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PREFACE

The advent of a syllabus for the FRCA examination, itself arequirement of the STA, seemed to me to provide
an ideal opportunity for a dedicated revision textbook. It will therefore be of no surprise to readers that this
volume mirrors closely the syllabus for the primary FRCA in both structure and content.

Having enlisted the willing help of my two co-editors, Tim Smith and Ted Lin, we set about recruiting authors
to contribute. Chapter authors have been chosen for their ability and known prowess as teachers and a deliberate
policy of not inviting "usua’ contributions from frequently seen names was taken. Having said that, several
primary examiners appear as contributors and within each chapter coverage of revision topics has been kept as
appropriate to the examination as possible.

To reduce the variability that is the bane of multi author texts | have personally edited every chapter to ensure
consistency of styleand it is areflection of the workload involved that it has taken three years to complete this
project. | am grateful to all contributing authors for their tolerance and good humour during alteration of their
golden prose.

Whilst no single book can cover the entire syllabus as a “one stop' aid, the majority of material covered in the
examination is detailed within these pages. Some items lately included in the syllabus, after completion of the
manuscript, will be added in future editions (such as the anatomy pertaining to ankle block). Candidates will,
however, be well served if this book is used as a general basisfor revision.

| am extremely grateful to Rob Jones who has been responsible for generating virtually al the artwork within
thistext, the few other diagrams being credited to their sources.

Thanks are also due to both my co-editors for their extensive work and dedication. If this volume enables any
candidate to pass the primary examination, who would not have done so otherwise, then our job will have been
well done.

C A PINNOCK
JULY 1999
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LIST OF ABBREVIATIONSUSED IN FUNDAMENTALS OF ANAESTHESIA

o
alpha

B
beta

2,3-DPG
2,3-diphosphoglycerate

5-HT
5-hydroxytryptamine

A
adenine

A
ampere

A&E
accident and emergency

ABC
airway, breathing, circulation

ABV
arterial blood volume

AC
alternating current

ACE
angiotensin converting enzyme

Ach
acetyl choline

ACT
activated clotting time

ACTH
adrenocorticotrophic hormone

ADCC
antibody dependent cell mediated cytotoxicity

ADH
anti diuretic hormone

ADP
adenosine diphosphate



AER
audio evoked response

AF
atrial fibrillation

AID
autoimmune deficiency disease

ALS
advanced life support

AMP
adenosi ne monophosphate

ANF
antrial natriuretic factor

Ang |
angiotensin |

Angll
angiotensin 11

ANOVA
analysis of variance

ANP
atrial natiuretic peptide

ANSI
American National Standards I nstitute

AP
action potentia (in cardiac physiology)

AP
antero posterior

APC
antigen presenting cell

APCR
activated protein C resistance

APL
adjustable pressure limiting

APTT

activated partial thromboplastin time
AQP

aguaponins



ARDS
adult respiratory distress syndrome

ASA
American Society of Anaesthesiology

ASIS
anterior superior iliac spine

ATLS
advanced trauma life support

ATP
adenosine triphosphate

ATPS
ambient temperature and pressure saturated

AUC
areaunder curve

AV block
atrio ventricular block

AV
atrioventricular

bd
twice aday

BI/G
blood/gas

BLS
basic life support

Bu
B memory cell

BMI
body mass index

BMR
basal metabolic rate

BMRO,
basal metabolic rate of oxygen consumption

BNP
brain natiuretic peptide

BP
blood pressure



bpm
beats per minute

Br/BI
brain/blood

BSA
body surface area

BSER
brain stem evoked responses

BTPS
body temperature and pressure saturated

C
centi

C
coulomb

Ca
arterial compliance

CAM
cell adhesion molecules

cCAMP
cyclic adenosine monophosphate

CAQ,
alveolar oxygen content

Cal,
arterial oxygen content

CAPD
continuous ambulatory peritoneal dialysis

CB
cannabinoid

CBF
cerebral blood flow

CBG
corticosteroid binding globulin

CC
closing capacity

CcO,
capillary oxygen content



cd
candela

CFAM
cerebral function analysing monitor

CGRP
calcitonin gene related peptide

Cl
cardiac index

Cl
confidence interval (statistics)

CK
creatinine kinase

Cl
clearance

CL
lung compliance

CMRO,
cerebral metabolic rate of oxygen consumption

CNS
central nervous system

CO
cardiac output

CO,
carbon dioxide

CoA
co-enzyme A

COAD
chronic obstructive airways disease

COMT
catechol-o-methyl transferase

COP
colloid oncotic pressure

cos
cosine

COSHH
control of substances hazardous to health



COX
cyclo-oxygenase

CP
creatine phosphate

CPAP
continuous positive airway pressure

CPD-A
citrate phosphate dextrose adenine

CPK MB
creatinine phosphokinase (cardiac iso-enzyme)

CPP
coronary perfusion pressure

CPR
cardiopulmonary resuscitation

CR
respiratory system compliance

CSE
combined spinal epidural

CSF
cerebrospinal fluid

CSM
Committee for Safety of Medicines

CT
computerised tomography

CTz

chemo receptor trigger zone
CvO,

mixed venous oxygen content

CvP
central venous pressure

CVsS
cardiovascular system

CW
chest wall compliance

d
deci



D
dopaminergic

da
deca

DC
direct current

DCR
dacrocystorhinostomy

DDAVP
1-deamino-8-arginine (desmopressin)

DIC
disseminated intravascular coagulation

DIT
di-iodothyronine

DLCO
diffusing capacity of the lungs for carbon monoxide

DNA
deoxyribonucleic acid

DNR
do not resuscitate

DO,
oxygen delivery

DVT
deep vein thrombosis

Ea
arterial elastance

EAR
expired air respiration

EBC
effective blood concentration

EC
effective concentration

ECA
electrical control activity

ECF
extracellular fluid



ECF-A
eosinophil chemotactic factor of anaphylaxis

ECFV

extracellular fluid volume

ECG

electrocardiogram

ECV

effective circulating volume

ED,

effective dose 50%

EDqs

effective dose in 95% of population
EDP

end diastolic point

EDPVR

end diastolic pressure volume relationship
EDRF

endothelium derived relaxing factor
EDTA
ethylenediaminetetra-acetate

EDV

end diastolic volume

EEG

€l ectroencephal ogram

Ees

ventricular systolic elastance

EF
gjection fraction

EMD
electromechanical dissociation

EMF
electro motive force

EMG
electromyogram

EMLA
eutectic mixture of local anaesthetic



ENT
ear nose and throat

EPO
erythropoietin

EPSP
excitatory post synaptic potential

ER
endoplsmic reticulum

ERC
European Resuscitation Council

ERV
expiratory reserve volume

ESP
end systolic point

ESPVR
end systolic pressure volume relationship

ESR
erythrocyte sedimentation rate

ESV
end systolic volume

ET
endothelium

ETCO,
end tidal carbon dioxide

f
femto

f
frequency of breaths

F
gasflow

F/IM
foeto maternal ratio

FA
fatty acid

FAC
fractional area change



FACO,
fractional alveolar carbon dioxide concentration

FADH,
flavine adenine dinucleotide

FBC
full blood count

FDC
F-decalin

FDP
fibrin degradation products

Fe2+
ferrousiron state

FECO,
fractional mixed expired carbon dioxide concentration

FEMG
frontalis electromyogram

FEV%
ratio of FEV,to FVC

FEV,
forced expiratory volume in one second

FFA
free fatty acids

FFP
fresh frozen plasma

FFT
fast Fourier transform

FG
fat group

FGF
fresh gas flow

FIO,
fractional inspired oxygen concentration

FNHTR
febrile non haemolytic transfusion reactions

FRC
functional residual capacity



FSH
follicle stimulating hormone

FTPA
F-tripropylamine

FVC
forced vital capacity

G

giga

G
guanine

GCS
Glasgow coma scale

GDP
guanine diphosphate

GFR
glomerular filtration rate

GH
growth hormone

Gl
gastro-intestinal

GIT
gastro-intestinal tract

GMP
guanine monophosphate

GP
glycolytic phosphorylation

GTN
glyceryl trinitrate

GTP
guanosine triphosphate

h
hecto

H
hour

H,
histamine receptor 2



HAFOE
high air flow oxygen entrainment

HAS
human albumin solution

Hb
haemoglobin

HbA
adult haemoglobin

HbCO
carboxyhaemoglobin

HbF
foetal haemoglobin

Hbmet
methaemoglobin

HbS
haemoglobin sickle

HbS
sickle haemoglobin

Hbsulph
sulphaemoglobin

HCG
human chorionic gonadotrophin

HCO;
bicarbonate

Hct
heamatocrit

HD
haemodialysis

HDL
high density lipoprotein

HDN
haemolytic disease of the newborn

HDU
high dependency unit

HELLP
hemolytic anaemia elevated liver enzymes low platelets



HFJV
high frequency jet ventilation

HIV
human immunodeficiency virus

HME
heat and moisturiser exchanger

HMWK
high molecular weight kininogen

HPL
human placental lactogen

HPV
hypoxic pulmonary vasoconstriction

HR
heart rate

Hz
hertz

I

current

I'E

inspiratory:expiratory ratio

ICAM
intercellular adhesion molecule

ICF
intracellular fluid

ICP
intracranial pressure

IDDM
insulin dependant diabetes mellitus

IgA
immunoglobulin A

IgE
immunoglobulin E

19G
immunoglobulin G

iGluR
ionotropic glutamine receptor



IgM
immunoglobulin M

IHD
ischaemic heart disease

IL
interleukin

IM
intramuscul ar

IML
intermediol ateral

INR
international normalised ratio

|OP
intra-ocular pressure

PPV
intermittent positive pressure ventilation

IR
infrared

IRV
inspiratory reserve volume

1SI
International sensitivity index

IT
implant tested

ITP
autoimmune thrombocytopaenia

ITU
intensive therapy unit

U
International units

AV
intravenous

IVC
inferior vena cava

IVIg
intravenous immunoglobulin



IVRA
intravenous regional anaesthesia

J
joule

VP
jugular venous pressure

K
Kelvin

k

kilo

KCCT

kaolin clotting time

KE
kinetic energy

LAK
lymphokine activated killer

LAP
left atrial pressure

Laser
light amplification by stimulated emission of radiation

LBP
lipopolysaccharide binding protein

LD,
lethal dose 50%

LDL
low density lipoprotein

LED
light emitting diode

LH
luteinising hormone

LIS
lateral intracellular spaces

LMA
laryngeal mask airway

LMW
low molecular weight



LOH
loop of Henle

LOR
loss of resistance

LOS
lower oesophageal pressure

LT
leukotriene

LV
left ventricle

LVEDP
left ventricular end diastolic pressure

LVEDV
|eft ventricular end diastolic volume

LVF
left ventricular failure

LVH
left ventricular hypertrophy

LVSW
|eft ventricular stroke work

LVSWI
left ventricular stroke work index

M
mega

M

metre

m

milli

M
muscarinic

mA
milliamps

MAC
minimum alveolar concentration

MAO
monoamine oxidase



MAOI
monoamine oxidase inhibitor

MAP
mean arterial pressure

MCH
mean cell haemoglobin

MCV
mean cell volume

MDA
manual dilatation of anus

MDP
maximum diastolic potential

MEFR
mid expiratory flow rate

MEP
miniature end plate potential

MFR
mannosyl-fucosyl receptor

MG
muscle group

MH
malignant hyperthermia

MHC
major histocompatability

Ml
myocardial infarction

MIC
minimum inhibitory concentration

VI
micro

MILS
manual in line stabilisation

MIR
minimum infusion rate

MIRL
membrane inhibitor of reactive lysis



MIT
mono-iodothyronine

MMC
migratory motor complex

mmHg
millimetres of mercury (pressure)

MODS
multiple organ dysfunction syndrome

mol
mole

MPAP
mean pulmonary arterial pressure

MRNA
messenger RNA

MRSA
methicillin resistant Staphyloccocus aureus

MSH
melanocyte stimulating hormone

MUGA
multigated scan

MV
minute volume

MW
molecular weight

n
nano

N
newton

nAChR
nicotinic acetylcholine receptors

NADH
ni cotinamide adenine dinucleotide

NADPH
ni cotinami de adenine dinucl eotide phosphate

NaHCO,
sodium bicarbonate



NANC
non adrenergic non cholinergic

Nd-YAG
neodymium yttrium-aluminium garnet

NIBP
non invasive blood pressure

NIST
non interchangeabl e screw thread

NK
natural killer

NMDA
N-methyl-D-aspartate

NMJ
neuro muscular junction

NO
nitric oxide

NSAID
non steroidal anti-inflammatory drug

NTS
nucleus tractus solitarius

NV
nausea and vomiting

NWC
number of words counted

o/G
oil/gas

Oo/W
oil/water

OCl
oesophageal contractility index

obC
oxyhaemoglobin dissociation curve

Q
ohm

oP
oxidative phosporylation



OPAC
oximetric pulmonary artery catheter

Osm
Osmoles/litre

T
osmotic pressure

p

pico

P
probability

Pa
pascal

PABA
para-amino benzoic acid

PAC
pulmonary artery catheter

PACO,
alveolar carbon dioxide partia pressure

PaCO,
arterial carbon dioxide partial pressure

PAF
platelet activating factor

PAH
para-aminohippuric acid

PAO,
alveolar oxygen partia pressure

Pao,
arterial oxygen partial pressure

Paw
airway pressure

PBP
penicillin binding proteins

PCA
patient controlled analgesia

PCC
prothrombinase complex concentrates



PCEA
patient controlled epidural analgesia

PCWP
pulmonary capillary wedge pressure

PD
photodiode

PDE
phosphodiesterase enzyme

PDGF
platelet derived growth factor

PDPH
post dural puncture headache

PE
potential energy

PE
pulmonary embolus
PE'CO,
partial pressure end tidal carbon dioxide

PEEP
positive end expiratory pressure

PEFR
peak expiratory flow rate

PF4
platelet factor 4

PFC
perfluorocarbon

PGE
prostaglandin E

PGI

prostaglandin |

Pi

inorganic phosphate

PIH
prolactin inhibiting hormone

PK
prekallikrein



PLOC
provoked lower oesophageal contractions

PMN

polymorphonuclear neutrophils
PONV

post operative nausea and vomiting
PPF

plasma protein fraction

ppm

parts per million

PPP

pentose phosphate pathway
PRI

pain rating index

PRST

pressure, rate, sweating, tears
PSl

pounds per sguare inch

PT

prothrombin time

PTC

post tetanic count

PTH

parathormone

PTT

partial thromboplastin time

PTTK
partial thromboplastin time with kaolin

PV
pressure volume

PVC
poly vinyl chloride

PVD
peripheral vascular disease

PVR
pulmonary vascular resistance



Q
cardiac output

Q

charge
Q
flow

(]}

shunt flow

R
resistance (electrical)

