyin swallowing or clearing secretions.
Inability to cough may necessitate postoperative ventilation or tracheostomy.
Gastricemptying may be delayed—premedication with an antacid (ranitidine 150-300 mg PO) or a prokinetic (metoclopramide 10 mg
PO) maybe indicated.

e There is a weak association between myotonic dystrophy and malignant hyperpyrexia (see p. 199).

P.193
Perioperative

e Suxamethonium produces prolonged muscle contraction (and potassium release) and should be avoided. The contraction may make
intubation, ventilation, and surgery difficult.

e Non-depolarizing drugs are safe to use, but do notalways cause muscle relaxation. Use of a nerve stimulator may provoke muscle
contraction, leading to misdiagnosis of tetany.

e Reversal with neostigmine may also provoke contraction. Non-depolarizing agents with short action and spontaneous reversal

(atracurium, mivacurium) are preferred.

Intubation and maintenance of anaesthesia can often be achieved without the use of any muscle relaxant.

Invasive arterial monitoring is indicated for significant cardiovascularimpairment.

Even small doses of induction agents can produce profound cardiorespiratory depression.

Bulbar palsy mandates intubation under general anaesthesia.

Regional anaesthesia does not prevent muscle contraction. Troublesome spasm may be helped byinfiltration of local anaesthetic

directly into the affected muscle. Quinine (600 mg IV) or phenytoin (3-5 mg/kg IV slowly) have been effective in some cases.

High concentrations of inhaled anaesthetics should be avoided because of their effect on myocardial contraction and conduction.

e Patient warmth must be maintained. Postoperative shivering may provoke myotonia.

Postoperative care

e High-dependencycare is indicated after anything but minor peripheral surgery. Discharge to low-dependencyareas should only be
considered if the patientis able to cough adequatelyand maintain oxygenation on airorsimple supplemental oxygen.
e Analgesia is best provided, if possible, byregional orlocal block to avoid the systemic depressant effects of opiates.

Myotonia congenita

This develops in infancyand earlychildhood and is characterized by pharyngeal muscle spasm leading to difficultyin swallowing. Itimproves
with age and patients have a normal life expectancy.

Paramyotonia

This is extremelyrare. Itis characterized by cold-induced contraction, only relieved by warming the affected muscle. Anaesthetic management
is the same as for myotonic dystrophy. Patient warmth is paramount.

Footnote

1

Imison AR (2001) Anaesthesia and myotonia —an Australian experience. Anaesthesia and Intensive Care 29, 34-7.
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Multiple sclerosis

Multiple sclerosis is an acquired disease of the central nervous system characterized by demyelinated plaques within the brain and spinal
cord. The onset of symptoms usually occurs in early adulthood with 20-30% following a benign course and 5% a rapid deterioration. Itis most
common in geographical clusters within Europe, North America, and New Zealand.

Symptoms range from isolated visual disturbance and nystagmus to limb weakness and paralysis. Respiratory failure due to both respiratory
muscle failure and bulbar palsymaybe a feature in end-stage disease. Symptoms are characterized by symptomatic episodes of variable
severity with periods of remission for several years. Permanent weakness and symptoms develop in some patients, leading to increasingly
severe disability.

The disease is incurable, but steroids and interferon have been associated with improved symptom-free intervals. Most patients suffer from
associated depression. Baclofen and dantrolene are useful for painful muscle spasm.

Demyelinated nerve fibres are sensitive to heat. Atemperature rise of 0.5 °Cmaycause a marked deterioration in symptoms.

Conduct of anaesthesia

e Preoperative evaluation mustinclude a history of the type of symptoms suffered and a detailed neurological examination. This will
allow comparison with postoperative state to elucidate any new lesions.

e Respiratoryfunction may be compromised. Bulbar palsywill lead to increased risk of aspiration and reduced airway reflexes in the
post-anaesthetic period.

e General anaesthesia does not affect the course of multiple sclerosis.

e Regional anaesthesia does not affect neurological symptoms, butit maybe medicolegally prudentto avoid nerve blockade in a limb
susceptible to symptoms.

e Central neuraxial blockade has been associated with recurrence of symptoms. However, this is reduced by use of minimal
concentrations of local anaesthetic/opioid in combination. Epidural analgesia forlabouris not contraindicated as long as local
anaesthetic concentration is keptto a minimum.

e Suxamethonium is associated with a large efflux of potassium in debilitated patients and should be avoided.

e Response to non-depolarizing drugs is normal although caution and reduced dosages are indicated in those with severe disability.

e Careful cardiovascular monitoringis essential since autonomicinstabilityleads to marked hypotensive responses to drugs and
sensitivity to hypovolaemia under anaesthesia.

e Temperature homeostasis is importantand should be monitored in all patients. Pyrexia must be avoided and should be treated
aggressively with antipyretics (paracetamol 1g PR/PO), tepid sponging, and forced air blowers. Hypothermia may delay recovery from
anaesthesia.
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Muscular dystrophy
The muscular dystrophies comprise a range of congenital musculardisorders characterized by progressive weakness of affected muscle
groups. Theycan be classified according to inheritance:

X-linked:

o Duchenne's

o Becker's.
Autosomal recessive:

o limb-girdle

o childhood

o congenital.
Autosomal dominant:

o facioscapulohumeral

o oculopharyngeal.

Duchenne's muscular dystrophy
This is the most common and the most severe form.
Clinical features

Sex-linked recessive trait, clinicallyapparentin males.

Onset of symptoms of muscle weakness atages 2-5 years.

The patientis usually confined to a wheelchair by 12 years.

Death usually by 25 years due to progressive cardiacfailure or pneumonia.

Cardiac: myocardial degeneration leading to heartfailure and possible mitral valve prolapse. Evidence of heart failure is often
apparentby6years (reduced R wave amplitude and wall motion abnormalities). Isolated degeneration of the left ventricle maylead
to right outflow obstruction and right heart failure.

Respiratory: progressive respiratory muscle weakness, leading to a restrictive ventilation pattern, inadequate cough, and eventual
respiratoryinfection and failure.

Axial muscle weakness leads to severe kyphoscoliosis.

Disease progression may be tracked by serum creatinine kinase levels. These are elevated earlyin the disease butreduce to below
normal as muscles atrophy.

Other muscular dystrophies (Becker's, facioscapulohumeral, and limb girdle dystrophy) are less severe than Duchenneapos;s dystrophy, with
onsetata laterage and slower progression of the disease. Isolated ocular dystrophyis associated with a normal lifespan.
Conduct of anaesthesia

Evidence of cardiacand respiratory disease should be sought.

Reduced gut muscle tone leads to delayed gastricemptying and increased risk of aspiration.

P.196

Antacid premedication (H, receptor blocker or proton pump inhibitor) with a prokinetic such as metoclopramide may be useful to
reduce risk of aspiration.

An antisialogogue such as glycopyrrolate 4.5 ug/kg IV may be needed if secretions are a problem.

Careful intravenous induction of anaesthesia with balanced opioid/ induction agent.

Potentinhalational anaesthetics should be used cautiouslyin these patients because of the risk of myocardial depression.
Suxamethonium should be avoided because of potassium efflux and potential cardiac arrest.

Non-depolarizing neuromuscular blockers are safe although reduced doses are required. Nerve stimulator monitoring should be used.
Malignant hyperpyrexia has been associated with muscular dystrophy. The association appears to be weak although a high index of
suspicion should be maintained atall times.

Respiratory depressant effects of all anaestheticdrugs are enhanced and postoperative respiratory function should be monitored
carefully. Those with pre-existing sputum retention and inadequate cough are at high risk of postoperative respiratory failure and may
need prolonged ventilatory support.

Regional analgesia is useful to avoid opiate use and potential respiratory depression after painful surgery. Caudal epidural may be
technically easier to perform than lumbar epidural in those with kyphoscoliosis.
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Guillain Barré syndrome

Guillain Barre syndrome is an immune-mediated progressive demyelination disorder characterized by acute or subacute proximal skeletal
muscle paralysis. The syndrome is often preceded by limb paraesthesia/back pain and in more than half of affected patients bya viral
illness. No single viral agent has been implicated. One-third of patients will require ventilatory support. The more rapid the onset of
symptoms, the more likely the progression to respiratory failure. Impending respiratory failure may be evidenced by difficultyin swallowing
and phonation due to pharyngeal muscle weakness. Inability to cough is a terminal sign. Autonomic dysfunction is common.

More than 85% of patients achieve a full recovery, although this maytake several months. The use of steroids in the management of this
condition remains controversial.

Conduct of anaesthesia

Respiratory supportis likely to be necessary, both during surgeryand in the postoperative period.
Autonomic dysfunction leads to potential severe hypotension during induction of anaesthesia, initiation of positive pressure
ventilation, and postural changes underanaesthesia orrecovery. Hydration should be maintained with wide-bore intravenous access
and pressoragents (ephedrine 3 mg bolus V) prepared priorto induction. Tachycardia due to surgical stimulus may be extreme and
atropine mayelicita paradoxical bradycardia.

e Suxamethonium should be avoided due to potential catastrophic potassium efflux. The risk of hyperkalaemia may persist forseveral
months after clinical recovery.

o Non-depolarizing muscle relaxants maynot be needed, and should be used cautiously.

e Epidural analgesia is useful and mayavoid the need for systemic narcoticanalgesia. Epidural opioids have been used to manage
distressing paraesthesias in these patients.
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Motor neurone disease (amyotrophic lateral sclerosis)

This is a degenerative disorder of upperand lower motor neurones in the spinal cord. It manifests initially with weakness, atrophy, and
fasciculation of peripheral muscles (usually those of the hand) and progresses to axial and bulbar weakness. Progression is relentless, with
death from respiratoryfailure usually occurring within 3 years of diagnosis.

Patients remain mentally competent up to the point of terminal respiratory failure, leading to ethical and moral difficultyin the provision of
long-term ventilation.

Conduct of anaesthesia

e Bulbarpalsyincreases the risk of sputum retention and aspiration. Intubation maybe necessary. Many patients with advanced
disease will have a long-term tracheostomy for airway protection and episodes of mechanical ventilation.
Respiratory supportis likely to be necessary, both during surgeryand in the postoperative period.
Autonomic dysfunction leads to potentially severe hypotension during induction of anaesthesia, initiation of positive pressure
ventilation, and postural changes underanaesthesia orrecovery. Hydration should be maintained with wide-bore intravenous access
if necessaryand pressor agents (e.g. ephedrine 3 mg bolus V) prepared priorto induction.

e Suxamethonium should be avoided due to potential catastrophic potassium efflux.

e Non-depolarizing agents should be used in reduced dosage if necessary and theiraction monitored with a nerve stimulator.
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Malignant hyperthermia

Jane Halsall

Aetiology

Malignant hyperthermia (MH) is a disorder of skeletal muscle, inherited as an autosomal dominant condition. Itis associated with loss of
normal Ca’* homeostasis at some pointin the excitation-contraction coupling system. An abnormality anywhere along this complex process
can cause the clinical features seen in MH. This explains why differing chemical agents trigger MH and also the heterogeneity seen in DNA
studies.

Worldwide about 50% of MH families have been shown to be linked to the ryanodine receptor (RYR1) on chromosome 19q. This is a Ca* efflux
channel on the sarcoplasmic reticulum. Fifteen causative RYR1 mutations have been found to date. Three other probable sites on
chromosomes 1, 3, and 7 have also been linked to MH.

Epidemiology

e Incidence is about 1in 10-15 000 of the general population, although itis difficult to estimate. All races are affected.

e Previously mortality figures were very high (70-80%). Now they are very low (2-3%) due to better monitoring and awareness of MH as
well as the availability of dantrolene.

e New MH susceptible cases (probands) continue to occur, about 20 peryearin the United Kingdom, although there is an increase in the
number of negative probands due to the increased index of suspicion.

e More commonlyseen in young adults, especially males (maybe lifestyle rather than true sex difference).

e Occurs more frequentlyin minorsurgical procedures, e.g. dental/ENT, when suxamethonium and inhalational agents are regularly
used.

e Previous uneventful anaesthesia does not preclude MH, even when triggering agents must have been used. 75% of MH probands have

had previous anaesthesia prior to the MH crisis.

Clinical presentation
The presentation of MH varies considerablyand no one sign is unique to MH. The clinical diagnosis is therefore often difficult. It can be a
florid dramatic life-threatening event or have an insidious onset.

The clinical signs fall into two groups:
o muscle:including muscle rigidity, hyperkalaemia, high CK, myoglobinuria
o increased metabolism:including tachycardia, increased CO, production, metabolic acidosis. Often described as a ‘metabolic
storm’.
The two mostimportant earlysigns are an unexplained increasing ETCO, and a concomitant tachycardia.
Itis importantto exclude other more common causes, e.g. ‘light anaesthesia’, respiratory/ventilatory problems.
If there is unexplained, unexpected increasing ETCO, together with a tachycardia then suspect MH and proceed to ‘Treatment of a
crisis’.
P.200
Masseter muscle spasm (MMS) is also an earlywarning sign (see below).
Increase in temperature is a late sign of MH.
Rarely MH patients may present 2—3 days postoperatively with massive myoglobinuria leading to renal failure due to severe muscle
damage.

Treatment of a crisis

See p. 855.
Masseter muscle spasm (MMS)

MMS occurs during induction of anaesthesia after the administration of depolarizing muscle relaxants, e.g. suxamethonium.
Inhalational agents are unlikelyto cause MMS atinduction but may produce MMS as part generalized muscle rigidity during the course
of anaesthesia.

MMS is a subjective sign, difficult to define, and often not fullyinvestigated. MMS may be the onlysign of MH even with continued
exposure to inhalational agents.

Suspect MMS if jaw stiffness occurs at a time when relaxation would have been expected to occur. Significant MMS will be severe
enough to hinderintubation and persists foratleast 2 min. Suxamethonium can produce short-lived MMS in normal patients.

If significant MMS occurs treat as potentially MH.

If possible abandon surgery, if not convert to ‘MH safe’ technique (volatile free), allow approximately 15 min to ensure that the patient
is stabilized. Monitor ETCO,, temperature, and consider an arterial line.

Investigations that are particularly useful are the initial and 24-h creatine kinase (CK) and examination of the first voided specimen for
myoglobinuria, indicating evidence of muscle damage.

Prolonged severe muscle stiffness greatlyin excess of the ‘normal scoline pains’ may occur.

About 30% of patients who have MMS apparently as the sole sign are MH susceptible but other signs may have been present but not
recorded (have usuallybeen missed rather than absent).

Additional MH signs increase the likelihood of MH significantly: 50-60% if metabolic signs present, 70-80% if muscle signs present.
MMS maybe the firstindication of a previously unsuspected muscle disease, particularly the myotonic conditions. Perform resting CK
and EMG. Consider neurological opinion.

Diagnosis of MH susceptibility

When the clinical diagnosis is suspected refer the patientto an MH unit with all the clinical details/anaesthetic chart/laboratory
results. The timing of the various events is important.

The patientand the familyshould be warned of the potential implications of MH in the meantime.

Unless MH can be clearly excluded on clinical grounds the patient will be offered muscle biopsy (in vitro contracture testing) to confirm
or refute the diagnosis.

MH is not a diagnosis to be made without follow-up arrangements and explanations to the patient.

P.201

Guidelines for diagnostic DNA testing for MH have been published. Anew proband will be screened by muscle biopsyand DNA. If a
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causative mutation is found in the confirmed MH proband, the family maythen be offered DNA screening, otherwise routine muscle
biopsy will be offered. Family members not showing the causative mutation in the proband will still need a muscle biopsy. Itis hoped
that MH centres will manage this process, so thatan up to date centralized register about the best wayto screen each familycan be
maintained.

Diagnostic muscle biopsy

e In vitro contracture testing (IVCT) is the standard diagnostic screening test, using the European MH Group protocol. Living muscle
samples are exposed to halothane and caffeine separatelyunder preset conditions. This is an open invasive procedure usually
performed undera 3in 1femoral nerve block or occasionally general anaesthesia (propofol/fentanyl/nitrous oxide/oxygen) in which
eight muscle fibres about 3—4 cm long are removed from the vastus medialis. The patient needs to travel to the MH centre for this to be
done.

e The diagnosis is considered positive if the muscle produces a contracture in response to halothane and/or caffeine.

e The mostimportantdiagnosis forthe patientis the MH-negative one. Itis accepted thatin order to ensure the accuracy of the MH-
negative diagnosis there is the potential for ‘false positive’ results. Combined results from European MH centres indicate the IVCT has
a 99% sensitivity and 93.6% specificity.

e Once the clinical diagnosis has been confirmed in the proband the familyis then offered screening. The purpose of family screening is
to identify the small number of MH-susceptible patients in the family rather than label the whole family. Onlya small proportion of
the family will need to be screened.

e Familyscreeningis organized on the basis of the autosomal dominantinheritance, so thatrelatives with a 50% chance, i.e. parents,
children, and siblings, are offered screening in the firstinstance.

e Children are not screened until theyare 10-12 years old.

e The MH centre can provide written information, warning cards, and discs for susceptible patients.

Anaesthesia fora known or suspected MH-susceptible patient

e MH patients can only be identified from their history. Preoperative questioning about their personal and familyanaesthetic historyis
therefore essential.

e MH-susceptible patients should not be denied necessarysurgeryon the grounds of MH alone.

o The extra risk of avoiding suxamethonium and the anaesthetic vapours needs to be evaluated for each particular patient and
circumstance. In most cases this would not pose anyadditional risk but will do so in patients with airway problems, e.g. rapid
sequence induction, when inhalational induction would be the usual technique of choice, and the prevention of awareness.

P.202

e Itis notabsolutelyessential to screen suspected patients beforehand, providing that properindividual assessment has been made of
the risks involved, as family screening can take some considerable time to organize. For uncomplicated elective surgery, itis probably

wise to screen the patient first, for their own long-term benefit and that of their descendants.

General anaesthesia must be performed in a main hospital site notin the dental surgery or small outlying hospital.

Local anaesthetics are safe for MH patients, so can be used in dental surgeries etc.

Regional techniques are the method of choice if appropriate, with or without sedation (benzodiazepines, low-dose propofol).

General anaesthesia can be undertaken using propofol infusion, opioids, orregional blockade, spontaneous ventilation or IPPV using
non-depolarizing neuromuscular blocking agents.

e The MH centre can always be contacted for confirmation of history, biopsy results, advice etc.

MH ‘triggering’ agents

e Agents thatare absolutely contraindicated are suxamethonium and all the anaestheticvapours.
e Phenothiazines have been implicated 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 crisis in response to these agents. Theycan be used with caution.

Anaesthesia for the MH susceptible patient

MH
‘triggering’ Avoid suxamethonium and all the anaesthetic vapours
agents
, , All induction agents including ketamine, all analgesics, all non-depolarizing agents, all local anaesthetics (preferablyplain
MH ‘safe . . . . . . .
agents solutions). Atropine/gylcopyrrolate/neostigmine. Ephedrine and other vasopressors. Metoclopramide/droperidol. Nitrous

oxide, benzodiazepines
Monitoring ECG, NIBP, ETCO2, core temperature. Check temp 2 h preop. to establish the baseline and 4-6 h postop.

If no vapour-free machine is available, remove the vaporizers and blow both the anaesthetic machine and the ventilator with
oxygen for 20-30 min. Use fresh clean tubing/masks/ET tubes, etc. If possible select a ventilator with little inner tubing, e.g.
Nuffield Penlon

This is not required prophylactically, as no reaction should occur. Itis unpleasant forthe patient and markedly prolongs the
action of non-depolarizing muscle relaxants. However, it should be readilyavailable

Anaesthetic
equipment

Dantrolene
P.203

Patient with a known family history of MH

e Establish family historyand the relationship of your patient to the proband or other tested family members, together with their names.

e The MH centre will then be able to identify the correct familyand advise on the individual's risk of MH, whetheritis appropriate to be
tested, etc. Depending on the family, it maynot be appropriate to screen your patient first butrather a relation nearest to a known MH
individual. This may exclude the risk of MH in your patient without further need of testing.

e Ifanaesthesia needs to be conducted urgently and the familyinformation cannot be confirmed, treat as potentially MH susceptible.

Suspicious previous anaesthetic history

e Postoperative pyrexia. If the intra-operative and immediate recovery period were uneventful MH is not implicated. If the timing of
pyrexia cannot be established, treat as potentially MH.
e Unexplained/unexpected cardiacarrest/death during anaesthesia has a 50% chance of being due to MH.
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e Postoperative severe myoglobinuria (red/black urine), which may even presentas renal failure in a fit healthy patient, could be due to
MH or a muscle problem.

e Take a thorough history of the event, if possible obtain the records even if at another hospital. If surgeryis urgenttreatas MH
susceptible and resolve the problem afterwards otherwise seek further advice from the MH centre.

Obstetric patients

Mother MH susceptible

Discuss options with the obstetricanaesthetist prior to the estimated date of delivery to formulate plans in case of emergency. Treat with MH
safe agents. Regional techniques are preferable for both labourand instrumental deliveries. Ephedrine can be used to maintain blood
pressure. Syntocinon and ergometrine can be used. Should general anaesthesia be essential a rapid-onset non-depolarizing muscle relaxant
should be used (e.g. rocuronium) and general anaesthesia maintained with a propofol infusion. Itis essential to anticipate airway problems
and consider other options, e.g. awake intubation.

Father MH susceptible

The mothershould not be given MH triggering agents which can cross the placenta. Avoid inhalational agents until after delivery of the baby.
Suxamethonium can be used as itis highlycharged and does not cross the placenta to any great extent.

The babyshould be treated as potentially MH susceptible if it requires surgeryas it has a 50% chance of being affected.

Associated conditions

e Central core disease (CCD) is a non-progressive inherited condition causing peripheral muscle weakness and occasionally
musculoskeletal and cardiac problems. Itis the onlycondition known to be associated with MH, but this is notinvariable. CCD patients
should be treated as potentially MH susceptible but offered screening because of the discordant association.

P.204

Other muscle diseases are notthoughtto be related to MH but clearly cause anaesthetic problems in their own right.
e Heatstroke and King—-Denborough syndrome remain controversial.
e Neurolept malignant syndrome and sudden infant death syndrome are not associated with MH.

MH Centres and the British MH Association (BMHA)

e There is onlyone MH centre in the United Kingdom: Dr P. J. Halsall, MH Investigation Unit, Clinical Sciences Building, St James's
University Hospital, Leeds LS9 7TF. Tel: 0113 2065274; Fax: 0113 2064140; Hotline: 07947 609601 (usually available for medical
emergencies only).

e The British MH Association (BMHA) is a charitable patient support group which provides the ‘hotline’, warning cards/discs and
translations for travel abroad, newsletters, as well as fundraising for research. Secretary Mrs A. Winks, 11 Gorse Close, Newthorpe,
Nottingham NG16 2BZ. Tel: 01773 717901.

e There are 22 MH centres in Europe. Contact the European MH Group Secretary Dr P.J. Halsall (address above) for further details or the
EMHG website: http://www.emhg.org.

e 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,
outside North America, 1-315-464-7079; http://www.mhaus.org. Hotline: 1-800-98-MHAUS.

e ForAustralia contact Dr Neil Street, Anaesthetic Dept, The New Children's Hospital, Westmead, NSW, PO Box 3515 Parramatta 2124. Tel:
(02)9845 0000; Fax: (02) 9845 3489.

e For New Zealand contact Dr Neil Pollock, Anaesthetic Dept, Palmerston North Hospital, Mid Central Health, Palmerston North, NZ. Tel:
(06) 3569169; Fax: (06) 3508566.

Furtherreading
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General considerations

Approximately 20% of people in the United Kingdom suffer from psychiatricill health and approximately 1% will have a major disorder. Many
of these people may present for surgery, either for coexisting disease oras a result of deliberate self-harm. Psychiatric disorders often coexist
with alcohol ordrug abuse (see pp. 220, 222). History taking may be difficult and relatives or carers mayneed to be present for the
preoperative assessment. Consent to surgery oranaesthesia can only be given bya competentadult (see p.4). The majority of patients with
psychiatric disorders can give consent normally.

Psychiatric patients are often surprisingly strong and if confused by unfamiliar faces or surroundings may become aggressive. Sedative
premedication should be considered and adequate personnel should always be present forinduction and emergence in patients atrisk.
Many patients will be on long-term medication and this should be continued throughout the perioperative period whenever possible. Many
psychiatric drugs have the potential to interact with anaesthetic agents.

Schizophrenia

Prevalence 2—4 per 1000. The presence of anyone of Schneider's ‘first-rank symptoms’ in the absence of physical disease. First-rank symptoms
include auditory hallucinations, thought withdrawal, insertion or broadcasting, delusional perceptions, somatic passivityand feelings.
Chronic schizophrenia is characterized by ‘negative symptoms’ such as withdrawal, catatonic disturbances, and lack of emotion. It commonly
begins in late adolescence in eithersexand anysocial group. In the acute phase patients may be highlydelusional and/or aggressive and
may not be able to give informed consent. Controlled schizophrenics may be completelylucid and rational but care must be taken to ensure
that their medication is continued where possible. Some chronic schizophrenics have predominantly negative symptoms and may be
withdrawn and difficult to communicate with.

Manic-depressive disorders

An abnormality of mood. Can be bipolar (mania and depression) or unipolar. In the depressive phase verbal memory may be impaired and
communication difficult. When in the manic phase there maybe disinhibition, flight of ideas, delusions of power, and memorydistubances.
There is a wide spectrum of disease ranging from severe depression through normal stable mood to severe mania.

Neuroses and personality disorders

These represent the largest proportion of psychiatric disorders attending psychiatric outpatients (75%). Includes anxiety, obsession, hysteria,
and hypochondriacal neuroses. The anxiety or obsession can impede normal functioning and cause considerable distress. Catecholamine
levels may be very high or the patient may suffer from hyperventilation. These patients require a great deal of reassurance and premedication
is often required to smooth induction.
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Tricyclicantidepressants

Used for treating severe or endogenous depression. Mayalso be used to treat panicdisorders, neuralgia, and nocturnal enuresis in
children.

Properties include alpha 1 antagonist, anticholinergic, antidopaminergic, and antihistaminic effects.

Side-effects include antimuscarinic (dry mouth, blurred vision, constipation, tachycardia), alpha 1 blockade (hypotension), plus other
effects such as hyponatraemia (possibly due to secretion of antidiuretic hormone), ECG changes, arrhythmias, and blood dyscrasias.
Characteristic ECG changes include increased P-R interval, wide QRS complexes, and decreased T wave amplitude.

Interactions with anaesthetic drugs are common, but generally predictable. Increased catecholamine concentration at central sites
maylead to increased anaestheticrequirements and exaggerated response to endogenous and exogenous catecholamines. The
threshold for ventricular dysrhythmias may be lowered. Where possible, catecholamine administration and drugs causing
catecholamine release (e.g. ephedrine) should be avoided. If augmentation of blood pressure is necessary, direct-acting agents such
as methoxamine maybe used with caution. If hypertensive episodes occur, alpha-blockers such as phentolamine maybe used.
Anticholinergic drugs that cross the blood-brain barrier such as atropine should be avoided as these may precipitate confusional
states postoperatively.
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Lithium

Lithium carbonate is used for the treatment of bipolar depression. It resembles sodium, will permeate voltage-sensitive ion channels, and
may accumulate inside cells causing partial depolarization. It mayinteract with anaesthetic agents that have their effects on sodium
channels. Where levels are above the therapeuticrange there may be prolonged recovery from barbiturates and an increased duration of
action of non-depolarizing muscle relaxants. Levels should be monitored and maintained between 0.4 and 1 mmol/litre. Toxicityis associated
with tremor, convulsions, and renal impairmentand made worse by sodium depletion and dehydration.
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Selective serotonin reuptake inhibitors (SSRI)

Introduced in 1987 these are now the most commonly prescribed antidepressant drugs.

They are highly selective forinhibitors of serotonin reuptake and are considerablyless toxic than tricyclics.
Cardiovascularside-effects are rare. Bradycardias have occasionally been reported and, in patients with coronary artery disease, SSRIs
may precipitate coronary artery vasoconstriction.

Inappropriate ADH secretion has been reported in elderly patients and may present with severe hyponatraemia.

Nausea, vomiting, and diarrhoea are common side-effects due to inhibition of serotonin in the Gl tract.

Platelet aggregation mayoccasionally be impaired.

The ‘serotonin syndrome’ results from increased synapticlevels of serotonin in the brainstem and spinal cord. It presents as
confusion, agitation,

P.208

coma, rigidity, myoclonus, autonomicinstability, fevers, DIC, renal failure, and arrythmias. It may be precipitated by the addition of
drugs such as monoamine oxidase inhibitors, tricyclicantidepressants, pethidine, or pentazocine. Avoidance of these drugs is
recommended. Treatmentis supportive. SSRIs are metabolized by the cytochrome P-450 system and so may interact with other drugs
metabolized by the same system, e.g. warfarin (increased bleeding time). Interactions with the benzodiazepines (increased sedation)
have also been reported.

Acute withdrawal may precipitate a syndrome of anxiety, agitation, and increased sweating.
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Monoamine oxidase inhibitors (MAOI)

e Used forrefractory depression.

e These drugs inhibit the oxidative metabolism of catecholamines at central sites. Older MAOIs were non-selective (inhibiting both
MAO-A and MAOB oxidase enzymes) and irreversible. Newer types are selective for the MAO-A enzyme and cause reversible inhibition
(reversible inhibitor of monoamine oxidase A or ‘RIMA’).

o

o O o

MAO-A preferentially deaminates serotonin, noradrenaline, and adrenaline.

MAO-B deaminates all non-polararomaticamines such as phenylethylamine.

Tryamine and dopamine are metabolized by both forms of the enzyme.

Both enzymes are presentin neural and non-neural tissue with a preponderance of type Ain the brain and type B in the liver
and lungs.

e Non-selective MAOIs have anticholinergic effects, maycause postural hypotension, and are associated with a number of serious side-
effects:

o

O 0O O o

Inhibition of non-neural MAO is responsible forthe ‘cheese’ reaction-a hypertensive crisis induced by eating foods rich in
tyramine. Indirectly acting sympathomimetics such as ephedrine and metaraminol can be
P.209

potentiated in the same wayand should be avoided. Hypertensive crises can be treated with alpha-blocking agents (e.g.
phentolamine) ordirectly acting vasodilators. Noradrenaline 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

Ephedrine, metaraminol Hypertension

Hyperpyrexia, hypotension/hypertension Morphine, fentanyl
Phenylephrine, noradrenaline
Releases stored noradrenaline

Pancuronium Vecuronim, atracurium

Suxamethonium Phenelzine only, due to decreased pseudocholinesterase activity Mivacurium, rocuronium

Tricyclicantidepressants Hypertensive episodes Atypical antidepressants

Generic and proprietory names of common psychiatric drugs

Generic name Proprietory name

Tricyclic antidepressants

Amitriptyline Lentizol, Tryptizol, Triptafen
Amoxapine Asendis

Clomipramine Anafranil

Dothiepin Prothieden

Doxepin Sinequan

Imipramine Tofranil

Lofepramine Gamanil

Nortriptyline Allegron, Motipress, Motival
Protryptiline Concordin
Trimipramine Surmontil
SSRIs

Fluoxitine Prozac
Fluvoxamine Faverin
Citalopran Cipramil
Paroxetine Seroxat
Sertraline Lustral
MAOI non-selective

Phenelzine Nardil

Isocarboxazid Isocarboxazid

Tranylcypromine Parnate

MAOI-A (RIMA)

Moclobemide Manerix

MAQI-B

Selegiline Eldepryl, Zelapar

An adverse interaction is also seen with pethidine, secondary to blockade of 5-HT uptake. This reaction is potentiallyfatal and
manifests itself as agitation, hypertension, hyperthermia, convulsions, and coma. Other opiates have been safelyused
including morphine, fentanyl, alfentanil, and remifentanil.

Pancuronium should be avoided as itreleases stored adrenaline.

Interactions persist for up to 2 weeks after cessation of therapy.

Tranylcypromine is the most hazardous due to stimulant action.

Phenelzine has been shown to decrease pseudocholinesterase concentration and there have been isolated reports of a
prolonged action of suxamethonium. This appears to be unique to phenelzine.
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Itis nolongerrecommended that these drugs be stopped preoperatively due to risks associated with recurrence of depression,
but care should be taken to avoid interactions with the anaesthetic drugs listed above.
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o The new generation of selective MAO-A inhibitors (reversible inhibition of monoamine oxidase type A, RIMAs) are being
increasingly used. They have a short half-life, are well tolerated, have no anticholinergic effects, and do not cause postural
hypotension. They have no central excitatory sideeffects, no interactions with tricyclics, and a clinicallyinsignificantresponse
to ingested tyramine. They may still cause an excitatoryresponse to pethidine so itshould be avoided. Indirectly acting
sympathomimetics (e.g. ephedrine, metaraminol) should also not be used.

o Selegiline is a selective MAO-B inhibitor used in the treatment of Parkinson's disease. Interactions are fewer than with the
MAO-A inhibitors, but pethidine is best avoided and vasopressors used with care.

Furtherreading

Kam P, Chang G (1997). Selective serotonin reuptake inhibitors. Pharmacologiy and clinical implications in anaesthesia and critical care
medicine. Anaesthesia, 52, 982-8.

Ovid Full Text

Full Text
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Stack CG, Rogers P, Linter S (1988). Monoamine oxidase inhibitors and anaesthesia-a review. British Journal of Anaesthesia, 60, 222-7.
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Ure D, Gillies M, James K (2000). Safe use of remifentanil in a patient treated with the monoamine oxidase inhibitor phenelzine. British
Journal of Anaesthesia, 84, 414-16.
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McFarlane HJ (1994). Anaesthesia and the new generation monoamine oxidase inhibitors. Anaaesthesia, 49, 597-9.
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Down's syndrome

Brendan Carvalho

Down's syndrome (trisomy 21) is the commonest congenital abnormality, with an incidence of 1.6 per 1000 births. Anaesthesia and surgery
carrya higher morbidity and mortality than in the general population.

General considerations

In addition to the characteristic dysmorphic features and impaired global development, Down's syndrome is associated with disorders of
many organ systems:

Congenital cardiac defects (in up to 40%)—predominantly endocardial cushion defects and ventricular septal defects.

Eisenmenger's syndrome (pulmonary hypertension with right-to-left shunt) may complicate the perioperative management of the older
child particularlyif there is associated obstructive sleep apnoea.

Recurrent respiratory tract infection due to relative immune deficiency and a degree of upperairway obstruction (tonsillar/adenoidal
hypertrophy).

Atlantoaxial instability (in up to 30% of individuals)—subluxation/dislocation tendency due to bony abnormality of the atlas and axis
and laxity of the transverse atlantal ligament.

Epilepsy (in up to 10% of individuals).

Obesity and potentially difficult venous access.

Preoperative assessment

Careful airwayassessment for potential difficult airway maintenance and intubation (relativelylarge tongue, crowding of midfacial
structures, high arched narrow palate, micrognathia, short broad neck).

Cardiorespiratoryassessment forsigns and symptoms of congenital cardiac defects, pulmonary hypertension, and chestinfections.
Symptoms of atlantoaxial instability (abnormal gait, clumsiness, hyperreflexia, clonus, hemi/quadriparesis, extensor plantars,
neurogenic bladder, ataxia, and sensoryloss), although atlantoaxial instabilityis frequently asymptomatic.

Investigations
Patients have usually been fullyinvestigated by the paediatric team:
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Full blood count (incidence of polycythaemia and leukaemia is 20 times that seen in the general population). Urea and electrolytes
and thyroid function tests (hypothyroidism in up to 40%).

Preoperative investigations as perclinical findings and surgical procedure planned:

ECG as routine.

Chestradiograph if there are cardiorespiratory problems.

Echocardiographyif signs or symptoms are suspicious of a cardiac defect.

Lateral cervical spine radiographs are indicated onlyif there are neurological signs or symptoms, and current opinion would suggest
that routine screeningis inappropriate.

Preparation

Optimize cardiac and respiratory function.

Reduced threshold forarranging HDU/ICU for postoperative care due to the high incidence of perioperative complications.

Patients are often uncooperative and a sedative premedication to prevent struggling during induction is often helpful, e.g. oral
midazolam (0.5 mg/ kg) or temazepam (0.5 mg/kg) in the older age group. Exercise caution if problems with airway obstruction exist.
Establish rapport with parents and carers.

EMLA/Ametop cream should be applied if intravenous induction is planned.

Inhalational induction with sevoflurane/halothane is useful, especiallyin uncooperative patients with difficultintravenous access. IM
ketamine (5-10 mg/kg) is also an option.

Drying agents may be useful if hypersalivation is problematic. Caution should be exercised when giving atropine as exaggerated
sensitivity to both mydriatic and cardiac effects have been reported. Consider a reduced dosage orusing an alternative agents, e.g.
glycopyrrolate.

There is a high incidence of gastro-oesophageal reflux. Give reflux prophylaxis (ranitidine) if symptomatic.

Perioperative considerations

Potential difficultairway maintenance and intubation.

Take care to avoid excessive movements of the neck, especially during laryngoscopy and positioning for surgery.

There is increased incidence of subglottic stenosis in children with Down's syndrome—a smaller tracheal tube than would have been
predicted by age is frequently required.

No abnormal responses to anesthetic drugs have been substantiated.

Prone to hypoventilation—IPPV often preferable to spontaneous ventilation.

Prophylactic antibiotics for cardiac defects should be given prior to predictable bacteraemic events.

Strict asepsis-relative immune deficiencyand increased susceptibility to infections.

Universal precautions—increased incidence of hepatitis Band C.

Postoperative pain management may be problematic. Consider regional blocks wherever possible. PCA can be used successfullyin
appropriate patients.

Postoperative considerations

Patients who are compromised and those undergoing majorsurgeryshould be managed on HDU/ICU postoperatively.

Parents/carers are indispensable in the recovery period as Down's syndrome patients are often agitated postoperativelyand maybe
very difficult to manage.
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Associated hypotonia (up to 75%) may affect the ability to maintain an adequate airway following anaesthesia and patients should be
carefully observed.
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e Patients are prone to atelectasis and respiratory tract infections especially following abdominal and thoracic surgery-humidified
oxygen, regular physiotherapy, adequate analgesia, and close monitoring are required.
e The duration of postoperative ventilation, intensive care, and hospital stayall tend to be longer than the general population.

Further reading
Mitchell V, Howard R, Facer E (1995). Clinical review: Down's syndrome and anaesthesia. Paediatric Anaesthesia, 5, 379-84.
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Anaesthesia for the elderly
Fiona Kelly
Anaesthesia and surgeryin the elderly population are associated with increased morbidity and mortality. Specific factors to considerinclude:

Degenerative disease of all types is commonerin geriatric patients. History may be unreliable and hospital notes occasionally
formidable.

Cardiovascular:ischaemic heart disease is common, with reduced ventricular compliance, contractility, and reduced cardiac output.
Blood flow to the kidneys and brain may be reduced, with impaired autoregulation. Atherosclerosis may be widespread, resultingin a
less compliantarterial tree and systemic hypertension. The physiological response to cardiovascular disturbance may be blunted, due
to reduced baroreceptor sensitivityand impaired autonomic function. Atrial fibrillation is common.

Respiratory: pulmonary elasticity, lung and chest wall compliance, TLC, FVC, FEV1, VC, and inspiratoryreserve are all reduced, with an
increase in residual volume. Although FRCis unchanged, closing capacity falls progressively with age, leading to airway collapse, VQ
mismatch, and hypoxaemia. Atelectasis, pulmonary embolism, and chestinfection are all more common in elderly patients, the latter
in part due to ineffective mucociliary activity. PAO, and PAQ, decrease with age (PAO, = 13.3 - age/30 kPa, or PAO, = 100 - age/ 4 mmHg).
Renal system: glomerular filtration is reduced. Muscle bulk decreases with age resulting in reduced creatinine production, hence even
a modestrise in serum creatinine may representsignificant renal impairment. Tubular function is also impaired, with reduced renal
concentrating ability and reduced free water clearance. Fluid balance is more critical, as responses to both fluid loading and
dehydration are impaired.

