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Preface

It is now over 15 years since I embarked upon the
first edition of this book, and with each subse-
quent edition I have tried to respond to the
demands of the readers and the changes within
the specialty of anaesthesia itself. In recent years
the anaesthetist’s role has expanded dramatically
from simply ‘providing the conditions under
which surgery can be performed safely’ and now
involves contact with the majority of patients
admitted to hospital. This includes playing a
major role in preoperative assessment and post-
operative care, acute and chronic pain manage-
ment, as well as the recognition, resuscitation
and management of the critically ill. This edition
sees many changes to reflect this.

The first major change to this edition is the
loss of the chapter giving an overview of critical
care. During my career in anaesthesia I have
been privileged to see this specialty grow from
the efforts of groups of enthusiasts to its recent
formal recognition and the formation of the Fac-
ulty of Intensive Care Medicine within the Royal
College of Anaesthestists. Consequently, I would
encourage students to turn to the many excel-
lent texts available on this fascinating and evolv-
ing specialty.

The next change in this edition is a reorgan-
ization of the way anaesthesia is presented.
Firstly, information on equipment, monitoring
and the drugs and fluids you will see anaesthe-
tists use in their everyday practice. This is
followed by an overview of ‘giving an anaes-
thetic’, which describes the processes and pro-
cedures used to ensure the patient’s safety.

Also included is a small chapter covering some
of the specialist branches of anaesthesia that
students may encounter; it has not been possi-
ble to cover every one and I hope those whose
specialties are not included will understand.

Trainees from many specialties now work as
part of the ‘Hospital at Night' team, and one of
their roles is to respond to requests for help with
acutely ill patients that they may not be familiar
with. Following on from the success of the chap-
ter in the previous edition on the recognition and
management of the acutely ill patient on the
ward, this has now been expanded into two sec-
tions; the first on recognition and assessment of
these challenging patients, followed by advice on
how initially to manage commonly encountered
problems.

But perhaps the greatest change for this edition
is that I now welcome my son, as he embarks on a
career in anaesthesia, as co-author. He has pro-
vided a fresh insight into the specialty as seen by
an anaesthetist in training, and is more aware of
what medical students need to know, rather than
what I think they ought to know. He has worked
tirelessly on the manuscript and provided new
photographic illustrations; for that I owe him
enormously - thank you!

I close by reiterating what I said at the end of
the preface of the previous edition, but this time
the message comes from both of us; we hope you
enjoy this book, but even more we hope it helps
you care for your patients. If it has, tell your
friends; if it hasn’t, tell us why and we’ll try to
ensure that the next edition is even better!
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Anaesthetic assessment
and preparation for

surgery

(" N
@ Tips for anaesthesia attachments

During your anaesthetic attachment, visit
the anaesthetic preoperative assessment
clinic and take the opportunity to:

® take a history and examine patients with
particular attention to concurrent dis-
eases that may impact on the conduct of
anaesthesia;

® identify any risk factors for anaesthesia
caused by any intercurrent disease

processes;

® decide what further investigations are
required;

® assess patients’ airways and identify any
potential  difficulties  with  tracheal
intubation;

® discuss an anaesthetic plan with an
anaesthetist;

® witness consent being obtained for both
general and regional anaesthesia;

® observe patients having echo-
cardiography and cardiopulmonary exer-

\ cise testing. j

The nature of anaesthetists’ training and experi-
ence makes them uniquely qualified to assess the

inherent risks of anaesthetising each individual
patient. Ideally, every patient should be seen by
an anaesthetist prior to surgery to identify, man-
age, and minimize these risks. Traditionally, this
occurred when the patient was admitted, usually
the day before an elective surgical procedure.
However, if at this time the patient was found to
have any significant comorbidity, surgery was
often postponed, but with insufficient time to
admit a different patient, leading to wasted oper-
ating time. Increasingly, in attempts to improve
efficiency, patients are admitted on the day of
their planned surgical procedure. This further
reduces the opportunity for an adequate anaes-
thetic assessment, limits the investigations that
can be done and virtually prevents optimization
of any comorbidities. This has led to significant
changes in the preoperative management of
patients undergoing elective surgery, including
the introduction of clinics specifically for anaes-
thetic assessment. A variety of models of ‘pre-
operative’ or ‘anaesthetic assessment’ clinic
exist; the following is intended to outline their
principle functions. Those who require greater
detail are advised to consult the document pro-
duced by the Association of Anaesthetists of
Great Britain and Ireland (AAGBI), Pre-operative
Assessment and Patient Preparation. The Role
of the Anaesthetist (see useful information
section).

Clinical Anaesthesia Lecture Notes, Fourth Edition. Carl Gwinnutt and Matthew Gwinnutt.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.