R
universal gas constant

RAP
right atrial pressure

RAST
radioallergosorbent test

RBC
red blood cell

RBF
rena blood flow

Re
Reynold's number

REM
rapid eye movement

RIMA
reversible inhibition of monoamine oxidase A

RMP
resting membrane potential

RNA
ribonucleic acid

RNU
regiona neurosurgical unit

ROC
receptor operated ion channels

RPF
renal plasmaflow



RQ
respiratory quotient

rRNA
ribosomal RNA

RS
respiratory system

RS
rapid sequence induction

Rt-PA
altepase

RV
residual volume

RV
right ventricle

RVSWI
right ventricular stroke work index

S
second

SN
signal to noiseratio

SA

sino atria

SAGM

saline adenine glucose mannitol

Sa0,
arterial oxygen saturation

SD
standard deviation

SEM
standard error of the mean

SFH
stroma free haemoglobin

S
stroke index

SIADH
syndrome of inappropriate ADH secretion



sin

sine

SIRS

systemic inflammatory response syndrome

SL
semilunar

SLE
systemic lupus erythematosis

SLOC
spontaneous lower oesophageal contractions

SNGFR
single nephron glomerular filtration rate

Sp0;

pulse oximeter oxygen saturation

SR
sarcoplasmic reticulum

SRS-A
slow reacting substance of anaphylaxis

SSRI
selective serotonin re-uptake inhibitors

STOP
suction termination of pregnancy

>
sum of

sV
stroke volume

svC
superior vena cava

SVI
systemic vascular index
S0,
mixed venous oxygen saturation

SVP
saturated vapour pressure

SVR
systemic vascular resistance



SVWI
stroke volume work index

SW
stroke work

T
absol ute temperature

T
tera

T
thiamine

tJJ 2

halflife

T,
tri-iodothyronine

T,
thyroxine

tan
tangent

TBG
thyroid binding globulin

TBV
total body volume

TBW
total body water

TCR
T cell receptor

TCRE
trans cervical resection of the endometrium

TENS
transcutaneous el ectrical nerve stimulation

Th
T helper cell

THR
total hip replacement

TIVA
total intravenous anaesthesia



TKR
total knee replacement

TLC
total lung capacity

TLV
total lung volume

T
tubular maximum

TNF
tumour necrosis factor

TNF-a
tumour necrosis factor o

TOE
transoesophageal echocardiography

TOF
train of four

TP
threshold potential

t-PA
tissue type plasminogen activator

TPP
thiamine pyrophosphate

TRALI
transfusion associated acute lung injury

TRH
thyrotrophin releasing hormone

tRNA
transfer RNA

TSH
thyroid stimulating hormone

TT
thrombin time

TUR
trans urethral resection

TURBT
trans urethral resection of bladder tumour



TURP
trans urethral resection of the prostate

TXA,
thromboxane A,

U&E
urea and electrolytes

UBF
uterine blood flow

UK
United Kingdom

uos
upper oesophageal sphincter

URT
upper respiratory tract

URTI
upper respiratory tract infection

UTP
uridine triphosphate

uv
ultraviolet

%
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V
volt

VIQ
ventilation/perfusion

VA
aveolar volume

V BL
blood volume

VC

vital capacity

VCo,

carbon dioxide flux

VD
anatomical dead space
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volume of distribution

VER
visual evoked response
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ventricular fibrillation
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VIE
vacuum insulated evaporator
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interstitial fluid volume

VIP
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very low density lipoprotein
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VO
oxygen uptake in the lungs

2

VOC
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VPC
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plasma volume

VRBC
red blood cell volume

VRE
vancomycin resistant enterococci
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vessel rich group

VT
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w
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WBC
white blood cell
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Section 1:1—
Anaesthetic Equipment

G.C. Fisher

Anaesthetic Machine



Anaesthetic machines can be classified as being either intermittent flow or continuous flow machines. The
Entonox® valve iswidely used in the delivery suite to supply nitrous oxide/oxygen analgesia to mothersin
labour, but otherwise intermittent flow anaesthetic machines are virtually obsolete and do not merit
further consideration. Continuous flow machines provide a mixture of gases and vapours at a constant
flow rate into areservoir, usually a bag, from which the spontaneously breathing patient can inhale. The
same flow can be delivered to a ventilator if the lungs are to be inflated mechanically. In either case, the
flow rate must be adequate for the patient's requirements otherwise carbon dioxide will accumulate.
Continuous flow machines can vary in size from a small wall mounted system used in the anaesthetic
room to the larger machines used in the operating theatre. These are mounted on aframe together with
monitoring devices, ventilators, spare gas cylinders, have one or more storage drawers, and usually have a
metal cover over the pipework to serve as awork surface. The basic functions of the machine are: to
deliver compressed gases to patient at a safe pressure, to allow the flow and composition of the gasesto
be easily adjusted, to permit the addition of a precise concentration of a volatile anaesthetic such as
isoflurane, and to deliver this mixture to a common gas outlet and, hence, to a breathing circuit or a
ventilator. All hospital machines arrange for the expired gas to be ducted away to a scavenging system.
The complexity of a modern operating theatre system is increased by various inbuilt monitors and safety
features but the principles of an anaesthetic machine are shown in Figure EQ. 1.
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Principles of the anaesthetic machine



With the exception of portable anaesthetic machines (such as the Triservice® apparatus) modern machines
are designed to use compressed medical gases supplied from the hospital pipelines. Oxygen, nitrous oxide
and medical air are piped to the operating theatres throughout the hospital at a pressure of 400 kPa.
Colour coded hosepipes connect the machine to the gas outlet and incorrect connections are prevented by
anon interchangeable screw thread (NIST) at the machine end and a sleeve indexed Schrader probe at the
supply terminal. While this method of supply is very reliable, all machines are fitted with a back-up
supply of gas cylinders for oxygen and nitrous oxide. Cylinders are also used as the primary source of
carbon dioxide though thisis being phased out as this gasis not used in contemporary practice. The
cylinders are mounted onto a yoke on the back or side of the machine and secured with awing nut. A
system of projecting pins on the yokes engage with matching holes on the cylinder to ensure that the
correct oneisfitted. Gas leaks are prevented by the interposition of asmall rubber and metal seal between
the cylinder and the yoke. This "Bodok' seal can easily become lost or damaged and should be routinely
inspected whenever the cylinders are exchanged.

When the cylinder valve is opened with a spanner, gas flows through a unidirectional check valve and
pressure regulator before entering the internal pipework. The regulator reduces the pressure to 400 kPa
and maintains this almost constant despite the cylinder pressure falling with use. The cylinder pressureis
displayed on a gauge. Gas supplied from the hospital pipelineisalready at 400 kPa pressure and can pass
directly into the machine. The flow of each gas (or vapour) through the machine is controlled by a bank of
needle valves whose control knobs are again colour coded to aid identification. By convention, the
oxygen valve is placed at the |eft of the bank and is often fitted with a distinctive octagonal knob.

Unscrewing the needle valve allows gas to enter the flowmeter and continue to the manifold known as the
“back bar', on which are mounted one or more vaporisers, and thence to the common gas outlet. The
vaporisers can be permanently fixed to the back bar but are usually docked onto spring loaded ports (e.g.
Selectatec System, Ohmeda, Hatfield, UK) so they can be easily removed. The common gas outlet isa
port with astandard 15 mm internal diameter and 22 mm external diameter that can either be fixed or
allowed to swivel through 90 degrees (Cardiff swivel) and is strong enough to take the weight of the
breathing attachment or ventilator tubing. A pipe runs directly from the oxygen source to the common gas
outlet, which bypasses the flowmeter block and back bar. By this method a high flow of oxygen to the
patient circuit can be delivered even if there are leaks in the system.

The modern machine has several safety features to ensure that a hypoxic mixture of nitrous oxide cannot
be delivered to the patient. Failure of the oxygen supply isindicated by an audible alarm. Typically, this
device also cuts off the nitrous oxide supply but leaves the supply of medical air unaffected. The
anaesthetist is prevented from setting too low aflow of oxygen either by a system that links the oxygen
and nitrous oxide flowmeters (Link System) or by a pressure sensitive valve which prevents the flow of
oxygen falling below 25% (minimum ratio system). A combined master switch for electrical power and
gas flow is now commonplace on anaesthetic machines. This ensures that the integral oxygen analyser is
always active when the machine isin use. Safety devices such as ventilator pressure, minute volume or
low oxygen alarms are most useful if they are activated without further conscious effort. Such alarms are
rendered ineffective if the warning tone can be silenced for significant periods—most can only be muted
for afew seconds.

It isimportant to note that although anaesthetic machinesin the UK are fitted with pressure relief valves,
these are set at 30 - 40 kPato protect the apparatus and not the patient. In some countries the valves are
set at 5 kPato prevent pulmonary barotraumato the patient.



To the student of design, the contemporary anaesthetic machine might initially appear to be dangerously
unergonomic since it has so obviously just evolved from early designs. However, this evolution has
resulted in it becoming areliable device with several important safety features. The challenge for
designersisto produce a machine that is easier to use, conveys information about its performance to the
anaesthetist in an instantly accessible format, but that also can still be seen to be operating correctly so
that malfunctions or disconnections can be quickly rectified. The major manufacturers have responded to
this challenge by replacing manual controls with electronically actuated devices. For example, flowmeter
blocks can be replaced with solenoid operated valves and conventional vaporisers with “fuel injection'
techniques. This permits feedback from sensors to automatically adjust gas flows and mixtures or
ventilator settings thus “closing the loop'. These advances are unlikely to be accepted until the software
can recognise artefacts in the signals from the sensors and also be made immune to interference from
other electrical apparatus such as surgical diathermy or from voltage spikes in the mains power supply.

Pressure Regulators

As pressure from a cylinder varies with content and temperature, this would result in constant adjustment
of the needle valve being required. This problem is overcome by using a pressure reducing or regulating
valve. The principles of action of a pressure reducing valve are shown in Figure EQ.2.
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Figure EQ.3
Principles of avaporiser

Flowmeters

Flow through aflowmeter tube lifts a bobbin in proportion to the flow. The glass flowmeter tubes are
calibrated in litres per minute and are accurate to better 10% over most of their range. Early designs of
bobbin were inaccurate because of a tendency to adhere to the inside of the tube as static electricity
accumulated. Later designs used grooved bobbins that rotated in the gas stream. This system was
patented as the “Rotameter' tube. Modern flowmeter tubes are rendered anti-static with conductive
meaterials.

The range of flow-rates varies with each gas and so may the linearity of the scale. Calibration marks may
be at intervals of 200 ml/min initially, but they rise to 2 I/min at the top. This is advantageous when
setting low flow rates when using the circle system. Even greater accuracy is achieved by connecting a
small diameter tube in series with a standard tube in the “cascade' flowmeter block. The first tube
typically hasarangefromOto 1 |/min.