Pharmacology: pharmacokinetics are altered, with reduced hepaticand renal blood flow and a reduction in total body water.
Pharmacodynamics mayalso be altered, with increased sensitivityto manyagents, especially CNS depressants. MAC decreases
steadily with age (4-5% per decade after 40 years—for example, the MAC of isoflurane is approximately 0.92 at 80 years of age). Plasma
proteins are often reduced, resulting in reduced protein binding of drugs and metabolites, therebyincreasing free drug levels and
possible toxic effects.

Nervous system:in addition to autonomic dysfunction, cerebrovasculardisease is common, and hearing, vision, and memory may be
impaired. Confusion is more likely, both pre- and postoperatively.

Nutrition: malnutrition is common in the elderly, and is associated with increased morbidity and mortality. Trials of nutritional
supplementation show reduced length of hospital stayand reduced minor postoperative complications, but without a decrease in
mortality. Consider oral protein supplementation, nocturnal nasogastric feeding, oreven TPN in those with significant malnutrition.

Preoperative considerations

Full and thorough assessment—significant cardiac, respiratory, and renal disease may have been previously undetected. An ECG is
required for all patients. Note cognitive function and the level of social support.
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In patients who have sustained a fracture, activelyseek an underlying medical cause for a fall, e.g. arrhythmias, myocardial infarction,
transientischaemic attack, CVE, pulmonary embolus, Gl bleed.

Assessment of exercise tolerance and functional abilityis important. This may be misleading, however, as patients tend to live within
their functional reserve.

Dehydration is common. Many patients do not drink adequately when confined to bed. Consider prescribing preoperative 1V fluids.

Perioperative considerations

Arm-brain circulation time is increased, and dose requirements forinduction agents are drastically reduced. Titrate drugs slowly
against effect, and injectinto a running IV infusion.

Use fluid warmers/body warming devices whenever possible. Elderly patients have a reduced basal metabolicrate and are
susceptible to heatloss as a result of impaired thermoregulation.

Regional anaesthesia mayhave some advantages over general anaesthesia, including fewer thromboembolic complications,
confusion, and respiratory upset postoperatively. However, hypotension is more commonlyseen in elderly patients undergoing
spinal/epidural anaesthesia due to impaired autonomic function and reduced compliance of the arterial tree. General anaesthesia
may be best for those who require precise control of their blood pressure. Regional anaesthesia for hip fractures mayreduce mortality
at 1 month, but regional and general anaesthesia appearto produce comparable results for longer-term mortality.

Careful perioperative fluid balance. Consider measuring the CVP when large fluid shifts are expected. Patients are more often
‘underfilled’ than ‘overloaded’. Regularreview is essential following major surgery.

Postoperative considerations

Prescribe postoperative oxygen therapyfollowing abdominal orthoracic surgery, in the presence of cardiovascularorrespiratory
disease, in situations when there has been significant blood loss, and when opioid analgesia has been prescribed. Nasal cannulae
are often better tolerated.

Postoperative analgesia: consider prescribing a regularsimple analgesicsuch as paracetamol, and use NSAIDs with caution (the
complications of NSAID use are more prevalentin the elderly). Intramuscularand subcutaneous opioids maybe unreliablyabsorbed
due to variable tissue perfusion, and an elderly confused patient may have difficulty using a PCA. Regional techniques oran IV opioid
infusion (with appropriate supervision) may be the most appropriate method of pain relief.

Earlyand frequent physiotherapy and mobilization are extremely important.

Further reading
Dickson RE, Patey RE (1999). Perioperative management of the elderly trauma patient. Hospital Medicine, 60, 425-9.
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Parker MJ, Urwin SC, Handoll HHG, Griffiths R (2000). General versus spinal/ epidural anaesthesia forsurgery for hip fractures in adults
(Cochrane Review). The Cochrane Library, issue 3.
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Latex allergy

Michael Richards

Background

Latexis the sap of Hevea brasiliensis (the rubber tree). Itis a complex mixture of polyisoprene particles in a phospholipoprotein envelope
and a serum containing sugars, lipids, nucleicacids, minerals, and proteins. Latexis made heatstable and elastic by vulcanization (heating
in the presence of sulphur). Chemicals such as accelerators and antioxidants are also added to enhance strength, stretch, and durability.
Latexis found in many of the products used in the operating environment, including gloves, urinary catheters, syringes, drug vial stoppers,
intravenous giving sets, intravenous cannulas, injection ports, masks, airways, endotracheal tubes, rebreathing bags, bellows, and circuits.
Many pieces of surgical equipment also contain latex, including drains, bulb irrigation syringes, vasculartags, and rubber shod clamps.
Epidemiology

Development of latex sensitivityis dependent on previous exposure. There are certain groups at particularrisk of developing latexsensitivity:

e Health care workers: estimates have put the risk of developing latex sensitivityat between 5and 17%, depending on the degree and
nature of exposure; the actual figure may well prove to be much higher (up to 50%).

e Rubberindustry workers: there is an increased incidence of positive skinprick tests to latex, and chronic respiratory symptoms
associated with eosinophilia in this population.

e Neural tube defects (including spina bifida): the reported incidence of latex sensitivity due to recurrent bladder catheterizations is
estimated at between 20 and 65%.

e Fruitallergy:an association between latexand fruitallergy has been described, and cross-reactivity demonstrated with certain fruit
allergens (banana, avocado, passion fruit, tomato, grape, celery, kiwi fruit, chestnut).

Spectrum

e |rritant contact dermatitis: non-allergicirritant contact dermatitis occurs due to damage of the skin from irritation of an exogenous
substance.

e Contactdermatitis: a type IV (delayed) hypersensitivity reaction based on allergicsensitization. Presents with an eczematous eruption,
which can then progress to lichenificaton and scaling on chronic exposure. Mediated by T l[ymphocytes exposed to chemicals added in
the vulcanizing process such as the accelerators (thiurams and thioureas) and antioxidants (benzothiazoles).

e Type | hypersensitivity: IgE-mediated type | hypersensitivity has been attributed to water-soluble proteins in latex and starch powder-
bound proteins. Clinical manifestations mayresult from exposure to latex via a variety of routes including skin, mucous membranes,
inhalation, and intravenous. The three main presentations are:

o Contacturticaria: particularlyin health care workers, typically 10-15 min following, and usually at the site of, exposure. This may
be the initial step in the progression to more severe reactions.
P.218

o Asthma and rhinitis: characterized by bronchial obstruction and secretions. Starch powder used as a lubricant for gloves has
been implicated here.

o Anaphylaxis, vascular collapse, and shock: this is most commonly encountered intra-operatively and although 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.

Clinical features of latexanaphylaxis

A careful history with particular reference to risk factors is important preoperatively to give an indication of potential problems. Onsetis
normally delayed by 20-60 min following exposure to the antigen and progressively worsens over 5-10 min. The reaction presents with
hypotension, rash, and bronchospasm (rash may be absent). It may be difficult to exclude anaphylaxis from anaesthetic drugs since this
presents in a similarmannerand is treated in the same way (see p. 857). Subsequent analysis of serum mast cell tryptase confirms
anaphylaxis and skin-prick testing will determine the causative factor.

Management of elective surgery

The prophylactic use of antihistamines and corticosteriods has not been established.
The patientshould be scheduled first on the operating list (latex can remain in the air).

e Items to be particularly careful of include BP cuff, gloves, urinary catheters, anaesthetic reservoir bag/face masks, syringes, elasticin
disposable hats/TEDS/underpants, IV giving sets, drug vials with latex stoppers.

e Manycompanies are now moving towards latex-free equipment, but each theatre suite should have a list detailing which equipment
is guaranteed latex free.

e The LMA (Intavent) is latex free.
If uncertain about the BP cuff, wrap plasticsheeting around the arm prior to placement.
Most ETTs and airways are latex free.

Every department should have a latex-free trolley containing the following:

e Non-latex gloves. Note that ‘hypoallergenic’ gloves are non-standardized and are often made from latex. Gloves used in patients
allergicto latexshould be made of synthetic rubber such as neoprene or polyvinyl chloride, e.g. ‘Derma Prene’ Ansell Medical or
‘Neotech’ Biogel.

e latex-free equipmentincluding masks and airways (plastic), endotracheal tubes (PVC), reservoir bags (neoprene), valves (silicon), IVI
tubing, bellows, and circuits.

e latex-free (orglass) syringes.
e lLatex-free (or Teflon) intravenous cannulas.
e Barrier protection for placement between latex-containing items and the patient's skin (e.g. Webril).
e Drugs fortreatment of anaphylaxis and latex-free resuscitation equipment.
P.219

Furtherreading

Kam PC, Lee MS (1997). Latex allergy: an emerging clinical and occupational health problem. Anaesthesia, 52, 570-5.
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Anaesthesia for drug misusing patients
Colin Berry

Genera

| points

In the United Kingdom around 1in 4 of the population aged over 16 has taken an illegal drug atsome stage (10 million people).

e Misuse of street drugs is notisolated to innercities and areas of social deprivation.
e Considerdrug misuse in all patients requiring emergency surgeryand anaesthesia. An accurate drug historyis unlikelyto be
forthcoming.
Drug misuse may contribute to a reduced conscious level even if other causes are present (especially trauma).
Drug addicts are exposed to high risks of infective complications associated with intravenous drug abuse. HIV (6% in London) and viral
hepatitis (up to 60%) are commonest. Bacterial endocarditis is rare but serious, and associated with pulmonary abscesses, embolic
phenomena from vegetations, and vasculitis.
e Drugs in common use fall into four groups (see table). Combinations of drugs are common, often with alcohol.
Street drugs in common use
Drug Clinical signs
Cannabis Tachycardia, abnormal affect (e.g. euphoria, anxiety, panic or psychosis), poor memory and fatigue (chronic
use)
Stimulants—cocaine, Tachycardia, labile blood pressure, excitement, delirium, hallucinations, hyperreflexia, tremors, convulsions,
amphetamines, ecstasy mydriasis, sweating, hyperpyrexia exhaustion, coma
Hallucinogens—LSD, Sympathomimetic, weaklyanalgesic, altered judgement and perceptions, toxic psychosis, dissociative
phencyclidine, ketamine anaesthesia

Opioids—morphine, heroin,

opium

Euphoria, respiratory depression, hypotension, bradycardia constipation pinpoint pupils, coma

Anaesthesia

p.221
Opioid

High index of suspicion—especiallyin trauma.

Difficult venous access—intravenous drug users may be able to direct you to a patent vein. May need central venous cannulation or cut-
down forrelatively minor procedures. Consider gas induction.

Take full precautions againstinfection risk.

Plan postoperative analgesia with patient preoperatively—see below.

Resistance to opioids.

misusing patient

Patients who are misusing opioids should expect the same quality of analgesia as other patients. Combinations of regional nerve
blocks and NSAIDs may avoid the need for opioids.

If opioids are the only method of providing analgesia theyshould be administered in the same way as for normal patients with doses
titrated to effect (see p. 988 for a suitable dosing regime).

A small group of ‘ex-addicts’ will have great fears about being prescribed opioids if they have been ‘cured’ of theiraddiction. This
should not become an obstacle to treating postoperative pain, but opioids should clearly not be given without first obtaining consent.
Do not attempt detoxification perioperatively! Opioid addicted surgical patients should be supported by specialist addiction services
during the perioperative period (usually contactable via the local psychiatric services).

Cocaine and crack cocaine

Ecstasy

Further

Cocaine toxicityis mediated by central and peripheral adrenergic stimulation. Presenting symptoms include tachycardia, hypertension,
aorticdissection, arrhythmias, accelerated coronary artery disease, coronary spasm, infarction, and sudden death. Intracerebral
vasospasm can lead to stroke, rigidity, hyperreflexia, and hyperthermia. Inhalation of cocaine can cause alveolar haemorrhage or
pulmonary oedema.

Psychiatric symptoms range from a feeling of elation and enhanced physical strength to full toxic paranoid psychosis.

Patients needing surgery following ingestion of cocaine may need intensive care management whilst they are stabilized. Most of the
life-threatening side-effects of cocaine are due to vasospasm and can be reversed using combinations of vasodilators, antiarrhythmic
agents and alpha/beta-blockers titrated against effect using full invasive monitoring.

Combination local anaesthetic/vasoconstrictors (oranyvasopressor) should be avoided. Tachycardia or hypertensive crisis may result.
If vasopressors are required in theatre use verysmall doses and titrate againstresponse.

Intra-arterial injections of cocaine have lead to critical limb and organ ischaemia. Successful treatment has included regional plexus
blockade, intravenous heparin, stellate ganglion block, intra-arterial vasodilators or urokinase, and early fasciotomy.

(3, 4, methylenedioxymethamphetamine (MDMA))

Approximately 20 people die from taking ecstasyannuallyin the United Kingdom.

Hyperthermia (>39 °C), disseminated intravascular coagulation, and dehydration are common features.

Hyperthermia has been linked to a combination of dehydration and hyperactivity. Excessive ADH release mayalso cause
hyponatraemia leading to coma. Treatmentinvolves carefully monitored fluid and electrolyte replacement.

reading

Cheng DCH (1994). The perioperative care of cocaine abusing patients. Canadian Journal of Anaesthesia, 41, 883-7.
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Anaesthesia and chronicalcohol abuse

Colin Berry

Anaesthetists mayassistin the management of patients who have ingested alcohol acutely or chronically:

e trauma (vehicle related, violence, domestic accidents, child abuse)
e complications of drinking (coma, Gl bleeding, portal hypertension, pancreatitis)
e unrelated surgical procedures in alcoholics.

Physical complications of alcohol abuse

Acute intoxication and coma. Blood alcohol concentration >400 mg/ 100 ml risks respiratoryarrestand carries a 5% mortality.
Alcoholicliverdisease. Earliest form is reversible fatty liver progressing to alcoholic hepatitis, characterized by abdominal pain,
weightloss, jaundice, and fever. Histological changes can be reversed by abstinence. Alcoholiccirrhosis is characterized by jaundice,
ascites, portal hypertension, and hepaticfailure. Cirrhosis is irreversible but abstinence mayresultin stabilization and increased life
expectancy.

Pancreatitis.

Upper gastrointestinal bleeding—gastritis, erosive gastric ulcers, and Mallory-Weiss oesophageal tears. Oesophageal varices in those
with severe liver disease and portal hypertension.

e Cardiacarrhythmias including atrial fibrillation (may complicate binge drinking and chronic misuse). Ventricular arrhythmias.

e Ischaemicheartdisease and hypertension. Modest alcohol intake may offer cardioprotection. Alcoholic cardiomyopathyis
characterized by a dilated hypokinetic left ventricle with a decreased ejection fraction. Patients may present with congestive cardiac
failure and oedema, exacerbated by low serum albumin. Cardiac failure is a feature of heavyalcohol ingestion.

e Hypoglycaemia may complicate acute alcohol intoxication, alcoholicliver disease, and pancreatic disease. More common in children
and adolescents.

e Ketoacidosis may present after binge drinking in association with vomiting and fasting. Blood alcohol concentrations may not be
elevated at the time.

e Convulsions are most commonlyseen 7-48 h after cessation of drinking. Typically tonic-clonic with loss of consciousness. Several fits
over a period of a few days are common. Normally self-limiting unless associated with trauma or sustained unconsciousness.
Hypokalaemia and hypomagnesaemia predispose to convulsions. Exclude other causes such as intracranial bleeds, tumours, or
abscesses.

e Anaemia (macrocytic—direct toxic alcohol effect; megaloblastic—folate deficiency; iron deficiency—poor diet, upper Gl blood loss).
Neutropenia (due to marrow toxicity or folate deficiency). Thrombocytopenia.

e Immunodeficiency with increased prevalence of respiratoryinfections (including TB).

e Skin diseases: psoriasis, eczema, rosacea, fungal infections, and acne are commonerin heavydrinkers.
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Pharmacological considerations

Patients with acute alcohol ingestion are partiallyanaesthetized and reduced concentrations of volatile agents are required to produce
anaesthesia (and respiratoryand cardiac side-effects). Chronic exposure to alcohol induces tolerance to some anaesthetic agents. Serious
liver pathology mayresultin depressed metabolism and drug clearance, which increases drug half-life (see liver failure p. 127).
Preoperative assessment

Quantify excessive drinking and lifestyle. History of other drug misuse.

Ask about weightloss and history of Gl bleeding.

Recurrent chestinfections (smoking, repeated pulmonary aspiration, reduced ciliary activity).

Examine for hypertension, cardiac failure, arrhythmias, fetor, spider naevi, ascites, jaundice, bruising, malnutrition, neglect, tremor,
peripheral neuropathy, psychosis, encephalopathy, convulsions (withdrawal).

Investigations

FBC (increased MCV, iron deficiency, bone marrow depression).

Blood alcohol concentration.

Glucose and electrolytes (hypokalaemia, hypernatraemia, and hypomagnesaemia).

Liver enzymes: raised y-glutamyl-transpeptidase and aminotransferases. Albumin is often reduced.

Coagulation may be abnormal due to clotting factor deficiency (reduced synthesis of factors 11, V, VII, X, and XIII).

ECG: conduction defects, bifid T wave, ST changes (similar to digoxin changes), arrhythmias (commonly AF).
Echocardiogram if suspicion of alcoholic cardiomyopathy: dilated LV, decreased ejection fraction, reduced LV function.
Chestradiograph mayshow aspiration pneumonia, TB, or lung cancer.

Preoperative management

Avoid non-emergency surgeryin the presence of acute alcohol toxicity.
If emergencysurgical intervention is unavoidable, ensure adequate rehydration with careful attention to electrolyte and blood glucose
disturbances. Give intravenous vitamins (e.g. Pabrinexslow IV twice daily for up to 7 days).

e Correctclotting abnormalities. Treatanaemia with appropriate transfusion.

e Patients with liver failure require intensive care if surgeryis planned.

Anaesthetic management

e Patients with Gl bleeding and cirrhosis are in danger of developing hepaticfailure. Inserta gastric tube (with care in the presence of
varices) to stop digestion of blood.
e Regional anaesthesia mayavoid the need forlarge doses of sedative opioids (see below).
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Postoperative management
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e Anticipate alcohol withdrawal symptoms. Most patients can tolerate 24-48 h abstinence perioperatively. With major surgeryitis often
easiest not to complicate management by attempting alcohol withdrawal perioperatively.

e |f problems occur, an infusion of ethanol 5% (add 50 g ethanol to 1litre 0.9% saline or 5% dextrose) can be used to prevent alcohol
withdrawal in the immediate perioperative period. Alternatively, oral or nasogastricadministration of alcoholic drinks may be
appropriate (within limits)!

e Alternativelytreat with chlordiazepoxide (10-50 mg four times a day) if the patient can take oral medication or chlormethiazole if
intravenous therapyis required. An infusion of chlormethiazole 0.8% (8 mg/ml) is initially given at 3-7.5 ml (24-60 mg)/min until the
patientis lightlysleeping, and then reduced to 0.5-1 ml (4-8 mg)/min to maintain sedation. Overdosage with chlormethiazole can
cause profound respiratory depression and should be used with great care if other sedatives/opioids are being used. Manage these
patients in HDU. This should not be a reason to provide inadequate analgesia.

Further reading
Chick J (1993). Alcohol problems in the general hospital. British Medical Bulletin, 50, 200-10.
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Rare syndromes

Aaskog-Scott syndrome

Characteristics: Cervical spine hypermobility/odontoid anomaly, mild/ moderate short stature, cleft lip/palate, skin and skeletal
anomalies/laxity, interstitial pulmonary disease.

Key points: Intubation may be difficult.

Reference:

Teebi AS et al. (1993). Aarskog syndrome: report of a family with review and discussion of nosology. American Joournal of Medical Genetics, 46,
501-9.

Achalasia of the cardia

Characteristics: Motor disorder of the distal two-thirds of the oesophagus, failure of relaxation, dysphagia and regurgitation, risk of malignant
change.

Key points: Increased risk of gastric reflux.

Achondroplasia (see also p. 167)

Characteristics: Dwarfism, normal size trunk, short limbs, disproportionatelylarge head, flat face, possible small larynx, bulging skull vault
and kyphoscoliosis, spinal stenoses in the canal and foramen magnum can occur.

See Dwarfism.

Key points: Possible difficultintubation, care on neck flexion (cord compression), central neural blocks may have unpredictable spread (use
smalleramounts), increased risk of obstructive sleep apnoea.

Reference:

Kalla GN et al. (1986). Anaesthetic management of achondroplasia. British Journal of Anaesthesia, 58, 117-19.
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Reference:

Wardall GJ, Frame WT (1990). Extradural anaesthesia for caesarian section in achondroplasia. British Journal of Anaesthesia, 64, 367-70.
Library Holdings

Bibliographic Links

Acromegaly (see also p. 78)

Characteristics: Enlarged jaw/tongue/larynx, may have nerve entrapment syndromes, respiratory obstruction including sleep apnoea, diabetes
mellitus, hypertension, cardiac failure, thyroid, and renal impairment.

Key points: Difficult intubation and maintenance of the airway, narrow cricoid ring may be present, associated organ dysfunction,
perioperative glucose intolerance.

Reference:

Seidman PA et al. (2000). Anaesthetic complications of acromegaly. British Journal of Anaesthesia, 84, 179-82.
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Albers-Schonberg disease (marble bones)

See Osteopetrosis.

Alagille's syndrome (syndromic bile duct paucity)

Characteristics: Paucity of interlobular bile ducts, chronic cholestasis, cardiac/ musculoskeletal/ocular/facial abnormalities.

Key points: Coagulopathy, pathological fractures, retinopathy, neuropathies (vitamin deficiencies). Pretreat with vitamin K. Splenomegaly may
cause thrombocytopenia. Full CVS assessment (stenosis/ hypoplasia common). Sagittal spinal cleft, cerebellar ataxia, document pre-existing
peripheral neuropathy, gastric reflux risk (abdominal distension).

Reference:

Choudhry DK et al. (1998). The Alagille's syndrome and its anaesthetic considerations. Paediatric Anaesthesia, 8, 79-82.

Full Text
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Albright's osteodystrophy (pseudohypoparathyroidism)

Characteristics: Resistance of target tissues to parathyroid hormone. Short

p.227

stature, round face, short neck, diabetes mellitus, hypocalcaemia.

Key points: Neuromuscularirritabilityand convulsions can occur.

Albright's syndrome

Characteristics: Defective regulation of cAMP, multiple unilateral bone lesions, skin pigmentation, sexual precocityin females, bony deformity
(including skull) and fractures, spinal cord compression. Acromegaly, thyrotoxicosis, Cushing's syndrome may coexist. See Acromegaly.

Key points: Identify endocrine abnormalities, may need largerthan expected ETT. Cardiac arrhythmias may occur, bony deformity may
complicate regional blocks.

Reference:

Langer RA et al. (1995). Anesthetic considerations in McCune-Albright syndrome: case report with literature review. Anesthesia and Analgesia,
80, 1236-9.

Ovid Full Text

Full Text

Library Holdings

Bibliographic Links

Alport syndrome

Characteristics: Hereditary nephropathy, predominantly affecting males, characterized by nephritis progressing to renal failure. Other features
include sensorineural deafness, myopia, and thrombocytopenia with giant forms of platelets.

Key points: Check renal function and clotting, hypertension.

Reference:

Kashtan CE etal. (1999). Alport syndrome: an inherited disorder of renal, ocular, and cochlear basement membranes. Medicine, 78, 338-60.
Ovid Full Text
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Alstrom syndrome

Characteristics: Obesity from infancy, nystagmus, sensitivity to light, progressive visual impairment with blindness byage 7, sensorineural
hearing loss, diabetes mellitus and renal failure in earlyadultlife, cardiac disease.

Key points: Problems associated with obesity/organ dysfunction.

Reference:

Russell-Eggitt LM et al. (1998). Alstrom syndrome: report of 22 cases and literature review. Ophthalmology, 105, 1274-80.

Full Text
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Alveolar hypoventilation

Characteristics: Central hypoventilation due to midbrain lesion or severance of the spinal tracts from the midbrain (Ondine's curse). Periods of
prolonged apnoea, hypoxia, hypercarbia (see p. 000 on sleep apnoea, etc.).

Key points: Abnormal respiratory drive, care with O, supplements if relying on hypoxic drive, re-establishing spontaneous ventilation may be
difficult. Considerregional techniques, postoperative respiratory failure, cor pulmonale, polycythaemia, autonomic dysfunction.

Reference:

Wiesel S, Fox GS (1990). Anaesthesia for the patient with central alveolar hypoventilation syndrome. Canadian Journal of Anaesthesia, 37, 122—
6.
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Reference:

Strauser LM et al. (1999). Anesthetic care for the child with congenital central alveolar hypoventilation syndrome (Ondine's curse). Journal of
Clinical Anesthesia, 11, 431-7.

Full Text
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Amyloidosis

Characteristics: Abnormal deposition of hyaline material in tissues. Macroglossia, unexpected cardiac or renal failure can occur, associated
with other pathologies.

Key points: Assess to detect systems affected. Risk of postoperative organ failure.

Reference:

Welch DB (1982). Anaesthesia and amyloidosis. Anaesthesia, 37, 63-6.

Library Holdings
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Amyotonia congenita

See Spinal muscularatrophy.

Amyotrophiclateral sclerosis (see also p. 198)

Characteristics: Progressive degeneration of lower motor neurons, motor nuclei of the brainstem, descending pathway of the upper motor
neurons. Atrophy and weakness involving most of the skeletal muscles including tongue, pharynx, larynx, and chest wall muscles.
Fasciculation occurs. Sensation normal.

Key points: Impaired ventilation, altered response to muscle relaxants, aspiration risk (laryngeal incompetence), sensitive to respiratory
depressants.

Reference:

Rowland LP, Schneider NA (2001). Amyotrophic lateral sclerosis. New England Journal of Medicine, 344, 1688-700.

Ovid Full Text

Full Text
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Analbuminaemia

Characteristics: Deficiency of albumin.

Key points: Sensitivity to all protein-bound drugs. Titrate drugs carefully.

Reference:

Dammacco F et al. (1980). Analbuminemia: report of a case and review of the literature. Vox Sang, 39, 153-61.
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Andersen's disease

See Glycogen storage disease IV.

Andersen's syndrome

Characteristics: Triad of potassium-sensitive periodic paralysis, ventricular arrhythmias, and dysmorphic features.

Key points: Long QT, spontaneous attacks of paralysis with acute changes in K+, baseline level maybe hypokalaemia/normokalaemia/
hyperkalaemia.

Reference:

Sansone V etal. (1997). Andersen's syndrome: a distinct periodic paralysis. Annals of Neurology, 42, 305-12.

Full Text
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Anhidrotic/hypohydrotic ectodermal dysplasia (Christ-Siemens-Touraine syndrome)

Characteristics: Characterized by hypodontia, hypotricosis, and hypohidrosis.

Key points: Difficultintubation, heatintolerance, recurrent cheatinfections (poor mucus formation).

Reference:

Sugi Y et al. (1999). Anesthetic management of a patient with hypohidrotic ectodermal dysplasia Masui, 48, 888-90.
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Ankylosing spondylitis (see also p. 163)

Characteristics: Asymmetric oligoarthropathy, total vertebral involvement, cardiomegaly, aortic regurgitation, cardiac conduction abnormalities,
pulmonary fibrosis. Bamboo spine.

Key points: Difficult airway and central neural blockade.

Reference:
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Schelew BL, Vaghadia H (1996). Ankylosing spondylitis and neuraxial anaesthesia—a 10-year review. Canadian Journal of Anaesthesia, 43, 65—
8.
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Reference:

Wittmann FW, Ring PA (1986). Anaesthesia for hip replacementin ankylosing spondylitis. Journal of the Royal Society of Medicine, 79, 457-9.
Library Holdings

Bibliographic Links

Antley-Bixler syndrome

Characteristics: Autosomal recessive disorder, multiple bone and cartilaginous abnormalities. Significant craniosynostosis, midface
hypoplasia,
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choanal stenosis or atresia, femoral bowing, radiohumeral synostosis, multiple joint contractures. CVS, renal, and Gl malformations have also
been described.

Key points: Potential difficult airway, extremity deformities may complicate vascularaccess and positioning.

Reference:

LeBard SE, Thiemann LJ (1998). Antley-Bixer syndrome: a case reportand discussion. Paediatric Anaesthesia, 8, 89-91.

Full Text

Library Holdings

Bibliographic Links

Apert's syndrome

Characteristics: Craniosynostosis, high forehead, maxillary hypoplasia, relative mandibular prognathism, cervical synostosis, visceral
malformations, congential heart anomalies.

Key points: Airway difficulties, assess for other organ involvement and raised ICP.

Reference:

Ciceri G etal.(1997). Anesthesia in Apert syndrome. Minerva Anestesiol., 63, 167-9.

Reference:

Nargozian C(1991). Apert syndrome. Anesthetic management. Clinics in Plastic Surgery, 18, 227-30.
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Arnold-Chiari malformation

Characteristics: Group of congenital hindbrain anomalies causing downward displacement of pons and medulla with variable neurological
sequelae.

Key points: Preoperative assessment of CNS function and response to neck movement and ICP. Careful neuroanaesthetic (usual potential
problems).

Reference:

Semple DA, McClure JH (1996). Arnold-Chiari malformation in pregnancy. Anaesthesia, 51, 580-2.

Ovid Full Text
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Arthrogryposis (congenital contractures)

Characteristics: Skin and subcutaneous tissue abnormalities, contracture deformities, micrognathia, cervical spine and jaw stiffness. 10% have
associated congenital heartdisease.

Key points: Difficult airway and venous access, sensitive to thiopental, hypermetabolicresponse is probably not MH.

Reference:

Hopkins PM et al. (1991). Hypermetabolism in arthrogryposis multiplex congenita. Anaesthesia, 46, 374-5.
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Reference:

Nguyen NH et al. (2000). Anaesthetic management for patients with arthrgryposis multiplex congenita and severe micrognathia. Journal of
Clinical Anesthesia, 12, 227-30.

Full Text
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Asplenia syndrome

Characteristics: Complex congenital heart defects, asplenia, and visceral anomalies.

Key points: Cardiac failure, frequently hiatus hernia and reflux, recurrent pneumonias.

Reference:

Uchida Ketal.(1992). Anesthetic management of an infant with a single ventricle (asplenia syndrome) for non-cardiac surgery. Masui, 41,
1793-7.
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Ataxia-telangiectasia

Characteristics: Progressive cerebellarataxia, conjunctival telangiectases, progressive neurological degeneration. Recurrent chestand sinus
infections, malignancies (leukaemias), sensitive to X-rays/radiotherapy (cellular damage), premature aging.

Key points: Recurrent chestinfections, bronchiectasis.
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Reference:

Gatti RAetal. (1991). Ataxia-telangiectasia:an interdisciplinary approach to pathogenesis. Medicine, 70, 99-117.
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Axenfeld-Reiger syndrome

Characteristics: Ocularand dental defects, maxillary hypoplasia, heart defects, short stature, mental deficiency

Key points: Potential airway problems.

Reference:

Asai Tetal.(1998). Difficult airway managementin a baby with Axenfeld-Reiger syndrome [letter]. Paediatric Anaesthesia, 8, 444.
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Bartter syndrome

Characteristics: Growth retardation, hypertrophy and hyperplasia of the juxtaglomerularapparatus, ADH antagonism by protaglandins,
hyperaldosteronism, hypokalaemic alkalosis, normal BP, diminished response to vasopressors, plateletabnormalities.

Key points: Maintain CVS stability, control serum K+, meticulous fluid balance, caution with renally excreted drugs. Central neural anaesthesia
may be hazardous (stature, clotting, pressorresponse).

Reference:

Abston PA, Priano LL (1981). Bartter's syndrome: anestheticimplications based on pathophysiology and treatment. Anesthesia and Analgesia,
60, 764-6.
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Behget's syndrome

Characteristics: Chronic multisystem vasculitis of unknown aetiology. Diagnosed by triad of recurring iritis, mouth ulceration, genital
ulceration. Vasculitis mayinvolve other organ systems.

Key points: Possible altered fibrinolysis, previous oral ulceration/ scarring may complicate airway management, full assessment of other
organ function, minimize needle punctures (diffuse inflammatory skin reaction), autonomic hyper-reflexia may occur with spinal cord
involvement.

Reference:

Lee LA (2001). Behcet disease. Seminars in Cutaneous Medicine and Surgery, 20, 53-7.
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Reference:

Turner ME (1972). Anaesthetic difficulties associated with Bechet's syndrome. British Journal of Anaesthesia, 44, 100.
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Beckwith-Wiedemann syndrome (infantile gigantism)

Characteristics: Macroglossia, microcephaly, omphalocele, perinatal/postnatal gigantism, neonatal hypoglycaemia (hyperinsulinism),
possible congenital heart disease (ASD/VSD/PDA/ hypoplastic LV).

Key points: Abnormal airway anatomy, congenital heart disease, and severe hypoglycaemia. Extubate awake.

Reference:

Suan Cetal. (1996). Anaesthesia and the Beckwith-Wiedemann syndrome. Paediatric Anaesthia, 6, 231-3.

Reference:

Gurkowski MA, Rasch DK (1989). Anesthetic considerations for Beckwith-Wiedemann syndrome. Anesthesiology, 70, 711-12.

Library Holdings
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Bernard-Soulier syndrome (giant platelet syndrome)

Characteristics: Congenital lack of membrane glycoprotein GP1b, reduced numbers of huge platelets, prolonged bleeding time.

Key points: Severe bleeding tendency, possiblyimproves with age, plateletinfusions maybe needed.
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Blackfan-Diamond syndrome (congenital red-cell aplasia)

Characteristics: Congenital hypolasticanaemia, growth retardation, congestive cardiac failure.

Key points: Hepatosplenomegaly (may reduce FRC), hypersplenism, thrombocytopenia.

Reference:

Willig TN et al. (2000). Diamond-Blackfan anemia. Current Opinion in Haematology, 7, 85-94.

Bland-White-Garland syndrome

Characteristics: Anomalous origin of left coronary artery from the pulmonary trunk, chronic myocardial ischaemia, subendocardial fibrosis, LV
dilatation, valvularinsufficiency (papillary muscle damage), congestive cardiac failure.

Key points: Perioperative myocardial failure, often difficult to wean from ventilation.

Reference:

Kleinschmidt S et al. (1996). The Bland-White-Garland syndrome. Clinical picture and anaesthesiological management. Paediatric
Anaesthesia, 6, 65-8.
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Bloom's syndrome

Characteristics: Rare autosomal recessive disorder due to chromosome breakage and recombination, short stature, photosensitive, facial
telangiectasic erythema, predisposition to malignant diseases.

Key points: Potential difficulties with mask fitand laryngoscopy, limit X-rays to minimum (may damage cells).

Reference:

Aono J et al. (1992). Anesthesia for a patient with Bloom's syndrome. Masui, 41, 255-7.
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Buerger's disease (thromboangiitis obliterans)

Characteristics: Peripheral vascular disease with ulceration, Raynaud's phenomenon, hyperhidrosis, bronchitis and emphysema.
Key points: Non-invasive BP may over-read.

Bullous cysticlung disease

Characteristics: Non-communicating lung cysts may be more compliant than normal lung.

Key points: Risk of rupture with IPPV causing pneumothorax. Avoid N20. High-frequency jet ventilation has been used successfully.
Reference:

Normandale JP, Feneck RO (1985). Bullous cystic lung disease. Anaesthesia, 40, 1182-5.
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Burkitt's lymphoma

Characteristics: Undifferentiated lymphoblastic lymphoma most commonly affecting the jaw (also abdominal organs, breasts, testes).
Key points: May be difficultintubation.

Reference:

Palmer CD et al. (1998). Anaesthetic management of a child with Burkitt's lymphoma of the larynx. Paediatric Anaesthesia, 8, 506-9.
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Cantrell's pentalogy

Characteristics: Defect of the supraumbilical abdominal wall, agenesis of the lower part of the sternum and anterior portion of the
diaphragm, absence of diaphragmatic part pericardium, cardiac malformation (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:

Laloyaux P et al. (1998). Anaesthetic management of a prematurely born infant with Cantrell's pentalogy. Paediatric Anaesthesia, 8, 163-6.
Full Text
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Carpenter's syndrome

Characteristics: Cranial synostosis with small mandible, congenital heart disease (PDA/VSD), obesity, umbilical hernia and mental
retardation, cerebrospinal malformations (narrowed foramen magnum, hypoplastic posterior fossa, kinked spinal cord).

Key points: Difficultintubation and system anomalies.

Reference:

Islek | etal.(1998). Carpenter syndrome: report of two siblings. Clinical Dysmorphology, 7, 185-9.

Library Holdings

Reprints/Rights

Bibliographic Links

Central core myopathy

See Congenital myopathy.

Cerebrocostomandibular syndrome

Characteristics: Micrognathia, cleft palate, rib defects/microthorax, mental deficiency, early death from respiratory complications.
Key points: Difficultintubation, tracheal anomalies.

Reference:

Smith KG, Sekar KC (1985). Cerebrocostomandibular syndrome. Case reportand literature review. Clinical Pediatrics, 24, 223-5.
Library Holdings
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Chagas'disease (American trypanosomiasis)

Characteristics: Many assymptomatic cases, malaise, anorexia, fever, unilateral oedema, hepatomegaly, cardiac failure, chronic myocarditis,
megacolon/megaoesophagus.

Key points: Gastricrefluxrisk and associated organ dysfunction.

Reference:

Saraiva RA et al. (1980). Cardiovascularresponse to anaesthesia in Chagas' disease. Tropical Doctor, 10, 62-5.
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Charcot-Marie-Tooth disease (peroneal muscularatrophy)

Characteristics: Chronic peripheral neuromuscular denervation with subsequent atrophy, spinal and lower limb deformities, hyperkalaemia,
may affect respiratory muscles (restrictive pattern).

Key points: Evidence suggests MH risk is low, suxamethonium should probably be avoided, pulmonary complications.

Reference:

Antognini JF (1992). Anaesthesia for Charcot-Marie-Tooth disease: a review of 86 cases. Canadian Journal of Anaesthesia, 39, 398-400.
Library Holdings
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CHARGE association

Characteristics: Coloboma, Heart anomaly, choanal Atresia, Retardation, Genital, and Earanomalies.

Key points: Difficult intubation (micrognathia), look for congenital heart anomaly.

Reference:

Davenport SLH et al. (1986). The spectrum of clinical features in CHARGE syndrome. Clinical Genetics, 29, 298-310.

Library Holdings

Bibliographic Links

Chediak-Higashi syndrome (immunodeficiency, with some albinism)

Characteristics: Autosomal albinism, photophobia, nystagmus, weakness, tremor, thrombocytopenia.
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Key points: Susceptible to infection, bleeding potential.

Reference:

Ulsoy H et al. (1995). Anesthesia in Che'diak-Higashi syndrome—case report. Middle East Journal of Anesthesiology, 13, 101-5.
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Cherubism

Characteristics: Tumourous mandibularand maxillarylesions, intraoral masses.

Key points: Difficult intubation, profuse bleeding, can get acute respiratory distress, tracheostomy may be needed.

Reference:

Maydew RP, Berry FA (1985). Cherubism with difficult laryngoscopy and tracheal intubation. Anesthesiology, 62, 810-12.
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Chronic granulomatous disease

Characteristics: Rare genetically transmitted disorder, recurrent lifethreatening infections with catalase-positive micro-organisms, excessive
inflammatory reactions lead to granuloma formation, multiple organ system involvementincluding pulmonary granulomata.

Key points: Regurgitation and aspiration risk (Gl granulomata), long-term prophylactic antibiotics.

Reference:

Wall RT et al. (1990). Anesthetic considerations in patients with chronic granulomatous disease. Journal of Clinical Anesthesia, 2, 306-11.
Full Text

Library Holdings
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Cockayne's syndrome

Characteristics: Rare autosomal recessive condition, failure of DNA repair, dysmorphic dwarf, mentally retarded infant/child. (See Dwarf.)
Key points: Problems with airway management, increased risk of gastricaspiration, hypertension, hepatic deficiencies, osteoporosis,
deafness, blindness, and other effects of premature ageing (see Progeria) may be encountered.

Reference:

Wooldridge WJ et al. (1996). Anaesthesia for Cockayne syndrome. Three case reports. Anaesthesia, 51, 478-81.

Ovid Full Text
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Congenital adrenal hyperplasia (adrenogenital syndrome)

Characteristics: Congenital disorders leading to defects in cortisol biosynthesis, increased ACTH and disordered androgens,
mineralocorticoids.

Key points: May mimic pyloric stenosis in neonate, electrolyte abnormalities, adequate perioperative fluid and steroid therapy.
Congenital analgesia

Characteristics: Rare hereditary disorder leading to self-mutilation, defective thermoregulation.

Key points: Careful positioning, vasomotor control and possible sensitivity to anaesthetic drugs.

Reference:

Layman PR (1986). Anaesthesia for congenital analgesia. A case report. Anaesthesia, 41, 395-7.
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Congenital myopathy (central core disease) (see also p. 203

Characteristics: Non-progressive extremity weakness (lower > upper), difficulty rising from sitting, increased lumbar lordosis, most test
positive for MH in vitro, ptosis.

Key points: Avoid MH trigger factors. Ventilatory weakness, sensitive to muscle relaxants.

Reference:

Shuaib A etal. (1987). Central core disease. Medicine, 66, 389.
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Conradi-Hunermann syndrome (chondrodysplasia punctata)

Characteristics: Epiphyseal calcifications, short stature, hypertelorism, saddle nose, short neck, tracheal stenosis and scoliosis, renal and
congenital heart disease.

Key points: Ventilatory failure due to airway and thoracic deformities, renal impairment, skin protection (use patient's creams/ padding),
attention to thermoregulation (lose heat quicker).

Reference:

Yorozu T et al. (1989). Anaesthetic management of a patient with Conradi's syndrome (chondrodysplasia punctata). A case report. Masui, 38,
1092-5.
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Core syndrome

See Congenital myopathy.

Cornelia de Lange syndrome

Characteristics: Duplication/partial trisomy chromosome 3, psychomotor retardation, skeletal craniofacial deformities, VSD, Gl anomalies.
Key points: Cardiorespiratory function, possible difficult airway, gastric reflux risk, susceptible to infections, possible increased MH risk.
Reference:

Corsini LM et al. (1998). Anaestheticimplications of Cornelia de Lange syndrome. Paediatric Anaesthesia, 8 159-61.

Full Text
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Costello syndrome

Characteristics: Mental and growth retardation, cardiac arrhythmias, cardiomyopathy, talipes, scoliosis. (See Cutis laxa.)

Key points: Gastric reflux, arrhythmias.

Reference:

Dearlove O, Harper N (1997). Costello syndrome [letter]. Paediatric Anaesthesia, 7, 476-7.

Full Text
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CREST syndrome

Characteristics: Form of scleroderma, widespread necrotizing angiitis with granulomas, Calcinosis, Raynaud's phenomenon, oesophageal
dysfunction, Sclerodactyly, Telangiectasis.

Key points: Multiple organ involvement, airway difficulties, gastric refluxrisk, arrhythmias, nerve compression syndromes, contractures,
pulmonary fibrosis.

Cretinism

Characteristics: Congenital hypothyroidism, neurological and intellectual damage, muscle weakness, cardiomyopathy.

Key points: Intubation problems (macroglossia), sensitive to anaesthetic drugs, respiratory complications, steroid cover, glucose and
electrolyte abnormalities.

Creutzfeldt-Jacob disease (CID) (see also p. 518)

Characteristics: Progressively fatal encephalopathy of infective origin, seizures, variable neurological signs, multiple brain cavities (status
spongiosis). (See also New variant Creutzfeldt-Jacob disease.)

Key points: Muscularincoordination, malnutrition

Reference:

MacMurdo SD et al. (1984). Precautions in the anesthetic management of a patient with Creutzfield-Jacob disease. Anesthesiology, 60, 590-2.
Library Holdings

Bibliographic Links

Cri-du-chat syndrome

Characteristics: Inherited disease resulting in mental retardation, abnormal cry (due to abnormal larynx), laryngomalacia, microcephaly,
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micrognathia, macroglossia, spasticity, congenital heart disease (30%).
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Key points: Potential airway problems, long curved epiglottis, narrow diamond shaped epiglottis, hypotonia (possible airway obstruction by
softtissues), temperature instability.

Reference:

Brislin RP et al. (1995). Anaesthetic considerations for the patient with cri du chat syndrome. Paediatric Anaesthesia, 5, 139-41.

Library Holdings

Bibliographic Links

Crouzon's disease

Characteristics: Craniosynostosis, hydrocephalus, raised ICP, maxillary hypoplasia, mandibular prognathism, prominent nose, coarctation can
occur.

Key points: Airway difficulties, postoperative respiratory obstruction. Assess for other organ involvement and ICP. Correction procedures can
bleed profusely.

Reference:

Payne JF, Cranston AJ (1995). Postoperative airway problems in a child with Crouzon's syndrome. Paediatric Anaesthesia, 5, 331-3.

Library Holdings

Bibliographic Links

Cutis laxa (elastic degeneration)

Characteristics: Defective elastin crosslinking probably related to copper deficiency, extreme laxity of facial and trunk skin, no retraction after
stretching, fragile skin and blood vessels.

Key points: Pendulous pharyngeal/laryngeal mucosa mayobstruct airway, respiratory infections and emphysema common, careful positioning.
Cystic hygroma

Characteristics: Benign multilocular lymphatic tumour of neck/oral cavity/ tongue causing local pressure symptoms, including airway
compromise.

Key points: Potential airway problems. Partially obstructed airwayin awake patient maytotally obstruct on induction, oral intubation often
impossible (enlarged tongue), tracheostomy may be complicated with submandibularinvolvement.

Reference:

Sharma S et al. (1994). Cystic hygroma: anaesthetic considerations and review. Singapore Medical Journal, 35, 529-31.

Library Holdings

Bibliographic Links

Dandy-Walker syndrome

Characteristics: Congenital obstruction to foraminae of Luschka/ Magendi. Progressive head enlargement, hydocephalus, craniofacial
abnormalities, cardiac, renal, skeletal malformations, altered medullary respiratory control.

Key points: Usually require CSF shunt, control ICP, risk of respiratory failure, postoperatively consider ICU (recurrent apnoea).

Reference:

Ewart MC, Oh TE (1990). The Dandy-Walker syndrome. Relevance to anaesthesia and intensive care. Anaesthesia, 45, 646-8.

Library Holdings
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Delleman syndrome (oculocerebrocutaneous syndrome)

Characteristics: Somatic mutation of autosomal dominant gene only compatible with life in mosaic form. Multiple brain, skin, eye, bony
abnormalities.

Key points: Determine severity of abnormalities, seizures can occur under general anaesthetic (consider if there are unexplained autonomic
changes), aspiration pneumonitis, hydrocephalus, vertebral anomalies, possible difficultintubation, postoperative apnoea monitoring.
Reference:

Sadhasivam S, Subramaniam R (1998). Delleman syndrome: anestheticimplications. Anesthesia and Analgesia, 87, 553-5.

Ovid Full Text
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Dermatomyositis (polymyositis)

Characteristics: Inflammatory myopathy, skeletal muscle weakness may
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resultin dysphagia/aspiration/recurrent pneumonia, myocarditis and occult cancer occur.

Key points: Restricted mouth opening, enhanced/delayed effect of muscle relaxant, pulmonary complications (aspiration pneumonia and lung
fibrosis), cardiomyopathy (arrhythmias and cardiac failure), anaemia, steroid supplementation.

Reference:

Ganta R et al. (1988). Anaesthesia and acute dermatomyositis/ polymyositis. British Journal of Anaesthesia, 60, 854-8.

Library Holdings

Bibliographic Links

DiGeorge syndrome (velocardiofacial syndrome ‘CATCH 22’ syndrome)

Characteristics: Cardiacabnormalities, Abnormal facies, Thymic hypoplasia, Cleft palate, Hypocalcaemia, 22affected chromosome.

Key points: Immune deficiency, recurrent chest infections, upper airway problems/stridor, gastro-oesophageal reflux, hypo-tonia, obstructive
apnoea, hyperventilation induced seizures (low calcium).

Reference:

Flashburg MH et al. (1983). Anesthesia for surgeryin an infant with DiGeorge syndrome. Anesthesiology, 58, 479-81.

Library Holdings
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Reference:

Pike AC, Super M (1997). Velocardiofacial syndrome. Postgraduate Medical Journal, 73, 771-5.

Library Holdings
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Dubowitz' syndrome

Characteristics: Retarded growth, microcephaly, craniofacial deformations and dysmorphia of the extremities. Psychomotor development varies
between normal and retarded, thin hair, cryptorchism, hyperactivity.

Key points: Possible difficultintubation, thorough assessment since the condition mayinvolve the cutaneous, ocular, dental, digestive,
musculoskeletal, urogenital, cardiovascular, neurological, haematological, and immune systems.

Reference:

Gomirato G (1992). Dubowitz' syndrome with special characteristics. Panminerva Medica, 34, 141-4.
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Reference:

Tsukahara M, Opitz JM (1996). Dubowitz syndrome: review of 141 cases including 36 previously unreported patients. American Journal of
Medical Genetics, 63, 277-89.

Full Text
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Dwarfism

Characteristics: Manifestation of over 55 syndromes. Disproportionate short stature (cf. ‘midgets’-proportionate). Atlantoaxial instability,
spinal stenosis and/or compression, difficult airway management, thoracic dystrophy (ventilatory problems and frequent pneumonias),
scoliosis and kyphoscoliosis, congenital cardiac disease.

Key points: Evaluate and protect the cervical spine, documentany pre-existing neurological deficitif central blockade considered, difficult
airway, ventilatory difficultyand weaning.

Reference:

Walts LF et al. (1975). Anaesthesia for dwarfs and other patients of pathological small stature. Canadian Anaesthesia Society Journal, 22, 703.
Dygue-Melchior-Clausen's syndrome

Characteristics: Autosomal recessive, mental retardation, small stature (short vertebral column) with thoracic kyphosis, protruding sternum,
reduced articular mobility, microcephaly.

Key points: Difficultintubation.
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Reference:

Schlaepfer R (1981). Dyggve-Melchior-Clausen syndrome. Case report and review of the literature Helvetica Paediatrica Acta, 36, 543-59.
Dysautonomia (Riley-Day syndrome)

Characteristics: Inherited disease, abnormally active parasympathetic nervous system with sporadic sympathetic storms, highly emotional,
bouts of sweating, unexplained fluctuations in BP.

Key points: Autonomic instability, salivation, poor thermoregulation, regurgitation. Sensitivity to respiratory depressants with reduced
hypercapnicdrive (need IPPV). Reduced pain sensitivity. Volatile agents can cause hypotension and bradycardia.

Reference:

Axelrod FB et al. (1988). Anesthesia in familial dysautonomia. Anaesthesiology, 68, 631-5.

Library Holdings
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Reference:

Challands JF, Facer EK (1998). Epidural anaesthesia and familial dysautonomia (the Riley-Day syndrome). Three case reports. Paediatric
Anaesthesia, 8, 83-8.

Full Text

Library Holdings
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Eaton-Lambert syndrome

See Myasthenic syndrome.

Ebstein's abnormality (tricuspid valve disease)

Characteristics: Congenital heart defect, downward displacement of deformed tricuspid valve, atrialization of RV, may be no obvious clinical
signs.

Key points: Risk of SVT during induction.

Reference:

Takahashi Ketal. (1992). Anesthesia for cesarean section in a patient with Ebstein's anomaly. Masui, 41, 1163-7.

Library Holdings
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Edward's syndrome (trisomy 18)

Characteristics: Craniofacial anomalies, congenital heart disease, mental/ physical delays, onlyless severe cases survive.

Reference:

Bailey C, Chung R (1992). Use of the laryngeal mask airwayin a patient with Edward's syndrome [letter]. Anaesthesia, 47, 713.

Library Holdings
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Reference:

Miller C, Mayhew JF (1998). Edward's syndrome (trisomy 18) [letter]. Paediatric Anaesthesia, 8, 441-2.

Full Text
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Ehlers-Danlos syndrome

Characteristics: Group of conditions arising from defective cross-linking of collagen. Variable features depending upon the tissue distribution
of different collagens, extensible fragile skin, joint laxityand hypermobility, recurrent dislocations, prolonged or spontaneous bleeding,
rupture of cerebral and other vessels, bowel perforation, ocularabnormalities, kyphoscoliosis, spontaneous pneumothorax.

Key points: Careful positioning and padding, beware of undiagnosed pneumothorax, intubation may cause severe tracheal bruising.
Reference:

Dolan Petal.(1980). Anesthetic considerations for Ehlers-Danlos syndrome. Anesthesiology, 52, 266-9.

Library Holdings
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Reference:

Vicente Guillen R et al. (1986). Anesthesia in Ehlers-Danlos syndrome. Rev. Esp. Anestesiol. Reanim., 33, 446-7.

Eisenmenger's syndrome (pulmonary hypertension, VSD, right ventricular failure)

Characteristics: Cyanotic congenital heart disease, usuallyuncorrectable, pulmonary hypertension/VSD/RV failure, medical therapy may
prolong life
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(thirties), high mortaliltyin pregnant patients due to reductions in SVR and increased shunt (termination has been advocated).
Key points: Preventincreases in Rto Lshunt (caused bye.g.increased PVR/reduced SVR such as from volatiles, histamine release, etc.), avoid
dehydration, consider pancuronium (sympathetic stimulation beneficial), air from infusions/syringes can cross VSD, risk of asystole under GA,



slow equilibration of inhaled gases.

Reference:

Foster JM, Jones RM (1984). The anaesthetic management of the Eisenmenger syndrome. Annals of the Royal College of Surgeons of England,
66, 353-5.

Library Holdings
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Ellis-Van Creveld disease (chondroectodermal dysplasia)

Characteristics: Dwarfism, pulmonary/cardiac (ASD/VSD/single atrium) abnormalities, polydactyly. (See Dwarfism.)

Key points: Underlying anomalies, respiratory failure.

Reference:

Wu CL, Litman RS (1994). Anaesthetic management for a child with the Ellis-van Creveld syndrome. A case report. Paediatric Anaesthesia, 4,
335-7.

Library Holdings

Bibliographic Links

Epidermolysis bullosa

Characteristics: Rare autosomal recessive disease. Extreme bullae formation of skin and mucosa, typical dystrophic nails and flexion
contractures of the joints lead to deformities. Carious teeth and small mouth caused by scarred contractures of the lips are characteristic.
Key points: Avoid trauma to skin and mucous membranes (e.g. care with positioning, electrodes, tape, padding below BP cuff, longest
acceptable inflation interval), keep upperairway manipulations to a minimum, consider postoperative ICU.

Reference:

Hagen R, Langenberg C(1988). Anaesthetic managementin patients with epidermolysis bullosa dystrophica. Anaesthesia, 43, 482-5.
Library Holdings
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Reference:

Yasui Y etal. (1995). Anesthesia in a patient with epidermolysis bullosa. Masui, 44, 260-2.

Library Holdings
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Erythema multiforme

Characteristics: Acute self-limiting condition of skin and mucous membranes, concentric rings of erythematous papules/bullae (epidermal
necrosis); severe cases (Stevens-Johnson syndrome) can be fatal.

Key points: Beware postintubation laryngeal oedema, consider whether the cause is drug related.

Fabry's syndrome

Characteristics: Alpha-galactosidase deficiencyleading to deposition of glycosphingolipid in manyorgans, ischaemic heartdisease,
neurological disorder, renal failure, hypohidrosis.

Key points: Assess CVS, CNS, and renal condition. Document existing neurological deficit 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
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Factor V Leiden mutation

Characteristics: Resistance to anticoagulant effect of protein C.

Key points: High risk of PE, careful control of anticoagulation.
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Familial dysautonomia

See Dysautonomia.

Familial periodic paralysis

Characteristics: Muscular weakness related to K+ changes (absolute K+ value is notimportant).

Key points: See Hypokalaemic familial periodic paralysis.

Reference:

Ahlawat SK, Sachdev A (1999). Hypokalaemic paralysis. Postgraduate Medical Journal, 75, 193-7.

Library Holdings

Bibliographic Links

Fanconi's anaemia

Characteristics: Congenital aplasticanaemia, defective DNA regeneration.

Key points: Sensitive to X-rays, limit exposure.

Fanconi syndrome (renal tubularacidosis)

Characteristics: Generalized defectin proximal tubular function resulting in phosphate wasting, glycosuria, aminoaciduria, bicarbonate
wasting, excess potassium loss, polydipsia, polyuria, muscle weakness and acidosis, dwarfing, and osteomalacia. Usually secondary to other
disease.

Key points: Correct and maintain careful fluid/electrolyte balance.

Reference:

Joel M, Rosales JK(1981). Fanconi syndrome and anesthesia. Anesthesiology, 55, 455-6.

Library Holdings

Bibliographic Links

Farber's disease (lipogranulomatosis)

Characteristics: Ceramidase deficiency, hoarse cry, painful swollen joints, periarticular nodules, pulmonary infiltrates, mental handicap,
thickened heartvalves, cardiomyopathy, renal/hepaticfailure, usually die by 2 years (airway problems).

Key points: Difficultintubation, laryngeal granulomata may complicate intubation, postextubation laryngeal oedema/bleeding, risk of
postoperative renal/hepatic failure. Anatomical neck deformity may complicate urgent tracheostomy.

Reference:

Asada Aetal.(1994). The anestheticimplications of a patient with Farber's lipogranulomatosis. Anesthesiology, 80, 206-9.

Library Holdings
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Felty's syndrome

Characteristics: Hypersplenism in rheumatoid arthritis.

Key points: Pancytopenia, haemolysis due to red cell sequestration, increased plasma volume.

Fibrodysplasia ossificans (myositis ossificans)




Characteristics: Progressive bony infiltration of tendons/muscles/ fascia/ aponeuroses leading to joint ankylosis throughout the body.
Permanent ankylosis of the jaw may be precipitated by minimal soft tissue trauma.

Key points: Difficulties with intubation, possibility of atlantoaxial subluxation, restrictive pulmonary disease, cardiac conduction
abnormalities.

Reference:

Newton MCet al. (1990). Fibrodysplasia ossificans progressiva. British Journal of Anaesthesia, 64, 246-50.

Library Holdings
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Reference:

Nussbaum BL et al. (1996). Fibrodysplasia ossificans progressiva: report of a case with guidelines for pediatric dental and anesthetic
management. ASDCJ. Dent. Child., 63, 448-50.
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Fibromatosis (including juvenile and hyaline forms)

Characteristics: Large cutaneous nodules (especiallyhead/neck/lips), joint contractures, gingival hypertrophy, osteolytic lesions.

Key points: Potential airway problems.

Reference:

Norman B et al. (1996). Anaesthesia and juvenile hyaline fibromatosis. British Journal of Anaesthesia, 76, 163—6.

Library Holdings
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Fraser syndrome (cryptophthalmos-‘hidden eye’)

Characteristics: Cryptophthalmos, laryngeal atresia/hypoplasia, fixed posterior arytenoids, genitourinary abnormalities, cleft lip and palate,
possible association with congenital heartdisease/neurological abnormalities.

Key points: Airway problems, underlying cardiac/renal disease.

Reference:

Jagtap SR et al. (1995). Anaesthetic considerations in a patient with Fraser syndrome Anaesthesia, 50, 39-41.

Freeman-Sheldon (craniocarpotaral dysplasia or ‘whistling face’) syndrome

Characteristics: Progressive congenital myopathy, multiple deformities of face, hands, and feet, microstomia with pursed lips.

Key points: Difficult intubation (micrognathia/neck rigidity/anterior larynx), postoperative respiratory complications, difficult venous access,
possible MH risk.

Reference:

Munro HM et al. (1997). Freeman-Sheldon (whistling face) syndrome. Anaestheticand airway management. Paediatric Anaesthesia, 7, 345-8.
Full Text

Library Holdings
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Reference:

Vas L, Naregal P (1998). Anaesthetic management of a patient with Freeman Sheldon syndrome. Paediatric Anaesthesia, 8, 175-7.

Full Text

Library Holdings
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Friedreich's ataxia

Characteristics: Autosomal recessive progressive ataxia with additional myopathy. Myocardial degeneration with failure and arrhythmias,
respiratory failure, diabetes, peripheral neuropathy.

Key points: Previously quoted to be sensitive to suxamethonium although recent evidence does not support this.

Reference:

Bell CF et al. (1986). Anaesthesia for Friedreich's ataxia. Case report and review of the literature. Anaesthesia, 41, 296-301.

Library Holdings
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Gaisbock's syndrome

Characteristics: Relative polycythaemia due to decreased plasma volume, middle-aged obese smoking hypertensive men.

Key points: Risk of arterial thrombotic episodes, myocardial/cerebral ischaemia, consider venesection to normal haematocrit.

Gardner's sydrome (multiple polyposis)

Characteristics: Multiple colonic polyps (risk of malignant change), soft tissue tumours, osseous neoplasms.

Key points: Laryngeal polyps may be present.

Gaucher's disease

Characteristics: Autosomal recessive disorder of lipid catabolism, glycosphingolipids accumulate, leading to end-organ dysfunction, three
variants
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differin onsetand CNS involvement.

Key points: CNS dysfunction, seizures, gastro-oesophageal reflux, chronicaspiration, possible upperairway obstruction (bulbar
involvement/infiltration of the upperairway), hypersplenism, thrombocytopenia and anaemia.

Reference:

Kita T etal. (1998). Anesthetic managementinvolving difficultintubation in a child with Gaucher disease. Masui, 47, 69-73.
Library Holdings
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Reference:

Tobias JD et al. (1993). Anesthetic considerations in the child with Gaucher disease. Journal of Clinical Anesthesia, 5, 150-3.
Full Text
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Gilbert's disease

Characteristics: Asymptomatic familial unconjugated non-haemolytic hyperbilirubinaemia.

Key points: Perioperative jaundice may be precipitated by stress/ surgery/ starvation.

Reference:

Taylor S (1984). Gilbert's syndrome as a cause of postoperative jaundice. Anaesthesia, 39, 1222—-4.

Library Holdings
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Glanzmann's disease (thrombasthenia)




Characteristics: Lack of membrane protein GPIlb and GPIlla, normal number and sized platelets, defective aggregation, no clot retraction.
Key points: Moderately severe bleeding diathesis, platelet transfusions sometimes ineffective.

Glomus jugulare tumours

Characteristics: Highlyvascular benign tumour of glomus body. Invades locally, may affect cranial nerves, causing progressive deafness and
tinnitus.

Key points: Sudden severe haemorrhage during excision (?hypotensive technique), mayneed to sacrifice local structures (carotid etc.).
Consider cerebral protection measures.

Reference:

Braude BM et al. (1986). Management of a glomus jugulare tumour with internal carotid arteryinvolvement Anaesthesia, 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. Anaesthesia, 41, 856-60.

Library Holdings
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Glucagonoma

Characteristics: Rare tumour of alpha cells of pancreaticislets. Marked increases of blood glucagon and glucose levels, potential for
significant metabolicand myocardial dysfunction.

Key points: Control of blood glucose-large amounts of glucagon can be released during tumour handling, careful evaluation of nutrition, fluid
and electrolytes. Thromboembolic prophylaxis.

Reference:

Nicoll JMV, Catling SJ (1985). Anaesthetic management of glucagonoma. Anaesthesia, 40, 152-7.

Library Holdings
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Reference:

Sanders WC, Wolpert LA (1991). Anesthesia for glucagonoma resection. Journal of Clinical Anesthesia, 3, 48-52.

Full Text
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Glucose-6-phosphate-dehydrogenase deficiency (see also p. 50)

Characteristics: Predominantly males, attacks of haemolyticanaemia precipitated by infections and some drugs (including aspirin, vitamin K,
chloramphenicol).
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Key points: Chronicanaemia (increased 2,3-DPG) of 5-10 g/dl, may benefit from splenectomy.

Glycogenoses (glycogen storage diseases)

Type | (Von Gierke's disease)

Characteristics: Mental retardation, hepatosplenomegaly, renal enlargement, stomatitis, hypoglycaemic convulsions, bleeding diathesis,
lacticacidosis and leucopenia.

Key points: Tendency to hypoglycaemia during fasting, cautious attention to the metabolicand homeostatic derangements, abdominal
distension may affect ventilation.

Reference:

Shenkman Z et al. (1996). Anaesthetic management of a patient with glycogen storage disease type 1b. Canadian Journal of Anaesthesia, 43,
467-70.

Library Holdings
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Type |l (Pompe's disease)

Characteristics: Wide spectrum of severity from neonatal acyanotic cardiac death to normal life expectancy. Features include cardiomegaly,
progressive cardiac failure, outflow obstruction, generalized hypotonia, neurological deficits, macroglossia, normal glucose tolerance.
Key points: Macroglossia, cardiomyopathy, postoperative respiratoryinsufficiency, potential exaggerated hyperkalaemicresponse to
suxamethonium.

Reference:

McFarlane HJ, Soni N (1986). Pompe's disease and anaesthesia. Anaesthesia, 41, 1219-24.

Library Holdings

Bibliographic Links

Type Ill (Forbes' disease)

Key points: Perioperative hypoglycaemia.

Type IV (Andersen's disease)

Characteristics: Hepatosplenomegaly, muscular hypotonia, severe growth retardation, cirrhosis and death before 3 years.

Key points: Hepatic dysfunction, muscle relaxants generallyunnecessary, reduced doses of intravenous drugs, prone to heatloss and
perioperative hypoglycaemia.

Type V (McArdle's disease)

Key points: Muscle weakness, cardiac failure.

Goldenhar syndrome (oculoauriculovertebral syndrome, hemifacial microsomia)

Characteristics: Eye and earabnormalities, micrognathia, maxillary hypoplasia, cleft/high arched palate, cervical synostosis, congenital heart
anomalies (Fallot/VSD).

Key points: Difficult intubation, cardiorespiratory and craniovertebral anomalies, atropine-resistant bradycardia.

Reference:

Madan R et al. (1990). Goldenhar's syndrome: an analysis of anaesthetic management. A retrospective study of seventeen cases. Anaesthesia,
45, 49-52.

Library Holdings

Bibliographic Links

Golz-Gorlin syndrome (focal dermal hypoplasia)

Characteristics: Dental/facial asymmetry, stiff neck, hypertension.

Key points: Difficult airway.

Reference:

Ezri Tetal. (1994). Anaesthesia for Golz-Gorlin syndrome [letter]. Anaesthesia, 49, 833.

Library Holdings

Bibliographic Links

Reference:
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Holzman RS (1991). Airwayinvolvement and anesthetic managementin Goltz's syndrome. Journal of Clinical Anesthesia, 3, 422-5, discussion
426.
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Goodpasture's syndrome

Characteristics: Severe repeated intrapulmonary haemorrhages with fibrosis, hypertension, anaemia, renal failure.

Key points: Restrictive lung defect, renal failure.

Gorham syndrome (‘disappearing bone disease’)

Characteristics: Massive osteolysis-replacement of bone by fibrovasculartissue, pathological fractures, lymphangiomatosis, respiratory and
neurological deficits, relapsing pleural effusions, chylothorax/pericardium. Poor prognosis. Most common in second/third decade butcan
occuratanyage.

Key points: Respiratory function assessment, check cervical spine (often involved), avoid suxamethonium (may cause/worsen pathological
fractures). Consider ICU respiratory support postoperatively.

Reference:

Szabo C, Habre W (2000). Gorham syndrome: anaesthetic management. Anaesthesia, 55, 157-9.
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Groenblad-Strandberg disease

See Pseudoxanthoma elasticum.

Haemochromatosis (bronze diabetes and haemosiderosis)

Characteristics: Iron deposits in liver, pancreas, joints, skin, and heart.

Key points: Cirrhosis, diabetes, arthritis, late cardiac failure, may be having weekly venesections.

Haemolytic uraemic syndrome

Characteristics: Typical triad of renal failure, haemolyticanaemia and thrombocytopenia. Multisystem disorder may also involve CVS,
respiratory, CNS, and hepatic systems.

Reference:

Johnson GD, Rosales JK(1987). The haemolyticuraemic syndrome and anaesthesia. Canadian Journal of Anaesthesia, 34, 196-9.

Library Holdings
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Haemorrhagictelangiectasia (Osler-Weber-Rendu syndrome)

Characteristics: Familial telangiectasia of mucous membranes (nose/ oropharynx/viscera/skin), repeated haemorrhages, may have pulmonary
AV fistulae, Gl bleeding.

Key points: Avoid trauma to mucous membranes, bleeding difficult to control, IV access and line complicated (poortissues).

Reference:

Waring PH et al. (1990). Anesthetic management of a parturient with Osler-Weber-Rendu syndrome and rheumatic heart disease. Anesthesia
and Analgesia, 71, 96-9.
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Hallermann-Streiff syndrome

Characteristics: Oculomandibulodyscephalyand dwarfism. (See Dwarfism.)

Key points: Direct laryngoscopy may be difficult and hazardous (brittle teeth, temperomandibularjoint dislocation).

Hallervorden-Spatz disease

Characteristics: Rare progressive disorder of basal ganglia, myotonia and dystonic posturing, scoliosis, dementia, trismus.

Key points: Difficultintubation, volatile agents relieve the posturing (returns after discontinuation).

Reference:

Roy Cetal. (1983). Anesthetic management of a patient with Hallervorden-Spatz disease. Anesthesiology, 58, 382—-4.

Library Holdings
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Reference:

Keegan MT et al. (2000). Anesthetic management for two-stage computer-assisted, stereotactic thalamotomyin a child with Hallervorden-Spatz
disease. Journal of Neurosurgical Anesthesiology, 12, 107-11.
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Hand-Schuller-Christian disease (histiocytic granulomata)

Characteristics: Diabetes insipidus, hepatic failure, pancytopenia, respiratoryfailure.

Key points: Intubation difficulties, small larynx, electrolyte problems, may be on steroids.

Hartnup's disease

Characteristics: Defective tubular/jejunal reabsorption of most neutral amino acids leading to tryptophan malabsorption and nicotinamide
deficiency, pellagra, psychiatric disorders.

Key points: Cerebellar ataxia

Hay-Wells syndrome

Characteristics: Maxillary hypoplasia.

Key points: Difficult intubation.

Hecht-Beals syndrome (trismus pseudocamptodactyly or Dutch-Kennedy syndrome)

Characteristics: Aracnodactyly, kyphoscoliosis, restricted mandible, multiple joint contractures, crumpled ears.

Key points: Airway difficulties (LMA beneficial), ventilatory defect, mitral valve prolapse, aortic root dilatation.

Reference:

Nagata O etal. (1999). Anaesthetic management of two paediatric patients with Hecht-Beals syndrome. Paediatric Anaesthesia, 9, 444-7.
Full Text
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Vaghadia H, Blackstocki D (1988). Anaestheticimplications in trismus psuedocamtodactyly (Dutch-Kennedy or Hecht-Beals) syndrome.
Canadian Journal of Anaesthesia, 35, 80-5.
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Henoch-Schonlein purpura

Characteristics: Abnormal vascular reaction, normal platelets, nephritis (30%).

Key points: Haemorrhagicrisk, renal failure.

Hepatolenticular degeneration (Kinnier-Wilson disease)

Characteristics: Defective copper metabolism, hepatic failure, epilepsy, trismus, weakness.

Key points: Sensitive to muscle relaxants.

Holt-Oram syndrome (hand-heart syndrome)

Characteristics: Rare disorder combining congenital anomalies of heartand upper limbs. Hypoplastic thumbs, hypoplasticclavicles, cardiac
anomalies (ASD/VSD/occasionally others), hypoplastic vasculature, arrhythmias and sudden death.

Key points: Potentially difficult venous access (especially central), arrhythmias frequent even with normal anatomy, often previous cardiac
surgery.

Reference:

Shono S et al. (1998). Holt-Oram syndrome. British Journal of Anaesthesia, 80, 856—7.
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Homocystinuria

Characteristics: Homocystine excreted in urine, mental handicap, Marfanlike syndrome. (See Marfan's syndrome.)

Key points: Venous/arterial thrombotic episodes, pulmonary embolisms (requiring heparinisation), hypoglycaemia, renal failure.
Reference:

van den Berg M, Boers GHJ (1996). Homocystinuria: what about mild hyperhomocystinaemia? Postgraduate Medical Journal, 72, 513-18.
Hunter syndrome (mucopolysaccharidosis Il)

Characteristics: Widespread accumulation of mucopolysaccharides in tissues.

Key points: Airway problems, may need smaller ETT.

Reference: See Further reading.

Huntington's chorea/juvenile Huntington's disease

Characteristics: Similar conditions, progressive degenerative involuntary movement disorder, choreoathetoid movements, dysphagia,
depression and apathylead to cachexia.

Key points: Risk of regurgitation and pulmonaryaspiration, possible associated autonomic neuropathy, poorrespiratory function, avoidance of
precipitating convulsions and clonic spasms, malnourishment, exaggerated response to thiopentone and suxamethonium.

Reference:

Cangemi CF, Miller RJ (1998). Huntington's disease: review and anesthetic case management. Anesthesia Progress, 45, 150-3.
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Reference:

Gupta K, Leng CP (2000). Anaesthesia and juvenile Huntington's disease. Paediatric Anaesthesia, 10, 107-9.

Full Text
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Hurler syndrome (gargoylism, mucopolysaccharidosis 1)

Characteristics: Most severe of the mucopolysaccaridoses, death atearlyage. All have similarappearance (gargoylism), short stature, typical
facies, short neck, chest deformity and protruberant abdomen, increased muscle tone. Cardiacinvolvement (aorticand mitral incompetence).
Key points: Difficult intubation due to macroglossia and increased secretions. Prone to chestinfections, generally die from pneumonia or
cardiac complications.

Reference: See Further reading.

Hutchinson-Guilford syndrome (premature ageing syndrome)

See Progeria.

Hyperviscosity syndrome (Waldenstom's macroglobulinaemia, multiple myeloma)

Key points: Thromboticrisk, preop plasmapheresis maybe needed.

Hypokalaemic familial periodic paralysis

Characteristics: Attacks of severe muscle weakness and flaccid muscle paralysis with low serum K+.

Key points: Perioperative attack may compromise spontaneous ventilation, avoid drugs known to cause K+ shifts (e.g. beta-agonists), risk of
arrhythmias, sensitive to muscle relaxants.

Reference:

Ahlawat SK, Sachdev A (1999). Hypokalaemic paralysis. Postgraduate Medical Journal, 75, 193-7.
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Reference:

Viscomi CM et al. (1999). Anesthetic management of familial hypokalemic periodic paralysis during parturition. Anesthesia and Analgesia, 88,
1081-2.

Ovid Full Text
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Hypoplastic left heart syndrome

Characteristics: LV hypoplasia, mitral valve hypoplasia, aorticvalve atresia, hypoplasia of ascending aorta. Previously 100% mortality.
Key points: Survival depends upon PDA, balance of PVR and SVR (both circulations in parallel supplied bysingle ventricle), control of
pulmonary blood flow, VF may occur with surgical manipulation.

Reference:

Hansen DD, Hickey PR (1986). Anesthesia for hypoplastic left heart syndrome: use of high-dose fentanyl in 30 neonates. Anesthesia and
Analgesia, 65, 127-32.

Library Holdings
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Ichthyosis

Characteristics: Hyperkeratotic plates of flaky/fissured skin.

Key points: Difficulty placing and securing catheters/cannulas/ electrodes (consider bandaging).

Reference:

Smart G, Bradshaw EG (1984). Extradural analgesia and ichthyosis. Anaesthesia, 39, 161-2.
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Idiopathic thrombocytopenic purpura

Characteristics: Thrombocytopenia <50 000 cells/mm3, petechiae.

Key points: Avoid heparin oraspirin. May be on steroids, consider plateletinfusions, beware rebound thrombosis after splenectomy, minimize
airwaytrauma, avoid regional blocks.

Isaacs' syndrome (continuous muscle fibre activity syndrome, neuromyotonia, quantal squander)

Characteristics: Autoimmune condition, continuous involuntary muscle fibre activity, 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 Anaesthesia, 44, 1174-7.
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Ivemark syndrome

Characteristics: Asplenia, complex cardiac pathology, abnormal abdominal viscera.

Key points: CVS assessment.

Jervell-Lange-Nielsen syndrome

Characteristics: Congenitally prolonged QT interval and enlarged T wave, deafness, prone to ventricular arrhythmias/cardiac arrest.

Key points: Select drugs and techniques known to minimize catecholamine levels, consider pacemakerinsertion/beta-block (for CVS stability).
Reference:

Ryan H (1988). Anaesthesia for caesarean section in a patient with Jervell-Lange-Nielsen syndrome. Canadian Journal of Anaesthesia, 35, 422—
4,
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Jeune's syndrome (asphyxiating thoracic dystrophy)

Characteristics: Pulmonary hypoplasia, severe thoracic defect preventing normal intercostal function, renal dysfunction, myocardial dysfunction
in older patients.

Key points: CVS, respiratory and renal dysfunction. Minimize ventilator pressures.

Reference:

Borland LM (1987). Anesthesia for children with Jeune's syndrome (asphyxiating thoracic dystrophy). Anesthesiology, 66, 86.
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Joubert syndrome

Characteristics: Abnormality of respiratory control (brainstem/ cerebellar hypoplasia), hypotonia, ataxia, mental retardation.

Key points: Sensitive to respiratory depressant effects of anaesthetic agents (including. N20), spontaneously breathing general anaesthetic
problematic, avoid opioids, close postoperative observation.

Reference:

Habre W et al. (1997). Anaesthetic management of children with Joubert syndrome. Paediatric Anaesthesia, 7, 251-3.

Full Text

Library Holdings

Bibliographic Links

Reference:

Matthews NC (1989). Anaesthesia in an infant with Joubert's syndrome. Anaesthesia, 44, 920-1.
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Kartagener's syndrome

Characteristics: Situs inversus, sinusitis, brochiectasis (defective cilia), immunoincompetence.

Key points: Dextrocardia (reverse ECG lead position/defibrillator paddles etc.). CVS and RS function. Preoperative physiotherapy, humidify
gases, right lateral displacement (obstetrics).

Reference:

Ho AM, Friedland MJ (1992). Kartagener's syndrome: anesthetic considerations. Anesthesiology, 77, 386-8.

Library Holdings
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Kawasaki disease (mucocutaneous lymph node syndrome)

Characteristics: Acute childhood (<5 years) febrile illness, coronary arteritis associated with aneurysms/thrombotic occlusions/IHD/ sudden
death.

Key points: Depend upon stage of iliness, degree of CVS dysfunction determines technique, invasive lines have a higherincidence of
complications, accelerated atherosclerosis.