Vaporisers

Apart from nitrous oxide, ailmost all other inhalational anaesthetics are liquids at room temperature and
pressure but are administered as vapours. Ether and chloroform were initially given by the open drop
method onto a gauze mask. V aporisers became necessary when nitrous oxide and oxygen were delivered
through a machine. Early vaporisers were glass bottles containing the liquid agent over which flowed the
carrier gas. Output was regulated by a flow splitting valve that allowed some or al of the gasto passinto
the bottle instead of flowing past. Low resistance vaporisers could be placed in the breathing circuit
whereas higher flow resistance required the vaporiser to be sited on the back bar. These flow controls
were not calibrated and the inhaled concentration varied considerably with the flow rate of the carrier gas
and astheliquid level fell and cooled with use. Output concentrations of ether from a Boyl€'s bottle
could vary between 5 and 40%, and although this was many multiples of the MAC value (approximately
2%), overdoses were infrequent because the depth of anaesthesiawas slow to change with such a soluble
agent. Rather more precision was needed to use halothane safely and this stimulated a change in
vaporiser design. The principle employed was to split the flow of anaesthetic gasinto two streams, one
passing into a chamber to emerge fully saturated with vapour which was then diluted by the remaining
flow which had bypassed the vaporiser thisis shown in (Figure EQ.3). Providing the chamber always
produces afully saturated output, a predictable concentration can be delivered. Thisisthe principle of the
plenum vaporiser which is still the basis for most modern designs. The gas flow is either split by having a
separate rotameter supplying the vaporiser, as with the “copper kettle, or alternatively the flow is split
inside the vaporiser by the action of the control knob, e.g. TEC (BOC/Ohmeda) series and others. A
predictable output is ensured by having alarge enough surface areafor the liquid to evaporate and thus
fully saturate the gas in the chamber. The use of awick increases the surface area or the carrier gas can
be forced through a submerged disc to produce a stream of fine bubbles. Since the saturated vapour
pressure depends on the temperature, a predictable output may be achieved by keeping this constant by
constructing the vaporiser from alarge mass of conducting metal or making some compensation as the
vaporiser cooled.



The "copper kettle' and Drager vaporisers were fitted with a thermometer and the anaesthetist read off the
output from atable or scale. The "TEC 2' design included a temperature sensitive valve that enabled the
flow splitting control to be accurately calibrated. The output concentration from the TEC 2 was somewhat
dependent on the flow rate of the carrier gas and this was displayed graphically on asmall card, which
was attached to the vaporiser by a chain. This variability was effectively eliminated with later designs.

Since each agent has its own physical properties, calibrated vaporisers are specific to a single agent and
are clearly marked with the formulary name. Later advances have included colour coding the external
surfaces and ensuring that the vaporiser could only be charged with the desired agent. The filling port is
shaped to adapt to an indexed tube, which in turn can only fit onto the correct bottle. Examples of these
vaporisersinclude the later TEC series (Ohmeda) or Vapor (North American Drager).

The most recent versions in these series have included additional safety features. The control knob
includes a release control so that it cannot be accidentally turned on. The control knob may be linked to
the lever that locks the vaporiser to the back bar. Turning on avaporiser causes a control rod to extend
which prevents adjacent vaporisers from operating so that only one agent can be used at atime. The
reservoir chambers are protected from overfilling and liquid anaesthetic agent is prevented from spilling
into the output pathway if the vaporiser istilted.

Whereas the recently introduced agent sevoflurane can be administered from a conventional vaporiser, the
lower boiling point of desflurane (23°C) requires a heated vaporiser. Heating the reservoir to 39°C
increases the pressure to approximately 200 kPa. Opening the control knob allows desflurane vapour to
leave the chamber and mix with the carrier gases. Since the vaporiser is electrically powered, additional
electric sensors and alarms have been incorporated. A modified filler port is also required.

Some recent anaesthetic machines meter gas flows by electrically controlled solenoid valves. The volatile
agent can be similarly metered, with the vaporiser part of an integrated system that is totally controlled by
a computer program. Some use aform of “fuel injection’ where the liquid agent isinjected into a
vaporising chamber.

Breathing Systems

The circle system uses a chemical absorbent to remove carbon dioxide from the expired breath, which is
then partially re-circulated so that the fresh gas flow can be reduced to below 1 litre per minute. In all
other circuits, alarger fresh gas flow (5 to 10 1/min) is needed to displace the expired breath from the
tubing. Carbon dioxide elimination is dependent on the arrangement of the circuit's components (the
reservoir bag, valves, tubing and siting of the fresh gasinlet) and whether respiration is spontaneous or
controlled. The most efficient arrangement only needs a fresh gas flow equal to the patient's minute
volume to prevent rebreathing. The Magill or Lack circuits offer the best solution for a spontaneously
breathing patient whereas the Bain circuit requires up to three times more gas flow. Exactly the reverse
situation resultsif the anaesthetist takes over ventilation by squeezing the bag; the Bain circuit is then
more efficient.

With children weighing less than 20 kg, economy is of less importance than resistance to gas flow and
thisis minimised by using a circuit without a spring loaded expiratory valve, the Ayre's T-piece.
Expiration is through a short length of tubing that needs to be of a volume just greater than the patient's
tidal breath to prevent atmospheric air being drawn in during inspiration. The T-piece is usually used with
an open ended bag (the Jackson-Rees modification) so that spontaneous respiration can be monitored and
yet the child can easily be ventilated by hand with the same circuit.

Classification



The Mapleson classification (Mapleson 1954) is the most widely used classification of breathing systems
and is shown in Figure EQ.4

The components of the breathing attachment are connected together by standard male to female conical
fittings with anominal diameter of 22 mm. The endotracheal tube connection and some paediatric circuits
have a diameter of 15 mm. To achieve agastight seal and to prevent unintentional disconnections, the
fittings should be joined with a push-and-twist action. The common gas outlet of the anaesthetic machine
has a 22 mm external diameter and 15 mm internal diameter. Connections to the scavenging system are
made by 30 mm diameter fittings which feature turn and pull removal.

The reservoir bag can be made from anti-static rubber or plastic and is made in arange of sizes
including 0.5, 1.0 and 2 litres. An appropriate size bag should be used for each patient: too small
abag does not store enough gas for alarge breath but too large a bag cannot be seen to move
with respiration. The bag also acts as a safety device preventing the build up of excessive
pressure since it is designed to rupture at about 50 cmH,O (5 kPa). The connecting pipes were
once made of black anti-static rubber but are now made from disposable lightweight plastic. The
internal diameter of the tubing (22 mm) equates to a volume of about 400 ml per metre. Flow
resistance can be significant and is minimised by using only as much length as necessary.
Unidirectional valves control the flow of gas round the circle system and low resistance to flow
Is assured by making the valve arealarge and the discs as light as possible. They are housed in
paired transparent domes to permit inspection.
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Figure EQ.4
Mapleson classification of breathing systems

The expiratory or adjustable pressure-limiting (APL) valve is designed to vent or spill excess gas from the
circuit. A relatively weak spring acts on adisc to close the expiratory orifice. With the valve control fully
open the pressure on the valve is minimised to about 2 cmH,O (0.2 kPa). Thisis sufficient to bias the
valve closed and allow the reservoir bag to fill, yet allows the disc to lift off easily as the patient exhales.
Screwing the valve towards the closed position allows a controlled leak when the bag is squeezed during
hand ventilation. While earlier APL valves could be completely closed, thisis now prevented by the
action of a second, stronger spring that limits the pressure to about 50 cmH,O (5 kPa) to prevent
barotraumato the lungs. Modern valves are shrouded within an assembly to permit the collection of gas
INto a scavenging system.

The most efficient arrangement for a spontaneously breathing adult is the Mapleson A or Magill circuit.
Early in the expiratory phase the breath consists of anatomical dead space gas that contains little CO, This
flows down the tubing towards the reservoir bag that distends until the spring loaded expiratory valve
opens. Alveolar gas containing CO, is then vented out through the valve. During inspiration, the valve
closes and the patient draws in the anatomical dead space volume from the bag as well asfresn gas. The
minimum fresh gas flow rate during spontaneous ventilation need only equal the alveolar ventilation. If
the anaesthetist takes over respiration by manually squeezing the bag, the valve opens during inspiration
and a mixture of fresh gas and expired gas is forced into the lungs and out through the valve. Thisis
inefficient and thus a much higher flow of fresh gasis required to flush out carbon dioxide (typically two
to three times the alveolar ventilation).

Circle System

Considerable economy can be achieved if the expired gases are re-circulated in a circle system. With the
carbon dioxide removed by a chemical reaction with soda lime, the flow rate of fresh gasinto the circuit
can be progressively reduced until the total flow islessthan 1 I/min. Modern sodalimeis only about 5%
sodium hydroxide, the remainder is calcium hydroxide, silicaand a pH-indicator dye. The size of the
granules has been optimised to between 1/8 and to 1/4 inch diameter that offers an effective areafor
absorption yet minimises the resistance to gas flow. The absorber canister is made of transparent
polycarbonate and houses the two lightweight unidirectional valves, the fresh gasinlet port, reservoir bag
mount, APL valve and two 22 mm fittings for the patient tubing. The canister can be easily dismantled to
replace the exhausted soda lime athough disposable circle systems are now available. Exhaustion of the
soda limeis recognised by the changing colour of the pH indicator and by the presence of an increasing
inspired concentration of CO, on the capnograph. Modern soda lime can absorb about 100 litres CO, per
kg; thus, the larger canisters can be used for several theatre lists before needing to be re-filled. It is
important to stress that at low fresh gas flows, neither the FIO, nor the vapour concentration can be
reliably predicted thus mandating the use of an analyser. Contemporary anaesthetic machines use the
vaporiser fitted to the back bar (vaporiser outside circle—V OC) whereas historically alow resistance type
such as the Goldman or McKesson was sited within the circle (vaporiser inside circle—VIC).

Humidification



Piped gases are supplied free of water vapour to prevent corrosion of the delivery system and the
formation of frost in pressure reducing valves. Anaesthetic gases should be humidified to prevent
desiccation of the delicate respiratory tissues. Adequate humidification aso reduces heat loss during
anaesthesia by conserving the energy required for the latent heat of vaporisation of water. Humidification
equipment can be classified into active devices using an external source of water or passive devices that
recycle the water vapour present in the exhaled breath. Active humidifiers need to be supplied with water
and electricity and are too inconvenient for routine theatre use, so passive devices are more appropriate.

Passive

Heat and moisture exchangers (HME) trap the water vapour of exhaled air, returning it during the
inspiratory phase. Early designs consisted of a screen of copper mesh onto which the vapour condensed.
These were inefficient and have been superseded by materials such as polymer fibres that can produce
relative humidities of 90%. Modern HME are often combined with a bacterial filter and enclosed in a
disposable plastic case. Paediatric sizes are available (with an acceptable dead space) although the flow
resistance increases significantly within afew hours of use.

Active

Humidification for those patients breathing oxygen by facemask can be achieved by a gas powered
nebuliser. The oxygen flow through aVenturi draws a spray of water through a capillary tube immersed

in acontainer of sterile water. These are effective because the output is an atomised mist of water droplets
rather than gas humidified by water vapour. The absolute humidity of such amist can be so high asto
overhydrate the young child. Earlier designsin which the gas simply bubbled through areservoir of water
are now seldom used because of the difficultiesin sterilising the container of water.

HMESs are adequate for those intensive care patients who are ventilated for reasons other than chest
disease. Patients who cough copious secretions into the HME present an obvious problem as do those
with tenacious sputum that can dry out and obstruct the tracheal tube. Heated water bath humidifiers can
deliver relative humidities approaching 100% by means of paper wicks to increase the surface areafor the
evaporation of water and by raising the temperature to higher than 37°C. Although the absolute humidity
Is unchanged as the gas cools to body temperature, its relative humidity would exceed 100% and so the
excess water vapour rains out. These devices must be used with water traps positioned below the level of
the patient and should also be used in conjunction with athermostat sited near to the patient's airway to
prevent scalding of the respiratory mucosaif the device overheats. Colonisation of the humidifier by
bacteriais reduced by these higher temperatures and by using disposable components and sterile water.

M edical Gases
Manufacture
Oxygen

Asit has boiling point of -183°C, pure oxygen is obtained by the fractional distillation of liquid air. Itis
then most economically transported and stored in bulk while still aliquid. Smaller quantities are more
conveniently supplied in cylinders as compressed gas.

Carbon Dioxide

This gas can be produced chemically or as a by product of fermentation of yeast. It is stored in grey
cylindersin the liquid state. Its critical temperatureis 31°C.



Nitrous Oxide

Nitrous oxide is produced chemically from heating ammonium nitrate. Both nitric oxide and nitrogen
dioxide are toxic by products that have to be removed and the gasis then dried to remove water vapour
before being liquefied for storage in cylinders. Nitrous oxide, while not explosive or flammable, will
support combustion and the cylinders must be stored according to the safety regulations. The physical
properties of the above gases are shown in Figure EQ.5.

Figure EQ.5

Figure EQ.6
Medical Air



Hospital medical air is usually supplied by on site compressors for anaesthetic machines or intensive care
ventilators although cylinders are more convenient if it is only used to drive surgical power tools.
Atmospheric air is compressed, filtered and dried before being delivered through pipelines at 400 kPa
pressure for respiratory therapy (note some orthopaedic power tools need 700 kPa). Hospital compressors
are used in pairs with one working and the other in reserve.

Storage
Cylinders

Medical gas cylinders are made from atube of either molydenum steel or an aluminium alloy. They are
produced in arange of sizesfrom A to Jwith asize E usually fitted to the anaesthetic machine. The neck
Is threaded to accept an on-off valve that is made specific to the cylinder contents by the pin index
system: two small pins project from the machine yoke and engage in two holes on the cylinder valve. The
pinindex systemis also used by the cylinder's supplier to ensure it isre-filled with the correct gas (Figure

EQ.6).

Cylinders undergo stringent tests during manufacturing and periodically thereafter. The testsinclude
pressure testing with a hydraulic ram to several times greater than the pressure to which they will be when
filled. This pressure is stamped onto the cylinder together with the date and the weight of the empty
cylinder and a plastic colour coded disk attached to the neck.

Since most medical gases are colourless and odourless, considerable efforts have been made to identify
the contents by standardising the cylinder's colours, by the printed label, by stamping the chemical
formula onto the valve and the pin index system.

Compressed oxygen remains in the gaseous phase and the contents of the cylinder can be estimated by the
pressure alone. Carbon dioxide and nitrous oxide can be liquefied at room temperatures and the cylinder
pressure gauge only indicates the vapour pressure and not the contents. Thus these cylinders arefilled to a
given weight so that about 85% of the contentsisasaliquid. Thefilling ratio is defined as the weight of
gasin the cylinder compared to the weight of water it could hold when full. For example, the filling ratio
for nitrous oxide in the UK is 0.75. The cylinders are filled to lower ratios in hot countries.

Thefilling of Entonox® (50% oxygen, 50% nitrous oxide) cylinders is more complicated. First the
cylinders are filled with the correct weight of nitrous oxide. Then the cylinder isinverted and oxygenis
bubbled through. Nitrous oxide is vaporised as the oxygen dissolvesin it until eventually all the liquid
phase has evaporated. The mixture will remain as a gas unless the temperature falls to about -7°C. The
liquid that forms is mostly nitrous oxide and if the cylinder is used immediately a higher percentage of
oxygen is given off followed later by a hypoxic mixture. Thus portable Entonox cylinders should be
stored above 10°C and inverted two or three times before use to mix the contents.

In general, cylinders should be stored upright and away from direct heat, corrosive chemicals and fumes.
The store room should be locked, well ventilated and fire proof.

Bulk Storage



Liquid oxygen is stored in ametal flask and released into the hospital pipeline through a system of pipes
and valves. A vacuum-insulated evaporator (V1E) consists of a double walled pressure vessel containing
liquid oxygen at minus 160°C surrounded by an insulating vacuum. Warmth from the environment
supplies the latent heat of vaporisation to produce a continuous supply of oxygen gas that is vented off if
it exceeds demand. Conversely, as the pressure falls with use, avalve opensto allow liquid oxygen to
pass through the coils of a heat exchanger and boil. Thus the pressure is automatically maintained and it
cannot indicate the contents of the liquid phase (cf. nitrous oxide cylinders). The liquid oxygen content
was initially indicated by the weight: earlier evaporators were mounted on a spring balance. This method
has been superseded by the differential pressure gauge. The pressure difference between the top and
bottom of the vessal is proportional to the depth of liquid in the tank and thisis indicated on the content
gauge. Thereisan array of oxygen cylindersto act as a back up should the vacuum-insulated evaporator
supply fail. The nitrous oxide supply consists of two banks of cylinders, one in use and the othersin
reserve, which are connected to the hospital pipeline by a manifold.

Alarms summon the hospital staff to replace exhausted cylinders and repeaters are placed in the telephone
switchboard, operating theatres and the intensive care unit.

Distribution
Pipeline Supply

Gasis supplied through a network of pipelinesto wall outlets throughout the hospital. Seamless copper
piping is used (rated to well above the 400 kPa working pressure). Large diameter piping is used to
minimise pressure drops during conditions of high flow rates. The tubing is colour coded and clearly
labelled to minimise misconnections or inadvertent disconnections. Strict standards cover engineering
work on the system and these include the necessity for written permission from senior anaesthetic staff
before work can proceed. Oxygen, nitrous oxide and medical air are supplied by a pipeline system often
in parallel with the medical vacuum line and anaesthetic gas scavenging tubing. The pipelines can either
terminate as wall outlets or as hosepipes. The wall outlets are usually fitted with female sockets for the
quick connect/disconnect fitting of the Schrader type. These accept a conical male connector that is
indexed by acollar that is of a specific diameter for each gas. The notched probeis aligned with apinin
the femal e section and as the probe isinserted it is locked into place by a set of spring loaded tongues.
The probe is swiftly released by either rotating the body of the socket or pushing it back, depending on
the design. The Schrader connections can become sloppy with wear and this should be routinely tested
with abrief tug before each day's use. The hoses are colour coded and terminate in a non-interchangeable
screw thead (NIST) fitting to the ventilator or anaesthetic machine. Despite these precautions there are
frequent reports of misconnections and, therefore, the anaesthetist should constantly monitor the gas
mixture being delivered to the patient.

Medical Suction

The vacuum for medical suction is supplied through a pipeline for those machines connected to the piped
gas system. Usually apair of electrically powered vacuum pumps is used to evacuate areservoir tank that
IS connected to the hospital pipeline grid. For anaesthesiain other locations, an electrically powered
vacuum pump can be used. Note that as well as the high flow vacuum line used to suction secretions from
the airway, there are lower rated devices designed for the continuous suction of chest drains. Minimal
flow rate of 35 I/min with at a negative pressure of 80 kPais the recommended standard.



While the vacuum source is usually very reliable, the connections between the disposable tubing and
receiver chamber that collects the aspirate are afrequent site of leaks. The functioning of the whole
system must be checked before each theatre list.

Theatre Utilities
Environmental Control

Every effort should be made to maintain maximum health and safety for staff and patientsin the
anaesthetic room and operating theatre. Lighting should be diffused to avoid shadow and glare and be as
close to daylight temperature as possible (4000-5000 K) with an intensity of 325 lumens/m2. Temperature
(22-24°C) and humidity (50-60%) should be maintained as constant as possible. For comfort,
bacteriological and pollutant control, airflow should be even and controlled throughout the areawith at
least 20 exchanges per H. Noise should be kept to a minimum with avoidance of sudden loud noises. It
should be possible for the anaesthetist to be able to see and hear the monitoring and anaesthetic machine
at al times.

Anti-static measures and electrical safety have changed with the infrequent use of flammable agents and
the increasing use of electrical equipment. Although some theatres have now dropped the anti-static
requirements, it must be remembered that there are still flammable substances in use in theatre (e.g. spirit
based cleaning solutions and ethyl chloride) and that oxygen under pressure can turn afireinto an
explosion. Electrical safety is considered on pages 783-787. The work area should be tidy, as free from
hazards as possible and arranged so that the work and access to patient, machine and monitorsis as
comfortable as possible.

Scavenging

On 1 October 1989, a UK government approved code of practice came into force, the control of
substances hazardous to health (COSHH), although this code of practice must be applied to anaesthetic
agentsin the theatre environment there are no specific limits of exposure set for the present day agents.
Employers are required to protect employees in the workplace and thisis achieved using scavenging and
adequate ventilation; assessment of risk, monitoring of exposure, health surveillance, information and
training are also required by the code of practice.

Concentration of potentially harmful vapours can be minimised by careful handling and good technique,
for example filling vaporisers or cleaning instruments in a fume cupboard. Occupational exposure and
atmospheric pollution may be reduced by circle systems but complete prevention is only possible with
total intravenous techniques, which presents other hazards. Although expired gases can be actively
scavenged from relatively leak free breathing systems there is still a potential risk for staff recovering
patients as a patient can exhale severa litres of nitrous oxide during this phase. Thusinhalational agents
should not normally be used outside of the operating theatre (or awell ventilated maternity unit).

All scavenging systems require a device for collecting the waste gas from the breathing system, ventilator
or patient. To cope with wide fluctuationsin gas flow (from 0 to 130 I/min) there needs to be areservoir
to collect waste gases. The patient may either be protected by positive and negative pressure relief valves
or, in an active system, an open ended reservoir. The standard size of connectionsis 30 mm to avoid
wrong connections and the risk of obstruction of the patient's expiratory pathway is therefore minimised.
Figure EQ.7 shows the design of scavenging systems.

Passive Systems



Early scavenging systems were passive in that the patient's expiratory effort was required to propel waste
gas down an additional length of tubing to the outside atmosphere. While the flow of gas could be
assisted by either placing the end near the air conditioning outlet or terminating the roof vent with an
extractor cowl, these systems were notably inefficient. Despite a maximal tubing resistance of 0.5 cmH,O
the increased resistance to expiration and the potential for complete obstruction represented distinct
hazard to the patient without measurably protecting the theatre staff.

Active Systems

Modern active scavenging is usually driven by afan unit remote to the theatre unit which produces a sub
atmospheric pressure capable of large gas flows (75 I/min, peak flow 130 I/min per patient) in a piped
distribution system. Distribution is terminated in each theatre where it is connected to the reservoir
collection system. The reservoir usually houses a visual flow indicator that should be periodically checked
to ensure the system is working. The system should operate within the pressures of -0.5 cmH,O and 5.0
cmH.O at 30 [/min.
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Scavenging systems

Sterilisation of Equipment

Thereis arange of methods for cleaning equipment from decontamination through disinfection to
sterilisation. Decontamination is the physical removal of infected material by washing or scrubbing,
disinfection is the killing of non sporing organisms and sterilisation is the killing of all micro-organisms
including viruses, fungi and spores. Methods of disinfection and sterilisation are listed in Figure EQ.8.

Increasingly filtration is used as a method of controlling transfer of infected material, for example the
protection of ventilators.



Figure EQ.8

Anaesthetic and Resuscitation Equipment
Respiratory Support
Endotracheal Tubes



A plastic or rubber tube inserted into the trachea provides the definitive airway allowing positive pressure
ventilation while preventing contamination of the lungs from the contents of the pharynx. The original
tubes were made by Rowbotham and Magill in 1920 from rubber tubing of varying diameter and cut to
the correct length by hand. Both oral and nasal tubes were designed and these were connected to the
breathing circuit by a metal adapter. Later developments included the cuff with pilot balloon, double
lumen tubes for thoracic surgery, and anatomically shaped tubes, e.g. Oxford or RAE (Ring, Adair,
Elwyn) tubes.

Red rubber produced inflammatory reactions at the site of contact and has been superseded by non irritant
transparent plastic. The tubes are often marked with theinitials 1T (implant tested) or “Z79' (which refers
to aroom number related to the toxicity sub committee of ANSI) according to the American National
Standards Institute. The tube is marked with the internal diameter in mm, the length in cm and usually
also aradio-opague line to aid visualisation on chest X-ray. High volume cuffs when inflated are
associated with alower pressure on the tracheal mucosa and are appropriate for long operations or
intensive care use. The pressure in the cuff can also increase as nitrous oxide diffuses through the thin
plastic wall. While this can be prevented by filling the balloon with saline some tubes have been designed
with an oversize pilot balloon (Brandt pattern) or with a cuff filled with self expanding foam and the
connecting tube is left open to the atmosphere. The requirements of ENT surgery has lead to designs
which minimise the obstruction to the surgeon's vision (microlaryngoscopy tubes), or which cannot be
kinked (wire reinforced tubes) and tubes resistant to ignition by the operating laser.

To describe atube, identify the following features: single or double lumen, material, the cuff and pilot
balloon with self-sealing valve, the bevel with or without eyes, and special features.

Laryngeal Mask Airway (LMA)

First produced commercialy in the late 1980s to the design of Dr Archie Brain, the LMA offers an airway
intermediate between the face mask and tracheal tube and represents arguably the most significant
anaesthetic advance of the decade. It consists of a wide tube terminating at one end in a 15 mm
connection and at the other in an inflatable cuff that is placed over the laryngeal opening. When inflated
the cuff provides an airtight seal sufficient to permit gentle positive pressure ventilation if the chest
compliance is normal although it does not protect the trachea from soiling by stomach contents and should
not, therefore, be used if aspiration is a possibility. The LMA is produced in arange of sizes from #1
(neonate) to #5 (large adults). There is a standard pattern and areinforced pattern for usein ENT surgery.
The construction materials withstand repeated cleaning and autoclaving for up to 40 times and this should
be noted on the record card that is supplied by the manufacturer.

Self Inflating Bags

These are used manually to inflate the lungs during advanced resuscitation. They consist of a self inflating
bag and one or more unidirectional valvesto prevent rebreathing. The two litre bag is made of either
antistatic black rubber (Ambubag®, Ambu International, Denmark) or off white silicone rubber (Laerdal®
bag, Asmund Laerdal, Norway). Manual compression forces gas through a one way valve and 15/22 mm
connector into the lungs. Bag reflation is passive with atmospheric air entrained through another one way
valve. This can be enriched with oxygen jetted directly into the bag through a nipple or an additional
reservoir bag, which attaches to the entrainment port. Paediatric versions have only a 0.5 litre capacity
and are usually fitted with an additional pressure relief valve to prevent barotrauma.

Oxygen Therapy Devices



Oxygen enriched air can be provided to atracheal tube connector or to disposable face mask in either an
uncontrolled manner or from adelivery system that provides a known FIO,. Uncontrolled oxygen therapy
from aface mask is usually adequate for the mgjority of patients whereas controlled oxygen is required
for those dependent on the hypoxic drive to stimulate respiration.

The ssmplest method isto deliver alow flow of pure oxygen to alightweight plastic disposable mask.
Thisflow isdiluted by room air drawn in through holes in the mask as the patient inspires. The resulting
FI O, varies throughout the inspiratory phase and depends on the O, flow rate, the design of the mask, and
the rate and depth of respiration. Re-breathing of expired gas is minimised by good design and by an
adequate gas flow. An dternative isto supply alow flow (1-3 1/min) to anasal catheter that is often better
tolerated and less likely to be removed when the patient converses.