Reference:

Waldron RJ et al. (1993). Kawasaki disease and anaesthesia. Anaesthesia and Intensive Care, 21, 213-17.
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Kearns-Sayer syndrome

Characteristics: Extremely rare mitochondrial myopathy, ophthalmic complications, cardiac conduction abnormalities common (range from
bundle branch block to third degree AV block), generalized CNS degeneration. (See Progressive external ophthalmoplegia.)

Key points: Sensitive 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 al. (1994). Inhalation anaesthesia and the Kearns-Sayre syndrome. Anaesthesia, 49, 876-8.

Library Holdings
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Kelly-Paterson syndrome

See Plummer-Vinson syndrome.

Kenny-Caffey syndrome

Characteristics: Proportional dwarfism, macrocephaly, eye anomalies, dysmorphicfacies, mandibular hypoplasia, episodic hypocalcaemic
tetany, may be associated with Mournier-Kuhn syndrome.

Key points: Difficult airway (if mandibular hypoplasia), hypocalcaemia, anaemia, thoracicand skeletal abnormalities.

Reference:

Janke EL et al. (1996). Anaesthetic management of the Kenny-Caffey syndrome using the laryngeal mask. Paediatric Anaesthesia, 6, 235-8.
Library Holdings

Bibliographic Links
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King Denborough disease

Characteristics: Slowly progressive myopathy, short stature, kyphoscoliosis, pectus carinatum, cryptorchidism, characteristic facial appearance.
Key points: Malignant hyperpyrexia risk.

Reference:

Watsubo T et al. (2001). Anesthetic management of the King-Denborough syndrome. Masui, 50, 390-3.
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Klinefelter syndrome

Characteristics: Chromosomal abnormality 47XXY. Poor sexual development, tall stature, reduced intelligence, vertebral collapse from
osteoporosis.

Key points: May have reduced muscle bulk and power. Care during positioning.

Klippel-Feil syndrome

Characteristics: Three main types which differin severity. Congenital fusion of cervical and/or thoracic vertebrae. Short neck, limited range of
motion, possible cervical cord compression, syncope on sudden rotation of head, kyphoscoliosis, cardiac, respiratory, and genitourinary
anomalies.

Key points: Skeletal/organ anomalies, difficultintubation, keep neck in neutral axis (basilarinsufficiency).

Reference:

Dresner MR, Maclean AR (1995). Anaesthesia for caesarean section in a patient with Klippel-Feil syndrome. The use of a microspinal catheter.
Anaesthesia, 50, 807-9.
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Reference:

HunterJ, Lee C(1995). Emergency anaesthesia in a patient with Klippel-Feil syndrome. British Journal of Hospital Medicine, 54, 273-4.
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Klippel-Trenaunay syndrome (angio-osteohypertrophy)

Characteristics: Generalized haemangiomas, soft tissue hypertrophy, bone overgrowth and/or arteriovenous malformations. (See Proteus
syndrome.)

Key points: Possible airway/respiratory problems, high output cardiac failure, consumptive coagulopathy, pulse oximeter may under-read if
placed on a limb with large A-V fistula (pulsatile venous flow).

Reference:

Christie IW et al. (1998). Central regional anaesthesia in a patient with Klippel-Trenaunay syndrome. Anaesthesia for Intensive Care, 26, 319—
21.
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Reference:

Ezri Tetal. (1996). Anaesthetic management for Klippel-Trenaunay-Weber syndrome. Paediatric Anaesthesia, 6, 81.
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Kneist's syndrome

Key points: Difficultintubation due to stiff neck.

Reference:

Felius GM et al. (1985). Kniest syndrome and anesthesia. Rev. Esp. Anestesiol. Reanim., 32, 127-9.

Kugelberg Welander syndrome (spinal muscular atrophy type Il1)

See Spinal muscularatrophy.

Larsen's syndrome

Characteristics: Multiple congenital dislocations, flattened face, prominent forehead.

Key points: Subglottic stenosis, unstable cervical spine, difficult intubation, chronicrespiratory disease from kypho-scoliosis.

Reference:

Lauder GR, Sumner E (1995). Larsen's syndrome: anaestheticimplications. Six case reports. Paediatric Anaesthesia, 5, 133-8.

Library Holdings
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Laurence-Moon-Biedl syndrome

Characteristics: Obesity, polydactyly, mental retardation, paraparesis, renal anomalies.

Key points: Renal failure, CVS assessment, diabetes insipidus.

Leber's disease

Key points: Idiopathic hypoventilation, sensitive to sedatives/analgesics. (See Alveolar hypoventilation.)
Reference:

Hunter AR (1984). Idiopathic alveolar hypoventilation in Leber's disease. Anaesthesia, 39, 781-3.
Library Holdings
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Leigh's syndrome

Characteristics: Necrotizing encephalomyelopathyin children.

Key points: Hypotonia, seizures, aspiration.

Reference:




Ward DS (1981). Anesthesia for a child with Leigh's syndrome. Anesthesiology, 55, 80-1.
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Leopard syndrome

Characteristics: Rare inherited progressive disorder, similar to Noonan syndrome, Lentigines, ECG abnormalities, Ocular hypertelorism,
obstructive cardiomyopathy, Pulmonaryvalve stenosis, Abnormal male genitalia, Retarded growth, Deafness.

Key points: CVS assessment will determine technique, cardiomyopathy may be occult.

Reference:

Rodrigo MR et al. (1990). ‘Leopard syndrome’. Anaesthesia, 45, 30-3.
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Leprechaunism

Characteristics: ‘Gnome’ facies, cutis laxa, adipose tissue atrophy, dwarfism, extreme wasting, dysphagia requiring parenteral feeding,
abnormal endocrine state, mentally defective. (See Dwarfism and Cutis laxa.)

Key points: Maintain blood sugar during starvation (hyperinsulinism).

Reference:

Cantani A (1987). Arare polydysmorphic syndrome: leprechaunism. Review of 49 cases reported in the literature. Annals of Genetics, 30, 221-7.
Lesch-Nyhan syndrome (hyperuricaemia)

Characteristics: Disorder of purine metabolism, hyperuricemia, spasticity, choreoathetosis, dystonia, self-injurious behaviour, aggression,
normal cognitive function, possible atlantoaxial instability.

Key points: Sudden unexplained death, seizures, abnormalities in respiration, apnoea, absent adrenergic pressorresponse-severe
bradycardia, caution with exogenous catecholamines, increased incidence of vomiting/regurgitation, chronic pulmonaryaspiration.
Reference:

Larson LO, Wilkins RG (1985). Anesthesia and the Lesch-Nyhan syndrome. Anesthesiology, 63, 197-9.

Library Holdings
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Letterer-Siwe disease (histiocytosis-X)

Characteristics: Histiocytic granulomata in viscera/bones, similarclinical course to acute leukaemia.

Key points: Pancytopenia, anaemia, purpura, haemorrhage, pulmonaryinfiltration, hepatic involvement, tooth loss.
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Lipodystrophy (total lipoatrophy)

Characteristics: Generalized loss of body fat, fatty fibrotic liver, portal hypertension/ splenomegaly, nephropathy, diabetes mellitus.

Key points: Hepatic failure, hypersplenism, anaemia, thrombocytopenia and possible renal failure.

Lowe syndrome (oculocerebrorenal syndrome)

Characteristics: Metabolicacidosis due to renal-tubular dysfunction, mental retardation, convulsions, glaucoma/cataracts, abnormal skull
shape, bone fragility.

Key points: Renal failure, hypotonia, hypocalcaemia.

Reference:

Watoh Y (1992). A series of anesthesia for a child with Lowe's syndrome. Masui, 41, 1004-7.

Library Holdings
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Mafucci syndrome

Characteristics: Progressive condition, enchondromatosis and multiple soft tissue haemangiomata (including airway/cervical spine),
increased risk of malignancy, intracranial lesions.

Key points: Anaemia, coagulopathy, increased risk of epidural haematoma (spinal lesions), assess forraised ICP, pathological fractures, Gl
bleeding. May be sensitive to vasodilating drugs.

Reference:

Chan SKetal. (1998). Anaestheticimplications of Maffucci's syndrome. Anaesthesia and Intensive Care, 26, 586-9.

Library Holdings
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Mandibulofacial dysostosis (Treacher-Collins syndrome)

Characteristics: Mandibulofacial dysostosis characterized by deafness, hypoplasia of facial bones (mandible, maxilla, and cheek bone),
antimongoloid slant of palpebral fissures, coloboma of the lower lid and bilateral anomalies of auricle. May be associated with other
cardiovascular malformations.

Key points: Potential difficult airway, postoperative pharyngeal/ laryngeal oedema may develop. Sleep apnoea, respiratory distress, and
sudden death all reported.

Reference:

Rasch DK et al. (1986). Anaesthesia for Treacher-Collins and Pierre-Robin syndromes: a report of three cases. Canadian Anaesthesia Society
Journal, 33, 364-70.

Maple syrup urine disease

Characteristics: Branched chain ketoacid decarboxylase deficiency, failure to thrive, fits, cerebral degeneration, neonatal acidosis.
Marchiafava-Michaeli syndrome

Key points: Autoimmune haemolyticanaemia, paroxysmal nocturnal dyspnoea, venous thromboembolism.

Marfan's syndrome

Characteristics: Inherited disorder of connective tissue metabolism. Tall with long/thin fingers, easy joint dislocation, high arched palate,
emphysema, pectus excavatum, cataracts and retinal detachment, spontaneous pneumothorax, coronary thrombosis, dissecting aneurysms,
aortic/mitral regurgitation, kyphoscoliosis.
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Key points: Associated abnormalities, minimize laryngoscopic response, control BP, central blocks acceptable.

Reference:

Gordon CF, Johnson MD (1993). Anesthetic management of the pregnant patient with Marfan syndrome. Journal of Clinical Anesthesia, 5, 248—
51.

Full Text
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Maroteaux-Lamy syndrome (mucopolysaccharidosis IV)

Characteristics: Kyphoscoliosis, hepatosplenomegaly, recurrent chest infections, myocardial involvement.




Key points: Cardiac failure by 20 years, chronicrespiratory infection, poor lung reserve, hypersplenism, anaemia, thrombocytopenia.
Reference: See Further reading.

Marshall-Smith syndrome

Characteristics: Accelerated bone maturation, dysmorphicfacial features, airwayabnormalities, death in earlyinfancy from respiratory
complications, generallydie in infancy.

Key points: Airway difficulties including possible atlantoaxial instability/ laryngomalacia/tracheomalacia. Facemask ventilation may be
impossible, maintain spontaneous breathing if possible, considerelective use of nasopharyngeal airway during induction/ emergence.
Reference:

Antila H et al. (1998). Difficult airwayin a patient with Marshall-Smith syndrome. Paediatric Anaesthesia, 8, 429-32.
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Reference:

Dernedde G (1998). Anaesthetic management of a child with Marshall-Smith syndrome. Canadian Journal of Anaesthesia, 45, 660-3.
Library Holdings

Bibliographic Links

Meckel's syndrome (Mekel-Gruber syndrome)

Characteristics: Microcephaly, micrognathia, congenital cardiac disease, polycystic kidneys.

Key points: Difficultintubation, may have cleft epiglottis, renal failure, encephalocele/cleft palate may be present.

Meig's syndrome

Characteristics: Large ovarian cystin peritoneal space, respiratory distress, and poor nutrition.

Key points: Pleural effusion drainage, intravascular volume correction.

Reference:

Hirota M et al. (1995). Perioperative management of patients with Meigs syndrome. Masui, 44, 874-9.

Library Holdings
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Menkes' disease

Characteristics: Suppression of copper-dependent enzymes resulting from copper deficiency, kinky hair, convulsions, mental retardation, bone
and connective tissue lesions, and hypothermia.

Key points: Seizures, gastro-oesophageal reflux, airway complications (poor pharyngeal motor tone).

Reference:

Tobias JD (1992). Anaesthetic considerations in the child with Menkes' syndrome. Canadian Journal of Anaesthesia, 39, 712-15.

Library Holdings
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Merrf syndrome

Characteristics: Mitochondrial encephalomyopathy, mixed seizures, myoclonus, progressive ataxia, spasticity, mild myopathy, growth
retardation, deafness, dementia.
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Mikulicz's syndrome

Characteristics: Salivaryand lachrymal gland enlargement.

Key points: Glandular tissue may complicate airway management, anticholinergics probably best avoided.

Miller-Fisher syndrome

Characteristics: Variant of Guillain Barre syndrome (p. 197).

Millers syndrome

Characteristics: Rare congenital disorder with facial features similar to Treacher-Collins syndrome. Limb abnormalities, congenital heart
disease (ASD/VSD/PDA).

Key points: As for Mandibulofacial dysostosis. Consider earlytracheostomy for airway maintenance (especiallyif repeated procedures
planned), difficult venous access, gastric reflux.

Reference:

Stevenson GW (1991). Anaesthetic management of Miller's syndrome. Canadian Journal of Anaesthesia, 38, 1046-9.

Library Holdings
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Moebius syndrome

Characteristics: Multiple cranial nerve palsies, orofacial malformations, limb anomalies, and a high incidence of other anomalies, including
congenital cardiacdisease, spinal anomalies, corneal abrasions, and peripheral neuropathies.

Key points: Difficult or failed intubation, potential for problems with aspiration of oral secretions due to salivary drooling (consider
antisialogogue premedication).

Reference:

Ferguson S (1996). Moebius syndrome: a review of the anaestheticimplications. Paediatric Anaesthesia, 6, 51-6.

Library Holdings
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Morquio syndrome (mucopolysaccharidosis V)

Characteristics: Short stature, short neck, hypoplastic odontoid leads to atlantoaxial instability (compression of long tracts and paraplegia can
occur), prominent sternum, loss of muscle tone, hypermobility and loose skin, aorticincompetence.

Key points: Difficult airway due to short neck and instability, potential narrowed lumen (infiltration), respiratory and cardiac failure in early
adultlife, end organ dysfunction, sleep apnoea.

Reference:

Tobias JD (1999). Anesthetic care for the child with Morquio syndrome: general versus regional anesthesia.Journal of Clinical Anesthesia, 11,
242-6. (See Furtherreading.)

Moschkowitz disease (thrombotic thrombocytopenic purpura)

Characteristics: Haemolyticanaemia, thrombocytopenia, small vessel disease, neurological symptoms, renal disease.

Key points: Assess renal function, bleeding risk.

Mournier-Kuhn syndrome

Characteristics: Diffuse tracheobronchomegaly, communicating paratracheal cysts.

Key points: Intubate trachea and pack pharynxif mechanical ventilation needed.

Reference:

Sane ACetal. (1992). Tracheobronchiomegaly. The Mournier-Kuhn syndrome in a patient with Kenny-Caffey syndrome. Chest, 102, 618-19.
Library Holdings



javascript:void(0)

Bibliographic Links
P.253

Moya-moya disease (in the German literature ‘Nishimoto-Takeuchi-Kudo-Suzuki's disease’)

Characteristics: Severe stenosis of internal carotid arteries, fine network of vessels around basal ganglia.

Key points: Neurological deterioration can follow general anaesthetic—optimize cerebral perfusion (control of BP, CO, etc.).

Reference:

Bingham RM, Wilkinson DJ (1985). Anaesthetic managementin Moya-moya disease. Anaesthesia, 40, 1198-202.
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Mucopolysaccharidoses

Characteristics: Metabolicdisease characterized by abnormal accumulation and excretion of mucopolysaccharides, see individual syndromes
(Hunter, Hurler, Morquio, Maroteaux-Lamy, and Scheie syndromes) for full details.

Reference:

Moores Cetal. (1996). Anaesthesia for children with mucopolysaccharidoses. Anaesthesia and Intensive Care, 24, 459-63.
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Multiple myelomatosis

Characteristics: Neoplastic proliferation of plasma cells characterized by immunoglobulin disorders.

Key points: Renal failure, haemorrhagic tendency, increased susceptibility to infections, pathological fractures (care positioning),
hyperviscosity syndrome, anaemia, and hypercalcemia.

Reference:

Wake M (1995). Anesthetic experiences in 3 patients with multiple myeloma. Masui, 44, 1282-4.
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Myasthenic syndrome (see also p. 191)

Characteristics: Paraneoplastic condition causing defective acetylcholine release at neuromuscular junctions, proximal muscle weakness in
ocularand/or bulbar muscles, post tetanic facilitation.

Key points: Muscle weakness, sensitive to muscle relaxants, risk of respiratory complications, autonomic dysfunction, impaired oesophageal
motility.

Reference:

Seneviratne U, deSilva R (1999). Lambert-Eaton myasthenic syndrome. Postgraduate Medical Journal, 75, 516-20.

Reference:

Telford RJ, Holloway TE (1990). The myasthenic syndrome: anaesthesia in a patient treated with 3,4 diaminopyridine. British Journal of
Anaesthesia, 64, 363.
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Myositis ossificans

Characteristics: Bonyinfiltration of tendons, facia, muscle, aponeuroses.

Key points: Airway problems if neck involved. Thoracicinvolvement reduces compliance, asphyxia and aspiration.

Myotonia congenita (Thomsen's disease) (see also p. 192)

Characteristics: Muscular disorder, widespread dystrophy and/or hypertrophy, more myotonia than other muscle diseases, palatopharyngeal
dysfunction, cardiomyopathy.

Key points: Aspiration risk, strong association with MH, myotonia not responsive to muscle relaxants. Can be precipitated by cold, surgery,
diathermy, anticholinesterases. Suxamethonium may cause myotonia with difficultintubation/ventilation.

Reference: See Further reading.
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Nance Insley syndrome (otospondylomegaepiphyseal dysplasia ‘OSMED’)

Characteristics: Disrupted cartilaginous growth leading to midface hypoplasia, disproportionate short stature and short limbs. Progressive
sensorineural deafness, cleft palate, micrognathia, joint contractures, vertebral abnormalities.

Key points: Possible difficult airway.

Reference:

Denton R (1996). Anaesthetic problems in the Nance Insley syndrome. Anaesthesia, 51, 100-1.
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Nemaline myopathy

Characteristics: Congenital myopathy, non-progressive hypotonia and symmetrical muscle weakness (including skeletal and diaphragm but
sparing cardiac and smooth), skeletal deformities, facial dysmorphism.

Key points: Airway difficulties, poor respiratory function (restrictive), chronic aspiration, abnormal drug responses (including relaxants), rarely
cardiomyopathy, MH not described.

Reference:

Cunliffe M, Burrows FA (1985). Anaestheticimplications of nemaline rod myopathy. Canadian Anaesthesia Society Journal, 32, 543-7.
Reference:

Stackhouse R (1994). Anesthetic complications in a pregnant patient with nemaline myopathy. Anesthesia and Analgesia, 79, 1195-7.
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Nesidioblastosis

Characteristics: Autonomous insulin secretion unaffected by blood glucose. Neonatal/infantile apnoea, hypoglycaemia, hypotonia, seizures.
Key points: Total pancreatectomy needed, monitor perioperative blood glucose.

Reference:

Bellwoar Cetal. (1996). Anaesthetic management of a neonate with nesidoblastosis. Paediatric Anaesthesia, 6, 61-3.
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Neurofibromatosis

Characteristics: Café au lait spots, astrocytomas, seizures, kyphoscoliosis.

Key points: Potential difficult airwayand positioning, avoid proconvulsants, occult phaeochromocytoma in 5%.

Reference: See Further reading.
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New variant Creutzfeldt-Jacob disease (nvCID) (see also p. 518)

Characteristics: Psychiatric symptoms occur early. Progressive neurological signs including ataxia, involuntary movements and cognitive
impairment develop. Similar to CID.

Reference:

Weihl CC, Roos RP (1999). Creutzfeldt-Jakob disease, new variant Creutzfeldt-Jakob disease, and bovine spongiform encephalopathy. Neurology
Clinics, 17, 835-59.

Niemann-Pick disease

Characteristics: Accumulation of sphingomyelin in reticuloendothelial macrophages of manyorgans (liver/spleen/bone marrow),
hepatosplenomegaly, mental retardation.

Key points: Anaemia, thrombocytopenia and respiratory failure.

Noonan's syndrome

Characteristics: Short stature, mental retardation, cardiac defects (pulmonary stenosis, VSD, hypertrophic cardiomyopathy), micrognathia, short
webbed neck, pectus excavatum, vertebral anomalies, renal failure, lymphoedema.
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Key points: Possible difficultintubation, cardiac dysfunction, platelet and coagulation defects, check renal function.

Reference:

Grange CS (1998). Anaesthesia in a parturient with Noonan's syndrome. Canadian Journal of Anaesthesia, 45, 332-6.
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Reference:

McLure HA, Yentis SM (1996). General anaesthesia forcaesarean section in a parturient with Noonan's syndrome. British Journal of
Anaesthesia, 77, 665-8.
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Ondine's curse

See Alveolar hypoventilation.

Opitz-Frais syndrome (hypospadias dysphagia syndrome)

Key points: Recurrent pulmonary aspiration of intestinal contents, achalasia of the oesophagus, subglottic stenosis, hypertelorism,
micrognathia, high arched palate.

Reference:

Bolsin SN, Gillbe C(1985). Opitz-Frias syndrome. A case with potentially hazardous anaestheticimplications. Anaesthesia, 40, 1189-93.
Library Holdings

Bibliographic Links

Osler-Weber-Rendu syndrome

See Haemorrhagic telangiectasia.

Osteogenesis imperfecta (fragilitas ossium)

Characteristics: Inherited connective tissue disorder, bone fragility, frequent fractures and/or deformities, blue sclera.

Key points: Teeth easily damaged, excessive bleeding, tendency to hyperthermia—probably not MH.

Reference:

Cho E etal. (1992). Anaesthesia in a parturient with osteogenesis imperfecta. British Journal of Anaesthesia, 68, 422-3.
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Osteopetrosis (Albers-Schonberg disease)

Characteristics: Group of disorders characterized byincreased bone in the skeleton associated with changes in modelling with overgrowth.
Range of severity, brittle bones, nerve compression syndromes, hearing loss, mental retardation, bone marrow involvement leads to
leucoerythroblasticanaemia.

Key points: Airway/ventilation problems, cervicomedullary stenosis (cord trauma during intubation), thrombocytopenia, hepatosplenomegaly
(reduced FRC), reduced myocardial contractility (hypocalcaemia). Careful moving and positioning—risk of fractures, head and mandibular
involvement may complicate intubation.

Reference:

Burt N et al. (1999). Patients with malignant osteopetrosis are at high risk of anesthetic morbidity and mortality. Anesthesia and Analgesia, 88,
1292-7.
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Paramyotonia congenita (Eulenberg's disease)

Characteristics: Variant of Hyperkalaemic periodic paralysis, cold induced myotonia, flaccid paralysis, worsened by exercise.

Key points: Assess sensitivity to cold and frequency of myotonic episodes. Warm theatre/fluids/patient. Normal response to non-depolarizing
muscle relaxants. Avoid suxamethonium. Central neural blocks safe. No MH tendancy.

Reference:

Grace RF, Roach VJ (1999). Caesarean section in a patient with paramyotonia congenita. Anaesthesia and Intensive Care, 27, 534-7.
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Patau's syndrome (trisomy 13)

Characteristics: Multiple craniofacial, cardiac, neurological, and renal anomalies. ‘Rockerbottom feet'.
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Key points: Difficult airway, thoracic kyphoscoliosis, ineffective cough, postoperative respiratory problems, apnoeic episodes, full cardiac
assessment (80% have severe malformations), impaired renal function, polycythaemia and platelet dysfunction.

Reference:

Martlew RA, Sharples A (1995). Anaesthesia in a child with Patau's syndrome. Anaesthesia, 50, 980-2.

Library Holdings
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Reference:

Pollard RC, Beasley JM (1996). Anaesthesia for patients with trisomy 13 (Patau's syndrome). Paediatric Anaesthesia, 6, 151-3.

Library Holdings
Bibliographic Links



javascript:void(0)

Pemphigus vulgaris

Characteristics: Autoimmune disease causing impaired cell adhesion within the epidermis. Bullous eruptions of skin and mucous
membranes.

Key points: Avoid friction (monitors, lines, airway manipulation, positioning, etc.). Possible ulceration/bullae/oedema of glottis after
intubation (lubricate everything well), careful fluid/electrolyte balance (include losses from bullae). Perioperative steroids to reduce
exacerbation, regional/general anaestheticacceptable.

Reference:

Mahalingham TG et al. (2000). Anaesthetic management of a patient with pemphigus vulgaris for emergency laparotomy. Anaesthesia, 55, 160—
2.
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Reference:

Vatashsky E, Aronson HB (1982). Pemphigus vulgaris: anaesthesia in the traumatised patient. Anaesthesia, 37, 1195-7.

Library Holdings
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Pendred's syndrome

Characteristics: Genetic defectin thyroid hormone synthesis, hypothyroidism, goitre, deafness.

Key points: As for Hypothyroidism.

Reference:

Reardon W (1999). Prevalence, age of onset, and natural history of thyroid disease in Pendred syndrome. Journal of Medical Genetics, 36, 595—
8.

Library Holdings
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Pfeiffer's syndrome (acrocephalosyndactyly type V)

Characteristics: Growth and developmental retardation, sagittal craniosynostosis, hypertelorism, low set ears, micrognathia with mandibular
ankylosis, congenital heart defects, and genital anomalies.

Key points: Solid cartilaginous trachea lacking rings may be present.

Reference:

Moore MH et al. (1995). Pfeiffer syndrome: a clinical review. Cleft Palate and Craniofacial Journal, 32, 62-70.

Pharyngeal pouch

Characteristics: Epithelial lined diverticulum above the upper oesophageal sphincter, often asymptomatic, sometimes associated with
dysphagia.

Key points: Tracheal soiling not prevented by cricoid pressure. Empty pouch manually (by patient) prior to induction or with large bore
nasopharyngeal tube. Considerintubation in head down position or underlocal anaesthetic.

Phenylketonuria

Characteristics: Defective phenylalanine-4-hydroxylase, cerebral damage, mental retardation, epilepsy.

Key points: Sensitive to opioids/barbiturates, considerinhalation induction, monitor blood glucose.

Reference:

Celiker Vet al. (1993). Anesthetic management of a patient with hereditary fructose intolerance and phenylketonuria. Turkish Journal of
Pediatrics, 35, 127-30.

Library Holdings

Bibliographic Links
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Pickwickian syndrome

Characteristics: Morbid obesity, episodic somnolence, hypoventilation.

Key points: Hypoxaemia, polycythaemia, pulmonary hypertension, cardiac failure, difficult access/positioning, prone to wound infection,
DVT/PE risk. Sensitive to respiratory depressants, regional anaesthesia ideal for peripheral surgery. Alert ICU following major surgery, CPAP
beneficial. (See p. 67.)

Reference:

Neuman GG et al. (1986). Perioperative management of a 430-kilogram (946-pound) patient with Pickwickian syndrome. Anesthesia and
Analgesia, 65, 985—7.
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Pierre-Robin syndrome

Characteristics: Cleft palate, micrognathia, mandibular hypoplasia, congenital heart disease.

Key points: Difficult airway, receeding mandible fails to hold tongue forward in normal position-falls against posterior pharyngeal wall,
assess forheartanomalies.

Reference:

Rasch DK et al. (1986). Anaesthesia for Treacher-Collins and Pierre-Robin syndromes: a report of three cases. Canadian Anaesthesia Society
Journal, 33, 364-70.

Plott's syndrome

Characteristics: Laryngeal-abductor paralysis, psychomotor retardation and sixth nerve palsy.

Key points: Stridor at rest, cyanosis during crying/exertion, postoperative upper airway control.

Reference:

McDonald D (1998). Anaesthetic management of a patient with Plott's syndrome. Paediatric Anaesthesia, 8, 155-7.

Full Text

Library Holdings

Bibliographic Links

Plummer-Vinson syndrome (Patterson-Brown-Kelly syndrome)

Characteristics: Upper oesophageal web, dysphagia, iron-deficiencyanaemia, glossitis, angular stomatitis, increased risk of postcricoid
carcinoma.

Key points: Regurgitation risk, anaemia.

Reference:

Hoffman RM, Jaffe PE (1995). Plummer-Vinson syndrome. A case report and literature review. Archives of Internal Medicine, 155, 2008-11.
Ovid Full Text

Full Text
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Pneumatosis cystoides intestinalis

Characteristics: Multiple intramural gas-filled cysts in the gastrointestinal tract, disturbed bowel function, may be associated with systemic
sclerosis.

Key points: Avoid nitrous oxide.

Reference:

Sutton DN, Poskitt KR (1984). Pneumatosis cystoides intestinalis. Nitrous oxide anaesthesia and the rapid effect of oxygen therapy.
Anaesthesia, 39, 776-80.

Library Holdings
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Pompe's disease

See Glycogenoses type IlI.

Post-poliomyelitis syndrome

Characteristics: New neuromuscular symptoms occurring > 15 years after clinical stability has been attained in patients with a prior history of
symptomatic poliomyelitis. Limb atrophy, slow progression with periods of stabilization.

Key points: Respiratory muscle involvement, bulbar dysfunction.
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Potter's syndrome (bilateral renal agenesis)

Characteristics: Incompatible with life, bilateral renal agenesis, pulmonary hypoplasia, characteristic facial features.

Key points: Ventilation maybe impossible despite intubation.

Reference:

Van der Weyden (1982). Potter's syndrome [letter]. Anaesthesia and Intensive Care, 10, 90.
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Prader-Willi syndrome

Characteristics: Mental retardation, severe obesity, polyphagia, dental caries, short stature, congenital muscle hypotonia, hypogonadism,
cardiovascularanomalies.

Key points: Obesity may be extreme, hypotonia, difficult venous access, altered thermoregulation, arrythmias, convulsions, blood glucose
should be maintained intravenously during starving, perioperative respiratory problems may occur.

Reference:

Dearlove OR et al. (1998). Anaesthesia and Prader-Willi syndrome. Paediatric Anaesthesia, 8, 267-71.

Full Text

Library Holdings
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Progeria (premature ageing)

Characteristics: Feature of many syndromes.

Key points: IHD/hypertension/cardiomyopathy at young chronological age. Plan technique around ‘physiological age’.

Reference:

Nguyen NH et al. (2001). Anaesthesia fora child with progeria. Paediatric Anaesthesia, 11, 370-1.

Ovid Full Text
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Progressive external ophthalmoplegia (PEO)

Key points: Sensitive to all induction agents.

Reference:

James RH (1986). Induction agent sensitivityand ophthalmoplegia plus [letter]. Anaesthesia, 41, 216.
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Proteus syndrome

Characteristics: Congenital progressive hamartomatous disorder, partial bilateral gigantism, hemihypertrophy (often one whole side of the
body), macrocephaly, scoliosis, cystic lung changes. (probably explains ‘the Elephant Man’). (See Klippel-Trenaunay syndrome.)

Key points: Difficult airway (See Bullous cysticlung disease.)

Reference:

Pennant JH, Harris MF (1991). Anaesthesia for Proteus syndrome. Anaesthesia, 46, 126-8.

Library Holdings

Bibliographic Links

Prune-belly syndrome (Eagle-Barrett syndrome)

Characteristics: Almost exclusively male, abdominal muscle deficiency, complex genitourinary malformations and bilateral undescended
testes. Maydie in neonatal period from pulmonary hypoplasia, also associated with congenital heart disease, skeletal anomalies and
imperforate anus.

Key points: Optimize pulmonary function, poor cough due to muscle weakness, beware postoperative respiratory distress, careful fluid
balance. Renal failure may coexist.

Reference:

Heisler DB et al. (1994). Pectus excavatum repairin a patient with prune belly syndrome. Paediatric Anaesthesia, 4, 267-9.

Library Holdings

Bibliographic Links

Reference:

Henderson AM et al. (1987). Anaesthesia in the prune belly syndrome. Anaesthesia, 42, 54-60.

Library Holdings

Bibliographic Links
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Pseudoxanthoma elasticum (Groenbald-Strandberg disease)

Characteristics: Hereditary disorder of elastic tissue, four types with variable features including fragile connective tissue, vascular
complications (slow progressive occlusive arterial disease), retinal changes with early blindness and myopia, high arched palate, blue sclera.
Lungs unaffected.



Key points: Fragile tissue-haemorrhage with minor trauma (including airway). High incidence of hypertension, IHD, valvular disease,
dysrythmias. Care in fixing IV lines.

Reference:

Krechel SLet al. (1981). Anesthetic considerations in pseudoxanthoma elasticum. Anesthesia and Analgesia, 60, 344-7.

Library Holdings
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Reference:

Levitt MW, Collison JM (1982). Difficult endotracheal intubation in a patient with pseudoxanthoma elasticum. Anaesthesia in Intensive Care,
10, 62-4.

Library Holdings

Bibliographic Links

Pulmonary cysts

Key points: Can increase in size and rupture during anaesthesia (especially with nitrous oxide).

Refsum's disease

Characteristics: Defective metabolism of phytanicacid, sensorimotor polyneuropathy, ataxia, retinal damage, deafness.

Key points: Document pre-existing neurology before performing regional blocks.

Rett syndrome

Characteristics: Devastating disabling female neurological disease, abnormal respiratory control (hyperventilation/apnoea) when awake,
scoliosis, long QT, sudden death.

Key points: Full respiratoryassessmentideal but maybe technically difficult, respiratory pattern normal under general anaesthetic, prolonged
weaning, high pain threshold (abnormal processing).

Reference:

Dearlove OR, Walker RW (1996). Anaesthesia for Rett syndrome. Paediatric Anaesthesia, 6, 155-8.

Library Holdings
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Rigid spine syndrome

Characteristics: Very limited spinal flexion, generalized proximal limb weakness, limb contractures, progressive scoliosis, restrictive
ventilatory defect, pulmonary hypertension, RV failure.

Key points: Difficult intubation, flexible ETT provides better fitin hyperextended trachea. Avoid suxamethonium (K+). Cardiomyopathy, check
ECG (conduction defects), low MH risk, care with muscle relaxants, careful positioning/ padding, consider HDU/ICU postoperatively.
Reference:

Jorgensen BG et al. (1999). Anaestheticimplications of rigid spine syndrome. Paediatric Anaesthesia, 9, 352-5.

Full Text

Library Holdings
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Riley-Day syndrome

See Familial dysautonomia.

Romano-Ward syndrome

Characteristics: Congenital delay of cardiac depolarisation, prolonged Q-T interval.

Key points: Sudden death atanyage during induction of anaesthesia, ?consider pacing preoperatively.

Reference:

Ponte J, Lund J (1981). Prolongation of the Q-T interval (Romano-Ward syndrome): anaesthetic management. British Journal of Anaesthesia, 53,
1347-50.

Library Holdings

Bibliographic Links
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Rubinstein-Taybi syndrome

Characteristics: Microcephaly, mental retardation, broad thumbs and toes, craniofacial abnormalities, recurrent respiratory infections,
congenital heart disease (33%).

Key points: Difficult airway, search for CVS disease (arrhythmias occur), chroniclung disease.

Reference:

Critchley LA et al. (1995). Anaesthesia in an infant with Rubinstei-Taybi syndrome. Anaesthesia, 50, 37-8.
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Reference:

Stirt JA (1981). Anesthetic problems in Rubinstein-Taybi syndrome. Anesthesia and Analgesia, 60, 534—6.

Library Holdings
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Russell-Silver syndrome

Characteristics: Short stature, facial and limb assymetry, mandibular hypoplasia, micrognathia, macroglossia, sweating. Fasting
hypoglycaemia, mental retardation, congenital heart disease may coexist.

Key points: Difficult airway (including mask fit), intra-operative glucose monitoring, temperature control (minimal body fat). Monitor
neuromuscular block (normal doses mayrelativelyunderdose).

Reference:

Dinner M et al. (1994). Russell-Silver syndrome: anestheticimplications. Anesthesia and Analgesia, 78, 1197-9.

Library Holdings
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Saethre-Chotzen syndrome

Characteristics: Craniosynostosis, micrognathia, renal failure.

Key points: Difficultintubation.

Scheie syndrome (mucopolysaccharidosis V)

Characteristics: Metabolic disease characterized by abnormal accumulation and excretion of mucopolysaccharides.

Key points: Ischaemic heart disease, valvularinsufficiency, difficultintubation, joint stiffness, and mental retardation.
Reference:

Nakayama H et al. (1994). Anesthesia in a patient with Scheie syndrome. Masui, 43, 1385-8. (See also Furtherreading.)

Scimitar syndrome

Key points: Anomalous venous drainage of the right lung into the inferior vena cava, right lung hypoplasia, scimitar-shaped radiographic
shadow of the anomalous vein gives the syndrome its name.




Seckel syndrome

Characteristics: Rare syndrome of chromosome aberration, bird-headed dwarfism, microcephalus, other minor deformities.

Key points: Preoperative laryngeal and renal assessments.

Reference:

Shiraishi N et al. (1995). Anesthetic management of Seckel syndrome: a case report. Masui, 44, 735-8.

Library Holdings
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Shprintzen syndrome (velocardiofacial syndrome)

Characteristics: Facial dysmorphism, cleft palate, cardiovascular malformations, mild/moderate mental retardation/learning difficulties.
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Reference:

Meinecke P et al. (1986). The velo-cardio-facial (Shprintzen) syndrome. Clinical variabilityin eight patients. European Journal of Pediatrics, 145,
539-44.

Library Holdings

Bibliographic Links

Shy-Drager syndrome (central nervous and autonomic degeneration)

Characteristics: Progressive neurovegetative disorder with primary autonomic failure, severe orthostatic hypotension with syncope, anhydrosis,
disordered thermoregulation, impotence/urinaryincontinence, respiratory obstruction/sleep apnoea.

Key points: Increased aspiration risk (gut motility disorder plus laryngeal weakness), IPPV may cause CVS instability (reduced venous return),
ensure normovolaemia. Regional blocks used successfully, consider fludrocortisone to sustain plasma volume.

Reference:

Dewhurst A, Sidebottom P (1999). Anaesthetic management of a patient with multiple system atrophy (Shy-Drager syndrome) for urgent hip
surgery. Hospital Medicine, 60, 611.

Library Holdings
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Reference:

Niquille M et al. (1998). Continuous spinal anesthesia for hip surgeryin a patient with Shy-Drager syndrome. Anesthesia and Analgesia, 87,
396-9.
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Simmond's syndrome and Sheehan's syndrome (postpartum pituitary necrosis)

Characteristics: Pituitary infarction following postpartum haemorrhage, variable degree of pituitaryinsufficiency.

Key points: Assess endocrine derangement.

Sipple syndrome (multiple endocrine adenomatosis type Ila)

Characteristics: Phaeochromocytoma, medullary carcinoma of thyroid with or without parathyroid hyperplasia.

Key points: Assess degree of endocrine dysfunction, treat as for Phaeochromocytoma.

Sjogren's syndrome (keratoconjunctivitis sicca)

Characteristics: Dry eyes without rheumatoid arthritis, mayalso have dysphagia/ abnormal oesophageal motility, other autoimmune disease,
renal tubular defects, pulmonary hypertension, peripheral neuropathy, vasculitis.

Key points: Assess for other systemic conditions. Worsened by anticholinergic drugs, improved by humidification.

Reference:

Takahashi S etal.(1990). Anesthetic management of a patient with Sjogren's syndrome and pulmonary fibrosis. Masui, 39, 1393-6.

Library Holdings
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Smith-Lemli-Opitz syndrome

Characteristics: Micrognathia, mentally defective, thymic hypoplasia.

Key points: Difficultintubation, intrinsiclung disease, possibly susceptible to infection.

Reference:

Choi PT, Nowaczyk MJ (2000). Anesthetic considerations in Smith-Lemli-Opitz syndrome. Canadian Journal of Anaesthesia, 47, 556-61.