Controlled oxygen therapy isideally given from devices that produce gas with aknown FIO, at a higher
flow than the patient's peak inspiratory flow rate. These are usually based on the Venturi principle where
gas forced through arestriction causes adrop in pressure that entrains room air in a predictable ratio.
They are sometimes known by the apparently back-to-front acronym "HAFOE' (high air flow oxygen
entrainment). The high flow flushes expired gas from out of the mask so minimising re-breathing. Masks
are available from various manufacturers with arange of performance and the FIO, and oxygen flow rate
should be printed on each mask. The Venturi can be an integral part of the facemask but is more
convenient if it is produced as a separate component to simplify changing the FIO,. When portability is
not a consideration, the Venturi can be combined with a humidifier and mounted on the piped gas outlet
with the gas being delivered to the patient through 22 mm disposabl e tubing.

Under some circumstances, respiration isimproved if the airway pressureis not allowed to fall to ambient
pressure with CPAP (continuous positive airway pressure) therapy. This requires an airtight seal from a
cuffed tracheal tube or close fitting facemask and an expiratory valve rated at the desired pressure,
typically 2.5-10 cmH,O. The ideal valve functions as a threshold resistor, that isit should remain closed
until the desired pressure is reached when it opens offering minimal resistance to flow. Humidified,
oxygen enriched air should be supplied at arate to equal the patients peak inspiratory flow rate to prevent
undesirable fallsin pressure during inspiration. Either aVenturi (e.g. Downs flow generator) is employed
to deliver ahigh flow rate into the conductive tubing or alower flow rate is delivered into areservoir bag
that buffers the pressure changes as the flow rate varies throughout the respiratory cycle.

Ventilators

There are many ways of classifying ventilators and in classifications that encompass all possibilities some
ventilators fall into more than one category or can change category depending on their mode of use. A
classification is given in Figure EQ.9 followed by a brief description of commoner ventilators.
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The Blease Manley MP3 is aminute volume divider. All the fresh gas flow is delivered to the patient in
breaths of a pre set tidal volume; the driving power is the anaesthetic gas.

The Penlon Nuffield 200 is an intermittent blower, using the adult valve the action is time cycled flow
generation and with the paediatric valve the action is time cycled pressure generation. The power isfrom
a separate high pressure gas supply (4 bar oxygen or air).

The Datex Flexivent 600 is a bag in the bottle ventilator, atime cycled ventilator using a high pressure
driving gas supplied to the inside of the bottle but the outside of the bag. The anaesthetic gasflow is
through the bag.

The Siemens Servo 900 is an electrically powered time cycled ventilator providing a wide range of
control. It can accept both low and high pressure gas supplies. Incorporated in the ventilator are
monitoring and alarm systems of differing sophistication from the simple airway pressure gauge to full
pressure, flow and oxygen concentration monitoring with alarms on al parameters.

Vascular Devices



Historically, vascular pressures, especialy the central venous pressure, were measured using a water
column manometer and three-way tap. More information is obtained if the pressure changes can be
converted to an electronic signal and processed by a monitor. The waveform can be displayed and stored
asatrend, calculations are performed automatically and staff alerted when pre set limits are exceeded.
Transducers are incorporated into a modified giving set incorporating a sampling port and a flushing
device that delivers three millilitres of fluid per hour to keep the catheter patent. A coloured stripe aids
identification—red for arterial line, blue for central venous, yellow for pulmonary artery catheter.
Disposable, one piece transducer sets are designed so that the compliance of the tubing and transducer are
matched to transmit the pressure wave with minimal distortion. Earlier arrangements made with separate
components were prone to either over or under damping of the waveform and, hence, inaccurate systolic
or diastolic readings. The value for mean arteria pressure can be usually relied upon sinceit is least
distorted and arguably should be charted instead of the more familiar systolic and diastolic values.
Coincidentally, it is aso the more accurate figure when measured by automated cuff methods.

I ntravenous Cannulae

These vary from the simple winged steel needle of the "Butterfly' pattern to the multi lumen central
venous catheter. The winged steel needleis now rarely used in the UK except for subcutaneous infusions.
It has been superseded by the plastic cannula over needle pattern which is associated with a much lower
incidence of extravasation. Those made of translucent plastic are somewhat easier to place but the
smoothness and mechanical strength of the material are important considerations. Some needle types are
made ultra sharp with a double-angled bevel and al include a flashback chamber to indicate successful
venepuncture. Cannulae are colour coded by the manufacturer to indicate the gauge. Some terminate with
aLuer lock fitting whereas others also have an injection port. Other designs have resulted from attempts
to reduce needle stick injuries.

Although central vein catheters can be placed by an “over the needl€' approach this limits the length of the
combination to about 15 cm. A “through-the-needle’ method enables longer catheters to be placed but then
larger diameter catheters require even larger needles! A safer approach was pioneered by Seldinger who
used a fine gauge needle to seek the central vein into which he inserted athin guide wire. The track was
then enlarged with avein dilator passed over the wire alowing the larger diameter catheter to be similarly
placed. Those intended for short-term monitoring or drug administration are sutured to the skin by the
hub. This method of fixation is not appropriate for linesintended to be used over a period of weeks or
months for chemotherapy or long term parenteral nutrition. Instead such lines are retained by having a
cuff of fibrous material bonded to the line that becomes firmly anchored by the ingrowth of scar tissue
after 2-3 weeks.

I ntravenous Giving Sets



Giving sets consist of aclear plastic tube terminating at one end in a Luer lock adapter for the IV cannula
and the other end in a spike for insertion into the bag of fluid. Manually controlled adult sets produce a
drop size of 20 per ml whereas paediatric sets are more easily regulated since the drop size is 60 per ml.
While some automated drip controllers use standard giving sets the majority require the use of the
manufacturers own disposables. Simple giving sets intended just for low viscocity crystalloid
administration deliver an acceptable flow rate through cheaper, narrow gauge tubing. Blood is more
viscous and is best given through wider tubing and a drip chamber that incorporates a 150 micrometer
mesh filter. Most designs either terminate in arubber end or have a dedicated injection port so that bolus
doses of drugs can be given. Additional filters can be placed inline to remove undesirable leucocytes and
platelet aggregates from fresh blood. Crystalloid filters with an even finer mesh can retain microscopic
particles of undissolved drugs, plastic, glass, rubber and bacteria as well as preventing air embolism. In
theory, drugs too can be adsorbed onto these filters and the plastic of the giving sets but thisisonly a
problem with very potent drugs given in microgram doses.

Blood Warmers

The earliest method of warming refrigerated blood was the use of an extended giving set that was dipped
into an electrically heated water bath. Later versions consisted of a modified giving set sandwiched
between electrically heated dry plates. At Slow flow rates, though the blood leaves the warmer at 37°C, it
cools significantly before reaching the patient. The maximum flow rate of the dry plate typeislimited
even when using a pneumatic pressure bag. If the blood loss can be measured in litres per min there are
designs ("Level 1' blood warmer) that will permit resuscitation at this rate. The conducting tubing is all
large bore and obviously the intravenous cannula should be as large as possible too.

Regional Anaesthesia Devices

Although standard 1V needles can be used for regional anaesthesia success rates can be improved by
using needles specifically designed for the purpose. These have a shorter bevel, which athough more
difficult to insert through the skin, affords agreater ‘feel' asit penetrates the tissues and thisresultsin less
traumato the nerve. The needles come in arange of sizes and some incorporate a short length of flexible
plastic tubing so that movement of the tip is minimised during the injection of local anaesthetic. Other
needles are electrically insulated for connection to a nerve stimulator. These are battery powered devices
that produce a small current at the tip of the advancing needle which produces parasthesiae or motor
stimulation when correctly placed.

Spinal Needles

These are needles modified to access the subarachnoid space. Adult needles are 10 cm long and are
produced in arange of sizes and tip types. Needles of size 22 G to 29 G are used in anaesthesia whereas
the larger 18 G needle is only needed to obtain CSF if it is expected to be purulent in suspected
meningitis. The needles incorporate an inner stylet that helps to stiffen the needle during its insertion and
prevents the lumen from being occluded by a core of tissue. The hubs are made of translucent plastic so
that the emerging CSF can be easily seen. Usually the plastic component of the needleis colour coded to
identify the needle gauge. While an incidence of headache is inevitable after dural puncture, it is related
to the size of the hole or tear in the dura. This can be minimised by using a needle with an “atraumatic' tip
such as the pencil tipped Whitacre or Sprotte type and by using the smallest possible gauge.

Epidural Needlesand Catheters



A modified needleis used to place a catheter into the epidural space. The most widely used needlein the
UK isthe Tuohy (1945) needle. Adult needles are 10 cm long and marked at 1 cm intervals. They are
either 16 or 18 G and come with ametal or plastic stylet. The hub has a Luer lock fitting to accept the
“loss of resistance syringe' (glass or plastic) and is supplied with or without wings. The bevel has been
rounded to a blunt Huber tip designed to give the maximum “feel' when inserted through the ligaments
and not be so sharp as to penetrate the more delicate dura. The angled tip helps direct the epidural catheter
in the desired direction. While there are epidural catheters that are open ended, the most widely used
pattern in the UK has a blind end with the local anaesthetic exiting by three small holes near the tip. This
styleis said to be less likely to enter a dural vein and should reduce the chances of intravascular injection
of local anaesthetic. The catheter is marked in centimetres at the distal end to aid placement of the
intended length in the epidural space. The proximal end isfitted to a Luer lock connector and all
injections should be given through afilter to remove particles of glass or bacteria.

The increasing popularity of the combined spinal and epidural technique for obstetric analgesia has
resulted in the introduction of kits containing modified epidural needles, catheters and matching spinal
needles.

Infusions of drugs into the epidural space are best delivered from one of the purpose designed pumps now
available. Potential confusion with drip controllersis prevented and the additional security features are an
important safeguard so that patients or their relatives or indeed untrained staff are prevented from altering
the infusion rates.

Pre-Use Checks

The Association of Anaesthetists of Great Britain and Ireland have recently revised its pre-operative
checklist for anaesthetic apparatus. The trainee is strongly encouraged to read its booklet. A copy of the
anaesthetic apparatus checklist card is given (over the page) in Figure EQ.10.

Monitoring

Standards of monitoring are detailed on pages 68-70 and the working principles of monitoring equipment
on pages 791-834.
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CHECKLIST FOR ANAESTHETIC APPARATUS
Thefollowing checks should be made prior to each operating session.

1. Check that the anaesthetic machineis connected to the electricity supply (if
appropriate) and switched on

» Take note of any information or labelling on the anaesthetic machine referring to
the current status of the machine. Particular attention should be paid to recent
servicing. Servicing labels should be fixed in the service |ogbook

2. Check that an oxygen analyser is present on the anaesthetic machine
* Ensure that the analyser is switched on, checked and calibrated

 The oxygen sensor should be placed where it can monitor the composition of the
gases leaving the common gas outl et

3. ldentify and take note of the gasesthat are being supplied by pipeline, confirming
with a “tugtest' that each pipelineiscorrectly inserted into the appropriate gas
supply terminal

Note that CO, cylinders should not be present on the anaesthetic machine unless
requested by the anaesthetist. A blanking plug should be fitted to any empty
cylinder yoke

 Check that the anaesthetic machine is connected to a supply of oxygen and that
an adequate supply of oxygen is available from areserve oxygen cylinder

 Check that adequate supplies of other gases (nitrous oxide, air) are available and
connected as appropriate

» Check that all pipeline pressure gauges in use on the anaesthetic machine indicate
400 kPa

4. Check the operation of flowmeters

* Ensure that each flow control valve operates smoothly and that the bobbin moves
freely throughout its range

* Check the operation of the emergency oxygen bypass control
5. Check the vaporiser(s):
» Ensure that each vaporiser is adequately but not over filled
* Ensure that each vaporiser is correctly seated on the back bar and not tilted

Check the vaporiser for leaks (with vaporiser on and off) by temporarily occluding
the common gas outlet

When checks have been completed turn the vaporiser(s) off

A leak test should be performed immediately after changing any vaporiser



6. Check the breathing system to be employed

* The system should be visually inspected for correct configuration. All
connections should be secured by push and twist

* A pressure leak test should be performed on the breathing system by occluding
the patient port and compressing the reservoir bag

* The correct operation of unidirectional valves should be carefully checked
7. Check that the ventilator is configured appropriately for itsintended use
* Ensure that the ventilator tubing is correctly configured and securely attached

» Set the controls for use and ensure that an adequate pressure is generated during
the inspiratory phase

* Check that the pressure relief valve functions
* Check that the disconnect alarm functions correctly
 Ensure that an alternative means to ventilate the patient's lungsis available

8. Check that the anaesthetic gas scavenging system is switched on and is
functioning correctly

* Ensure that the tubing is attached to the appropriate expiratory part(s) of the
breathing system or ventilator

9. Check that all ancillary equipment which may be needed is present and working

* Thisincludes laryngoscopes, intubation aids, intubation forceps, bougies, etc.
and appropriately sized face masks, airways, tracheal tubes and connectors

» Check that the suction apparatus is functioning and that all connections are
secure

* Check that the patient can be tilted head-down on the trolley, operating table or
bed

10. Ensure that the appropriate monitoring equipment is present, switched on and
calibrated ready for use

» Set all default alarm limits as appropriate (it may be necessary to place the monitorsin
the stand-by mode to avoid unnecessary alarms before being connected to the patient)

Association of Anaesthetists of Great Britain and Ireland 1997

Figure EQ.10
Association of Anaesthetists checklist
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Assessment

A pre-operative visit from the anaesthetist is appreciated by patients and has been shown to be amore
effective anxiolytic than premedication. The aim of the pre-operative assessment is to ensure that the
patient's health is optimal and that any potential difficulties during anaesthesia are anticipated. The
operation details, including laterality, should be confirmed. A history should be taken of previous
anaesthetic experiences and of any family history of problems connected with anaesthesia. The patient's
general health should be assessed and drug treatment, allergies, history of reflux and smoking and alcohol
habits noted. An examination of the patient's dentition and airway must be made. The results of relevant
investigations should be noted. The pre-operative visit also alows the anaesthetist to explain what will
happen during anaesthesia and to discuss post operative analgesia and any other concerns the patient may
have. Premedication may also be prescribed at thistime.