Library Holdings
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Spinal muscularatrophy

Characteristics: Peripheral motor neurons affected, upper motor neurons spared. Types |-IVincrease in rate of progression, muscular wasting.
(See also Amyotrophic lateral sclerosis.)
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Key points: Weak respiratory muscles (IPPV advisable), abnormal reaction to muscle relaxants. If relaxants are essential monitor blockade and
ensure full reversal. Avoid suxamethonium (K+ and myotonic contractures). Postoperative respiratory support may be indicated, aspiration risk
with bulbarinvolvement.

Reference:

Shime N et al. (1990). Anesthetic management of a patient with progressive spinal muscular atrophy. Masui, 39, 918-20.

Library Holdings
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Strumpell's disease

Characteristics: Progressive spastic paresis predominantly affecting lower extremities.

Key points: Avoid suxamethonium, sensitive to non-depolarizing muscle relaxants, regional anaesthesia probablyacceptable, poorrespiratory
function/reserve.

Reference:

McTiernan C, Haagenvik B (1999). Strumpell's disease in a patient presenting for Cesarean section. Canadian Journal of Anaesthesia, 46, 679—
82.

Library Holdings
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Sturge-Weber syndrome

Characteristics: Unilateral angiomatous lesions of the leptomeninges/ upper face, contralateral hemiparesis, seizures, mental retardation.
Key points: Full evaluation for associated abnormalities, careful intubation/ extubation (angiomas of mouth/upper airway), preventrise in
ICP/IOP.




Reference:

Batra RKetal.(1994). Anaesthesia and the Sturge-Weber syndrome. Canadian Journal of Anaesthesia, 41, 133-6. (See also Further reading.)
Takayasu's disease (pulseless disease, occlusive thromboaortopathy, oraortic arch syndrome)

Characteristics: Chronic autoimmune inflammatory disease, elastictissue replaced by fibrous tissue leading to blood vessel narrowing/
occlusion/ aneurysms (preferentially large arteries-aorta and branches) and hence its alternative names. Often self-limiting.

Key points: Hypertension, IHD, cerebrovascular disease. Control cerebral perfusion (BP, CO, etc.). If on steroids may require supplement, non-

invasive blood pressure measurements may be inaccurate. Many have postoperative CVS complications from poorly controlled hypertension.
Reference:

Henderson K, Fludder P (1999). Epidural anaesthesia forcaesarean section in a patient with severe Takayasu's disease. British Journal of
Anaesthesia, 83, 956-9.

Library Holdings
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Reference:

Kawaguchi M et al. (1993). Intraoperative monitoring of cerebral haemodynamics in a patient with Takayasu's arteritis. Anaesthesia, 48, 496-8.
Library Holdings
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Tangierdisease (familial alpha-lipoprotein deficiency)

Characteristics: Deficient HDL apoprotein, accumulation of cholesterol in reticuloendothelial tissue, enlarged orange tonsils,
hepatosplenomegaly, corneal opacities, polyneuropathy.

Key points: Sensitivity to muscle relaxants, IHD, anaemia, thrombocytopenia.

TAR syndrome (thrombocytopenia, absent radius)

Key points: May also have Fallot's tetralogy.

Tay-Sachs disease (familial amauroticidiocy)

Characteristics: Accumulation of GM2 gangliosides in the CNS and peripheral nerves, progressive cerebral degeneration, seizures, dementia,
blindness,
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death before 2 years, characteristic macular cherry spot appearance.

Key points: No documented problems, progressive neurology leads to respiratory complications.

Thrombotic thrombocytopenic purpura

Characteristics: Rare severe disease composing triad of haemolyticanaemia, consumptive thrombocytopenia, CNS dysfunction. Often
scheduled for therapeutic splenectomy.

Key points: Preferably postpone elective surgery until period of remission. Check coagulation, renal, liver function. Consider prophylactic
antiplatelet drugs, corticosteroids. platelet transfusion contraindicated (may worsen disease). Use packed cells and FFP, strict asepsis (often
immunocompromised), avoid IM route, avoid nasal intubation, control BP (renal and cerebral perfusion), care with positioning.

Reference:

Pivalizza EG (1994). Anesthetic management of a patient with thrombotic thrombocytopenic purpura. Anesthesia and Analgesia, 79, 1203-5.
Library Holdings

Bibliographic Links

Tourette syndrome

Characteristics: Profane vocalizations, repetitious speech, muscle jerking.

Key points: Do not confuse tic like behaviour with seizure activity on induction/ emergence. Sedating premedication beneficial, continue
normal medication, pimozide maycause prolonged Q-T.

Reference:

Morrison JE, Lockhart CH (1986). Tourette syndrome: anaestheticimplications. Anesthesia and Analgesia, 65, 200-2.
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Toxicepidermal necrolysis (‘scalded skin syndrome’)

Characteristics: Splitatlevel of stratum granulosum, epidermal erythema/ blistering/necrosis, worsened by lateral shearing forces. Can be
drug related.

Key points: Prevention of friction (monitors, lines, airway manipulation, positioning, etc.), consider fluid losses from blisters/exposed areas of
dermis.

Treacher-Collins syndrome

See Mandibulofacial dysostosis.

Trisomy 13

See Patau's syndrome.

Trisomy 18

See Edward's syndrome.

Trisomy 21 (Down's syndrome)

See p. 212.

Tuberous sclerosis (Bourneville's disease)

Characteristics: Neurocutaneous syndrome, facial angiofibromas, epilepsy, mental retardation, CVS/CNS/renal hamartomas.

Key points: Hamartomas may affect airway/lungs/CVS with spontaneous rupture/bleeding. Spontaneous pneumothoraces, careful positioning
and padding, avoid proconvulsants, consider full preoperative CVS assessment (cardiac rhabdomyoma).

Reference:

Schweiger JW et al. (1994). The anaesthetic management of the patient with tuberous sclerosis complex. Paediatric Anaesthesia, 4, 339-42.
(See also Furtherreading.)
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Turner's syndrome

Characteristics: XO chromosome, micrognathia, short webbed neck, coarctation/ dissecting aorticaneuryms/pulmonary stenosis, renal
anomaly (50%).

Key points: Possible difficultintubation, assess CVS/renal function, care with renally excreted drugs.

Urbach-Wiethe disease

Characteristics: Type of histiocytosis (see Hand-Schuller-Christian disease), hyaline deposits in larynx and pharynx-hoarseness/ aphonia.
Key points: Cautious intubation, laryngeal opening may be small.

Urine drinking in psychiatric patients

Characteristics: Produces moderate to severe hyponatraemia.

Key points: Correct electrolyte abnormality, consider other aspects of psychiatric condition.
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Von Recklinghausen's disease

See Neurofibromatosis.

Von Willebrand's disease (pseudohaemophilia)

See p. 140.

WAGR syndrome

Characteristics: Wilms tumour, anirida, genitourinaryabnormalities, retardation.

Weaver's syndrome

Characteristics: Unusual craniofacial appearance, micrognathia.

Key points: Airway/intubation problems, may have large stature in adulthood.

Weber-Christian disease

Characteristics: Global fat necrosis (including retroperitoneal, pericardial, peritoneal, meningeal).

Key points: Associated organ dysfunction (e.g. adrenals, constrictive pericarditis). Avoid trauma to superficial fat during movement, positioning
during surgery (cold, heat, pressure).

Wegener's granuloma

Characteristics: Necrotizing granulomas in inflamed vessels of multiple organ systems (CNS/CVS/renal/RS).
Key points: Consider laryngeal stenosis, pneumonia, bronchial destruction, CVS valvular dysfunction, abnormal cardiac conduction, arteritis
(cerebral aneurysms, arterial line difficulty), IHD, renal failure, peripheral neuropathy.

Welander's muscularatrophy

Characteristics: Peripheral muscular atrophy, good prognosis.

Key points: Sensitive to thiopental, muscle relaxants and opioids.

Werdnig-Hoffman disease (spinal muscularatrophy type | acute, and type Il chronic)

See Spinal muscular atrophy.
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Wermer syndrome (type 1 endocrine adenomatosis)

Characteristics: Parathyroid, pituitary, adrenal, thyroid adenomas and pancreas islet cell tumours—can all coexist.

Key points: Assess degree of different endocrine dysfunctions.

Werner syndrome (premature aging syndrome)

See Progeria.

Wiedemann-Rautenstrauch syndrome (premature aging syndrome)

See Progeria.

William's syndrome

Characteristics: Congenital stenosis of aortic/pulmonaryvalves, hypocalcaemia in infancy (20%), stellate blue eyes.

Wilson's disease

Characteristics: Inborn error of copper metabolism, basal ganglia degeneration, neurological symptoms, hepatic and renal failure.
Key points: Respiratory complications, difficulty reversing muscle relaxants.

Reference:

el Dawlatly AA et al. (1992). Anesthetic management for cesarean section in a patient with Wilson's disease. Middle EastJournal of
Anesthesiology, 11, 391-7.
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Wiskott-Aldrich disease

Characteristics: Faulty presentation of antigen to macrophages, thrombocytopenia.

Key points: Immunodeficiency, recurrent infections, anaemia, coagulopathy.

Wolf-Hirschorn syndrome

Characteristics: Rare chromosomal abnormality, severe psychomotor retardation, seizures, VSD/ASD, characteristic facies, midline fusion
abnormalities, manydie byage 2 (cardiac failure or bronchopneumonia).

Key points: Assess for system dysfunction, MH risk unproven.

Reference:

Ginsburg R, Purcell-Jones G (1988). Malignant hyperthermia in the Wolf-Hirschorn syndrome. Anaesthesia, 43, 386-8.
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Wolfram syndrome

Characteristics: Diabetes insipidus, diabetes mellitus, opticatrophy, deafness.

Key points: Fluid and electrolyte problems.

Wolman's syndrome

Characteristics: Familial xanthomatosis, adrenal calcification, hepatosplenomegaly, hypersplenism.

Key points: Anaemia, thrombocytopenia, platelet transfusion mayonly be successful after splenectomy.

Zellweger syndrome (cerebrohepatorenal syndrome)

Characteristics: Poor suck, failure to thrive, flat/round face, micrognathia, cleft palate, polycystic kidneys, apnoeas, congenital heart defects,
hypotonia, areflexia, seizures, hepatomegaly, biliary dysgenesis.

P.266

Key points: Difficult intubation, assess CVS, care with muscle relaxants.

Reference:

Govaerts Letal. (1982). Cerebro-hepato-renal syndrome of Zellweger: clinical symptoms and relevant laboratory findings in 16 patients.
European Journal of Pediatrics, 139, 125-8.

Full Text
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For detailed information about rare conditions try: Online Mendelian Inheritance in Man, OMIM (TM). McKusick-Nathans Institute for Genetic
Medicine, Johns Hopkins University (Baltimore, MD) and National Center for Biotechnology Information, National Library of Medicine
(Bethesda, MD), 2000. World Wide Web URL:http://www.ncbi.nIlm.nih.gov/omim/. (Click on ‘Search the OMIM Database’ and enter the name of
the condition in the search field).

Furtherreading

Baines D, KeneallyJ (1983). Anaestheticimplications of the mucopolysaccharidoses: a fifteen-year experience in a children's hospital.
Anaesthesia and Intensive Care, 11, 198-202.
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Diaz JH (2000). Perioperative management of children with congenital phakomatoses. Paediatric Anaesthesia, 10, 121-8.

Full Text
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Katz J, Benumof JL, Kadis LB (1990). Anesthesia and uncommon diseases. WB Saunders, Philadelphia.

Rushman GB, Davies NJH, Cashman JN (ed.) (1999). Dictionary of key points aboutrare diseases. In: Lee's synopsis of anaesthesia, pp. 353-81.
Butterworth-Heinemann, Oxford.

Russell SH, Hirsch NP (1994). Anaesthesia and myotonia British Journal of Anaesthesia, 72, 210-16.

Smith GB, Shribman AJ (1984). Anaesthesia and severe skin disease. Anaesthesia, 39, 443-55.
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Walker RWM et al. (1994). Anaesthesia and the mucopolysaccharidoses. A review of the airway problems in children. Anaesthesia, 49, 1078-88.
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General principles

Asurgical daycase is a patient who is admitted forinvestigation or operation on a planned non-resident basis and who nonetheless
requires facilities for recovery.

--Royal College of Surgeons Guidelines 1992

Organization

Organization is the key to efficient good-quality day surgery and requires close cooperation between all agencies involved, including
surgeons, anaesthetists, daycase unit staff, general practitioners, and patients themselves.

Facilities

An efficient organization requires ‘ring fenced’ theatres and ward space. Daycases on inpatient wards or theatres will suffer cancellation
when there are bed shortages and emergency operations. Self-contained units with their own facilities, within an acute hospital, probably
offerthe best option.

Staff

Seniorstaff should perform day case anaesthesia and surgery. Much of the surgeryand anaesthesia maybe viewed as routine orsimple, but
itmust be performed to a high standard for day units to operate efficiently.

Patient selection

In theoryall patients should follow a sequential pathway. All patients should be preassessed byspeciallytrained nurses, according to set
daycase criteria. However, preassessment should be approached flexibly as different methods work for different patient groups.

With short waiting times, patients can be reviewed at the hospital on the day of their surgical outpatient appointment.
Some patient groups can be telephone assessed;in particularthose who have direct access surgery (notseeing a surgeon until the day
of surgery).

e Older patients need earlier preassessment at the hospital so thattests can be performed and the results reviewed prior to surgery.

e Insome hospitals surgeons book daycases after reviewing them and instructions are sent out by clerical staff. This can work well as
long as the surgeon is seniorand is fully conversant with the requirements of day surgery.

Patient agreement:

| confirm that a responsible adult will remain with me overnight following my discharge from hospital after my operation. | agree not to drive,
cycle, operate machinery, or take alcohol fora minimum of 24 hours after my anaesthetic. Ifin any doubt after this time, please seek medical
advice.

Driving under the influence of anaesthetic drugs might be considered a criminal offence and could affectinsurance cover.
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Daycase selection criteria

Health status: Generallyfitand healthy (ASA 1 and 2). Patients with significant cardiovascularorrespiratory disease, insulin-dependent
diabetics, orthose with gross obesityare notsuitable.

Age: Patients should be olderthan 6 months. There is no upperage limit; physiological fitness should be considered rather than
chronological age.

Complexity of surgery: Operations lasting more than 60 min and those associated with a risk of significant postoperative pain, haemorrhage,
or prolonged immobility should not be performed.

Transport: All patients must be escorted home bya responsible, informed adultand be adequatelysupervised during their recovery at home
fora minimum of 24 h.

Social support: Patients must have suitable home conditions with adequate toilet facilities and a telephone should be readilyavailable for
advice in an emergency.

Geography: The patient should live within 1 hour's travelling distance from the hospital.

Preassessment nurses will discuss with the patients their health, details concerning theiradmission, and give written instructions about the
dayof surgery. Itis important that patients read the advice and sign a patient agreement.

Some patients who fall outside the guidelines need to be discussed on an individual basis and mayinclude:

e Some ASA 3 patients who would do betterin a daycase environmentratherthan as an inpatient, e.g. chemotherapy patients, stable
diabetics.
Many paediatricanaesthetists will anaesthetize babies as young as 6 weeks on a daycase basis (provided infant was not premature).
Moderate obesityin itself does not preclude daystaysurgery, but does cause unpredictable problems in terms of length of surgeryand
anaesthesia. BMI is not the ideal tool forassessing fitness for day surgery, but provides preassessment nurses with guidance. Obese
patients should be scheduled mid morning to allow preoperative antacid therapy time to work and still allow time for recovery.
Rememberthat obesity maycause as many problems to the surgeon as to the anaesthetist. In general a BMI >35is not suitable (BMI =
weight (kg)/height2 (m)).

Common coexisting disease

e Stable asthmatics are suitable for daysurgery. Regular hospitalization, oral steroid therapy, and poor control of symptoms would
suggestunsuitability.

e Stable epileptics on medication are suitable for day surgery. Avoid propofol if they have a driving licence (see p. 171).

e Well-motivated, well-controlled diabetics having operations with a low incidence of postoperative nausea can be managed as day
cases, with either general orlocal anaesthesia.
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Cancellations and DNAs (did not attend)

Most cancellations on the day of surgerycan be avoided by careful patient selection by experienced staff. Itis often unavoidable to cancel
patients who have an acute illness, i.e.a heavy cold, oran exacerbation of previously well controlled asthma. However, diseases such as
undiagnosed hypertensive disease or uncontrolled atrial fibrillation should be discovered by preassessment atthe daysurgery unit.
Starvation instructions

e Morninglists: no solid food after midnight and free clear fluids up to 0630 h.
e Afternoon lists: no solid food after 0630h and free clear fluids up 1130h.

Preoperative verbal and written instructions are important so that milky drinks are avoided. In practice, accept drinks with 1to 2 teaspoons of
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milk but treat any more as solid food and require a 6 h fast.

Driving

Patients should not drive foratleast 24 h postoperatively because of residual effects of the anaesthetic. Remember that some operations
themselves will preclude driving for longer because of pain and limited movement, e.g. arthroscopy and inguinal hernia repair. This advice
must be contained in the preoperative verbal and written instructions given to the patient.

Preoperative investigation

The following tests should be performed when appropriate:

FBConlyin patients with the possibility of anaemia, e.g. menorrhagia.

Sickle cell testin patients of Afro-Caribbean origin.

Electrolytes and creatinine in patients on diuretics.

Blood sugarin patients who are diabetic or have a urinalysis positive for glucose.

ECG in all patients over the age of 55 and younger patients if they have a cardiac history orsigns (hypertension, dysrhythmias,
diabetics).

e Chestradiograph onlyfor patients with COAD, breathlessness, severe chest or cardiac history. Also patients with unexplained or
unexpected chest problems orsigns. Very few day surgery patients should need a preoperative chest radiograph.
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Conduct of anaesthesia

Use local anaesthetic, or short-acting general anaesthetic drugs which have few residual psychomotor effects and a low incidence of
postoperative nausea or vomiting (PONV).

Preoperative

e Nurses, surgeon, and anaesthetist will need to undertake an adequate historyand examination as a full medical clerking is not
usually performed by junior medical staff. This should include blood pressure measurement and cardiorespiratory examination.
Consentshould be performed by the operating surgeon eitherin the outpatient department or on the day of surgery.

e Avoid premedication ifatall possible.If necessaryuse oral midazolam (up to 0.5 mg/kg) in a little undiluted sweet fruit cordial (as it
tastes awful) for children, or temazepam (10-20 mg) in adults.

e There is no evidence foranyincrease in regurgitation/aspiration in daycase patients so the routine use of antacid drugs is probably
unnecessary. However, in those with a history of regurgitation ranitidine (300 mg PO) or omeprazole (40 mg PO) is appropriate.

o NSAIDs, e.g. diclofenac 50-100 mg, given orally or rectally, reach peak effect after 1-2 h and are a useful adjunct to anaesthesia, with
very few sideeffects. Rememberthat slow release oral preparations do notreach steadystate concentrations until after several doses,
and are thus not useful forearlyanalgesia.

Perioperative

e Total intravenous anaesthesia with propofol is widelyused. Inhalation of oxygen-enriched air will also allow omission of nitrous
oxide. Propofol induction with isoflurane/sevoflurane maintenance is an alternative.
Incremental fentanyl, often 2-4 pg/kg in divided doses.

Diclofenac (PO/PR) and local anaesthetic for everysuitable patient/operation.

e Whenever possible use a laryngeal mask airway, avoiding intubation, muscle relaxants, and reversal agents where possible. Laryngeal
masks for gynaecological laparoscopyand armoured laryngeal masks for wisdom tooth extraction, and manynasal operations can be
used safelyin most circumstances.

e Antiemetics are notindicated routinely butshould be reserved for treatment of any PONV or prophylaxis in those with a history of
PONV.

Postoperative

e The inclusion of opioids, NSAIDs, and local anaesthetics should provide earlyanalgesia. If more analgesia is needed itis imperative
to treatitearly. 50-75 ug fentanyl provides good, fast-onset analgesia.

o Give morphine if stronger analgesia is required. Rememberthat pain worsens nausea.
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e Simple oral analgesics maybe of help, as may physical therapies such as hotwater bottles, particularly for the cramping lower
abdominal pain following gynaecological surgery.

Postoperative nausea and vomiting

A multifactorial approach to the prevention of PONV should be used. Earlyambulation is a risk factor for PONV, so all daycase patients should
be treated as high risk. PONV must be fully controlled before discharge home.

TIVA propofol, omitting nitrous oxide, mutimodal analgesictherapy, good hydration, and minimal (2 h) fluid fast are appropriate. This is a
recipe approach which works well and leaves a small number of patients requiring treatment, which can then be cost effectively done with a
5-HT3 antagonist such as ondansetron.

Regional anaesthesia

Regional anaesthesia is widelyused in Europe and North America fordaycase anaesthesia. PONV is reduced. Timing and planning are
important as blocks take a longertime to setup or wear off compared with general anaesthesia. Perform spinal anaesthetics early on the list,
to allow maximum time for recovery. Spinals must have worn off completely before discharge to allow safe ambulation. However, itis
reasonable to discharge patients with working plexus blocks thus allowing the benefit of prolonged postoperative analgesia. Remember that
patients need special instructions on care of the anaesthetized partso as to avoid inadvertent damage. This would include a sling for
patients with brachial plexus blocks.

Local anaesthesia and sedation

With increased use of local anaesthetics, short-acting sedative drugs will inevitably be used to increase tolerability. It must be noted that
sedation is a pooradjunctto an imperfectlocal anaesthetic block. However, judicious use of intermittent midazolam or propofol infusions
(TCl 1-1.5 pg/ml) can provide good amnesia with few postoperative effects. If sedation is to be used it must be provided and monitored by
someone other than the operating surgeon.

Specific blocks

Field block: excellent for LA hernia repair as provides postoperative analgesia and obviates the need for general anaesthesia.
Spinals: use 25/26 gauge pencil point needles and 0.25% heavy bupivacaine (1:1 diluted 0.5% heavy bupivicaine and sterile saline).
This gives a similar onset of anaesthesia with a shorter discharge time (4 versus 6 h).

e Epidurals are less suitable due to the time factorin achieving block.

e Caudals:use dilute solutions (0.125% bupivacaine) add preservative free ketamine 0.5 mg/kg or clonidine 1 pg/kg to prolong the block
forup to 24 h. Warn the patients about ambulation difficulties.

e Brachial plexus blocks: use axillaryapproach (low incidence of pneumothorax). If used with GA use dilute local anaesthetic (0.25%
bupivacaine) to minimize motor block. If without GA, take onset time into account when planning the list.

e The use of femoral nerve blocks is controversial as mobilization is difficult.

P.275

Specific discharge criteria

Spinals

Full recovery of motor power and proprioception.
Passed urine.

Brachial plexus blocks

Some regression of motor block.

Understanding of protection of partially blocked limb.
Lower limb blocks
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Some regression of motor block.

Adequate mobility demonstrated on crutches.

Understanding of protection of partially blocked limb.

Discharge drugs

All patients should have a supply of suitable oral postoperative analgesics at home or be given it to take home. Inguinal hernia repair,
laparoscopic surgery, wisdom tooth extraction, etc. should be given atleast2 days' supply of analgesics (diclofenac 50 mg three times a day,
Cocodamol-a combination of codeine/paracetamol 30 mg/500 mg 2 tablets four times a dayorsimilar).
Discharge criteria

Stable vital signs.

Fully awake and orientated.

Able to eat and drink.

Passed urine (urological surgery) and after spinal/caudal.

Ambulant.

Pain and nausea well controlled.

Atleasta 1 h wait postoperativelyis a sensible condition of discharge.

Discharge organization

Intravenous cannula removed and wound checked.

Written and verbal discharge information.

Discharge drugs.

Suture removal organized if required.

GP letter.

Contact telephone number.

Collected byresponsible adult.
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Postoperative admission
Reasons for overnight admission:

Do not fulfil discharge criteria before unit closes.
Observation after surgical oranaesthetic complications.
Unexpectedly more extensive surgery.

Inadequate social circumstances.

Uncontrolled pain or PONV.

Overall unanticipated admission occurs in between 0.5 and 2.0% of cases, depending on the mix of surgery.

Gynaecologyand urology have the highest admission rates. Surgical causes of hospital admission are three to five times greater than
anaesthetic causes. Common anaestheticreasons for hospital admission are inadequate recovery, nausea and vomiting, and pain.
Anaesthesia-related complications are more frequent with general anaesthesia than with local anaesthesia plus sedation orregional
anaesthesia. Surgical reasons include bleeding, extensive surgery, perforated viscus, and further treatment. Admissions still occur when
social circumstances have changed, i.e. patient has no one for 24 h supervision.

Further reading

Chung F, Mezei G (1999). Adverse outcomes in ambulatory anesthesia. Canadian Journal of Anesthesia, 46, R18—R26.
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Website of the British Association of Day Surgery: http://www.bads.co.uk (for updates and new day surgery links).

Website of the Society of Ambulatory Anesthesia: http://www.sambahg.org (use ‘search’ for ‘core curriculum’).
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General principles of anaesthesia for laparotomy

Laparotomyis a major physiological insult. Perioperative complications are common and often unpredictable. Even after ensuring that the
patient's physiological status is optimized, fluid replacementand analgesia are adequate, and appropriate monitoringis carried overinto
the postoperative period, complications maystill occur. High dependency orintensive care is often appropriate.

General considerations

Anaesthesia is usuallystraightforward in the young patient having simple bowel resection. However, abdominal surgeryis more common in
elderly people compromised by underlying disease, undergoing prolonged procedures associated with major fluid shifts and cardiorespiratory
stress. Recent studies on optimization have shown that close attention to anaesthetic detail, particularlyensuring an adequate circulating
volume and cardiac output, is associated with an improved outcome. In some hospitals a proportion of these patients are admitted to
HDU/ICU prior to surgery, although this is not routine in the United Kingdom.

Preoperative

e Ischaemicheartdisease and cardiacfailure increases the risk of surgeryand should be optimally controlled.
Respiratory function should be optimized and physiotherapy commenced before surgery. Examine the chestradiograph if available.
Considerovernight IV fluids prior to operation if creatinine is high, patientis jaundiced or dehydrated, orif fluid intake inadequate.
Bowel preparation can resultin significant hidden dehydration.

e Exclude contraindications to regional anaesthesia, e.g. patientrefusal, infection around proposed site of epidural, coagulation

disorders.

Discuss analgesia options and obtain atleast verbal consentif a central neuraxial block considered.

Check the thromboprophylaxis regimen (ensure low molecular weight heparins are given atleast 12 h in advance of neuraxial block).

Discuss rapid sequence induction, if this is required. Considerranitidine oromeprazole premedication.

Consider whether HDU/ICU care is indicated perioperatively and book bed if appropriate.

Perioperative

e Large bore |V access. Gaining extra IV access during surgery may be difficult especiallyif the patientis in the lithotomy position.

e StartIVinfusion as soon as the patientarrives in the anaestheticroom/theatre if it has not been started preoperatively. Long
extension sets may be required.

e Hypotension is common following induction (relative dehydration) and mayrequire the use of vasopressors.
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Check if a nasogastric tube is required—ask the surgeon to check the position during surgery.

Prophylactic antibiotics (p. 896).

Establish appropriate invasive monitoring.

Establish active patient warming, e.g. fluid warmer, hot air blanket, insulation.

Postoperative nausea and vomiting are common, consideran antiemeticin theatre, and prescribe postoperatively.

Keep one arm out on an arm support to allow vascularaccess and neuromuscular monitoring.

Be prepared for the lithotomy position and head down tilt—mayneed PEEP to maintain oxygenation.

Muscle relaxation is essential until the abdomen is closed (this helps the surgeon).

Empty stomach if appropriate by aspirating the nasogastric tube before waking up and extubating.

Postoperative

Continue active patient warming.

Prescribe postoperative supplemental oxygen forup to 72 h.

Arrange a check chestradiograph ifa CVPline sited intra-operatively.

Continue close monitoring of fluid status. Frequent monitoring of pulse, blood pressure, urine output, CVP (if appropriate), fluid loss
(urine, drains, ileostomy, blood, etc.), and conscious level. In high-risk patients and following major surgery measure urine output
hourly for atleast 48 h.

Considerdaily FBCand U+E until normal bowel function returns. Correct electrolyte abnormalities and anaemia.

Monitor and treat pain.

Perioperative mortalityand morbidity

Surgeryand anaesthesia forintra-abdominal procedures carries a high risk of complications. Upperabdominal procedures have an increased
risk compared with lower gastrointestinal procedures. Significant complications primarily affect the respiratory, cardiovascular, and renal
systems. Mortality rates associated with intra-abdominal procedures maybe as high as 5%, with upperabdominal surgerytwice as likely to
resultin death than lower abdominal procedures. In studies on postoperative mortality, deaths following cardiac, vascular, and abdominal
surgery represent 60-80% of all deaths reported. Predictors of severe adverse perioperative outcome (including death) include a history of
CCF/MI less than 1yearago, ASA3or4and age >50 years.

Intra-operative invasive monitoring

When to use invasive monitoring is controversial. Consider the extra information it will provide against the possible risks involved.
Postoperative paralyticileus

Bowel function begins to return 24-36 h postoperatively, but does not return to normal until 48-72 h. Prolonged ileus leads to collection of
fluid and gas in
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the bowel resulting in distension, increased pain, nausea, vomiting, and delayed discharge. The aetiology of ileus is multifactorial and
includes:

manipulation of the bowel
hormonal stress response
increased sympathetic activity
postoperative pain
immobility

opioids

hypokalaemia.
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Suggested indications for invasive monitoring

Central venous

large fluid shifts, major blood loss, CVS orrenal compromise, inotropes, prolonged surgery

pressure
Arterial line Major blood loss, unstable patient, arrhythmias, CVS compromise, blood gas sampling
Oesophageal Monitors beatbybeat pulse waveform and can indicate inadequate filling, pump performance, and afterload. Will
Doppler determine whether fluids, inotropes, vasodilators, or vasoconstictors are needed
Pulmonary . . . . . . .
Where difference is expected with performance between leftand right side of heart, cardiac failure
artery catheter
Analgesia
Abdominal incisions are extremely painful for several days following the operation and can be associated with changes in FRCand ability to
cough. In general three levels of analgesia are used:

e Simple IM/SCopioids forless invasive procedures, e.g. appendicectomy, reversal of colostomy.

e Opioids bycontinuous intravenous infusion or PCA can be used, particularly for lowerabdominal procedures. Continuous infusion
techniques can be particularly effective in the elderly population who may be confused postoperativelyand unable to utilize a PCA
(ensure additional oxygen therapyand hourlysedation/pain scoring).

e Epidural techniques, which may be particularly beneficial for upperabdominal surgery, prolonged procedures, and high-risk patients

Regular paracetamol (PO/PR) and NSAIDS when appropriate should also be prescribed.
Epidural analgesia
This is commonly used for patients undergoing laparotomy. Advantages include:

Improved pain relief. Thoracic epidurals using local anaestheticand/or epidural opioids provide superioranalgesia compared with
systemic opioid analgesia. Epidural opioids improve analgesia compared with local anaestheticalone. Effectiveness relies on
appropriate placement. The catheter
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should be placed ata level corresponding to the dermatome innervating the middle of the abdominal incision. The range for
abdominal incisions is usually T6-T12. Failure of analgesia is common if the catheteris placed too low.

Improved postoperative gastrointestinal motility. Improved recovery of bowel motilityis seen with appropriately used epidural
catheters due to reduced inhibitory gastrointestinal tone and increased intestinal blood flow. Low-dose epidural opioids do notseem
to decrease intestinal motility. Improved postoperative patient mobilization.

Improved postoperative respiratory function resulting in a reduced incidence of pneumonia, respiratoryfailure, and radiological
markers of pulmonary complications, e.g. atelectasis.

Potentiallyimproved myocardial oxygenation. Pain, activation of the sympathetic nervous system, and the stress response can increase
heart rate, coronary vasoconstriction, and myocardial workload, increasing the risks of myocardial ischaemia and infarction.

Reduction in thromboembolism.

Reduced sedation and postoperative nausea/vomiting.

Possible reduction in overall mortality.t

Disadvantages associated with the use of epidurals include:

Risks related to placement of the epidural catheter.

Epidural failure (can be as high as 30% for postoperative analgesia).

Perioperative hypotension. This should be treated aggressively depending on the aetiology.
Postoperative motor blockade impeding patient mobilization.

Itching associated with epidural opioids.

Practical considerations for epidural analgesia

The cathetershould be sited atan appropriate level to provide analgesia to the site of the skin incision (T10-T11 for lower abdominal
procedures, T8-T9 for upper abdominal procedures). Siting the epidural awake is probably safer—patient feedback during insertion
can be useful in alerting the anaesthetist to potential problems.

Intra-operatively. Epidural loading dose 50-100 pg fentanyl in 8-10 ml 0.5% bupivacaine (divide into 4-5 ml boluses) and assess
response. Top up with 3 ml 0.25% bupivacaine as needed. Bupivacaine takes 15-20 min to achieve its maximum spread and top ups
should be performed cautiously. Intravenous supplementation with a short-acting opioid oran increase in the volatile agent may be
required until the block is sufficient. An extensive sympathetic block may develop with relatively low volumes of local anaesthetic.
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Where extensive bleeding is expected, orin patients who are cardiovascularlyunstable, itis often wise notto use epidural local
anaesthetic until postoperatively. Epidural opioids alone are often a safer option.

The effectiveness of epidurals varies during surgery. Surgeons manipulating organs or pulling on mesentery may cause stimulation,
even with a good block. AP resection (which requires analgesia and anaesthesia across thoracic, lumbar, and sacral dermatomes) can
prove problematic. Effectiveness of the epidural can be improved with the use of epidural opioids and larger volumes of weak
anaestheticsolution, e.g. 0.125% bupivacaine. Despite this it can be difficult to effectively anaesthetize sacral dermatomes and it may
be necessaryto supplement with systemicanalgesia/anaesthesia. Use shortacting opiates, e.g. remifentanil, alfentanil, fentanyl, to
reduce postoperative complications. The epidural catheter should still be sited in the low thoracicregion as the major source of pain
relates to the abdominal incision.

Treat hypotension with fluids and vasopressors. Ensure renal perfusion is maintained and avoid prolonged periods of relative
hypotension.

Postoperativelyan appropriate regime consists of a mixture of local anaestheticand opioid, e.g. bupivacaine 0.167% + diamorphine 0.1
mg/ml (2-8 ml/h), bupivacaine 0.125% + fentanyl 4 ug/ml (2-8 ml/h).

Epidural analgesia maynot be appropriate in very sick/septic patients undergoing emergency laparotomy for intra-abdominal
obstruction/catastrophe. Problems with persistent hypotension maylimitthe analgesic effectand compromise renal blood flow, plus
increased risks of epidural haematoma/infection.

If an epidural is contraindicated use IV morphine in theatre and recovery and then PCA or a morphine infusion postoperatively.

Temperature control
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Patients undergoing general anaesthesia become hypothermic due to:

e anaesthetic-induced impairment of thermoregulatory control
e a cool operating environment
e surgical factors promoting heat loss.

Hypothermia develops with a characteristic three-phase pattern.

o Phase 1l:redistribution of body heat as the tonicvasoconstriction that normally maintains the core to periphery temperature gradientis
inhibited. Occurs during the first hour and results in a reduction in core temperature of 1-1.5 °C.

e Phase 2:core temperature then decreases linearlyata rate determined by the difference between heat production and heatloss.
Patients undergoing an operation under general anaesthesia notonlyhave increased losses (radiation, conduction, convection,
evaporation) butalso have a reduced metabolicrate and therefore reduced heat production. Lasts 2-3 h.

e Phase 3:when core temperature drops to a sufficiently low value vasoconstriction is triggered and the temperature reaches a plateau
phase of about 3—4 °Cbelow normal.

Efforts to reduce operative hypothermia are aimed at preventing the linear decrease in phase 2 and increasing the total body heat to
minimize the drop in core temperature seen with redistribution. This involves:

e An HME filter which humidifies and warms inhaled gases reducing losses from the respiratory tract.
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A fluid warmer to prevent conductive heatloss associated with the administration of cold fluids.
A hotairwarming blanketreducing radiation loss and increasing total body heat.
e Insulation to exposed areas, e.g. the wrapping the head reduces heatloss.

Patients undergoing laparotomy have large increases in heatloss compared to those normally associated with anaesthesia. If a thoracic
epidural is used, the compensatory vasoconstriction responsible for phase 3is lostand severe hypothermia can occur. Every effort must be
made to avoid hypothermia and its complications. In recovery the residual effects of general anaesthesia, continued epidural vasodilatation,
inhibition of shivering, and continuing fluid administration can resultin further hypothermia. The above techniques should be carried over
into recovery.

Fluid management

Fluid loss occurs pre-, intra-, and postoperativelyin patients undergoing laparotomy. Causes of fluid loss include:

e Preoperative: reduced fluid intake secondary to the underlying disease process, increased fluid losses, e.g. ileostomy, vomiting,
laxative use for bowel preparation, preoperative starvation.

e |Intra-operative: large evaporative losses from the peritoneal cavity through the abdominal incision, sequestration of fluid into the
omentum and bowel lumen (third space loss), blood loss, evaporative loss from the respiratory tract, urine production, nasogastric
losses.

e Postoperative: ongoing sequestration of fluid into the omentum and bowel (paralyticileus), ongoing losses from the nasogastric tube,
urine production, ongoing blood loss.

These losses must be replaced with an individualized fluid regime. Those with large preoperative fluid deficits should have IV fluids
preoperatively on the ward or HDU. Losses should be carefully charted on a regular basis particularly nasogastricdrainage, blood loss, and
urine output. During surgery, crystalloid maintenance rates are between 10 and 30 ml/kg/h. For prolonged procedures, requiring large volumes
of crystalloid, Hartmann's solution is preferable.

Nasogastric tubes

When deciding on which nasogastric tube to use consider:

e duration of use
e the indication
e diameter.

Duration

With prolonged use, complications such as local tissue irritation/ necrosis/ perforation (nares, nasopharynx, oesophagus, stomach), and
degradation of the nasogastric tube become more pertinent. The most important consideration in preventing these complications is the
material that the nasogastric tube is made from. The maximum recommended durations of use for the various materials used in the
manufacture of nasogastrictubes are:

e PVC1week
e polyurethane 2-4 weeks
e silicone >4 weeks.
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Indication
There are four basic types of nasogastric tube:

e Gastrictube: approximately 100 cm long with an open-ended, nonweighted tip. This is the most basic type of tube. The open-ended tip
allows easieraspiration and wash out of the stomach but atthe expense increased risk of trauma to the stomach wall, i.e. ‘tissue
grab’ during process of aspiration.

e leven gastro-duodenal tube:approximately 125 cm long with closed nonweighted tip. Reduces the risk of tissue grab and is long
enough to pass into the duodenum/jejunum if nasogastric feeding is likely.

e Ryles tube:approximately 125 cm long with the same characteristics as Leven tube except that the tip is weighted using tungsten. The
tungsten weight makes passage of the tube into the stomach easierand aids peristalsis in moving the tube tip out of the stomach and
into the small intestine.

e Salem sump tube:approximately 100 cm long with a closed non-weighted tip. At the proximal end there is a sump tube, which if left
open to reduces tissue grab even when negative pressure is applied to the nasogastrictube. These tubes are designed for active
decompression of the GIT using continuous gentle aspiration.

Diameter



Nasogastric tubes come in a range of diameters from 8-18 FG. The bigger gauge the easieritis to drain and decompress the stomach but the
greaterrisk of tissue grab and patient discomfort. One of the main complaints patients following laparotomyis discomfort and pain related to
the nasogastric tube.

For most laparotomies a PVC/polyurethane 16 FG Ryles or Salem tube adequate. For procedures such as a laparoscopic cholecystectomy, where
decompression of the stomach aids surgical access or where active decompression of the GIT is anticipated postoperatively, then the Salem
tube is preferable.

Time Blood
Operation Description (h) Pain Position loss Notes
(litres)
Hemicolectomy Rese.ctlon of right or left 1-3 ++++ Supine 0.5 Low thoracic epidural or opioid infusion/PCA
hemicolon
Resection of sigmoid Supine. Head down.
Sigmoid colectomy colon with bowel 1-3 ++++ Mayneed Lloyd- 0.5-1.0 Low thoracic epidural oropioid infusion/PCA
anastomosis Davies
Hartmann's Resection of sigmoid supine. Head down.
. & 1-3 ++++ Mayneed Lloyd- 0.5-1.0 Low thoracic epidural or opioid infusion/PCA
procedure colon with colostomy .
Davies
Anteriorresection Resection of rectum 2-3  ++++ gg\a/icésdown. Loyd 0.5-1.5 Low thoracicepidural
AP resection Resection of rectum and Il it Hea.d down. Lloyd 0.5-2.0 Low thoracic epidural. C_an be difficult to block
anus Davies sacral nerve roots. CVP line
Gastrectomy Resection of gall bladder 2-3 +++++ Supine 0.5-1.0 High thoracicepidural, Consider CVP/art line
+++
Cholecystectomy Resection of gall bladder 1 4t Supine 0.5 Right upper quadrantincision. PCA
Closure of loop Local closure of 0.5- Still requires muscle relaxation. May need PCA. If
colostomyorloop colostomyorloop 1' ++ Supine ns difficulties arise can proceed to more extensive
ileostomy ileostomy procedure
Supine. Head down.
Reversal o,f Laparotomy. Bowel ends 1 ++++ Mayneed Lloyd 0.5-1.5 Low thoracicepidural
Hartmann's re-anastomosed 2.0 .
Davies
Footnote

1

Rodges A et al. (2000). Reduction of postoperative mortality and morbidity with epidural orspinal anaesthesia: results from overview of
randomised trial. British Medical Journal, 321, 1493.
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The sick laparotomy

(See also ‘Anaesthesia for the Septic Patient’ p. 682.)

Patients foremergencyintra-abdominal surgery are at a much greaterrisk of perioperative complications than those presenting electively. The
time available for preparation varies from only a few minutes to 12 h or more. The key s to strike the correct balance between the benefits of
preoperative resuscitation and those of timely surgery. The principles described earlier regarding the care of the patient undergoing a
laparotomyapplyequallyin the emergencysituation.

Preoperative assessment

Discuss the probable diagnosis with the surgical team. The emergencylaparotomycan be broadlydivided into a bleeding problem
(e.g. AAA, spleniclaceration, avulsed vessel), intestinal perforation (e.g. perforated duodenal ulcer, intestinal ischaemia), or acute
intestinal obstruction.

Bleeding problems present with hypovolaemicshock. Treat appropriately, but these cases need immediate treatmentand
resuscitation can occur during transfer to theatre and immediately prior to induction. Consider anaesthetizing the patient on the
operating table with the surgeon scrubbed and the patient prepared for surgery.

Intestinal perforation/obstruction produces a greater metabolic derangement. Time spenton a detailed assessmentand adequate
resuscitation pays dividends perioperatively.

Careful examination of cardiorespiratory status is importantand can reveal subtle clues regarding the severity of illness. Pulse
oximetryis useful in those who are dyspnoeic.

Investigations should include FBC, electrolytes (include magnesium if possible), LFTs, clotting, ECG, chest radiograph, and cross-match.
ABGs are used to assess the degree of acidosis and oxygenation and mayyield importantinformation regarding the severity of ilIness,
resuscitation, and the appropriate environment for perioperative care.

Preoperative preparation

A careful balance must be struck between preoperative optimization and surgical urgency. Patients presenting with an intra-abdominal
catastrophe (acute obstruction/perforation) are often extremely unwell, with marked hypovolaemia, hypoperfusion, acidosis, severe
renal impairment, and sepsis.

Optimize the patient's cardiorespiratory status as faras possible in the time available. This mayrequire admission to ICU/HDU,
invasive monitoring of CVP and arterial pressure, aggressive rehydration, and possiblyinotropicsupport. If ICU/HDU is not available,
theatre recovery may be an option. Aggressive preoperative optimization in this group of patients is often beneficial in the
perioperative period.

Oxygen should be administered to most emergency laparotomies in the preoperative period especiallyif hypotensive or with an
oxygen saturation of less than 95% on pulse oximetry or arterial blood gas measurement.

Aggressive fluid managementis essential. The first priorityis to restore intravascular volume and perfusion. Initial resuscitation
should be with
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colloid orblood depending on the haemoglobin. Once an adequate circulating volume is achieved, prescribe crystalloid and/or colloid
to maintain hydration and perfusion. Fluid resuscitation should be guided by CVP measurement, oratleast hourly urine output.
Urinary catheter: start hourly measurement of urine output and use to guide fluid therapy.

A nasogastric tube should be inserted in patients presenting with intestinal obstruction to relieve gastric distension and reduce the
risk of aspiration.

Electrolytes should be corrected as faras possible. Hypokalaemia and hypomagnesaemia provoke cardiac arrhythmias. Control
diabetes with an insulin/dextrose infusion.

Metabolicacidosis should improve with aggressive fluid and cardiovascular manipulation. If the pH does not respond and remains
low (<7.2) the patientis at high risk. Consider whether there maybe an underlying metabolic problem (e.g. diabetic ketoacidosis) or
pathology (e.g. bowel ischaemia). If surgeryis indicated and the pH unresponsive, 100-200 m| of 8.4% sodium bicarbonate IV should be
considered.

Problems with clotting should be addressed and treated appropriately.

Analgesia is not contraindicated in the acute abdomen. Use IV morphine. Avoid NSAIDs in the criticallyill (renal damage, decreased
platelet function, etc.).

Give antibiotics where appropriate.

Perioperative care
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Aspirate the nasogastric tube priorto induction.

Pre-oxygenate.

Rapid sequence induction.

Have a large-bore IVl connected to pressurized fluids (gelofusine) and infusing rapidly.

Choice of induction agent depends on cardiovascularstability. Asingle dose of etomidate is unlikely to have major effects on the
adrenocortical axis. Propofol orthiopental are more likely to cause hypotension in this group. Give anyinduction agentslowlyallowing
forthe delayin onset.

Relaxants. Following suxamethonium use atracurium/cis-atracurium (metabolism not dependent on renal function). In the acidotic
patient the duration of action of these drugs is prolonged.

Analgesia. Regional analgesia is often a poor choice in this group due to persisting hypotension and the risks of unmasking
hypovolaemia. Fentanyl or morphine are good options. Give with induction and supplement as needed. TIVA using ketamine is
sometimes useful.

Vasopressors and vagolytics should be drawn up before induction (atropine, glycopyrrolate, ephedrine, and metaraminol). If
hypotension persists prepare an adrenaline or noradrenaline infusion and start preoperatively.

Monitoring. Invasive arterial and central venous pressure monitoring are extremely useful in this group and should be inserted
preoperatively. Continue in recovery and postoperativelyas required.

Patient warming should be as foranylaparotomy.

Postoperative
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ICU/HDU care is often necessary for earlyand aggressive treatment of hypothermia, cardiorespiratory compromise, sepsis,
coagulopathy, borderline urine output, etc. Consider postoperative ventilation for 24 h if the patientis particularly hypothermic or
cardiovascularlyunstable perioperatively.

Frequent review of postoperative fluids should be undertaken, guided preferably by CVP measurement.

Urine output should be measured hourlyintra- and postoperatively. If <0.5 ml/kg/h urgent review is necessary.

Postoperative chestradiograph to check the position of the CVP line.

Oxygen should be administered fora minimum of 72 h postoperatively.

Pain—consider continuous morphine infusion. PCAis often not practical due to postoperative confusion.
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General principles for laparoscopicsurgery

Laparoscopictechniques have been developed for many operations including cholecystectomy, fundoplication, vagotomy, hemicolectomy,
hernia repair, appendicectomy, and oesophagectomy.

Compared with laparotomythe major advantages are:

e Reduced tissue trauma required for surgical exposure.
Reduced wound size and postoperative pain.
Improved postoperative respiratory function: Following open cholecystectomy FVCis reduced by approximately 50% and changes are
still evident up to 72 h postoperatively. Following laparoscopic cholecystectomy FVCis reduced by approximately 30% and is normal at
24 h postoperatively.
Reduced postoperative ileus.
Earlier mobilization.

e Shorter hospital stay.

Surgical requirements

Gravitational displacement of abdominal viscera from the operative site.

e Decompression of abdominal viscera, especially the stomach (nasogastrictube) and bladder (urinary catheter). Prevents injury on trocar
insertion.

e Pneumoperitoneum. This separates the abdominal wall from the viscera. An intra-abdominal pressure of 15 mmHg is adequate for

most procedures. Modern equipment has an automaticlimit on abdominal pressure. Beware older equipment which may not have an

automaticlimit, as can deliver gas flows producing an intra-abdominal pressure greater than 40 mmHg.

Carbon dioxide can be used to create the pneumoperitoneum. This has the advantage of being non-combustible allowing the use of

diathermyorlaser. Disadvantages include systemic absorption and peritoneal irritation producing pain.

Intra-operative effects of laparoscopic surgery
e Pneumoperitoneum raises intra-abdominal pressure. Physiological changes are minimized if the intra-abdominal pressure <15 mmHg.
This value should be monitored on the insuflation equipment. Physiological effects include:

Diaphragmatic displacement, reduced lung volumes and compliance, increased airwayresistance, increased V/Q

Respiratory mismatch, hypoxia/hypercapnia from hypoventilation, increased risk of regurgitation

Increased systemicvascularresistance, raised mean arterial pressure, compression of IVC, reduced venous return,

&vs reduced cardiac output
Renal Reduced renal blood flow, reduced glomerular filtration rate, reduced urine output
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e Patient positioning. With upperabdominal procedures the patientis placed head up (reverse Trendelenberg position). For lower

abdominal procedures the patientis placed head down (Trendelenberg position). The usual tiltis 15-20 degrees. Some left tiltis

usual with cholecystectomy. These postures may further stress CVS and respiratory function.

Systemic carbon dioxide absorption may produce hypercarbia and acidosis.

Extraperitoneal gas insuflation occurs through a misplaced trocar or when gas under pressure dissects through tissue defects. It may

cause subcutaneous emphysema, pneumomediastinum, pneumopericardium, or pneumothorax.

Venous gas embolism may occur when the trocaris inadvertently positioned in a vessel. Presents as acute right heart failure, reduced

ETCO,, arrhythmias, myocardial ischaemia, hypotension, elevated CVP.

e Unintentional injuries to intra-abdominal structures—major vessels, viscera, liver, and spleen. May not be detected during surgery.
Presents postoperatively with pain, hypotension, hypovolaemia, peritonitis, septicaemia.

Anaesthetic management
Preoperative

e Contraindications to laparoscopicsurgeryare relative. Successful laparoscopic procedures have been carried out on patients who were
anticoagulated, markedly obese, or pregnant.

e Fitand young patients tolerate the physiological changes well.

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 history of cardiac failure, and
those with widespread ischaemic heart disease.

e Patients with marked respiratory or cardiac disease must be thoroughlyreviewed and optimized preoperativelyand 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.

e Prescribe paracetamol 1 g PO and an NSAID, e.g. diclofenac 50>100 mg PO, 2 h preoperatively.

e Be prepared to convertto an open procedure (1-7%).

Perioperative

e General anaesthesia with endotracheal intubation to protect against pulmonaryaspiration, aids ventilation and allows IPPV. Use IPPV
to overcome the respiratory effects of pneumonperitoneum and hypercarbia. Good muscle relaxation reduces the intra-abdominal
pressure needed foradequate surgical exposure. Monitor relaxants.

e Induction:avoid excess stomach inflation from mask ventilation.

e Nasogastrictube:insertand aspirate. This deflates the stomach reducing the risk of gastricinjury during trocarinsertion and improves
surgical exposure.

e Use a urinary catheter for lowerabdominal procedures. This decompresses the bladder and reduces the risk of injury.

e Ventilate to normocarbia. Raised intra-abdominal pressure and systemic absorption of carbon dioxide will require increased minute
volume and raised airway pressures.
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e Watch forinadvertent endobronchial intubation if the patientis positioned head down with pnuemoperitoneum.


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

Opioids: short acting opioids, e.g. fentanyl, alfentanil, can be used intraoperatively to cover what can be an intense but short-lived
stimulus.
Nitrous oxide: concerns regarding problems with bowel distension and postoperative nausea and vomiting have not been
substantiated.
Volatiles: avoid halothane—sensitized myocardium in the presence of hypercarbia—because of a risk of arrhythmias.
Fluids: avoid hypovolaemia as this exaggerates the deleterious CVS effects of the procedure.
Gas insuflation into the peritoneal cavity with stretching of the peritoneum, raised intra-abdominal pressure and altered patient
positioning can cause a range of clinical responses:
o Sympatheticresponse: hypertensive, tachycardia, increased cardiac outputis the most common response. Treatment: increase
volatiles, shortacting opioid, e.g. alfentanil, remifentanil, vasodilator, and/or beta-blocker.
o CVSdepression with a fall in cardiac output: hypotension, tachycardia, or bradycardia. Treatment: fluids, vasodilators,
inotropes.
o Vagal response:asystole, sinus bradycardia, nodal rhythm, hypotension. Treatment: vagolytics.
If there is intra-operative hypoxia consider:
o Hypoventilation—pneumoperitoneum, position, inadequate ventilation.
o V/Qmismatch—reduced FRC, atelectasis, endobronchial intubation, extraperitoneal gas insuflation, bowel distension,
pulmonaryaspiration, and rarely pneumothorax.
o Reduced cardiac output—IVC compression, arrhythmias, haemorrhage, myocardial depression, venous gas embolism,
extraperitoneal gas.
Subcutaneous emphysema during the procedure spells DANGER—stop gas insuflation and check for extraperitoneal gas insuflation.
At end of operation encourage the surgeon to expel as much CO, as possible to reduce pain. Local anaesthetic to wound sites.
For laparoscopic cholecystectomy remove the nasogastric tube before taking the patient to recovery. For other procedures check with
the surgeon.

Postoperatively

Pain varies significantlyand is worstin the first few hours postoperatively. It ranges from shouldertip pain (diaphragmaticirritation)
to deep-seated pain from the surgery. Significant pain extending beyond the first dayraises the possibility of intra-abdominal
problems.

Prescribe regular paracetamol and NSAIDs with opioid PRN.

Nausea and vomiting: over 50% of patients require antiemetics. Give intraoperativelyand prescribe postoperatively.

Special considerations

Intra-operative monitoring: standard monitoring including nerve stimulator. Respiratory monitoring is essential including ETCO, and
airway pressure. In patients with severe cardiopulmonary compromise use intraarterial blood pressure and CVP monitoring.
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LMA: some anaesthetists use an LMA for laparoscopic procedures. This is an individual choice. Potential contraindications to its use
are an inexperienced surgeon, an anticipated difficult procedure, obesity, history of reflux, and pre-existing severe cardiopulmonary
compromise.

Some short procedures (e.g. laparoscopicsterilization) can be performed without muscle relaxation provided that the operatoris
experienced.

Regional anaesthesia is notgenerallyused as the sole anaesthetictechnique because of the level of block required,
pneumoperitoneum, patient positioning and shouldertip pain.

Mortality/morbidity: the incidence of adverse events is approximately 5%. The most common complication is superficial infection at the
site of the umbilical trocar. There are a number of case reports describing acute hypotension, hypoxia, and cardiovascular collapse
with laparoscopicsurgery. The cause is probably multifactorial. Be prepared to convert to an open procedure if the patientis too
unstable.

Open versus laparoscopic procedures:in the case of cholecystectomy the laparoscopic technique, unless surgicallyimpossible, is the
technique of choice even in high-risk patients because of postoperative advantages. Mortality following open cholecystectomy overall
is less than 1% butin the elderly population can be up to 10%. The adverse eventrate following open cholecystectomyis approximately
20%. For other procedures little good evidence exists.

Laparoscopic appendicectomy: not recommended if perforated appendixis suspected. It has the advantage of allowing diagnosis and
preventing unnecessary laparotomyin 20% of cases. Potential advantages are a better cosmeticresult, reduced wound pain, and a
more rapid return to normal activities, but these are not proven. Risks of laparoscopic appendicectomyare pneumoperitoneum and
prolonged surgery;itis also more expensive.

Laproscopicinguinal hernia: more applicable forindirect hernias. Direct hernias are more challenging. High-risk cases are best done
open underlocal anaesthetic. There are no clear postoperative advantages, with the total length of incisions essentially the same for
the two procedures. The laparoscopic technique has disadvantages associated with a GA and pneumoperitonuem.
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Laparoscopic cholecystectomy

Procedure Laparoscopicremoval of gall bladder

Time 1-2h

Pain ++/++++

Position Supine, 15-20 degree head up, table tilted towards surgeon
Blood loss Not significant

Practical technique GA, ETT, |PPV

Preoperative

e Patients typically ‘fair, fat, female, forty'.
e The procedure is potentially painful.

Perioperative

The stomach mayneed deflating, hence insert a larger bore nasogastrictube—remove itatend of surgery.

16 gauge IV access—blood loss may become significant.

Combination of pneumoperitoneum and obesity may make ventilation difficult.

Head up/sideways tilt.

Surgical time is veryvariable and operator dependent.

Ask the surgeon to infiltrate port sites with local anaestheticatthe end.

Conversion to open procedure 1-7%. This is usually due to difficulty identifying the cystic duct, suspected common bile duct injury,
uncontrolled bleeding from the cystic artery, stones presentin the common bile duct, or acute inflammatory changes.

Postoperative

e Highincidence of PONV.
e Pain can be severe and mayrequire opioids.

Special considerations
e This can be a verystimulating and painful procedure, particularly during diathermy around the liver.

e Analgesicrequirements can be reduced by asking the surgeon to spraylocal anaesthetic onto the gall bladder bed before starting
dissection (20 ml bupivacaine 0.25%).
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Appendicectomy

Procedure Resection of appendix
Time 20-40 min

Pain ++/+++

Position Supine

Blood loss Not significant

Practical technique Rapid sequence induction, ETT, IPPV, ilio-inguinal block

Preoperative

Patients are usuallyaged 5-20 years and are fit.

Can presentin the elderly. May be the presenting condition of caecal adenocarcinoma requiring right hemicolectomy.
Consent required for suppositories.

Check fluid status.

If consideringilio-inguinal block, warn of possible associated femoral nerve blockade.

Perioperative

Rapid sequence induction.

Muscle relaxation required for surgery.

Replace fluid deficit.

Give PR diclofenacand PR paracetamol.

Rightilio-inguinal nerve block gives useful postoperative analgesia, or ask the surgeon to infiltrate locally.
Extubate awake and in leftlateral.

Postoperative

e Prescribe paracetamol, NSAIDs, morphine, and antiemetic until tolerating oral fluids.
e Maintenance fluids.

Special consideration

e Regional anaesthesia is an option in adults if GA contraindicated.
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Inguinal hernia repair

Procedure Repair of inguinal muscular canal defect through which bowel protrudes
Time 30-60 min

Pain ++/+++

Position Supine

Blood loss Not significant

GA, SV LMA, inguinal field block

Practical techniques Spinal
Local infiltration and/or sedation

Preoperative

e Patients are usuallyadult males or young children.
Perioperative

e Will need opioid if notusing a local technique.
e Ifusinganinguinal field block the surgeon mayneed to inject a local anaestheticinto the spermatic cord. More likelyif the

genitofemoral nerve is not blocked preoperatively.

Postoperative

e Significant co-morbidity associated with age—give supplemental oxygen for 24 h.
Special considerations

May be booked as a daycase procedure.

If day case, prescribe opioid analgesia to take home, e.g. tramadol 50-100 mg fo ur times a day.

Laparoscopic hernia repair (see earlier).

Some surgeons do all inguinal hernias underlocal anaesthetic, some none. In a high-risk patientrepairunderlocal anaestheticis
best.

e Mesh insertion usuallyrequires administration of prophylactic antibiotics.
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Haemorrhoidectomy

Procedure Excision of haemorrhoids
Time 20 min

Pain ++/+++

Position Supine, lithotomy, head down
Blood loss Not significant

GA, SV LMA and/or caudal

Practical technique spinal (“saddle block”)

Preoperative
e Assess suitability for LMA + lithotomy + head down position. Consider ETT if the patientis obese.
Perioperative

e Opioid analgesia—short butintensely painful stimulus. Fentanyl and/or alfentanil is a good option.

e Ensure sufficient depth of anaesthesia—beware laryngospasm/airway difficulties if the depth of anaesthesia is insufficient.

e Caudal anaesthesia is useful for postoperative analgesia (bupivacaine 0.25% 20 ml), but beware the risk of urinary retention.
Infiltration by the surgeon during the procedure is probablyas effective.

e Potential for bradycardia/asystole as surgerystarts. Have atropine available.

Postoperative
e Bestto avoid the PR route of drug administration.
Special considerations

e Beware spinal followed byan immediate head down tilt.

e Anal stretch is anintense stimulus. Before the surgeon performs this manoeuvre deepen the anaesthetic, e.g. increase volatile and
give a bolus of alfentanil (500 ug). The anal stretch can also produce an increase in vagal tone. Be prepared for this.

e |fthe patienthas a murmurremember to give SBE prophylaxis.

e Asacral onlyspinal block (“saddle block”) using heavy bupivacaine is a useful alternative with little effect on cardiovascular dynamics.
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Testicularsurgery

Procedure Removal/biopsy of testis, marsupulization of hydrocele, vasectomy, testicular torsion
Time 30 min-1h

Pain ++/+++

Position Supine

Blood loss Not significant

GA, LMA and/orspermatic cord block
Practical techniques Spinal
LA infiltration

Preoperative

e Maybe suitable fordaycase surgery.
Perioperative

e Beware vagal responses—have atropine ready.
Special considerations

e Innervation of testes and scrotum: somaticinnervation is via ilioinguinal, genitofemoral, pudendal, and posterior scrotal nerves
(branches of posterior cutaneous nerve of the thigh) with nerve root contributions from L1-S3. Autonomicinnervation is from the
sympathetic chain T10-L4 and the parasympathetic plexus S1-S3. Local techniques therefore need to cover T10-S3.

e Aspermaticcord block can be used as an adjunctto a GA oras part of an LA technique for scrotal surgery. The block covers all nerves
except the pudendal and posterior scrotal branches. If used as part of a local anaesthetic technique supplemental infiltration of the
scrotal skin is therefore required.

e Spermaticcord is bestblocked under directvision by the surgeon. However, if a local technique is planned:

o ldentifythe pubictubercle.

o Insertthe needle 1 cm below and medial to the pubictubercle.

o Insertthe needle until bone is contacted.

o Withdraw the needle slightlyand, if aspiration is negative, inject a total of 15-20 ml of local anaestheticin three to four passes
atdifferent angles.

o Alternatively, feel for the spermatic cord as it enters the top of the scrotum and infiltrate 5 ml local anaestheticaround the
cord.
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Thyroidectomy

Procedure Removal of all or part of the thyroid gland.

Time 1-2 h depending on complexity

Pain +/++

Position Bolster between shoulders with head ring. Head up tilt
Blood loss Usually minimal. Potentially majorif retrosternal extension

Practical techniques |PPV + ETT
General considerations (see also p. 80)

Complexity can vary from removal of a thyroid nodule to removal of longstanding retrosternal goitre to relieve tracheal compression.
Retrosternal goitre is usually excised through a standard incision, but occasionally a sternal splitis required.

Recurrent laryngeal nerves and four parathyroid glands should be preserved.

Straightforward unilateral surgery can be performed under superficial and deep cervical plexus block but general anaesthesia is usual.

Preoperative

Assess the resting pulse rate and ensure that the patientis as neareuthyroid as possible.

Ask about duration of goitre. Longstanding compression of the trachea may be associated with tracheomalacia. Arapid increase in size
suggests the possibility of malignancy.

Check for complications associated with hyperthyroidism: AF, tachycardia, proptosis.

Ask about positional breathlessness. Make a routine assessment of the airway (p. 866).

Examine the neck. How bigis the goitre? Note the consistency of the gland (hard suggests malignancy). Can you feel below the gland
(retrosternal spread)? Is there evidence of tracheal deviation (check radiograph)?

Look for signs of SVC obstruction.

Listen for stridor.

Check the range of neck movements preoperativelyand do not extend them outside of their normal range during surgery.

Investigations

FBC, electrolytes, Ca2+, and thyroid function tests are routine.

Chestradiograph. Check for tracheal deviation and narrowing. In suspicious or complex cases lateral thoracicinletviews are necessary
to exclude retrosternal extension and to detect tracheal compression in the anterior-posterior plane (retrosternal enlargement may be
asymptomatic).
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CT scan accurately delineates the site and degree of airway encroachmentand mayalso indicate tracheal invasion bycarcinoma. Itis
advisable if there are symptoms of narrowing (e.g. stridor, positional breathlessness), more than 50% narrowing on the radiograph or
suspicion of malignancy. Plain radiographs overestimate diameters due to magnification effects and cannot be relied on when
predicting endotracheal tube diameter and length.

ENT consultation for nasendoscopy to document cord function. This is mandatory for medicolegal purposes. Preoperative cord
dysfunction may be asymptomatic. Possible causes of dysfunction are previous surgery and malignancy. Fibreoptic examination also
defines any possible laryngeal displacement (useful in airway planning).

Benzodiazepine premedication is usual. Give an antisialogogue if planning fibreoptic orinhalation induction. Preoperative
paracetamol/NSAIDs (oral orrectal) helps postoperative pain control.

Airway planning

The majority of cases are straightforward even when there is some tracheal deviation or compression. Preoxygenation should be followed by
intravenous induction and a neuromuscular blocking drug (after checking thatthe lungs can be inflated manually).

The following features should lead to a more considered approach and mayrequire discussion with the surgeon and radiologist:

Malignancy. Cord palsies are likely. Distortion and rigidity of surrounding structures mean that lumen of trachea maynotallow a
standard ET tube to pass. There is the possibility of intraluminal spread. The larynx may be displaced. Also the tumour may produce
glottic or supraglottic obstruction and/or lower tracheal/bronchial obstruction as well as midtracheal obstruction.

Significant respiratory symptoms or > 50% narrowing on chestradiograph orlateral thoracicinletview. CT will help determine
management. If a 7 mm tube can be accommodated and if the site of obstruction is sufficiently above the carina to accommodate a cuff
and bevel then a conventional approach is possible.

Coexisting predictors of difficultintubation.

Options to secure the airway for complicated thyroid surgery

Inhalation induction with sevoflurane (p. 879) in patients with stridorand suspected difficult upper airway. This should be preceded by
antisialogogue premedication. Sevoflurane in Heliox may be useful in cases of marked airway narrowing. Stridor and decreased
minute ventilation delaythe onset of sufficiently deep anaesthesia forintubation. Topical local anaesthetic maybe useful. Be
prepared forrapid lightening of consciousness whilst attempting intubation.

Fibreopticintubation. (p. 882). Attempts to pass a fibreoptic bronchoscope in an awake patient with stridor are difficult as the
narrowed airway may become obstructed by the instrument. May be useful where there is marked displacement of the larynx or
coexisting difficulties with intubation, e.g. ankylosing spondylitis.

Tracheostomyunderlocal anaesthetic. This will only be possible if the tracheostomycan be easily performed below the level of
obstruction.
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Ventilation through a rigid bronchoscope is a backup option when attempts to pass an ETT down the trachea fail. The surgeon and
necessary equipment should be immediatelyavailable for complexcases, particularlyinvolving significant mid-lower tracheal
narrowing.
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Perioperative

e Eye padding and tape are important, especiallyif exophthalmos.

e Full relaxation is required to accommodate tube movements. Local anaestheticsprayon the ETT reduces the stimulation produced by
tracheal manipulation during the surgery.

e Fixthe ETT with tape, avoiding ties around the neck. Armoured ETTs are preferred by most anaesthetists and should probablybe used
in cases with significant tracheal compression.

e Head and neck extension with slight head up tilt.

e Considera superficial cervical plexus block for postoperative analgesia. Some surgeons infiltrate subcutaneously with local
anaestheticand adrenaline before starting.

e Arms to sides, IV extension.

e Communicate with the surgeon if there are excessive airway pressures during manipulation of the trachea. Obstruction may be due to
airway manipulation distal to the tube or the bevel of the tube abutting on the trachea.
Monitor muscle relaxants on the leg.
In cases of longstanding goitre some surgeons like to feel the trachea before closing to assess tracheomalacia. They mayask for
partial withdrawal of the endotracheal tube so that the tip is just proximal to the site of the goitre.

e Atend of surgeryreverse muscle relaxantand extubate. Anyrespiratory difficulty should lead to immediate reintubation. The
traditional practice of inspecting the cords immediatelyfollowing extubation is difficult and unreliable. Possible cord dysfunction and
postoperative tracheomalacia is better assessed with the patient awake and sitting up in the recovery room.

Postoperative

e Intermittent opioids with oral/rectal paracetamol and NSAIDs.
e The opioid requirementis reduced with subcutaneous infiltration or superficial cervical plexus blocks.
e Use fibreoptic nasendoscopyif there is doubt about recurrent laryngeal nerve injury.

Postoperative stridor

e Haemorrhage with tense swelling of the neck. Remove clips from skin, and sutures from platysma/strap muscles to remove the clot. In
extremis this should be done at the bedside. Otherwise return to theatre without delay.

e Tracheomalacia. Longstanding goitre may cause tracheal collapse after surgery. Immediate reintubation followed by tracheostomy may
be necessary. Tracheal reconstruction may be needed at a later date.

e Bilateral recurrent laryngeal nerve palsies. This may present with respiratory difficultyimmediately postoperatively or after a variable
period. Stridor may only be obvious when the patient becomes agitated. Assess by
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fibreoptic nasendoscopy. May require tracheostomy. Laryngeal surgery may be possible ata later stage to allow decannulation of the
tracheostomy.

e laryngeal oedema. This is unusual but may occurif there has been a traumaticintubation or with more extensive neck surgery (e.g.
radical neck dissection). May require corticosteroids and humidification.

Other postoperative complications
Hypocalcaemia
Hypocalcaemia from parathyroid removal is rare. Serum calcium should be checked at 24 h and again dailyif low.

e Presentation: maypresent with signs of neuromuscular excitability, tingling around the mouth, or tetany. May progress to fits or
ventricular arrhythmias.

e Diagnosis: carpopedal spasm (flexed wrists, fingers drawn together) may be precipitated by cuff inflation (Trousseau's sign). Tapping
over the facial nerve atthe parotid maycause facial twitching (Chvostek's sign). Prolonged QT interval on ECG.

e Treatment:serum calcium below 2 mmol/litre should be treated urgently with 10 ml 10% calcium gluconate over 3 min plus oral
alfacalcidol or dihydroxycholecalciferol 1-5 ug orally. Check level after 4 h and consider calcium infusion if still low. If hypocalcaemic
butlevel above 2 mmol/litre treat with oral calcium supplements.

Thyroid crisis
This is rare as hyperthyroidism is usually controlled beforehand with antithyroid drugs and beta-blockers. May be triggered in uncontrolled or
undiagnosed cases by surgeryorinfection.

e Diagnosis:tachycardia and rising temperature. May be difficult to distinguish from MH. Higher mixed venous PvCO;and higher CPKin

MH.
o Treatment:see p. 80.

Pneumothorax

Pneumothoraxis possible if there has been dissection behind the sternum.
Further reading

Farling PA (2000). Thyroid disease. British Journal of Anaesthesia, 85, 15-28.
Full Text
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Parathyroidectomy

Procedure Removal of solitaryadenoma or four-gland hyperplasia

Time
Pain

1-3h

+/++

Position Bolster between shoulders with head ring. Head up tilt

Blood loss Usually minimal.
Techniques IPPV + ETT

General considerations (see also p. 83)

Usual indication for operation is primary hyperparathyroidism from parathyroid adenoma.

With preoperative localization, removal of simple adenoma has been described using sedation and local anaesthesia. General
anaesthesia is more usual.

Carcinoma mayrequire en bloc dissection.

Total parathyroidectomy mayalso be performed in secondary hyperparathyroidism associated with chronic renal failure.

Preoperative (see also p. 83)

Hypercalcaemia is usual. With moderate elevation ensure adequate hydration with 0.9% normal saline. Levels over 3 mmol/litre
should be corrected before surgery as follows:

o urinarycatheter

o normal saline 1litre in first hour then 4—6 litres over 24 h

o Pamidronate 60 mgin 500 ml saline over4h

o watch for fluid overload. CVP measurement may be necessaryin some patients. Monitor electrolytes including magnesium,

phosphate, and potassium.

Preoperative imaging and unilateral exploration are usual foradenoma. Some surgeons requestintravenous methylthioninium
chloride (methylene blue) 5 mg/kg in 500 ml dextrose saline given over 1 h immediately preoperativelyto show up adenoma during the
operation. Transient falls in the SpO, reading may occur if this drugis infused too rapidlyin theatre.
Secondary hyperparathryoidism occurs secondaryto low serum calcium in chronic renal failure. In this situation:

o Total parathyroidectomy may be required. Control afterwards is easierif no functioning parathyroid tissue is left.

o Dialysis will be required preoperatively.

o Therisk of bleedingis increased.

o Alfacalcidol is usuallystarted preoperatively.
P.305
Hypertension is more common in primary hyperparathyroidism. Raised parathyroid hormone appears to be a good clinical predictor of
left ventricular hypertrophyin haemodialysis patients.

Perioperative

Similaranaesthetic considerations as for thyroid surgery.

Airway encroachmentis not usuallya problem.

Operation times may be unpredictable, especiallyif frozen section or parathyroid assays are performed.
Consider active heat conservation.

Postoperative

Serum calcium checked at 6 and 24 h. Hypocalcaemia may occur (for diagnosis and treatment see above under Thyroidectomy).
Persisting hypercalcaemia is unusual.

Continuation of alfacalcidol in secondary hyperparathyroidism lessens the chance of hypocalcaemia postoperatively.

Perform fibreoptic nasendoscopyif recurrent laryngeal nerve damage is suspected.

Pain not usuallysevere, especially with local anaestheticinfiltration or superficial cervical plexus blocks. Rectal paracetamol is
useful. Avoid NSAIDs in patients with poorrenal function.

Furtherreading
Mihai R, Farndon JR (2000). Parathyroid disease and calcium metabolism. British Journal of Anaesthesia, 85, 29-43.
Full Text
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Phaeochromocytoma

Anna Batchelor

e Phaeochromocytomas are tumours of chromaffin cells which secrete noradrenaline, adrenaline, ordopamine in decreasing incidence.
Some tumours secrete more than one catecholamine.

e 90% occurin the adrenals, 10% are bilateral, but tumours may be located anywhere along the sympathetic chain from the base of the
skull to the pelvis.

e Mostare benign, a few are malignant.
Theyoccurin all age groups, less commonlyin children.
Can occurin association with multiple endocrine neoplasia (MEN) 2A where medullary thyroid carcinoma and parathyroid adenomas
coexist, or MEN2B with medullary thyroid carcinoma and marfanoid features. Both of these have abnormalities of the ret oncogene, an
abnormality on chromosome 10.

e Also found in patients with neurofibromatosis and Von Hippel-Lindau syndrome.

Presentation

e Hypertension can be constant, intermittent, or insignificant.
e The association of palpitations, sweating, and headache with hypertension has a high predictive value.
e Anxiety, nausea and vomiting, and weakness and lethargyare also common features.
e Acute presentations include pulmonary oedema, myocardial infarction, and cerebrovascularepisodes.
e Can present perioperatively, and unless the diagnosis is considered and appropriate treatmentinstituted the mortalityis high-up to
50%.
Diagnosis

e Clinical suspicion.

e Once the diagnosis has been considered then urinary catecholamines ortheir metabolites are measured either over 24 h or more
conveniently overnight.

e When diagnosis is confirmed then localization is the next stage.

e Traditionallythe use of CT radiocontrast was thought capable of provoking phaeo crises and its use has been avoided in unblocked
patients. Modern contrast agents may be used.
MIBG (meta-iodobenzylguanidine) scan-a radio-labelled isotope of iodine which is taken up by chromaffin tissue.
MRI.

e Itis usual tosearchinthe abdomen firstand widen the search in the unusual situation that the tumouris extra-adrenal. Extra-
abdominal. MIBG is particularly helpful in revealing phaeochromocytomas in unusual sites.
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Investigations relevant to anaesthesia

e Payparticularattention to the CVS including cardiac echo (patients with persistent hypertension, those with any history of ischaemia or
evidence of heart failure). Patients can present with a catecholamine cardiomyopathy.
e Blood glucose—excess catecholamines resultin glycogenolysis and insulin resistance and some patients become frankly diabetic.

Preoperative

e Unless there are pressing reasons refer the patientto a team with experience in the management of this condition. In the author's
opinionitis notacceptable to manage an occasional patient with this condition; respected opinion and clinical governance would
support this view.

e The usual managementis sympathetic blockade with first alpha-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 allows the safe conduct of anaesthesia for the removal of the tumour by preventing hypertensive responses to
induction of anaesthesia, and limits the surges in blood pressure seen during tumour handling. Avoid unopposed beta-blockade
because of the theoretical risk of increasing vasoconstriction and precipitating a crisis. Although this has been reported, many
patients will already have received beta-blockers for hypertension before presentation without adverse effects. Some patients report
stopping them because of intolerance or feeling unwell. In patients with asthma in whom beta-blockade maybe inadvisable itis
usually possible to use onlyalpha-blockade.

e Prazosin and doxazosin have been used. As these are competitive selective alpha 1 blockers theydo notinhibit presynaptic NA re-
uptake and thus avoid the tachycardia seen with non-selective alpha blockade. However, competitive block may be overcome by very
large amounts of secreted hormone (phenoxybenzamine is a non-competitive alpha blocker). The literature contains reports both in
favour and against the use of selective blockade.

e Calcium channel blockers, particularly nicardipine, have been used and probably work via inhibiting noradrenaline mediated calcium
influxin smooth muscle. They do not affect catecholamine secretion by the tumour. Evidence in the literature is varied and control of
BP during surgical removal has notalways been good.

e Metyrosine is an inhibitor of catecholamine synthesis. Itis toxicand itis notwidelyused.

e The use of magnesium has been reported. It blocks catecholamine release, blocks receptors, is a direct vasodilator, and is possibly
myocardial protective. The use of magnesium has notgained widespread support.

e Ithas been suggested that modern cardiovasculardrugs, along with invasive monitoring and better understanding of the physiology,

should allow safe removal of the tumours without preoperative preparation.

e Patients with phaeochromocytoma are veryvaried as are theirtumours; patients with severe hypertension and troublesome symptoms
may have a smooth intra-operative course and others with minimal symptoms may
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develop acute pulmonary oedema, heart failure, and die. Any study on patients with phaeochromocytoma inevitably has small
numbers of patients and may not cover the entire spectrum of activity. With increased genetic testing more patients are being
diagnosed before they become symptomatic-the behaviour of these patients maynot be the same. Until further experience has been
gained, the authorrecommends caution in changing whatis a safe, tried, and tested regime of alpha- and betablockade.
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Assessment of sympathetic blockade

e 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 standing BP and heart rate. Should exhibit a marked postural drop with compensatory tachycardia.
The duration of blockade is determined by the practicalities of tumourlocalization and scheduling of surgery. Some authors have
recommended hours and others weeks, usuallyin small series with good results.

e Blockade is started to treat symptoms as well as to prepare for surgery.