The Airway

Ease of intubation has been graded according to the best possible view obtained on laryngoscopy
(Cormack 1984). Grades 3 and 4 are difficult intubations.

» Grade 1 - Whole of glottisvisible

*» Grade 2 - Glottisincompletely visible

» Grade 3 - Epiglottis but not glottisvisible
» Grade 4 - Epiglottis not visible

The reported incidence of difficult intubation varies, but isaround 1 in 65 intubations. Despite careful
history and examination, 20% of difficult intubations are not predicted. The consequences may be
disastrous. A history of previous difficult intubation isimportant but a history of straightforward
intubation several years earlier may be falsely reassuring. Asthe patient's weight, cervical spine
movement and disease process may all have changed. Some congenital conditions may predict a difficult
intubation e.g. Pierre Robin syndrome, Marfan's syndrome or cystic hygroma. Pathological conditions
can make intubation difficult e.g. tumour, infection or scarring of the upper airway tissues. Thereisno
onetest that is able to predict al difficult intubations. Clinical assessment of the airway is, therefore,
essential. In the Mallampati scoring system the patient sits opposite the anaesthetist with mouth open and
tongue protruded. The structures visible at the back of the mouth are noted (Mallampati et al. 1985) as
described below.

* Class 1—Faucial pillars, soft palate and uvulavisible

* Class 2—Faucial pillars and soft palate visible, uvula masked by base of tongue
* Class 3—Only soft palate visible

* Class 4—Soft palate not visible

The modified Mallampati classification produces a high incidence of false positives. If the thyromental
distance with the neck extended is less than 6.5 cm or the width of three fingers, difficult intubation is
predicted. A thyromental distance of lesthan 6.5 cm and Mallampati class 3 or 4 predicts 80% of difficult
intubations.

The Wilson risk factors may provide additional predictive information on the airway. The Wilson risk
factors each score 0-2 points, to give amaximum of 10 points. A score > 2 predicts 75% of difficult
intubations, also with a high incidence of false positives. The Wilson risk factors are:

* Obesity

* Restricted head and neck movements
* Restricted jaw movement

*» Receding mandible

* Buck teeth



Inability to flex the chin onto the chest indicates poor neck movement. Once the neck isfully flexed, a
patient should be able to move their head more than 15° to demonstrate normal occipito-axial movement.
Reduced jaw movements are demonstrated by poor mouth opening (particularly if of less than two
fingers width) and by inability to protrude the lower teeth beyond the upper.

Radiological features may aid prediction of adifficult intubation but are not routinely performed. They
include:

* Reduced distance between occiput and spine of C1 and between spines of C1 and C2
* Ratio of mandibular length to posterior mandibular depth > 3.6
* Increased depth of mandible

American Society of Anesthesiologists (ASA) Scoring System

The ASA scoring system describes the pre-operative condition of a patient (Sacklad 1941) and is used
routinely for every patient in the UK. It makes no allowances for the patient's age, smoking history, any
obesity or pregnancy. Anticipated difficultiesin intubation are not relevant. Addition of the postscript E
indicates emergency surgery. There is some correlation between ASA score and peri-operative mortality.
Definitions applied in the ASA system are given in Figure PR.1.

THE ASA SCORING SYSTEM
(PERI-OPERATIVE MORTALITY GIVEN IN
BRACKETS)

I Healthy patient (0.1%)

] Mild systemic disease, no functional
limitation (0.2%)

I Moderate systemic disease, definite
functional limitation (1.8%)

v Severe systemic disease that is a constant
threat to life (7.8%)

Vv Moribund patient, unlikely to survive 24
hours with or without operation (9.4%)
Figure PR. 1

Preparation for Anaesthesia

Premedication



As more day surgery is performed and more patients are admitted to hospital close to the scheduled time
of surgery, premedication has become less common. The main indication for premedication remains
anxiety, for which a benzodiazepine is usually prescribed, sometimes with metoclopramide to promote
absorption. Premedication serves severa purposes: anxiolysis, smoother induction of anaesthesia;
reduced requirement for intravenous induction agents and possibly reduced likelihood of awareness.
Intramuscular opioids are now rarely prescribed as premedication. The prevention of aspiration
pneumonitis in patients with reflux requires premedication with an H, antagonist, the evening before and
morning of surgery, and sodium citrate administration immediately prior to induction of anaesthesia.
Topical local anaesthetic cream over two potential sites for venous cannulation is usually prescribed for
children. Anti-cholinergic agents may be prescribed to dry secretions or to prevent bradycardia, e.g.
during squint surgery. Usual medication should be continued up to the time of anaesthesia.

Pre-Operative Factors
Starvation

It is routine practice to starve patients before surgery in attempt to minimise the volume of stomach
contents and, hence decrease the incidence of their aspiration. Aspiration of solid food particles may
cause asphyxiation and aspiration of gastric acid may cause pneumonitis (Mendelson's syndrome).
Guidelines for pre-operative starvation are becoming less restrictive as more information becomes
available. Currently many centres forbid their patients to eat for 5 hours or to drink for 3 hours prior to
theatre. Milky drinks are not allowed because their high fat content increases gastric transit time. Pre-
operative chewing of gum does not increase intragastric volumes.

Prolonged periods of starvation give rise to problems. Dehydration may occur, particularly in children
and in patients who are pyrexial or who have received bowel preparation. Infants may become
hypoglycaemic. In patients with cyanotic heart disease, sickle cell disease or polycythaemia dehydration
may precipitate thrombosis. In jaundiced patients the hepato-renal syndrome may be precipitated. It is
thus essential that these patients receive intravenous therapy while they are being starved.

Fluid Status

Healthy patients can balance daily fluid intake and output. Adults exchange approximately 5% of body
water each day, while infants exchange about 15% and so are at greater risk of dehydration. A patient's
fluid status may be affected by the underlying disease process or by its treatment (Figure PR.2) and there
may be associated electrolyte disturbances. In certain conditions such as trauma, infection or ileus, fluid
is redistributed rather than lost from the body, but will nonetheless still require replacing to maintain fluid
balance. If patients have been ill for longer periods malnutrition may also be a problem.

Fluid balance should be assessed pre-operatively in al patients who are at risk of disturbanceswhichis
most likely in emergencies. A history of any of the above will direct clinical examination. Postural
hypotension, tachycardia and hypotension may be found in volume depletion, while araised jugular
venous pressure (JVP) and peripheral oedema may be found in volume overload. Skin turgor, or
fontanelle tension in infants, is a useful guide and assessment of urine output is very important. Oliguria
Is defined as a urine output of less than 0.5 ml/kg/H. Relevant investigations include serum electrolytes,
urea and creatinine. A urearaised proportionally more than the creatinine value indicates dehydration.
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Correction of Fluid Balance

Therapy should be guided by central venous pressure (CV P), urine output, blood pressure, heart rate and
electrolyte balance. Where fluid overload is diagnosed, fluid restriction and possibly diuretic therapy are
required. If fluid depletion is diagnosed, replacement of the lost fluid, plus maintenance fluids, is
required. Hypovolaemia resulting from blood loss, necessitates red cell transfusion. If plasma has been
lost, as in burns patients, plasma protein fraction (PPF) will be required. Maintenance fluid requirements
are 40 ml/kg/day in adults (greater for children). Excessive administration of 5% dextrose to correct
dehydration may lead to hyperglycaemia and hyponatraemia, while excessive administration of 0.9%
saline may cause hypernatraemia and peripheral and pulmonary oedema.

Electrolyte Disturbances

Disturbances of electroytes may be due to the underlying disease process, to drugs, particularly diuretics,
or to iatrogenic causes. It israre for a patient to exhibit overt clinical signs but electrolyte disturbances
present several potentia problems for the anaesthetist (Figure PR.3). It is particularly important to assess
the volume status of the patient who has an electrolyte disturbance. Electrolyte disturbances are more
likely to be acute and, hence, more serious in patients presenting for emergency surgery.



Pre-operatively, hyponatraemia may be long standing, commonly due to diuretics and this situation rarely
requires treatment. More acutely, pre-operative hyponatraemia is often due to inappropriate intravenous
therapy on the ward. Treatment should comprise the administration of intravenous normal saline and, if
there are signs of fluid overload, diuretics. Severe symptomatic hyponatraemia has a high mortality and is
seen most commonly as part of the TUR syndrome. Hyponatraemia should be treated promptly with
diuretics and only rarely with hypertonic saline. Too rapid correction of severe acute hyponatraemia may
result in subdural haemorrhage, pontine lesions and cardiac failure. Hypernatraemiais mainly a problem
when associated with volume depletion and it should be corrected by administration of 5% dextrose
intravenously taking care not to fluid overload the patient.

Chronic changes in plasma potassium are well tolerated but acute changes are associated with
electrocardiogram (ECG) changes and cardiac arrhythmias (Figure PR.4). It isthe ratio of intracellular to
extracellular potassium that is relevant to myocardial excitability. Where the disturbance is chronic, this
ratio will be nearly normal. Hypokalaemia may be treated by giving potassium either orally or
intravenously. Care must be taken in the presence of renal insufficiency or low cardiac output states as
hyperkalaemia may result. A flow controlled pump should be used to control the intravenous infusion rate
if the concentration of potassium exceeds 40 mmol/l and ECG monitoring will be required as ventricular
fibrillation may occur if hypokalaemiais corrected too quickly. Hyperkalaemia should be treated over
severa days by the administration of calcium resonium. If ECG changes are noted or more rapid
correction of acute changesis required pre-operatively insulin, 20 unitsin 100 ml of 20% dextrose over
30-60 minutes, may be given. This may be repeated depending on the next serum potassium. Intravenous
calcium, 10 ml 10% calcium gluconate, immediately (but temporarily) improves automaticity, conduction
and contractility.

PROBLEMSAND CAUSESOF ELECTROLYTE DISTURBANCES
Problems Causes

Hyponatraemia

Confusion, fits and coma possible Excess water intake (particularly
intravenously)
If water excess: hypertension, Diuretics

cardiac failure, anorexia and nausea
TUR syndrome
Impaired water excretion (SIADH,
hypothyroidism cardiac failure,

nephrotic syndrome)

Hypernatraemia



Rarely symptonsif simple water loss Reduced intake (impaired
consciousness, unable to swallow,

no water)
If severe, there may be muscle Increased insensible loss (fever, hot
weakness, signs of volume environment hyperventilation

depletion and coma

Impairment of urinary concentrating
mechanism (diabetes insipidus,
hyperosmolar non ketotic coma or
diabetic ketoacidosis)

Hypokalaemia
Muscular weakness Diuretics
Potentiates non depolarizing muscle Gastro-intestinal loss (diarrhoea,
relaxants vomiting, fistula, ileus, villous

adenoma of large bowel)

Cardiac arrhythmias Recovery phase of diabetic
ketoaci dosis and acute tubular
necrosis

Rhythm problems if on digoxin Post relief of urinary tract obstruction

Reduced intake

Cushing's syndrome

Hyperaldosteronism
Hyperkalaemia

Spuriousif blood sample haemolysed  Acute or chronic rena disease

Cardiac arrest may occur if plasma  Shift of K+ out of cells (tissue damage)
K+ >7 mmol/l

Acidosis (particularly diabetic
ketoacidosis) Increased intake

Drugs impairing secretion (K+ retaining
diuretics)

Addison's disease



Tissue breakdown (rhabdomyolysis)

Figure PR.3
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Figure PR.4
ECG changes associated with hypo- and
hyperkalaemia

Smoking

A heavy smoker is anyone who smokes 20 or more cigarettes per day. Smoking causes several peri-
operative problems: increased airway reactivity; increased sputum production and retention;
bronchospasm; coughing and atelectasis associated with an increased risk of post operative chest
infection. Associated diseases include ischaemic heart disease and chronic obstructive pulmonary disease.
Up to 15% of the haemoglobin in smokers combines with carbon monoxide to form carboxyhaemoglobin,
reducing the oxygen carrying capacity of blood. After 12-24 hours of stopping smoking the effects of
carbon monoxide and nicotine are significantly reduced and after 6-8 weeks ciliary and immunological
activity arerestored. All smokers should be encouraged to abstain prior to theatre.

Concurrent Medical Disease



It is important to be aware of any medical condition affecting a patient and to ensure that its management
prior to surgery isoptimal. Emergency cases present particular problems as nausea or vomiting may have
caused the patient to omit usual medication. An understanding of the pharmacology and possible
interactions of concurrent medication with anaesthetic drugsis also essential.

Respiratory Disease
Viral Infection

The commonest respiratory problem of relevance to anaesthesiais viral upper respiratory tract infection
(URTI) which causes increased bronchial reactivity, particularly in asthmatics, persisting for 3-4 weeks
following resolution of the URTI. Current or recent URTI is also associated with an increased incidence
of post operative chest infection. Hence, unless surgery is urgent, such patients should be postponed for 4
weeks.

Asthma

Asthmais common, affecting 10-20% of the population. In many patients the condition is mild and
requires only occasional treatment, but in others there may be frequent and severe attacks requiring
hospital admission and, in afew patients, ventilation on the Intensive Care Unit. There are two main
groups although there is some overlap: early onset asthma (atopic or extrinsic) and late onset asthma
(non atopic or intrinsic). The symptoms of asthma are wheeze, cough, chest tightness and dyspnoea. They
are caused by an inflammatory reaction within the bronchial wall which resultsin bronchospasm,
mucosal swelling and viscid secretions. In atopic asthma exposure to allergens results in the formation of
IgE which causes a Type 1 or anaphylactic antigen-antibody hypersensitivity reaction.

The treatment of mild asthmais the occasional or regular use of inhaled selective beta-adrenoreceptor
agonists such as salbutamol or terbutaline. Some patients may be using prophylactic inhaled sodium
chromoglycate. In moderate cases regular inhaled corticosteroids are required. More severely affected
patients may also be taking oral theophylline or regular oral steroids. Acute exacerbations of asthma may
be treated with short courses of high dose ora steroids. Regular steroids may cause adrenocortical
suppression and prevent the normal stress response to surgery and thus peri-operative hydrocortisone
cover may be required. Usual bronchodilator therapy should be continued pre-operatively. It is common
practice to prescribe a pre-operative dose of inhaled beta-adrenoreceptor agonist immediately before the
patient going to theatre and to ensure that the patient brings their inhaler to theatre in case it is required
post operatively. As bronchospasm may be precipitated by anxiety, benzodiazepine premedication is
often prescribed. Sedative drugs are contra-indicated in anyone experiencing an acute exacerbation of
their asthma.



Assessment of the severity of a patient's asthma may be made from the history; frequency of attacks,
whether the patient has ever been admitted to hospital with an attack or has ever required ventilation,
whether oral steroids are ever necessary and if so how frequently. Nocturnal cough and frequent waking
with symptoms indicate poor control of asthma. A chest radiograph in an asthmatic patient who is
currently well, is often normal and not necessary pre-operatively. In long standing cases there may be
hyperinflation of the lungs. Pulmonary function tests provide a useful indication of the degree of airflow
obstruction, in particular, the forced expiratory volumein 1 s (FEV,) and the peak expiratory flow rate
(PEFR) are used. If a patient's normal PEFR is known, the current state of their asthma may be
ascertained from measurement of PEFR pre-operatively. If the patient has experienced a recent
exacerbation of their asthma, with an increase in symptoms and medication required and reduced PEFR,
it is appropriate to postpone elective surgery until their condition has returned to normal which may take
several weeks. Where surgery is urgent, steps should be taken to optimise the patient's condition in the
time available by the use of a nebulised beta-adrenoreceptor agonist and, if severe, the commencement of
enteral or parenteral steroids.

Chronic Obstructive Pulmonary Disease

Chronic bronchitis and emphysema are different pathologically but frequently co-exist as chronic
obstructive pulmonary disease. A patient's condition may fall anywhere in a spectrum from solely chronic
bronchitis to solely emphysema, with the majority of patients possessing symptoms and signs of both.
The main feature of both diseasesis generalised airflow obstruction. Chronic bronchitisis defined as
daily cough with sputum production for at least three consecutive months ayear for at least two
consecutive years. It develops as aresult of long standing irritation of the bronchial mucosa nearly always
by tobacco smoke. The disease is more common in middle and later life, in smokers than in non smokers
and in urban than in rural dwellers. Pathologically there is hypertrophy of mucus secreting glands and
mucosal oedema, leading to irreversible airflow obstruction. Air becomes “trapped' in the alveoli on
expiration causing alveolar distension which may result in associated emphysema. Chronic bronchitisis a
progressive disease, worsening with each acute exacerbation. Eventually respiratory failure develops
characterised by hypoxia, polycythaemia, pulmonary hypertension and cor pulmonale. Rarely, chronic
hypercapnia may lead to loss of the central response to carbon dioxide, resulting in a "blue bloater' whose
hypoxiaisthe only stimulus to ventilation. If these patients undergo general anaesthesiathey are
extremely difficult to wean and to extubate. Symptoms of chronic bronchitis are cough with sputum,
dyspnoea and wheeze. Clinical signsinclude hyperinflation of the chest, variable inspiratory and
expiratory wheeze and often basal crackles which may disappear after coughing. Peripheral oedema and
raised jugular venous pressure are found with cor pulmonale and there may be cyanosis. Emphysemais
defined as enlargement of the air spaces distal to the terminal bronchioles with destructive changesin the
alveolar wall. The main cause of emphysema is smoking although the rare genetic deficiency of alpha-
antitrypsin may cause severe emphysemain young adults. The complications of emphysemainclude
rupture of a pulmonary bulla leading to pneumothorax and later respiratory failure and cor pulmonale
may occur. Classically emphysematous patients are described as “pink puffers. The only symptom of
emphysema s exertional dyspnoea or dyspnoea at rest as the condition worsens. The main clinical sign of
emphysema s a hyperinflated chest.



The treatment of chronic obstructive pulmonary disease is mostly symptomatic once the patient has
stopped smoking. Bronchodilators are useful if there is an element of reversible airways obstruction.
Patients may be prescribed inhaled beta.-agonists, ipratropium bromide and theophylline. Diuretic therapy
may be used to control right sided heart failure. Patients who are hypoxic with pulmonary hypertension
may be on domiciliary oxygen therapy, a bad prognostic indicator.

There are no characteristic radiological abnormalities due to chronic bronchitis, but co-existing
emphysema may result in the appearance of hyperinflation with low flat diaphragms, loss of peripheral
vascular markings and prominent hilar vessels (batwinging) and bullae. The heart is narrow until cor
pulmonale develops. The presence of bullae supports the diagnosis of emphysema and occasionally a
giant emphysematous bullawill be seen when surgical ablation may improve symptoms and lung
function. Pre-operative pulmonary function tests may help determine which of the two pathological
conditions predominates. Arterial blood gas analysisisindicated to assess gas exchange if a patient has
severe dyspnoea on mild or moderate exertion.

If thereis ahistory of recent onset of green sputum production rather than white, and clinical signs
support adiagnosis of chest infection, surgery should if possible be postponed and a course of antibiotics
and physiotherapy commenced.

Pulmonary Function Tests

Peak expiratory flow rate (PEFR) is the rate of flow of exhaled air at the start of aforced expiration and is
measured using a simple flow meter. Reduced values compared to predicted values for age, height and
sex indicate airflow obstruction. Serial measurements are useful for monitoring disease progress and for
demonstrating a response to bronchodilator therapy.

Spirometric tests of lung function are easy to perform. If a subject exhales as hard and as long as possible
from amaximal inspiration, the volume expired in the first second is the forced expiratory volumein one
second (FEV,) and the total volume expired is the forced vital capacity (FVC). The measured values are
compared to predicted values for age, height and sex. Theratio of FEV,:FVC (FEV%) is most useful
(normal range 65-80%). Obstructive airways disease, e.g. asthma, reduces the FEV, more than the FVC,
so FEV% islow. Restrictive airways disease, e.g. pulmonary fibrosis, reduces the FVC and, to alesser
degree, the FEV,, so FEV% isnormal or high (Figure PR.5).
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Spirometric tests in obstructive and
restrictive pulmonary disease
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RELEVANCE OF DEGREE OF HYPERTENSION TO

ANAESTHESIA
Degreeof  Diastolic pressure Prognosiswith
hypertension (mmHg) anaesthesia
Mild 90-104 No evidence that treatment
makes any differenceto
outcome
Moderate 105-114 Not really looked at but

presumably increased risk,
particularly if evidence of end
organ damage

Severe >114 Probably increased risk of
ischaemia, arrhythmia and
poor outcome therefore cancel
and treat

Figure PR.6

Arteria blood gas analysis may be useful and interpretation should be systematic. Look first at the pH
(acidosis or akalosis) to determine the direction of the primary change. Although there may be partia
compensation for the underlying abnormality, there is never full or over compensation. Then look at the
PCO,, which is determined by alveolar ventilation. A low PCQO, (hyperventilation) indicates a respiratory
alkalosis or respiratory compensation for a metabolic acidosis. Conversely araised PCO,
(hypoventilation) indicates arespiratory acidosis. PCO, does not increase above normal to compensate for
ametabolic alkalosis. Next, consider the standard bicarbonate value (HCO;-). Thisis defined asthe
extracellular fluid (ECF) bicarbonate concentration the patient would have if the PCO, were normal. If
standard bicarbonate is raised, there is either a metabolic alkalosis or metabolic compensation for a
respiratory acidosis. If the standard bicarbonate is low, there is a metabolic acidosis or metabolic
compensation for arespiratory alkalosis. The base excess is defined as the number of mmol of HCO-,
which must be added to (or removed from) each litre of ECF to return the ECF pH to 7.4, if the PCO,
were normal. A negative base excess (a base deficit) indicates metabolic acidosis, so is found with alow
standard bicarbonate, and a positive base excess, which isfound with araised standard bicarbonate,
indicates metabolic akalosis. Finally, the PO, should be examined: alow PO, indicates hypoxaemia; a
raised PO, indicates that the patient may be receiving additional oxygen.

Cardiovascular Disease
Hypertension

Hypertension occurs in 15% of the UK population. Although mean systemic diastolic and systolic arterial
pressure rise with increasing age, hypertension is defined by arbitrarily set levels (Figure PR.6). In 97%
of these patients the cause is unknown and they are said to have “essentia’ or primary hypertension. In the
remaining 3%, hypertension is secondary to renal or endocrine disease, coarctation of the aorta, drugs or
pregnancy. It isimportant that hypertension is adequately controlled pre-operatively.



The pathogenesis of primary hypertension is not understood, but it is known that systemic vascular
resistance is increased leading to a possible decrease in cardiac output by 15-20%. Additionally, the level
of sympathetic nervous system activity is high resulting in a greater than normal response to any stimulus.
In a hypertensive patient there is a much greater fall than normal in systemic arterial pressure on
induction of anaesthesia due to afall in cardiac output resulting from decreases in both heart rate and
stroke volume. This exaggerated fall is lessened in controlled hypertension. Importantly, thereisan
increased risk of post operative M1 in hypertensive patients. Hypertension is associated with other
diseases of relevance to the anaesthetist such as ischaemic heart disease, peripheral vascular disease
(PVD), rena disease, cerebrovascular disease and diabetes mellitus. At pre-operative assessment the
anaesthetist should look for evidence of any of these conditions and for end organ damage due to
hypertension. An ECG may reveal left ventricular hypertrophy (LVH) or ischaemic heart disease. Serum
urea, electrolytes and creatinine may reveal renal impairment and serum glucose may show diabetes.
Chest X-ray may reveal left ventricular enlargement and distended upper pulmonary lobe veins indicate
left ventricular failure. In advanced failure there is generalised hazy opacification spreading out from the
hilum and possibly Kerley "B’ lines or pleural effusions.

Drug Treatment

Usual anti-hypertensive therapy should be continued on the day of surgery. Anti-hypertensive agents tend
to potentiate the hypotensive effects of general anaesthesia. Thiazide diuretics are acommon first line
treatment for hypertension, particularly in the elderly. Thiazide treatment can often result in
hypokalaemia or hypovolaemia. Beta-adrenergic antagonists are frequently employed in conjunction with
athiazide. Despite their advantages during anaesthesia (depression of the cardiovascular response to
laryngoscopy and to surgical stimulation) beta-blockers may cause problems: bradycardia,
atrioventricular block, decreased myocardial contractility, bronchoconstriction and altered response to
inotropes. If beta-blockers are stopped pre-operatively, hypertension, arrhythmias and myocardial
ischaemia are increased intra-operatively, asis post operative myocardial ischaemia. Calcium channel
antagonists are also prescribed for hypertension. Diltiazem and verapamil may cause bradycardia
Angiotensin-converting enzyme (ACE) inhibitors are a'so used for the treatment of cardiac failure and
these agents are associated with hypotension and hyperkalaemia. Sedative premedication is often
prescribed for hypertensive patients to reduce endogenous catecholamine level s which may exacerbate
the hypertension.

| schaemic Heart Disease (IHD)

In the UK 12-20% of patients undergoing surgery have pre-operative evidence of myocardial disease.
Thisisamost aways due to atheroma although rarely other disease processes may be responsible. With
increasing age atheromatous plagues form in the intima of arteries. These plagues grow and evolve with
time, decreasing blood flow through avessel and possibly occluding it. The rate of progression of
individual plagues within any patient is variable and explains why athough peripheral vascular and
cerebrovascular disease will often co-exist with coronary artery disease, the patient may be asymptomatic
of these other conditions.