Perioperative

e Perform open orlaparoscopicadrenalectomyeither through a midline, transverse, or flank incision (introduction of gas for
laparoscopicresection can resultin hypertension in normal subjects and may be exaggerated in patients with phaeochromocytomas).

e Blockade should be continued until the evening before the procedure.

e Premedication as required (e.g. temazepam 20-30 mg).

e Monitoring to include direct BP and CVP (triple lumen to allow drug infusions). Consider a PA catheterin patients with CVS disease or
catecholamine cardiomyopathy.

e large-bore intravenous access.

Consideran epidural fora laparotomy. Remember that the sympathetic blockade of epidurals is proximal to the site of catecholamine

action and will not oppose catecholamine-induced vasoconstriction.

Monitor and maintain temperature, particularly during laparoscopic resection which can be prolonged.

Induction: avoid agents which release histamine and thus catecholamines (use etomidate or propofol, alfentanil, and vecuronium).

Hypotension is unlikely, but may be treated with judicious use of adrenaline.

Maintenance: isoflurane with nitrous oxide orairand oxygen. Give an epidural with opioid and local anaestheticif thatis appropriate

to the surgical approach, otherwise fentanyl/alfentanil/remifentanil until tumour removal when, if necessary, morphine can be

substituted for postoperative analgesia.

e Fluctuations in BP tend to be transientand medication needs to be able to respond in a similarfashion.SNP is effective and is
preferred to phentolamine, nicardepine, or magnesium because it provides rapid control with no prolonged effects. The doses
required are unlikely to lead to toxicity.

e Control heartrate at <100 beats/min with propranolol.
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e Once the tumouris resected the BP will take several minutes to decline. Prevent hypotension after tumour removal by ensuring an
adequate preload. Maintain a high CVP of 10-15 mmHg. Several litres of crystalloid may be needed.

e Hypotension afterresection can be due to a low cardiac output ora low SVR. Treat the first with adrenaline and the latter with
noradrenaline.

e Itis unusual to still require inotropic support by the time the patientis readyto leave theatre unless there are coexisting medical
problems.

Postoperative

The patientshould be nursed in an HDU or ICU for 12 h.
Monitor blood glucose. Catecholamines cause anincrease in glucose levels:in the acute absence of catecholamines blood glucose
may drop sufficiently to produce unconsciousness. Residual beta-blockade maylimitresponse to this and patients commonlyrequire
intravenous glucose maintenance for 12-24 h postoperatively.

e If both adrenals are resected the patient will require steroid supportimmediately.

e Even when onlyone adrenal is removed patients mayoccasionally be relatively hypoadrenal and require support. If this is suspected
(e.g. unexpectedlylow BP) a small dose (50 mg) of hydrocortisone will do no harm whilst the result of a cortisol estimation is awaited.

Special situations

e Pregnancy. There are many reports of the combination of a newly diagnosed phaeochromocytoma and pregnancy. Overall mortalityis up
to 17%.
Phenoxybenzamine and propranolol are safe.
If phaeochromocytoma is diagnosed before midtrimesteritshould be resected at this stage.

e There is a high mortality associated with normal delivery; consider LSCS with or without resection of the phaeochromocytoma at the
same procedure.

Management of an unexpected phaeochromocytoma

e Anypatientwho has unexplained pulmonary oedema, hypertension, or severe unexpected hypotension should prompt consideration
of the diagnosis; however, it can be very difficult. There is no quick available testto support the diagnosis in the acute situation.

e Once the diagnosis has been considered, if possible, surgeryshould be discontinued to allow acute treatment, investigation, and
blockade priorto definitive surgery. Attempts to remove the tumour during a crisis mayresultin significant morbidity or even mortality.

e Treatmentacutelyshould consist of vasodilators and intravenous fluid; this maybe counterintuitive in a patient with severe
pulmonary oedema. The circulating volume in patients with phaeochromocytoma may be markedlyreduced and vasodilatation will
resultin a profound drop in blood pressure. Glyceryl trinitrate can usually be successfullytitrated in this situation.

e Patients who present with hypotension have an acutely failing heart due to profound vasoconstriction. These are the most difficult
ones in whom to
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make the diagnosis and to treat. Additional catecholamines in this situation merely fuel the fire but are difficult to resist. The
mortality rate is very high.

Further reading

Hull CJ (1986). Phaeochromocytoma-diagnosis, preoperative preparation and anaesthetic management. British Journal of Anaesthesia, 58,
1453-68.
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General principles

Most vascularsurgeryinvolves operating on arterial vessels diseased or damaged by atherosclerosis, which causes poor peripheral blood
flow (ischaemia) or embolic phenomena. The mortality of elective aortic surgeryis 7%1, and following emergency aorticsurgeryatleast 50%.
Mortality and morbidity are markedlyincreased in the presence of uncontrolled cardiovascular disease. Operations may be long, and involve
blood transfusion, marked fluid shifts, and significant impairment of lung function.

e Vascular patients are often elderly, arteriopathic, and have significant associated disease. Hypertension (66% of patients), ischaemic
heartdisease (angina, Ml), heart failure, diabetes mellitus, and COPD (atleast 50% are current or ex-smokers) are common. Many
patients are taking aspirin, betablockers, diuretics, heart failure medications, and, perhaps, insulin or oral hypoglycaemics.

e Some patients will already be receiving anticoagulants, many others will receive anticoagulants perioperatively, so consider the pros
and cons of regional techniques carefully. However, regional techniques mayreduce morbidity and mortality (see below).

e Many patients have serial operations, e.g. AAA followed by aortobifemoral bypass followed by femorodistal bypass, followed by
amputation. There maybe several previous anaesthetic records to review.

o 30-40% of vascular operations are semiurgent or emergency, often occurring out of hours, which has implications therefore for the
grade of anaesthetistinvolved.

All patients receiving vascular grafts (usually Gortex® or Dacron®) require prophylactic antibiotic cover.
Measure NIBP in both arms —there may be significant differences due to arteriopathy (use the higher of the two values clinically).

e Develop a working relationship with your vascular surgeon—you will have a better chance of being warned of untoward events (e.g.
aortic clamping/unclamping, sudden massive blood loss etc.).

Preoperative assessment

The preoperative assessment should quantify the extent of any cardiorespiratory disease, both in terms of the planned surgical procedure
and the postoperative period. Carefully consider (and document) whetherregional anaesthesia is appropriate—it may have advantages, but
may be contraindicated in an anticoagulated patient.

Take a careful historyand examine the patient. Include direct questions about exercise tolerance (distance on the flatand ability to climb
stairs) and ability to lie supine.

e Investigations:routinely FBC, electrolytes and creatinine, ECG, chest radiograph.
P.313

e Forelective aorticsurgeryand for patients with symptomatic or new cardiacdisease, a dynamic assessment of cardiac function is
required. This should involve atleast an echocardiogram, which will also give the left ventricular ejection fraction (EF). In patients with
underlying ECG abnormalities or symptomatic heart disease an exercise ECG or stress echocardiography are recommended. Alternatives
include radionucleide thallium scan or multigated acquisition scan (MUGA). Patients with critical ischaemic heart disease should be
referred for cardiological opinion forangiographyand possible coronaryrevascularization before aortic surgery. Patients undergoing
urgent vascular procedures may have to undergo surgery before dynamicinvestigations can be performed. However, elective surgery can
wait until such an assessmentis available.

e Lung function tests should be performed in patients with significantrespiratory disease presenting for AAA repair.

Premedication

e Some patients mayrequire anxiolysis.
e There is some evidence that beta-blockers such as atenolol or bisoprolol given preoperatively mayreduce cardiovascular mortality
following majorvascularsurgery.2 This mayeven hold true fora single dose. However, this is controversial and not routinely done.

Footnotes

1

Bayly PJ et al. (2001). In-hospital mortality from abdominal aortic surgeryin Great Britain and Ireland. British Journal of Surgery, 88, 687-92.
Ovid Full Text

Full Text
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Poldermans D etal. (1999). The effect of bisoprolol on perioperative mortality and myocardial infarction in high-risk patients undergoing
vascularsurgery. New England Journal of Medicine, 341, 1789-94.
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Regional anaesthesia and analgesia in vascularsurgical patients

Regional anaesthesia maybe used alone fordistal vascularsurgeryand is also increasingly used for carotid surgery with supplemental
sedation. Epidural analgesia is commonlyused to supplement general anaesthesia 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 (peripheral revascularization).3
Postoperative pain relief (AAA, distal revascularization, amputation).

Reduced pulmonary complications (AAA surgery).

Pre-emptive analgesia foramputations with possible reduction in phantom limb pain.

Treatment of proximal hypertension during aortic cross-clamp

Epidural catheters and anticoagulation4 (see p. 998)
The small but finite risk of epidural haematoma should be weighed up againstthe benefits of regional anaesthesia for each individual
patient. As a general guide, epidural insertion/removal should not be performed:

in patients taking anticoagulants with INR >1.5

[ ]
e in patients with other demonstrable coagulopathy, e.g. platelets <100 times; 10%/litre

e in patients who have received thrombolysis in the last 24 h (urokinase/streptokinase)

e within 4 h of Minihep administration

e within 12 h of LMWH administration

e within 2 h of systemic heparinization.

Epidurals should probably be avoided if cardiac-type heparin doses (e.g. 20 000 units) are to be used.
Footnotes

3

Perioperative Ischemia Randomized Anesthesia Trial Study Group (1993). Anesthesiology, 79, 422-34.
4

Horlocker TT Wedel DJ (2000). Regional anesthesia and pain. Medicine, 25, 83-98.
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Aorticaneurysm repair

Excision of aorticaneurysmal sacand replacement with synthetic graft (may be tube graft ortrouser graftif the anastomosis

Procedure is to the iliac or femoral vessels)

Time 2-4 h

Pain +H++

Position Supine, arms out (crucifix)

Blood loss 500-2000+ ml (cross-match six units). Suitable for autotransfusion
It:?:r:t:icgllje ETT + |PPV, arterial + CVP lines. Epidural if possible

Preoperative

Elderly, often multiple coexisting disease.

Mortality for elective surgeryis 5-10%; causes are predominately myocardial infarction and multiorgan failure.

Careful preoperative assessmentis essential. Scrutinize ECG for signs of ischaemia and check foranyrenal impairment. Needs
dynamiccardiacassessment preoperatively (see above). Check access sites for CVP and arterial line.

Depending on local practice, arrange HDU/ICU for postoperative care. Alert the patient to this plan especiallyifa period of
postoperative IPPV is planned. Preoptimization is performed in some units—patients are admitted to the HDU/ICU a few hours
preoperativelyto have lines etc. inserted and to have haemodynamic status ‘optimized’. This is controversial.

Continue the usual cardiac medications. Consideradding a beta-blocker (e.g. atenolol 25 mg) to the premedication.

Perioperative

Draw up vasoconstrictors (ephedrine and metaraminol) and have vasodilators (GTN) and beta-blockers (labetalol) available.

Two 14G or greater intravenous access. A hotairwarmerand IVl warmer are essential. Intra-operative temperature should be
monitored.

A Level-1® fluid warmer or equivalentis very useful for complex case/redo/suprarenal clamp as these cases maybleed veryrapidly due
to surgical problems/acidosis/hypothermia. Cell savers are indicated in cases where blood loss is greater than 1000 ml.

Arterial line and thoracicepidural (T6-T11) preinduction. Take a baseline blood gas sometime before cross-clamping.

Have atleast two syringe drivers present—inotropes, vasodilators, and eventually the epidural will all need them.
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Use a five-lead ECG (leads Il and V5)—this increases the sensitivity for detection of myocardial ischaemia.

Triple lumen CVP after induction. Considerinserting a PAintroducerin complex cases as this will allow rapid fluid administration and
facilitates PA catheterinsertion if necessary (use rightinternal jugular orleft subclavian vein to facilitate easierinsertion of
pulmonary catheterif required).

Consider PA catheterif severe CVS/RS disease, e.g. ejection fraction <25%, FVC <2 litres.

Considerisovolaemic haemodilution preinduction (see p.917). AAAis ideal 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 unit, Hb 12-14 g/d| take
two units, Hb 14-16 g/dl take three units.

Careful induction with monitoring of invasive arterial blood pressure. Use moderate-/high-dose opioid, e.g. remifentanil (must have
epidural) or high-dose fentanyl (5-10 pg/kg). Treat hypotension with fluids at first and then cautious vasoconstriction.

Rebound hypertension may occur during endotracheal intubation (place the nasogastric tube at the same time).

Hypothermia is likely unless energetic efforts are made to maintain temperature during induction, line insertion, and perioperatively.
Warming blankets should not be placed on the lower limbs whilst the aortic cross-clamp is in place as this mayworsen lower limb
ischaemia.

Inserta urinary catheter for hourly measurement of urine output.

Heparin will need to be given just before cross-clamp—3000-5000 units is usual. This may be reversed after unclamping with
protamine 0.5-1 mg/100 units heparin IV slowly—causes hypotension if given too fast.

Proximal hypertension may follow aortic cross-clamping and is due to a sudden increase in SVR, increased SVC flow, and
sympathoadrenal response. It may be treated by deepening the anaestheticand/or a bolus of beta-blocker (labetalol 5-10 mg) and/or
GTN infusion and epidural local anaesthetic.

Whilst the aorta is clamped, metabolicacidosis will develop due to ischaemiclower limbs. Maintaining minute ventilation will cause
a respiratoryalkalosis to develop which will minimize the effects of this metabolicacidosis on pH when the aorta is unclamped. Check
arterial blood gases to assess haematocrit, metabolicacidosis, respiratory compensation, and ionized calcium.

Cross-clamp time is usually 30-60 min. During this time, start giving fluid, aiming fora moderatelyincreased CVP, e.g. 5 mmHg greater
than atthe start of the case by the time unclamping occurs. This helps with cardiovascularstability, reduces sudden hypotension
following cross-clamp removal, and may help preserve renal function. Release of the cross-clamp one limb ata time also helps with
haemodynamicstability.

Hypotension following aorticunclamping is caused by a decrease in SVR, relative hypovolaemia, and myocardial ‘stunning’ due to
return of cold metabolic waste products from the legs, etc. Treat with IV fluids and/or lighten anaesthetic depth and/or small doses of
inotropes, e.g. adrenaline 10 ug aliquots (1 ml of 1:100 000) and/or a bolus of calcium gluconate (up to 10 ml 10%). You may need
inotropes for a while postoperatively.
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For fluid replacement, give isotonic crystalloid or colloid to replace insensible losses, third space losses, and initial blood loss. Give
blood products when a deficiencyis identified, i.e. if the haematocritis <25% give blood, or known thrombocytopenia (<100 x 10°/litre)
give platelets. Check an activated clotting time (normal <140 s) if you suspect coagulopathy. Thromboelastography (if you have access to
it) will give you the whole coagulation picture.

Postoperative

ICU or HDU is essential postoperatively. HDU may be appropriate for otherwise fit patients who can be extubated at the end of the
case. Extubate if warm, haemodynamically stable, and with a working epidural. Otherwise wake up and extubate slowly on the ICU.

e Opioid infusion and/or PCAif no epidural. Routine observations including invasive arterial and central venous pressure monitoring

and urine output should be continued postoperativelyto assess haemodynamic stability.
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There is a potential for large fluid shifts which need replacement. Also assess distal pulses.
e Hypothermia should be treated aggressively.

Special considerations

e Management of epidural. A bolus of epidural diamorphine 2.5-5mg atinduction will last foratleast 12 h. This is much more effective
than epidural fentanyl. Use epidural LA sparingly until the aorta is closed. Itis easierto treat the hypotension of aorticunclamping
with a functioning sympathetic nervous system.

e Renal failure occurs in 1-2% and is multifactorial in origin. Itis much more likelyif the cross-clamp is suprarenal. There is no evidence
that dopamine prevents renal failure, merelyacting as an inotrope. Mannitol is used routinely by some (0.5 g/kg during cross-clamp
time) as itis a free-radical scavengerand an osmotic diuretic. Avoid hypovolaemia and monitor urine output hourly.
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Emergency repair of abdominal aorticaneurysm

Atrue anaestheticand surgical emergency. An aorticaneurysm may rupture acutely—in which case cardiovascular collapse is the commonest
presentation. Death is likely unless the rupture is contained in the retroperitoneal space. Alternatively, the aneurysm can dissect along the
arterial intima or can expand rapidly. In these cases, back pain with or without abdominal pain is the usual presentation. Prehospital
mortality for ruptured AAA is 50% and 50% of those reaching hospital also do not survive. Managementis as for elective AAA, with the
following additional considerations:

Where doubt exists, diagnosis is confirmed by ultrasound or CT scan if time is available. Get IV lines in early.

If hypovolaemic shock is present, resuscitate to a systolic pressure of 90-100 mmHg until the aortic cross-clamp is applied. Avoid
hypertension, coughing, and straining at all costs as this may precipitate a further bleed. Titrate intravenous morphine against
patient's pain.

Minimum lines preinduction are two 14G peripheral cannulas and (ideally) an arterial line. Use of the brachial artery may be
necessaryand sometimes an arterial ‘cut down’ indicated. Central venous access can wait until after the cross-clamp is applied.
Where venous access is difficultinsert a PA catheter sheath into the rightinternal jugular vein.

Epidural analgesia is rarely appropriate because of time constraints preoperatively and coagulopathy postoperatively.

A urinary catheter can be placed before orafterinduction.

Induction must be in the operating theatre, with the surgeons scrubbed, surgical preparation completed, drapes on, and blood
available in theatre and checked. Rapid sequence induction is appropriate using preoxygenation and suxamethonium. Suitable
induction agents include etomidate/fentanyl or ketamine. As soon as the endotracheal tube is confirmed as beingin the trachea
(ETCO,) the surgeons can start. Treat hypotension with rapid infusion of intravenous fluids and small doses of vasopressors/inotropic
agents.

Hot airwarming and atleast one warmed IVl are essential (a Level-1® blood warmeris invaluable).

Have both intravenous lines running maximallyatinduction. One assistant 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 is a particular
hazard, as even if surgery goes well, the patient will continue to bleed on the ICU. Platelet function is markedlyreduced below 35 °C.
Whilst there is no place forroutine administration of platelets and FFP, consider earlyuse when theyare needed.

Do not attempt to extubate at the conclusion of surgery—a postoperative period of ventilation on the ICU is essential to allow
correction of biochemical and haematological abnormalities.
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Thoracoabdominal aorticaneurysm repair

Excision of aorticaneurysmal sac extending above the origin of the renal arteries and replacement with a synthetic graft. May

Procedure involve thoracotomy and the need for one-lung ventilation
Time 3-6h
Pain +H+++
Position Supine, arms out (crucifix), may be R lateral if thoracotomy

Blood loss  1000-? ml (cross-match eight units, plus platelets and FFP)

Pract|F:a| DLT + IPPV, arterial + CVP lines. Thoracic epidural
technique
Thoracicaneurysms of the ascending aorta require median sternotomy and cardiopulmonary bypass. Transverse aortic arch repairs often
require hypothermiccirculatoryarrestas well.
Special considerations
As forinfrarenal aorticaneurysm repair, with the following considerations:

The aneurysm can compress the trachea and distort the anatomy of the uppervasculature.
Intensive care is essential postoperatively fora period of ventilation and stabilization.

e The aortic cross-clamp will be much higherthan fora simple AAA. This means that the kidneys, liver, and splanchniccirculation will be
ischaemic forthe duration of the cross-clamp.

e Access to the thoracicaorta mayrequire one-lung ventilation—thus a leftsided double lumen tube (DLT) may be required. A Univent®
tube is a possible alternative, which consists of a normal ET tube with a bronchial blocker within. The blocker may be advanced into
eitherlung, and then used for suction and oxygenation of the collapsed lung. It may be withdrawn postoperatively so the Univent®
tube does not need changing at the end of surgery. Check the position of the DLT after turning to the lateral position.

e Proximal hypertension following aortic cross-clamping is more pronounced. Use aggressive vasodilatation with GTN (infusion of 50
mg/50ml run at 0-5 ml/h) or esmolol (2.5 g/50 ml at 3—15 ml/h).

e Hypotension following aorticunclamping is often severe, requiring inotropic support postoperatively—use adrenaline 1:10 000 starting
at5ml/h.

e Acidosis maybe a particular problem due to the metabolicacidosis that develops during cross-clamping and an additional respiratory
acidosis due to prolonged one-lung ventilation.

P.320

e Renal failure occurs in up to 25% of cases—principallyrelated to the duration of cross-clamp. Monitor urine output, give mannitol 25 g
before crossclamping, and maintain the circulating volume during the case.

e Spinal cord ischaemia leading to paralysis maydevelop. This is 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
infallible) include: CSF pressure measurement and drainage through a spinal drain, spinal cord cooling through an epidural catheter,
intrathecal magnesium, distal perfusion techniques, cardiopulmonary bypass, and deep hypothermic circulatory arrest. Surgeons
performing this surgery have their own preferred techniques.

e Fluid balance is as forinfrarenal AAA, although blood loss will be more extreme, blood transfusion will almost certainly be required,
and platelets and FFP are more commonly required.

e Patients require ventilation postoperatively until acidosis and hypothermia are corrected and the lungs are fully re-expanded.
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Carotid endarterectomy

Removal of an atheromatous plaque in the internal carotid artery (ICA). The ICAis clamped, opened, the plaque stripped off,

Procedure and then the arteryclosed either directly or with a Gortex or vein patch
Time 1-3h

Pain ++

Position Supine, head up. Contralateral arm board

Blood loss  Minimal (cross-match two units)

Practical

. Cervical plexus block + sedation, arterial line. ETT + |PPV, arterial line
techniques —

An operation to reduce the incidence of stroke in symptomatic (TIA or CVA) patients with a 70% or greater carotid stenosis. Unfortunatelyit has
a combined mortality and major stroke incidence of 2-5%. Patients are usually elderly arteriopaths similarto those presenting foraortic
surgery (see above). Dynamic cardiacassessmentis not usuallyrequired.

Monitoring cerebral perfusion during carotid cross-clamping is an important, but controversial, area. Advocates of regional anaesthesia cite
the advantages of having a conscious patientin whom neurological deficits are immediately detectable and treatable bythe insertion of a
carotid shunt or pharmacological augmentation of blood pressure. Under general anaesthesia, othertechniques may be used for monitoring
cerebral perfusion, including: measurement of carotid artery stump pressure, electroencephalograph (EEG) processing, monitoring
somatosensory evoked potentials, transcranial Doppler of the middle cerebral artery, and, more recently, near-infrared spectroscopy.
Individuals units will have their own protocols.

Preoperative

e Elderly patients, often with severe cardiovasculardisease, most are hypertensive. At least 50% of deaths following carotid
endarterectomy (CEA) are cardiovascularin origin, thus hypertension must be controlled preoperatively. Aim for 160/90.

e Determine the normal range of blood pressure from ward charts. Measure BPin both arms.
e Document pre-existing neurological deficits so that new deficits may be more easilyassessed.
e Draw up vasoconstrictors (e.g. ephedrine and metaraminol) and have vasodilators available (e.g. GTN, labetalol).
e Consider cerebral monitoring techniques—there will be protocols in your particular unit.
e Premedication: sedative/anxiolytic, particularlyif using GA.
P.322

Perioperative

e 20G and 14G IV access plus an arterial line for measurement of invasive arterial blood pressure. All these need to be in the
contralateral arm, which may be outon an arm board.
Monitoring: five-lead ECG, arterial line, NIBP, SpO,, ETCO,.
Maintain blood pressure within 20% of the baseline value. During carotid cross-clamping, maintain BP at orabove baseline. If
necessary use vasoconstrictors, e.g. metaraminol (10 mg diluted up to 20 ml, give 0.5 ml at a time) to achieve this.

General anaesthesia for CEA

e Careful IVinduction. Blood pressure may be verylabile during induction and intubation. Give generous doses of short-acting opioids at
induction. Consider spraying the cords with lidocaine (lignocaine). Most anaesthetists use an endotracheal tube although the LMA has
been used (the LMA cuff has been shown to reduce carotid blood flow but this is of unknown significance). Secure the tube and check
connections very carefully (the head is inaccessible during surgery).

e Remifentanil infusion combined with superficial cervical plexus block gives ideal conditions, with rapid awakening. Otherwise
isoflurane/opioid technique. Maintain normocapnia.

e Extubate before excessive coughing develops. Close neurological monitoring in the recovery until fully awake.

The ‘awake carotid’

e Cervical dermatomes C2—C4 may be blocked by deep and/orsuperficial cervical plexus block or cervical epidural (veryrarelyused in the
United Kingdom).

e Patient preparation and communication are vital. A thorough explanation of the benefits of the awake technique is invaluable and
avoids the need for heavy sedative premedication.

e Forthe deep block use three 5 ml injections of 0.5% bupivacaine at C2, 3, and 4 ora single injection of 10-15 ml 0.5% bupivacaine at C3.
Reinforce this with 10 ml 0.5% bupivacaine injected along the posterior border of the sternocleidomastoid (superficial block). Avoid the
deep block altogetherin patients with respiratoryimpairment as they may not tolerate the unilateral diaphragmatic paralysis which
can ensue. Infiltration along the jawline helps to reduce pain from the submandibular retractor.

e Ensure the patient's bladderis emptied preoperatively. Give IV fluids only to replace blood loss—a full bladder developing whilst the
carotid is crossclamped is a potential disaster.

e Sedation (e.g. propofol target controlled infusion 0.5-1 pg/ml) may be carefully employed during block placement and dissection. Once
dissection is complete, patient discomfortis much reduced. No sedation during carotid cross-clamping will allow continuous
neurological assessment. Administer oxygen throughout.

e An L-barangled over the patient's neck allows good access for both surgeon and anaesthetist.
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e Despite an apparently perfect regional block, around 50% or so of patients will require LA supplementation by the surgeon, particularly
around the carotid sheath and if the carotid bifurcation is very high.
e Monitor the patient's speech, contralateral motor power, and cerebration. Neurological deficit presents in three ways:
o profound unconsciousness on cross-clamping
o subtle butimmediate deficit, e.g. confusion, slurred speech, delayin answering questions
o deficitaftera variable period of time which may be related to relative hypotension.
e Attentive monitoring of the patientis vital, particularly during crossclamping. If neurological deficit develops, a shunt should be
inserted immediately, although you may have to use considerable tact/skill to reassure the patient, maintaining the airway whilst the
shuntis beinginserted. Recovery should be rapid once the shuntis in place—ifitis not, convertto general anaesthesia.
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Pharmacological augmentation of blood pressure mayimprove cerebration byincreasing the pressure gradient of collateral circulation
across the circle of Willis. Approximately 2.5% of patients will require conversion to general anaesthesia (use of an LMA is probably
easiest).

e Forpatients who do not tolerate regional anaesthesia, GAis the best option.

Postoperative

e Careful observation in a well-staffed recovery for 2-4 h is mandatory. HDU is optimal if available, particularly for those patients who
develop a neurological deficit.

e Airwayoedema is common—in both GA and regional cases—presumably due to dissection so close to the airway. Cervical haematoma
additionally occurs in 5-10% of cases. These cases need very careful observation in recovery. Immediate re-exploration is required for
developing airway obstruction due to haematoma (the regional block should still be working). Remove skin sutures in recoveryas soon
as you have made the diagnosis to allow drainage of the haematoma.

e Haemodynamicinstabilityis common postoperatively. Hyperperfusion syndrome, consisting of headaches and ultimately
haemorrhagic CVA, is caused by areas of brain previously ‘protected’ by a tight carotid stenosis being suddenly exposed to hypertensive
blood pressures. Thus blood pressure must be controlled. Careful written instructions should be given to ward staff about
haemodynamic management. An example is:

o If systolic BP >160 mmHg, call house officerand consider giving labetalol 5-10 mg boluses IV or a hydralazine infusion.
o If systolic BP <100 mmHg, give colloid 250 ml stat. and call house officer.
e New neurological symptoms and signs require immediate surgical consultation.
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Peripheral revascularization operations

Bypass operations performed for patients with occlusive arterial disease of the legs. The long saphenous vein or a Gortex
graftis used to bypass the occluded artery.
Procedures Femoropopliteal bypass—femoral to above-knee popliteal artery
Femorodistal bypass—femoral to anterior or posterior tibial artery
Femorofemoral crossover graft-from one femoral artery to another

Time 1-6h

Pain +++

Position Supine

Blood loss Usually 500-1000 ml (cross-match two units)

Practical Combined spinal/epidural with sedation, ?arterial line.

techniques ETT/IPPV ?LMA

Preoperative

e These procedures constitute a large proportion of elective vascular surgery. The duration of surgeryis unpredictable—overruns are not
uncommon.

e The usual attention should be paid to preoperative assessment of the cardiovascular system. However, this surgeryis better tolerated
than aorticsurgery. Adynamic assessment of cardiac function is not usually necessary unless there have been new developments, e.g.
unstable angina.

e The choice between general and regional anaesthesia is up to the individual. There is some evidence thatregional anaesthesia is
associated with lowerreoperation rates.5 Long operations (>3 h) may make pure regional techniques impractical, but theyare is still
possible.

Perioperative

IV access:ensure atleastone large (14 or 16G) IV cannula with an infusion which runs freely.
Use invasive arterial pressure monitoring for long cases (over 2 h), if haemodynamicinstabilityis expected orin sicker patients.
Otherwise use standard monitoring with five-lead ECG if available. CVP monitoring is rarely required.

e General anaesthetictechniques include ETT with IPPV or LMA/SV. The surgeon should be able to perform femoral nerve block
perioperatively, which will give good analgesia, including the saphenous vein harvesting incision.
P.325

e Regional anaesthesia is an alternative to GA offering good operating conditions with excellent postoperative pain relief. Spinal
anaesthesia alone may not give enough time for some procedures. The combination of spinal and epidural anaesthesia is ideal. If the
patientcan lie affected side down, hyperbaric bupivacaine (2-2.5 ml 0.5%) can be used to produce a verydense spinal block on that
side. Considergiving epidural diamorphine 2-3 mg initially, then startan epidural infusion of 0.25% bupivacaine at 5-10 ml/h after 1 h.
Always give supplemental oxygen. If the patient wants to be sedated, use the CO, sampling tubing within the oxygen face mask so that
respiratory rate can be monitored as well. Propofol TCl is ideal.

e Heparin, e.g. 3000-5000 units, will need to be given before clamping-reverse with protamine 0.5-1 mg/100 units heparin slowly after
unclamping.

Postoperative

e Epidural infusion.
e Oxygen overnightif you have given epidural diamorphine.
e PCAifnoepidural. Pain mayeven be less than the preoperative, ischaemic pain.

Footnote
5

Perioperative Ischemia Randomized Anesthesia Trial Study Group (1993). Anesthesiology, 79, 422-34.
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Axillobifemoral bypass

Procedure Extraperitoneal bypass (trouser graft) from axillary artery to femoral arteries
Time 2-4 h

Pain ++++

Position Supine

Blood loss <1000 ml

Practical technique GA-ETT, |PPV, arterial line, ?CVP

This is often a last-chance operation for patients with completely occluded aorticoriliac arteries. Some will already have had aorticsurgery
and have infected grafts. Itis an extraperitoneal operation, so patients with severe cardiorespiratory disease who might be excluded from
aorticsurgery maytolerate it better. However, do not be misled—itis still a long operation, which can involve significant blood loss,
morbidity, and even mortality.

Preoperative

o The usual comments about preoperative assessment of vascular patients apply. Try to obtain recentinformation about cardiac
function. An echocardiograph can easily be done at the bedside.

e Some of these patients will be verysick either from their pre-existing cardiorespiratory disease or from having infected aortic grafts.
Surgery may be their only hope of life although equallyitcan also be a rapid road to their demise. Provided the patient understands
this, the operation maybe appropriate despite high risk. These are not cases forinexperienced trainees to do alone.

Postoperative
e General anaesthesia with ETT and IPPV is appropriate. An arterial line and a large-gauge cannula is mandatory, CVP monitoring is
optional.
e Heparin/protamine will be required at clamping/unclamping.

Postoperative

e Extubation atthe end of surgeryis usually possible, buta period of time on the HDU is recommended if at all possible.
e PCA forpostoperative analgesia.
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Amputations

(Below knee, through knee, above knee, Symes, digits, etc.)

Procedures Removal of necrotic orinfected tissue due to vascularischaemia.
Time 30-120 min

Pain ++++

Position Supine

Blood loss Usually 200-500 ml

Spinal or epidural with sedation

Practical technique GA +sciatic/femoral blocks

Preoperative

e Patients are often verysick, bed-bound, or diabetic with significant cardiovascular disease who have had repeated revascularization
attempts previously.

e Manywill be in considerable discomfort preoperatively (less so the diabetics) and maybe on large doses of enteral or parenteral
opioids. Regional analgesia maytherefore give more predictable results than parenteral opioids postoperatively.

Perioperative

e Spinal anaesthesia with hyperbaricbupivacaine and sedation offers excellent anaesthesia, which can be directed affected side down.
The duration of block (and postoperative pain relief) can be extended with intrathecal diamorphine (0.25-0.5 mg). Clonidine 15 ug
intrathecally has also been used.

e Epidural analgesia offers better postoperative analgesia and can be sited preoperativelyif required (pre-emptive analgesia).

e General anaesthesia with LMA/SV or ETT/IPPV is also an option, but additional regional blockade is advisable (combined sciaticand
femoral blocks will ensure analgesia for up to 24 h).

e Occasionallythese patients are septicdue to the necrotictissue. The only waythey will get betteris to have the affected part
amputated thus the operation should not be cancelled for this reason.

Postoperative

e Regional analgesia is the best option, otherwise PCA.

e Phantom limb painis a real problem foramputees—it occurs in 60-70% at some time. Itis important to distinguish it from pain in the
residual stump that can be treated by conventional analgesictechniques. Phantom limb pain is highlyresistant to treatmentand
these patients often require chronic pain management.

P.328

e Pre-emptive analgesia (i.e.siting and using the epidural preoperatively) is believed by some to reduce the incidence and severity of
chronic pain.6 This is controversial.

Footnote
6

Bach S, Noreng MF, Tjellden NU (1988). Phantom limb pain in amputees during the first 12 months following limb amputation after
preoperative lumbarepidural blockade. Pain, 33, 297.
Full Text

Library Holdings
Bibliographic Links
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Thoracoscopic sympathectomy

For patients with sweaty palms/axillae. The sympathetic trunk is divided via a thoracoscope inserted through a small

Procedures . S
axillaryincision
Time 30-60 min
Pain ++
Position Supine, affected arm on arm board
Blood loss Minimal
Practical IPPV via double lumen tube
technique SVvia LMA
e Patients are usuallyyoung, fit people with hyperhidrosis (sweaty palms and axillae).
e The surgical technique involves cutting the thoracic sympathetictrunk at T2 or T3 thoracoscopically.
e Traditionallythis is done using one-lung anaesthesia (double lumen tube), with the patientin the reverse Trendelenburg position.
e Asimplertechnique involves the patient breathing spontaneously through an LMA. When the surgeon insufflates CO, into the pleural

cavity, the lungis pushed away passively, allowing surgery to take place. The degree of shunt produced is less dramatic than with one-
lung ventilation. Assisted ventilation must be avoided, except to re-inflate the lung manually at the end. The CO, insufflator machine
regulates intrapleural pressures.

With either technique, at the conclusion of the procedure, the lung must be re-expanded (under the surgeon's direct vision) to prevent
pneumothorax.

Local anaesthetic can be deposited by the surgeon directly onto the sympathetic trunk and into the pleural cavity.

A postoperative chest radiograph is required to confirm that the lungis reinflated.

Some surgeons like to perform bilateral sympathectomies in the same operation. This is a much more challenging operation. It can
lead to very profound hypoxia when the second lungis collapsed due to persistent atelectasis in the firstlung. Itis certainly
inappropriate forall but the very fittest patients.
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Firstrib resection

Procedures Resection of the first/cervical rib in patients with thoracic outlet syndrome
Time 1-2h

Pain ++

Position Supine, affected arm on arm board

Blood loss Minimal

Practical technique IPPV via COETT, avoid relaxants if possible

e Patients are usuallyyoung and fit.
The position is similarto that for thoracoscopic sympathectomy.
Muscle relaxants should be avoided, as the surgeon needs to be able to identify the brachial plexus perioperatively. Intubate under
opioid/induction agentalone or use mivacurium/opioid and then hyperventilate with isoflurane/opioid orsimilar.

e Atthe conclusion of surgery, the wound is filled with saline and manual ventilation performed with sustained inflation pressures >40
c¢cmH,0. This is to check fora lung leak and exclude a pleural injury.
A superficial cervical plexus block provides good analgesia postoperatively.
A postoperative chestradiograph is required in recovery.
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Varicose vein surgery

Removal of tortuous veins of the lower extremities:

Procedures High tie and strip—long saphenous vein removal (sometimes bilateral)
Short saphenous vein surgery-tied off in popliteal fossa

Time 30minto3h

Pain ++

Position Supine or prone forshort saphenous surgery

Blood loss Up to 1000 ml

Practical technique LMA/SV for most, ETT/IPPV for prone

e Patients are usuallyyoung and fit.

e The main operation is usually combined with multiple avulsions to remove varicosities. These are minute scars, which can, however,
bleed profusely.

e Blood loss can be minimized by elevating the legs.

e Patients mayneed combined long and short saphenous surgery (i.e. two operative incisions on the same leg) and mayrequire turning
during the operation. In selected slim patients without risks of aspiration, this can be done with the patients breathing spontaneously
through an LMA.

e Acombination of NSAIDs and local anaestheticinto the groin wound gives good postoperative analgesia. Caudal anaesthesia is
possible for prolonged re-explorations.

e Bilateral surgeryis common and takes 30—-60 min perincision.

e Redo surgeryis also common and can be very prolonged.
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Othervascular procedures

Time

Operation Description (min) Pain  Position Blood loss Notes
Femoral orbrachial Removal of clot from artery 60 +/++ Supine minimal LA £ sedation commonest
embolectomy
. . . Radlologlcalllnsertlon of 90 or . Potentially In X-rayundersedation/light GA but needs
Aorticstentinsertion stentto aortic + Supine . . S
more massive lines/monitoring as for AAA

aneurysm —
Popliteal aneurysm Bypass of aneurysmal 60-120 ++/+++ Supine or <500 ml As for fem-pop bypass
repair peripheral artery prone

P.333

Further reading

Caldicott L, Lumb A, McCoy D (1999). Vascular anaesthesia, a practical handbook. Butterworth Heinemann, Oxford.

O'Connor CJ, Rothenburg DM (1995). Anesthetic considerations for descending thoracicaortic surgery: Parts 1 and 2. Journal of Cardiothoracic
and Vascular Anesthesia, 9, 581-8, 734-47.

Paul SD, Eagle KA (1995). A stepwise strategy for coronaryrisk assessment for noncardiac surgery. Medical Clinics of North America, 79, 1241-61.
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Stoneham MD, Knighton JD (1999). Regional anaesthesia for carotid endarterectomy. British Journal of Anaesthesia, 82, 910-19.
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Wilke HJ, Ellis JE, McKinsey JF (1996). Carotid endarterectomy: perioperative and anesthetic considerations. Journal of Cardiothoracic and
Vascular Anesthesia, 10, 928-49.
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Coronary blood flow

Right and left coronary arteries originate from the anterior and left aorticsinuses respectively, just above the aorticvalve leaflets.
The right coronary artery descends in the right atrioventricular (AV) groove, continues around the inferior border of the heart, and joins
with the circumflex branch of the left coronaryarteryin the posterior atrioventricular groove. It gives rise to acute marginal branches at
the inferior border of the heart, supplying the right ventricle. In approximately 85% of individuals it terminates as the posterior
descending artery, supplying the posteroinferior aspect of the left ventricle and intraventricular septum, this is described as a right
dominant system.

The left coronary artery leaves the left aortic sinus as the left main stem, posterior to the pulmonary trunk, and aftera short distance
divides into the left anterior descending and circumflex arteries. The left anterior descending artery passes down the anterior
interventricular groove and around the apex, giving rise to septal and diagonal branches, which supplythe septum and the free wall of
the left ventricle respectively. These branches are importantlandmarks when describing lesions of the left anterior descending artery.
The circumflex artery passes along the left AV groove, supplying the lateral free wall of the left ventricle via obtuse marginal branches,
numbered one to three and in 15% of cases gives rise to the posterior descending artery, a left dominant system. Crucially this means
thatthe left coronaryarterysupplies the entire left ventricle, the intraventricular septum and the AV node.

75% of myocardial venous return drains into the right atrium via the coronarysinus in the posterior AV groove, 20% returns via the
anterior cardiac vein.

5% of myocardial venous return drains directly into the left ventricle via the thebesian, anterior sinusoidal and anterior luminal veins.
These constitute a fixed shuntand contribute to the dilution of oxygenated blood.

Coronary blood flow atrestis 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 metabolic autoregulation. Adenosine, from the
breakdown of ATP, and hypoxia are the majorvasodilators.

Coronary blood flow to the left ventricle only occurs during diastole.

Aright ventricular pressure of 25 mmHg minimally affects blood flow in the right coronary artery; whereas flow in the left coronary
artery maystop and possiblyreverse with a left ventricular pressure of 1220 mmHg.

Tachycardia shortens the time for diastole and will eventually reduce coronary blood flow. A heart rate of 90-100 beats/min will
normally optimize coronary flow and therefore cardiac output.
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” : Fig 17.1 Arterial blood supply of the heart.
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Cardiopulmonary bypass

Cardiopulmonary bypass (CPB) replaces the work of heartand lungs whilst the heartis arrested, allowing fora bloodless and stable surgical
field. The bypass machine consists of an integrated, disposable unit made up of reservoir, oxygenator, and heat exchanger connected via a
series of roller pumps on the permanent part of the machine. Membrane oxygenators are most commonly used. These contain minute hollow

fibres, similar to those used for haemofiltration, giving a large surface area for gas exchange (2-2.5 m?). Gas exchange occurs down
concentration gradients; increasing the gas flow removes more CO, and increasing FiO, increases oxygenation.

Prior to CPB, full anticoagulation of the patientis required with an activated clotting time (ACT) recorded at greater than 400s. Blood is
siphoned from the inferior vena cava (IVC) and superior vena cava (SVC) into the reservoir, where itis filtered/defoamed. Itis pumped through
a heat exchanger, to alter the temperature as required, and then through the oxygenator, before being returned to the patientvia a narrow
arterial cannula placed in the aortic root. The bypass circuitis primed with 1000 ml of crystalloid (Hartmann's solution), heparin 5000 units,
and occasionally mannitol (0.5 g/kg). The bypass machine normally delivers non-pulsatile flow with a cardiac index of 2.4 litres/min/m?.

The perfusionist can control mean arterial pressure (MAP) by adjusting flow from the pump and by the use of vasoconstrictors/ vasodilators.
MAP is normally maintained between 50 and 70 mmHg. Volume, as colloid/blood, can be added to the reservoir or removed by ultrafiltration,
to maintain a haematocrit of 20-30%. Drugs may also be added to the circuit.

Cardiopulmonary bypass causes haemolysis, platelet damage, and consumption of coagulation factors. This is usually minimal for the first 2
h. Suction from the surgical field drains directlyinto the reservoir and powerful suction can exacerbate haemolysis. Other potential problems
involve poorvenous drainage, aorticdissection, and gas embolization. The risk of a cerebrovascular episode (CVE) ranges from 1-5% and is
associated with several risk factors:

age
aorticatheroma

previous CVE

diabetes mellitus

type of surgery (aortic arch replacement >valve replacement >coronary artery surgery).

Cognitive changes are common (up to 80% of all patients) in the perioperative period and persistin 30% of patients. These are caused by
particulate matter (platelets, atheroma etc).
Instituting cardiopulmonary bypass

e Before cannulation, systolic blood pressure should be decreased (to 80-100 mmHg) to reduce the risk of aortic dissection.

e Priorto instituting bypass, the patient should be anticoagulated with heparin 300 IU/kg (usual dose 20 000-25 000units). ACT must be
confirmed at >400s.
P.339

e Prepare and pressurize cardioplegia to 300 mmHg, ensuring a bubble-free circuitif cold cardioplegia is being used.

e Once on bypass the ventilatoris turned off and an intravenous anaesthetic (propofol 6 mg/kg/h) started. A bolus of midazolam ora
vaporizer mounted on the bypass machine are alternatives.

e The perfusionist maintains a perfusion pressure of 50-70 mmHg by modifying flow/filling and the use of alpha agonists such as
metaraminol.

e Blood gases and ACT are checked every 30 min.

e The patient's temperature is actively lowered, or allowed to drift, to 28-34°C, depending on the type of surgery and surgical preference.

Coming off bypass

e This is a team effort between surgeon, anaesthetist, and perfusionist. The aim is to wean the patient from the bypass machine
allowing the heartand lungs to re-establish normal physiological function.
e Before coming off bypass:
o the temperature should have returned to 37°C
o potassium should be 4-5 mmol/litre
o haematocritshould be >24%.
e Have protamine drawn up (1 mg/100 1U heparin—usually 3 mg/kg).
e The venous line is progressively clamped and the heart graduallyallowed to fill/eject. Itis usual practice to come off bypass with the
patient relatively ‘underfilled’. This avoids over-distension of the ventricles, which may not yet function normally.
e The perfusionist will transfuse 100 ml boluses as required. Be vigilant, watch the heart performance and filling carefully. If the
ventricle is performing poorly, start a small amount of adrenaline.
e Heartrate should be 70-100 beats/min and sinus rhythm (if possible). Defibrillate and use atropine/isoprenaline/adrenaline as
necessary.
e Ventilate with 100% oxygen and ensure the lung bases are expanded.
e When the surgeon requests protamine, clearly inform the perfusionist to turn off the suction and administerslowly V. The systemic
arterial pressure will decrease due to vasodilation and volume should be administered via the aorticcannula. Severe pulmonary
hypertension can occur.

Post-bypass management

e Ensure adequate anaesthesia and analgesia with a volatile agent (i.e. halothane/isoflurane) and an opioid.

e Systolicblood pressure should be controlled between 80 and 140 mmHg by careful filling and adjustments of GTN/adrenaline
infusions, as necessary.

e |fthe patientis persistently hypotensive or bleeding, inform the surgeon before the chestis closed.

Cardioplegia

This is either crystalloid or blood based. It contains potassium(20 mmol/litre) magnesium, and procaine and when rapidlyinfused renders
the heartasystolic. Further doses are repeated every 20 min or when electrical activity returns. The advantages of blood cardioplegia are
largely theoretical and

P.340

based on the assumption that haemoglobin will carry oxygen and thus help reduce myocardial damage. Reperfusion (warm blood)
cardioplegia is sometimes used towards the end of bypass to wash out products of metabolism and give an oxygen ‘boost’ to the myocardium.
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Cardioplegia is usuallyadministered anterograde (via the coronary arteries), but retrograde cardioplegia may be delivered via the coronary
sinus.

Temperature management

During bypass, the patient's temperature maybe allowed to ‘drift’ down to 34°C, or the patient can be actively cooled to a lower temperature
(28-34°C). Generally, a cooler temperature allows better cerebral protection, buta warmer temperature is preferred for the heart. Different
centres varyin approach, and the technique of hypothermia often reserved for more complex cases.

Intermittent cross-clamping and fibrillation

When performing coronary arterial grafts, the surgeon can use either cardioplegia (conventional) orintermittent cross-clamping with
fibrillation. With intermittent cross-clamping the aorta is cross-clamped and a fibrillator pad placed underneath the heart. When the heart
fibrillates oxygen demand is reduced, and the lower end of a graft can be sutured. After each graft the crossclamp is removed and the heart
cardioverted into sinus rhythm. The top end will then be sutured onto the aorta. Advantages are thatno cardioplegia is used (hence a lower
incidence of complete heart block) and after each graftis attached, the ECG can be inspected foranyischaemia. However, as the heartis not
protected by cardioplegia, surgical time needs to be keptto a minimum to avoid myocardial damage.

Potassium management

For myocardial stability following CPB itis important to maintain serum potassium levels between 4 and 5 mmol/litre. Hypokalaemia usually
develops and should be treated with aliquots of 20 mmol KCl. This is preferably administered whilst on CPB, thus avoiding the need to
administervia a central line, directly onto an unstable myocardium.

‘Alpha-stat’ versus ‘pH-stat’ arterial gas interpretation

The pH-statand alpha-stat regimes differin terms of whether PaCO, and pH are maintained within normal values when measured at the
temperature of the patient or when measured at 37°C.

e pH-stat: PaCO, and pH are maintained near 5.0 kPa and 7.4 respectively, when measured at actual body temperature, a process called
‘temperature Eorrection'.Thus, during hypothermia, CO, is added to the bypass machine. When measured in a blood-gas machine at
37°C, this will suggesta high PaCO, and a low pH (similarto a respiratory acidosis).

e alpha-stat: attempts to duplicate the normal response of poikilothermicanimals, in which PaCO, during hypothermia decreases when
corrected for body temperature. Using the alpha-stat regime, PaCO, values are not corrected fortgmperature and are keptin the normal
range when measured at 37°Cby the blood gas analyser. B

When the two methods are compared for hypothermic CPB at 28°C, a 3 kPa difference in PaCO, levels exists. This PaCo, gradient has been

shown to significantly alter cerebral blood flow since cerebrovascular carbon dioxide
P.341

responsiveness is maintained.
Potentially harmful effects of pH-stat managementinclude:

e Increased cerebral blood flow, possiblyincreasing the embolicload to the brain (i.e. air/debris).
e Increased cerebral blood flow to non-ischaemic areas maycause a steal phenomenon.
e ‘Respiratoryacidosis’ (increased CO,) may disrupt normal cellular function.

Theoretical advantages of pH-stat managementinclude:

e Acidosis counteracts the leftward shift of the oxygen dissociation curve associated with hypothermia, so thatrelease of oxygen from
haemoglobin is enhanced.

e Depressed enzymatic activity associated with acidosis may potentiate the total amount of metabolic depression caused by
hypothermia.

The potentially harmful effects of pH-stat management would seem to outweigh anyadvantages. The alpha-stat technique is now more
commonly used.

Volatile agents and CPB

Halothane, isoflurane, enflurane, and sevoflurane have all been used successfullyduring cardiacanaesthesia. Theyall cause vasodilatation,
cardiacdepression, and bradycardia in a dose-dependent manner. Isoflurane has been shown in the animal model to cause a ‘steal’
phenomenon, but this has not been convincingly demonstrated in man. Alarge studyin the 1990s compared all different anaesthetic
techniques then in use forcardiacsurgery and concluded thatthere was no difference between the anaestheticused in terms of either
morbidity or mortality. Halothane is the volatile agent that has been used the longest and the more recentlyintroduced volatile agents
(enflurane, isoflurane, or sevoflurane) would not appear to have anyadvantages overit. However, there is evidence that for repeat
anaesthesia, the incidence of hepatitis following halothane administration may be higher than that with the other agents.
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Risk scoring

The Parsonnetrisk stratification scheme can be used to score the risk and predict the mortality rate in cardiac surgical patients. However, it
should onlybe used as a guide to surgical outcome.

Parsonnet risk stratification scheme

Risk factor Score
Female gender 1
Age 70-74 7
>75 12
Good 0
Ejection fraction Fair (30-49%) 2
Poor (<30%) 4
Obesity >1.5times ideal weight 3
Diabetes 3
Hypertension Systolic >140 mmHg 3
First reoperation 5

Reoperation .
Second or subsequent operation 10

Preop. intra-aortic balloon pump Present for surgery 2
LV aneurysm 5
Valve surgery: mitral 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 following

cardiac catheter 10
Dialysis dependent 10
Catastrophicstates 10-50
(C;t:tirn:;rceut:;ta nces 2-10
Score Risk Predicted mortality

0-4 Good 1%

5-9 Fair 5%

10-14 Poor 9%
15-19 High 17%
>20 Veryhigh 31%
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Coronary arterial bypass grafting

Procedure Bypassing a coronary artery stenosis with an arterial or venous graft
Time 3h

Pain +++/++H++

Position Supine +/- crucifix

Blood loss Moderate (cross-match fo ur units)

Practical technique ETT, IPPV, arterial/CVP, urinary catheter, usually on CPB

Preoperative

Commonly associated medical problems include hypertension, COPD, diabetes, cerebrovasculardisease, and renal dysfunction.
History of angina, recent Ml, 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:
o orthopnoea and paroxysmal dyspnoea are important symptoms of LV failure
o exercise ECG
o coronaryangiography within past 12 months
o echocardiographyassessment (transthoracic ortransoesophageal):
m >50% LV ejection fraction = good LV
m 30-50% LV ejection fraction = moderate LV
m <30% LV ejection fraction = poor LV
o mostuseful assessment of left ventricular function is exercise tolerance.
Parsonnet's scoring system (see p. 342).
Premedication with intramuscular opioid and anticholinergic (e.g. papaveretum/hyoscine 15 mg/0.3 mg foran adult male, very amnesic
and soporific). Prescribe oxygen supplementation from time of premedication.
Continue all cardiac medication preoperatively (some centres stop aspirin/ACE inhibitors).

Perioperative

Peripheral venous and arterial lines awake, preoxygenate and induce with fentanyl 10-15 pug/kg and etomidate 5-10 mg. Paralyse with
pancuronium 0.1 mg/kg and maintain anaesthesia with halothane 0.5-1.5% in an oxygen and air mixture. Insertinternal jugularlines
and urinary catheter.

Five-lead ECG with ST segment monitoring is advised (lead Il for rhythm and V5 forischaemia).

Use a nasopharyngeal temperature probe.

Indications fora pulmonary arterial flotation catheterinclude:

P.344
o all ventricles with an ejection fraction <30%
o all mitral valves, as filling and PA pressures are important postoperatively
o all patients with raised preoperative creatinine
o a perioperative alternative is to inserta leftatrial line ora transoesophageal echo probe can be used to assess filling and

ventricular function.

Avoid hypertension and tachycardia. Aim for cardiovascular stability with volume, GTN infusion, and careful boluses of metaraminol
0.5-1 mg.
Prophylactic antibiotics timed to coincide with skin incision:

o flucloxacillin 2 g (vanconycin 1 g IV with premed if penicillin allergy or MRSA risk)

o gentamicin 1.5 mg/kg
Anticipate blood pressure surge with sternotomy, cover with fentanyl/ halothane increase and/or GTN.
Give heparin 300 1U/kg and ensure ACT >400 s pre-bypass.
Maintain systolic blood pressure in range 80-100 mmHg for aortic cannulation.
Continue as for bypass.
Once the chestis closed and the patient stable, transferintubated to recovery.
Patients usuallyrequire plenty of filling postoperatively, particularlyif bleeding, diuresing well, and vasodilating as they warm up. If
cardioplegia has been used, temporary pacing wires will be inserted and pacing maybe needed in the short term.

Postoperative

Check FBC, clotting, arterial blood gases, and ensure blood loss is less than 200 ml/h.
Once warm, awake, weaned, and not bleeding (i.e. a stable patient) extubate. Administer morphine (0.02 mg/kg/h) with GTN to keep
systolic BP <140 mmHg to protect the graft ‘top-ends’ and reduce bleeding.

Special considerations

Forsevere left main stem disease, maintain arterial pressure at preoperative values, as this is crucial to myocardial perfusion.
Unstable angina with poor ventricles: consider PAFCand insertion of an intra-aortic balloon pump (IABP) in the anaesthetic room.
Thoracic epidurals are used in some centres, claiming improved haemodynamic stabilityand excellent postoperative pain relief, but
this is controversial due to the perceived risk of epidural haematoma and tetraplegia following anticoagulation for CPB.

Arterial grafts (internal mammary/radial artery) are prone to spasm, therefore maintain GTN infusion postoperatively.
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Redo coronary arterial bypass graft

Preoperative

e There is often poor LV function.
e Venous/arterial access as for CABG but often more difficult.
e Cross-match six units.

Perioperative

e Apulmonaryarterial flotation catheterintroduceris useful if rapid infusionis necessary.

e Have external defibrillator pads in situ on the patient, as VFis a risk at sternotomyand dissection of adhesions. This can be a
problem with the use of diathermyas it obscures the ECG and with VF all you maysee is a flat arterial trace (be vigilant)!
Have blood available in theatre.

e There is a risk of torrential bleeding as the right ventricle may be stuck by adhesions to the underside of the sternum.

e Considerusinga fibrinolyticinhibitor such as aprotonin during the procedure. Test dose of 1 ml, then 2 million units (200 ml) loading
dose, 2 million units into the prime and then 500 000 units (50 ml) per hour peroperatively.

Postoperative

e There is increased risk of postoperative bleeding.
e There maybe problems related to poor LV function.
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Emergency coronary arterial bypass graft (failed angioplasty)
Preoperative

The patient will be collapsed in periarrest with the need for urgent surgery to correctischaemia.

Should have good femoral venous and arterial access from the ‘cath lab’.

Patient will probablyneed inotropes, if not already started. Must attain some degree of stabilityoran arrest will follow induction.
An IABP can help poor coronary perfusion byincreasing diastolic pressure, plus ventricular function by off-loading the heart.

Perioperative

May need a pulmonary arterial flotation catheter, but do not waste time if speed is important. It can be done later during the case.
Cautious induction with a reduced dose of fentanyl (250-500 pg) and etomidate (4-6 mg). Cardiovascular stabilityis essential.
Adrenaline should be prepared to be given as a bolus, 10 or 100 ug/ml as necessary.

Institute CPB as soon as possible.

Postoperative

Inotropes should be maintained post-CPB and/or IABP.

There is no urgency to extubate the patient. A period of stabilityis required.
There are likelyto be manyinfusions running.

There is a high risk of renal failure.
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Mitral stenosis

Procedure Replacement of mitral valve

Time 3-4h

Pain +H+/++++

Position Supine

Blood loss' 1000-1500 ml (cross-match four units)

Practical techniques On CPB

The anatomical problems and consequences of particularvalve lesions should be understood to appreciate the physiological requirements
necessary for forward flow of blood before and after valve replacement.

Mechanical valves tend to be used in younger patients, as theyshould last forever. However, anticoagulation (warfarin) is needed to prevent
clot formation around the valve. In elderly patients, porcine (homograft) valves can be used, as long-term anticoagulation is not needed.
These valves probablyonlylast forabout 15 years.

Preoperative

Frail, flushed, in atrial fibrillation with a fixed cardiac outputand possible pulmonary hypertension.
Almost always due to rheumatic heart disease, normally asymptomatic for 20 years.
Surgeryrequired if dyspnoea on mild exertion/at rest.

Normal valve surface area = 4-6 cm?
o symptom free until 1.5-2.5 cm?

o moderate stenosis = 1-1.5 cm?

o critical stenosis <1 ¢cm?.

Continue antiarrhythmic therapyand convert those on warfarin to heparin preoperatively.
Echocardiographyand angiographyto assess pulmonaryarterial pressure, ventricular function, and coronary arteries.
Opioid/anticholinergic premedication with oxygen supplementation.

Perioperative

Heart rate: mitral flow is relatively fixed, keep below 100 beats/min and in sinus rhythm if possible to maximize the time for diastole
and coronary blood flow.

Preload: does not normally need augmenting pre-bypass.

SVR: because of fixed cardiac output the SVR is often raised, avoid reducing it, as the diastolic pressure will fall and with it coronary
blood flow.

P.348

Venodilation will also reduce cardiacreturn and cardiac output for which the heart cannot compensate.

Contraction: severe mitral stenosis leads to pulmonary hypertension and with it right ventricular failure. The left ventricle is normally
unaffected until end-stage disease. Check ABGs regularly to avoid hypoxia/hypercarbia and exacerbation of pulmonary hypertension.
Adrenaline maybe required if the right ventricle is very dilated and failing.

Heart rate: disruption of conducting pathways from surgery can cause arrhythmias, requiring atropine orisoprenaline.

Post-bypass

Preload: keep well filled, as obstruction to flow has been removed (PAWP 13-16 mmHg).
SVR: a reduction will now also encourage forward flow.
Contraction: adrenaline may be required if the right ventricle is struggling and may help a stiff left ventricle.

Special considerations

Use a pulmonaryarterial flotation catheter to assess filling and requirement forionotropy.
Pulmonaryarterial pressures take several days/weeks to reduce. Nitric oxide may help.
Catastrophic atrioventricular (AV) disruption, where the heart bursts, in the first few days is rare and fatal.
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Aortic stenosis

Procedure Replacement of aortic valve

Time 3h

Pain +H+/++++

Position Supine

Blood loss 1000-1500 ml (cross-match four units)

Practical techniques On CPB

Preoperative

As a result of a congenital bicuspid valve (found in 1-2% of the population) or rheumatic heart disease. Bicuspid valves are often
asymptomatic for 60 years and rheumatics for 40 years.

A gradient exceeding 50 mmHg or an aortic orifice of <0.75 cm?in an average size adultis generallyconsidered to represent critical
obstruction to left ventricular outflow.

Surgeryindicated if the gradientis >70 mmHg with a good LV, and >50 mmHg with a poor LV.

If a known gradientis decreasing, this is a sign of LV failure.

The triad of symptoms of angina, syncope, or CCF indicates a life expectancy of <5 years.

A sudden change in heart rhythm (e.g. atrial fibrillation) can cause rapid LV failure.

Perform echocardiographyand angiographyto assess LV function and coronary blood flow.

Aortic stenosis causes LV hypertrophy, with no increase in LV volume and a stiff non-compliant ventricle with poor diastolic function
(relaxation). This increases oxygen demand. If long-standing the LV fails, LVEDP increases (causing mitral regurgitation and a high PAP)
and ultimately RV failure.

Perioperative

P.350

Heart rate: ‘aortic stenosis—always slow’. Tachycardia is not well tolerated as it shortens diastole, hence the time for coronary blood
flow, and increases oxygen demand. Atrial kick of the sinus rhythm improves filling of a stiff LV.

Preload: should be increased to aid filling of stiff LV, beware of GTN reducing preload and cardiac output.

SVR: must be aggressively maintained with alpha agonists. Areduction in diastolic pressure may critically reduce coronary blood flow
to a hypertrophied LV.

Contraction: the stiff and thickened LV mayrequire adrenaline.

Post-bypass

Preload: volume is still veryimportant for adequate filling and perfusion of a stiff LV.

e SVR:an infusion of noradrenaline maybe required once well filled.
e Contraction:adrenaline maybe required to improve LV performance.

Special considerations

e Considera pulmonaryartery flotation catheter as fillingis crucial, particularlyin the postoperative period. Pre-bypass, the high

pulmonaryarterial pressure in long-standing aortic stenosis may underestimate LV filling.

o Good myocardial protection for a hypertrophied ventricle is the key to a good outcome.
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Mitral regurgitation

Procedure Replacement of mitral valve

Time 3h

Pain +H+/++++

Position Supine

Blood loss 1000-1500 ml (cross-match four units)

Practical techniques On CPB

Preoperative

Acute: rupture of a papillary muscle due to Ml or endocarditis, causing pulmonary oedema.

Chronic: rheumaticin origin, usually some stenosis as well and asymptomatic for up to 40 years.

75% have atrial fibrillation. Continue antiarrhythmic therapyand change warfarin to heparin.

Symptoms of tiredness and dyspnoea reduce life expectancy to <5 years.

The LV is essentially volume overloaded, which increases pulmonaryarterial pressure and may cause RV failure.
Once symptoms of failure cannot be controlled medically, surgeryis indicated.

Perioperative

‘Full, fast, and forward for a regurgitant lesion.’

Heart rate: relative tachycardia reduces the time for regurgitation and increases forward flow.

Preload: keep the patient well filled, again to encourage forward flow.

SVR:an increase in SVR increases the regurgitant fraction. Alpha agonists should be avoided if there is a drop in blood pressure—
volume is usuallythe answer. Avoid bradycardia.

Contraction: inotropes are rarely needed pre-bypass, with acute mitral regurgitation an intra-aortic balloon pump may help.

Post-bypass

P.352

LV function is often over estimated in mitral regurgitation, as the pulmonarycirculation provides a low-pressure release system for a
poor ventricle. On replacing the valve the LV has to work harder, which may precipitate failure and the need foradrenaline.

Preload: filling is still veryimportant.

SVR:a reduction will benefit forward flow.

Contraction: adrenaline may be required fora tiring LV.

Special considerations

Considera pulmonaryarterial flotation catheter as LV contractility and correct filling are essential.
An IABP may also be of use in the short term for a struggling LV.
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Aortic regurgitation

Procedure Replacement of aortic valve

Time 3h

Pain +H+/++++

Position Supine

Blood loss 1000-1500 ml (cross-match four units)

Practical techniques On CPB

Preoperative

e There are manycauses of aorticregurgitation: rheumatic or non-rheumatic valve disease orin association with aorticroot dilation or
dissection.
Chronic aortic regurgitation may be asymptomatic for 20 years. Angina is a late symptom indicating end-stage disease.
The LV is essentially volume overloaded which increases sympathetic drive, causing tachycardia, increased contractility, peripheral
vasodilatation, and fluid retention to increase preload. LV hypertrophy occurs with LV dilation and an increased LV volume.

e Surgeryis indicated once symptomatic.

Perioperative

e ‘Full, fast, and forward for a regurgitant lesion.’
Heartrate: cardiac outputis rate dependent, increasing the rate reduces diastole and forward flow is encouraged. Avoid bradycardia
and aim for a rate of 90 beats/min.

e Preload: LVis stiff with increased volume, so keep well filled. Sinus rhythm is of benefit but patients are usuallyin atrial fibrillation.

e SVR:anaesthesia causes a reduction in SVR, reducing the regurgitant fraction and encouraging forward flow. A vasodilator mayimprove
this, but mayalso reduce venous return/preload.

e Contraction:if LV function is pooran inotrope may be required.

Post-bypass

o Preload:because of LV dilatation, filling is essential and must be maintained.
SVR: a reduction will encourage forward flow, particularlyif the LV is impaired.
Contraction: an inotrope may be required. An inodilator (milrinone or enoximone) will reduce the SVR and improve LV function at the
same time.

Special considerations

e Anintra-aorticballoon pump is contraindicated in aortic regurgitation, but may be useful post-bypass.
P.354

e Careful control of blood pressure is needed pre-bypass in patients with aorticroot dilatation or dissection. Try to keep systolic blood
pressure <120 mmHg with GTN.

e With mixed lesions go with the dominant lesion.
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Thoracic aortic surgery

Procedure Replacement of ascending aorta/aortic arch with a tubular graft
Time 3-4h

Pain +H+/++++

Position Supine

Blood loss' 1000- >2500 ml (cross-match eight units)

Practical techniques On CPB + deep hypothermiccirculatory arrest

General points

Thoracicaorticaneurysms and dissection are usually due to atherosclerosis. Theycan be divided into two groups, those with hypertension
and those with hereditary conditions such as Marfan's syndrome. More than 66% have coexisting ischaemic heartdisease, and dilatation of
the aorticroot with aorticregurgitation is common. They are classified as type A, involving the ascending aorta to the brachiocephalicartery,
and type B, the arch/descending aorta. Type A and those involving the arch are treated surgically, the remainder of type B (descending lesions)
are treated medically. Arch involvement, although rare, is treated surgically, under deep hypothermiccirculatory arrest. They may presentas
elective or emergency procedures.

Preoperative

e Foremergencydissections, control of blood pressure, bleeding, and fluid resuscitation are the main problems. An arterial line and
good venous access are essential; a CVPline can be inserted later.

e 10 units of blood need urgent cross-matching and once in theatre, warn the laboratory regarding the need for clotting factors, platelets,
and more blood later.

e GTN/labetalol infusion maybe required to keep the systolic pressure <120 mmHg.

Perioperative

e Once stable theyshould be treated as patients with aortic regurgitation, by avoiding bradycardia, reducing afterload, and keeping well
filled.

e Inotropes should be avoided as anydissection can increase.

e Aprotinin, 2 million units, is administered to the patient, 2 million units added to the bypass prime, and then continued IV at 500 000
units/h peroperatively to reduce clot breakdown.

e Femoral arterycannulation is usuallyrequired as the ascending aorta is to be resected.
If the aorticrootis involved the aorticvalve may need replacement and coronary arteries reimplanting.
Regular ABGs and monitoring of acid-base forindices of organ perfusion.
P.356

e Administerstandard heparin (300 IU/kg) and maintain ACT >600 s. Aprotinin does require a longer clotting time.

e Adrenaline maybe required before coming off bypass.

Post-bypass

Bleeding and control of the arterial pressure are major problems.

Continue aprotinin infusion and administer FFP and platelets as needed.

Careful control of systolic pressure at <120 mmHg.

Renal and gut perfusion are also potential problems, so keep the patient warm and well filled.

Special considerations

Circulatory arrest

Protection of the central nervous system by deep hypothermia during prolonged periods of circulatoryarrestis necessaryif the arch of the
aorta is to be operated on, as itis not possible to perfuse the cerebral vessels easilyon bypass. Hypothermia depresses the metabolicrate
and oxygen consumption in the brain and also seems to protect cerebral integrity during reperfusion. The maximum safe duration of deep
hypothermic circulatory arrest (DHCA) is thought to be approximately 45 min at 18°C. This value comes from experimental evidence in animals
as well as from clinical experience. In neonates, this can be extended to 60 min. Most centres do notrelysolely on hypothermia to protect the
brain; the head can be packed in ice and thiopental (7 mg/kg) added to the pump prime, in an effort to decrease cerebral metabolic demand
further. The shorter the period of DHCA the better. Incidence of postoperative neurological problems is directly proportional to the time of
DHCA.

e To aid rapid cooling, and to ensure thatthe brain is cooled, a vasodilator (GTN) is given. This prevents localized vasoconstriction due
to hypothermia.

e Once the circulation has been arrested, all infusions and pumps are stopped.
Itis essential to measure both core and skin temperature and to make sure the core temperature reaches <20°C.
On rewarming, start propofol infusion (3—6 mg/kg/h as tolerated), order 4 units FFP and 1 large unit platelets, as these patients
frequently encounter bleeding problems.
Mannitol 0.5 g/kg mayalso be given to encourage a diuresis.
When core temperature reaches 35°Cstart adrenaline (0.05-0.1 pug/ kg/min) to improve cardiac function and GTN (3-5 mg/h), if tolerated,
to maintain vasodilatation to help rewarming.

e Asteep head down tiltis used to allow air out of the aortic graft.

Keeping the patient warm is difficultas ittakes a considerable time to warm thoroughly. Skin temperature must be >33°Cwith a core
temperature of >37°C, before attempting to come off bypass. Do not be rushed as rebound cooling occurs in recovery, which will exacerbate
poor myocardial function and any coagulopathy.
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Pulmonary thromboembolectomy

Procedure Removal of clot/tumour from pulmonary artery
Time 2-3h

Pain ++/+++

Position Supine

Blood loss 1000-1500 ml (cross-match four units)

Practical techniques On CPB

Preoperative

The patientis usually collapsed—‘Airways, Breathing, Circulation’.

There are usually emboli from pelvic or leg veins.

Presentation with tachycardia, tachypnoea, hypoxia, cyanosis with distended neck veins and signs of RV failure.
A healthy heart requires 60—-80% of the pulmonary trunk to be obstructed before RV failure.

Urgent cardiopulmonary bypass to re-establish oxygenation is the priority, so rapid decision-making is essential.

Perioperative

e Once the decision is taken to operate speed is the key—allow no delays. Heparin is easily forgotten.
e Intubate and ventilate with 100% oxygen, maintaining perfusion with inotropes as necessaryand institute CPB as soon as possible.
e The surgeons should consider placing an IVCfilter postembolectomy.

Post-bypass

e Inotropes are likelyto be needed, keep well filled and reduce SVR with vasodilators if tolerated.
e Nitricoxide may help reduce a raised pulmonary arterial pressure. Delay heparinization (following CPB) for 24 h to reduce surgical
bleeding.

Special considerations

e Veryhigh right-sided pressures mayopen the foramen ovale and cause right to left shunting. This will worsen hypoxia and mayallow
paradoxical emboli, causing a CVE.

e With significant pulmonary emboli the capnograph will detect very little or no CO?. Following embolectomy, if successful, this should
show dramaticimprovement, as the pulmonary circulation is re-established.
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Cardioversion

Procedure d.c. shock to convert an arrhythmia back to sinus rhythm
Time 5-10 min

Pain -

Position Supine

Blood loss Nil

Propofol + LMA

Practical techniques COETT if full stomach

Preoperative

Atrial fibrillation is the commonest arrhythmia and may be acute or chronic.

Often a remote site, with patients who are cardiovascularly unstable and have a full stomach.

Requires an experienced anaesthetist with full anaesthetic equipment, monitoring, and trained help.

If possible transferto an anaestheticroom in theatre with help nearby.

Treatas foranysurgical procedure, premed with antacid prophylaxis if possible and have a physician readyto cardiovert the patient.
Potassium 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 cardioversion.
This can be done under propofol sedation. If clotis present anticoagulation for 4 weeks is required and then check again. If clear,
continue with propofol and secure the airwayas appropriate.

Perioperative

e Full monitoring, with ECG leads connected through the defibrillator and synchronized to R wave.
Preoxygenate, induce slowly with a minimal dose of propofol and maintain the airway using a facemask, LMA, or COETT if there is a risk
of aspiration.

e Consider etomidate if cardiovascularlyunstable.

e Opioids are notusually necessary—exceptifintubating, when alfentanil maybe appropriate.

e Safetyduring defibrillation—follow the ALS protocol.

e Ifthere is atrial fibrillation, start with a shock of atleast 200 J.

e |fthere is atrial flutter, start with a shock of 50J, and if that fails increase byincrements of 50 J.
P.359

Postoperative

e Aim to maintain spontaneous ventilation throughout the procedure.
e Turn the patientinto the recovery position with supplemental oxygen and recover with full monitoring as forany anaesthetic.

Special considerations

Patients in chronic AF may have atrial thrombus, which can embolize (see above).

Digoxin increases the risk of postcardioversion arrhythmia and should be omitted on the day.
Amiodarone improves the success of cardioversion to sinus rhythm.

Defibrillation paddles should be keptatleast 12.5 cm away from a pacemaker.
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Anaesthesia forimplantable defibrillators

lain Wilson

Procedure Implanting pacemaker/defibrillator
Time 1-3h

Pain +

Position Supine

Blood loss Nil

Practical technique LA + sedation
4U€ GA: ET/IPPV or LMA/SR

e Implantable defibrillators are placed in patients who are atrisk of sudden death due to malignant cardiac arrhythmias. Patients range
from young and otherwise fitadults with normal cardiac contractility, to extremely compromised cardiac patients.

e The procedure may be straightforward, when two venous wires (sensing and shocking) are positioned transvenously, or complex when

pacemakers are replaced orthe coronarysinus is catheterized to gain access to the LV muscle.

The procedure is expensive (£20 000 for the electronic box). In some units cardiologists provide their own sedation service.

During the procedure VF is induced on a number of occasions to test the device. The patient needs to be sedated during this phase.

Invasive monitoring (arterial line) is advisable for any patients with impaired contractility.

The cardiologist usually gains access via the left cephalicvein and uses fluoroscopy to guide the position of the leads.

Careful asepsis is important to avoid infection of the prosthesis. |V antibiotics are usually given.

Watch the total doses of local anaesthetic used by the cardiologist!

Preoperative

e Careful assessmentis required to assess the functional cardiacreserve. Use local anaesthesia and sedation foranyone who is
compromised.
Ensure resuscitation drugs and equipmentare available, as well as an external defibrillator (usuallyapplied via stick-on pads).
Draw up vasopressors and vagolytic drugs ready for use (ephedrine/ metaraminol/glycopyrrolate). Have dedicated, skilled assistance.
e Insertan arterial line and large venous cannula under light sedation.

Perioperative

e |fsedationis chosen give small doses of midazolam and fentanyl until comfortable, cooperative, but sleepy, then connect TCl
propofol. Setto run at 0.5-1 pg/ml. Aim for light sleep during which the patient maintains their own airway. Administer additional
oxygen. Just before defibrillator testing deepen the sedation.

P.361

e IfGAis planned ensure recoveryis planned preoperatively. Light anaesthesia onlyis required and care is needed on induction as
many of these patients have limited cardiacreserve. An X-ray table maynottip and induction may be saferon a tilting trolley.
e ECGis recorded bythe cardiologist.

Special considerations

e During VF testing, if the device does not work, do not allow the heart to be stopped forlong!
After VF and shocking the BP mayremain low for a short period. Vasopressors may be required.
If the patient has an existing pacemaker which is to be changed and the cardiologistis using diathermy, complete loss of pacemaker
function can occur.
Do not allow yourself to be distracted by the range of other activities taking place.
Alarge plasticsheet (similarto an awake carotid set-up) allows the anaesthetist access to the patient's airway without compromising
sterility.
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General principles

Successful thoracicanaesthesia requires the ability to control ventilation of the patient's two lungs independently, skilful management of the
shared lung and airway, and a clear understanding of the planned surgery. Good communication between surgeon and anaesthetistis
essential.

Patients undergoing thoracic surgeryare commonlyolder and less fit than other patients (30% are aged over 70 years, 50% are ASA grade 3 or
above). Long-term smoking, bronchial carcinoma, pleural effusion, empyema, oesophageal obstruction, and cachexia are all common and can
significantly reduce cardiorespiratory physiological reserve.

Anaesthesia—general points

e Discuss the planned procedure and any potential problems with the surgeon.

e Optimize lung function before elective surgery—try to stop patients smoking, arrange preoperative physiotherapyand incentive
spirometry.

e The lateral decubitus position with the operating table ‘broken’ to separate the ribs is used for many operations.
Use the abilityto isolate and ventilate each lungindependently when itis appropriate.
Mechanical ventilation after pulmonary surgery stresses suture lines and increases airleaks and the risk of chestinfection so avoid
postoperative IPPV if possible.

e Minimize postoperative respiratory dysfunction by providing good analgesia and physiotherapy.

e Prescribe postoperative oxygen therapyroutinelyto compensate forincreased V/Q mismatch. Warmed humidified 40% oxygen via a
facemask is recommended after pulmonary surgery. Nasal cannulae delivering oxygen at 3 litre/min are better tolerated and
satisfactory for most other patients.

Important clinical scenarios, which may be encountered by the thoracic anaesthetist, are:

e Subglottic obstruction of the trachea or carina either from extrinsic compression (retrosternal thyroid, lymph node masses, etc.) or
invasion of the lumen, usually by a bronchial or oesophageal carcinoma.

e Dynamic hyperinflation of the lungs following positive pressure ventilation in patients with severe emphysema, bullae, lung cysts, or
in the presence of an airway obstruction which acts as a ‘flap valve’ and results in gas trapping. Progressive lung distension creates
the mechanical equivalent of a tension pneumothorax. This increase in intrathoracic pressure and pulmonaryvascular resistance
compromises venous return and right ventricular function and dramatically reduces cardiac output. If undiagnosed the situation can
rapidly degenerate into an ‘EMD arrest’. Emergency treatmentis to disconnect the patient from the ventilator and open the tracheal
tube to the
P.365

atmosphere, relieve anyairway obstruction, and 