IHD may be diagnosed from a history of angina or myocardia infarction (M1). It may aso be the
underlying cause of a conduction defect or arrhythmia. A guide to the severity of anginais the exertion
necessary to precipitate an attack. The distance that is regularly walked on the flat before an attack occurs
should be elicited in the history. It may be that anginais only occasional, such as when climbing more
than one flight of stairs or in very cold weather. If anginais precipitated by minimal exertion or is even
occurring at rest (unstable angina), the patient has severe myocardial insufficiency and anaesthesia may
present problems. If elective surgery is proposed, this should be cancelled and the patient further
investigated with aview to cardiac surgery. It isimportant to establish the timing of any previous MI.
Peri-operative M| has a mortality rate up to 70%. Therisk of peri-operative M1 is0.1-0.2% if thereis no
history of previous MI. If there is such a history then the overall re-infarction rate is 6-7% and can be
related to the time from previous infarct (Figure PR.7).

TIME ELAPSED FROM MYOCARDIAL
INFARCTION AND RISK OF PERI-
OPERATIVE MYOCARDIAL INFARCTION

Time elapsed Risk

< 3 months 20-30%

3-6 months 10-20%

> 6 months 4-5%
Figure PR.7

The Goldman cardiac risk index attempts to predict the post operative risk of cardiac complications after
major non cardiac surgery (Goldman et al. 1977; Figure PR.8). Each risk factor is awarded points and the
total out of a possible 53 points calculated. If the total is more than 5 points, the predicted cardiac
mortality (serious cardiac morbidity) is 0.2% (0.7%), if the total is 6 to 25 points, 2% (17%) and if the
total is> 25 points, 56% (22%). Evidence of cardiac failure is the most important factor, closely followed
by recent MI.



GOLDMAN RISK
INDEX

Pre-operative 3rd heart sound or jugular
venous distension (11 points)

Ml in previous 6 months (10 points)

More than 5 premature ventricular
contractions per min documented at any
time before operation (7 points)

Rhythm other than sinus or presence of
premature atrial contractions on last pre-
operative ECG (7 points)

Age over 70 years (5 points)
Emergency operations (4 points)

Intraperitoneal, intrathoracic or aortic
operations (3 points)

Significant aortic stenosis (3 points)

Poor general medical conditions (3
points),

defined by any one of the following:

PaO» < 8 kPa or PaCO» >6.5 kPa

K+ < 3.0 mmol/l or HCO3- < 20 mmol/I
Urea> 7.5 mmol/l or Creatinine > 270
mmol/I

Chronic liver disease

Patient bedridden from non cardiac causes

Figure PR.8
The Electrocardiogram

A 12-lead ECG is essential in males aged > 45 years, females aged > 55 years, diabetics aged > 40 years
and in all patients with a history suggestive of IHD (Figure PR.9). Left axis deviation indicates IHD
while right axis deviation may be normal. Only 50% of old MIswill be seen. An exercise ECG may be
indicated in patientsin at risk groups, e.g. undergoing peripheral vascular surgery, if theresting ECG is
normal, thereis no LVVH and no previous MI. Continuous ambulatory ECG may be useful if the patient's
ability to exercise islimited. Although abnormal rhythms may be detected clinically an ECG is needed to
confirm diagnosis. Rate and rhythm should be noted (Figure PR.10) and a 24 hour ECG may be useful.



Figure PR.9

Figure PR.10



Sinus tachycardia has several common causes such as anxiety, pyrexia, cardiac failure and anaemia.
Supraventricular tachyacardia may be due to a congenital conduction abnormality. IHD isthe main cause
of the other arrhythmias, although thyroid disease should not be forgotten. Atrial tachyarrhythmias should
be controlled pre-operatively with digoxin or amiodarone therapy. Complete heart block, any form of
bifascicular block and sick sinus syndrome require pre-operative pacing. Multifocal ventricular ectopics
are more significant than uni-focal ectopics, indicating IHD. Atrial ectopics are not usually significant.

Other Cardiac I nvestigations

Echocar diography uses ultrasound to study blood flow, the structure of the heart and the movement of
valves and cardiac muscle. Ventricular volumes, gection fraction and gradients across valves can be
estimated. The gection fraction is particularly useful. It is normally > 60% and if < 40% serious problems
associated with anaesthesia should be anticipated.

Chest X-ray may show cardiomegaly, with a cardiothoracic ratio of > 0.5. 70% of patients with
cardiomegaly has an gjection fraction of less than 50%.

Radionucleotide scanning provides arelatively non invasive means of accurately assessing myocardial
function. In blood pool scanning %°Technetium-labelled red blood cells are injected intravenously and
then both the amount of blood in the heart at each stage of the cardiac cycle and the shape of the cardiac
chambers can be determined. The scanning camera may be linked to ECG and pictures collected over
multiple cardiac cycles (multigated or MUGA scans). In perfusion scintigraphy, acute M1 may be
detected by "hot spot' scanning. This technigque also uses ®Technetium, which is taken up into the acutely
infarcted myocardial tissue thus revealing the position and extent of the damage. Conversely “cold spot'
scanning uses 201 Thallium to demonstrate areas of myocardial ischaemia and scarring. 201 Thallium
behaves like a potassium ion and is distributed throughout the heart muscle depending on coronary blood
flow. It istaken up by norma myocardium so areas that are not being perfused show on the scan as
perfusion defects. A coronary vasodilator, such as dipyridamole, may then be given. A fixed perfusion
defect indicates scar tissue while a re-perfusion defect indicates ischaemia. Re-perfusion defects are more
significant because ischaemia may develop peri-operatively whereas a fixed perfusion defect cannot
deteriorate.

Pacemakers

The need for cardiac pacing results from disease of the conducting system of the heart which may or may
not be associated with general ischaemic heart disease. The most common scenario isthat of an elderly
patient without associated cardiac conditions.

A variety of pacemakers may be encountered depending on the age of the unit. Modern pacemakers
operate through alead in the atrium, ventricle or both. Depolarization arising endogenously may either
inhibit or trigger a paced beat. It is thus that pacemakers are classified using athree letter code as follows.

Asanillustration of the above an AAI unit paces atrially and will be inhibited by sensing an endogenous
depolarization in the atrium. In contrast, aVVT unit paces venticularly and istriggered if an endogenous
depolarization is sensed in the ventricle.



GENERIC

PACEMAKER CODE
1st code letter 2nd code letter 3rd code letter
paced chamber sensed chamber response to
endogenous

depolarization

V (ventricle) V (ventricle) T (trigger)
A (atrium) A (atrium) | (inhibited)
D (double) D (double) D (double)

O (none) O (none)
Figure PR.11

Most modern units are dual units which work in DDD mode, providing atrial pacing in the presence of
atrial bradycardia and ventricular pacing after an atrial depolarization (endogenous or paced) if a
spontaneous ventricular beat is absent.

The characteristics of an implanted pacemaker can sometimes be changed externally, either by
application of magnets or radio frequency generators. The most usual indication for this being a change of
demand to fixed rate. All patients who have an implanted pacemaker have aregistration card with details
of the device (Figure PR.12).

Valvular Heart Disease

The availability of echocardiography today means that any patient with suspected valve disease should be
properly investigated and a diagnosis made prior to anaesthesia. Valve angioplasty or replacement is
sometimes indicated before elective surgery. Unfortunately, patients with significant valve disease may
still present for emergency surgery. Any patient with a heart valve lesion, including replacement valves,
requires prophylactic antibiotics for dental, genitourinary, obstetric, gynaecol ogical and gastro-intestinal
procedures. The current recommended regimes are found in the British National Formulary. The main
causes of valvular heart disease are shown in Figure PR.13. Note that multiple valve lesions may co-exist.

Aortic Stenosis

The symptoms of aortic stenosis occur late and include angina, syncope, dyspnoea and sudden death.
Clinical signs are difficult to assess but generally include plateau pulse, LVH and an aortic gection



PRE-OPERATIVE ASSESSMENT OF THE PACEMAKER PATIENT

Coded information recorded at Symptom |01-02 | unspecified

implantation on European 03-04 | dizzinessor syncope
Pacemaker Registration Card 05 bradycardia
06 tachycardia

07-09 mi scellaneous conditions

ECG 01-04 | sinusor unspecified

Rhythm |05-07 | second degree AV block
08-10 complete heart block
11-21 bundle branch or bifascicular block

Aetiology [ 01-03 | unspecified

04-05 |idiopathic or ischaemic
06 postinfarction

07-11 miscellaneous conditions

ECG rhythm| 1. All beats preceded by a pacemaker spike: assume patient is pacemaker-
dependent

2. If native rhythm predominates patient is unlikely to be pacemaker-dependent

3. No evidence of pacemaker activity; magnet may be applied over pulse
generator to switch to fixed rate pacing

4. If pacemaker spike is not followed by P or QRS wave suspect
pacemaker malfunction (note if pacemaker is activated by a magnet to pace
at afixed rate, the spike may fal in the refractory period and fail to
stimulate the ventricle)

Chest X-ray | 1. Location of pulse generator

2. Location of leads in atrium, ventricle or both

3. If necessary pulse generator model can be identified

Ref: Bloomfield and
Bowler (1989)

Figure PR.12



CAUSESOF VALVULAR

DISEASE
Valve regurgitation Valve
stenosis
Congenital Congenital
Rheumatic fever Rheumatic fever
Infective endocarditis Senile degeneration

Syphilitic aortitis

Valvering dilation, e.g. dilated cardiomyopathy
Traumatic valve rupture

Senile degeneration

Damage to chordae and papillary muscles, e.g. Ml

Figure PR.13

systolic murmur which is similar in character to that of aortic sclerosis. The ECG may show left LVH
with strain. On chest X-ray left ventricular enlargement may not be evident and the aortic valve may be
calcified. Echocardiography determines the gradient across the valve and will provide information on
ventricular function. If the valve gradient is greater than 50 mmHg, angioplasty or valve replacement
should be considered. The main anaesthesia related problems are fixed cardiac output, ventricular
arrhythmias and incipient cardiac failure.

Aortic Regurgitation

Aortic regurgitation gives rise to few symptoms until the LV fails, when dyspnoea occurs. Clinical signs
include a collapsing pulse, LV enlargement and an early diastolic murmur. The ECG shows changes of
LVH and on chest X-ray the heart will be enlarged. Echocardiography shows a dilated left ventricle and
aortic root. Problems with respect to anaesthesia are poor myocardial reserve and cardiac failure.

Mitral Stenosis

Symptoms of mitral stenosis are dyspnoea, tiredness and haemoptysis. Clinical signsinclude malar flush
and amid diastolic murmur. Mitral stenosis may be complicated by systemic embolism or pulmonary
hypertension. The ECG will often demonstrate atrial fibrillation (AF), P mitrale and right ventricular
hypertrophy. On chest X-ray there may be left atrial enlargement and pulmonary venous congestion.
Patients with asmall valve area on echocardiography or moderate symptoms need surgery. Anaesthesia
related problems include AF, anticoagulant therapy, fixed cardiac output and pulmonary oedema.

Mitral Regurgitation



Progressive dyspnoea and tiredness are common symptoms of mitral regurgitation. Left ventricular
enlargement and a pansystolic murmur are the predominant clinical signs. The ECG showsLVH, P
mitrale and atrial fibrillation. Chest X-ray demonstrates left sided enlargement of the heart, particularly
atrial enlargement, and indications of pulmonary oedema may be seen. Echocardiography is useful to
assess left ventricular function. Specific problems with respect to anaesthesia include pulmonary oedema,
AF and anti-coagulant therapy.

Tricuspid Valve Lesions

Tricuspid stenosisis usually associated with mitral and aortic valve disease. Tricuspid regurgitation is
usually dueto right ventricular enlargement. Anaesthesia related problems are usually due to the
accompanying other valve disease rather than to the tricuspid lesion itself.

Pulmonary Valve Lesions

Pulmoary stenosisis usually congenital and may be part of Fallot's tetralogy. Pulmonary regurgitation is
rare and most often secondary to pulmonary hypertension.

Haematological Disease
Anaemia

A patient is considered anaemic if the haemoglobin is below the normal range and polycythaemic if
above the normal range. For adult females thisis 12-16 g/dl and for adult males 13-17 g/dl. In children
the range varies and a child is considered to be anaemic if the haemoglobin value is less than 18 g/dl at
birth, lessthan 9 g/dl at 3 months, lessthan 11 g/dl from 6 monthsto 6 years and less than 12 g/dl from 6
to 12 years.

A CLASSIFICATION OF
ANAEMIA

MCV Cause

Microcytic Iron deficiency (hypochromic)
Thalassaemia (hypochromic)
Chronic disease

Normocytic Chronic disease (normochromic or hypochromic)
Mmixed deficiency
Acute blood loss (hormochromic)

Macrocytic Alcohol (normochromic)
B12 or folate deficiency (normochromic)
Pregnancy
Hypothyroidism (normochromic)
L ow-grade haemolytic anaemia with high reticulocyte
count



Figure PR.14

The causes of anaemia are blood loss, inadequate production of erythrocytes and excessive destruction of
erythrocytes. Anaemia may be classified by the mean cell volume of the erythrocyte (MCV) (Figure
PR.14). The mean cell haemoglobin (MCH) is aso useful and defines hypo- and normochromic types of
anaemia.

Iron deficiency is the most common cause of anaemia but the cause is often multifactorial. Those patients
in whom anaemia should be suspected include all females of child bearing age (due to menstrual 10ss), the
elderly (due to poor diet 