The preoperative
assessment clinic

Stage 1

Although not all patients need to be seen by an
anaesthetist in a preoperative assessment clinic,
all patients do need to be assessed by an appro-
priately trained individual. This role is frequently
undertaken by nurses who may take a history,
examine the patient, and order investigations (see
below) according to the local protocol. The pri-
mary aim is to identify those patients at low risk
of complications during anaesthesia and surgery.
This includes patients who:

* have no coexisting medical problems;

* have a coexisting medical problem that is well
controlled and does not impair daily activities,
such as hypertension;

* do not require any, or require only baseline
investigations (Table 1.1);

* have no history of, or predicted, anaesthetic
difficulties;

e require surgery for which complications are
minimal.

Having fulfilled these criteria, patients can then
be listed for surgery. At this stage the patient will
usually be given preliminary information about
anaesthesia, often in the form of an explanatory
leaflet. On admission patients will be seen by a
member of the surgical team to ensure that there
have not been any significant changes since
attending the clinic, reaffirm consent and mark the
surgical site if appropriate. The anaesthetist will:

eparation for surgery

e confirm the findings at the preoperative
assessment;

¢ check the results of any baseline investigations;

¢ explain the options for anaesthesia appropriate
for the procedure;

¢ obtain consent for anaesthesia;

e have the ultimate responsibility for deciding
whether it is safe to proceed.

Stage 2

Clearly not all patients are as described above.
Common reasons are:

* coexisting medical problems that impair activi-
ties of daily living;

¢ the discovery of previously undiagnosed medi-
cal problems, such as diabetes or hypertension;

¢ medical conditions that are less than optimally
managed, such as angina, chronic obstructive
pulmonary disease (COPD);

e abnormal baseline investigations.

These patients will need to be sent for further
investigations — for example, an ECG, pulmonary
function tests, echocardiography, or will be
referred to the appropriate specialist for advice or
management before being re-assessed. The find-
ings of further investigations dictate whether or
not the patient needs to be seen by an
anaesthetist.

Stage 3

Patients that will need to be seen by an anaesthe-
tist in the preoperative clinic are those who:

* have concurrent disease that impairs activities
of daily living (ASA 3, see below);

Table 1.1 Baseline investigations in patients with no evidence of concurrent disease (ASA I)

Age of patient Minor surgery Intermediate surgery Major surgery Major ‘plus’ surgery
16-39 Nil Nil FBC FBC, RFT

Consider Nil Nil RFT, BS Clotting, BS

40-59 Nil Nil FBC FBC, RFT

Consider ECG ECG, FBC, BS ECG, BS, RFT ECG, BS, clotting
60-79 Nil FBC FBC, ECG, RFT FBC, RFT, ECG
Consider ECG ECG, BS, RFT BS, CXR BS, clotting, CXR
>80 ECG FBC, ECG FBC, ECG, RFT FBC, RFT, ECG
Consider FBC, RFT RFT, BS BS, CXR, clotting BS, clotting, CXR

FBC: full blood count; RFT: renal function tests, to include sodium, potassium, urea and creatinine; ECG: electrocardiogram; BS:
random blood glucose; CXR: chest X-ray. Clotting to include prothrombin time (PT), activated partial thromboplastin time (APTT),
international normalized ratio (INR). Courtesy of National Institute for Health and Clinical Excellence.
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¢ are known to have had previous anaesthetic dif-
ficulties, such as difficult intubation, allergies to
drugs;

¢ are predicted to have the potential for difficul-
ties, for example morbid obesity or a family his-
tory of prolonged apnoea after anaesthesia;

e are to undergo complex surgery with or without
planned admission to the intensive care unit
(ICU) postoperatively.

The consultation will allow the anaesthetist to:

¢ make a full assessment of the patient’s medical
condition;

e evaluate the results of any investigations or
advice from other specialists;

¢ request any additional investigations;

¢ review any previous anaesthetics given;

¢ decide on the most appropriate anaesthetic
technique, for example general or regional
anaesthesia;

¢ begin the consent process, explaining and
documenting:
o the anaesthetic options available and the

potential side-effects;

o the risks associated with anaesthesia;

¢ discuss plans for postoperative care.

These patients will also be seen by their anaes-
thetist on admission, who will confirm that there
have not been any significant changes since they
were seen in the clinic, answer any further ques-
tions that the patient may have about anaesthesia,
and obtain informed consent.

The ultimate aim of this process is to ensure
that once patients are admitted for surgery, their
intended procedures are not cancelled as a result
of them being deemed ‘unfit’ or because their
medical conditions have not been adequately
investigated. Clearly the time between the patient
being seen in the assessment clinic and the date
of admission for surgery cannot be excessive;
4-6 weeks is usually acceptable.

The anaesthetic
assessment

The anaesthetic assessment consists of taking a
history from, and examining, each patient, fol-
lowed by any appropriate investigations. When
performed by non-anaesthetic staff, a protocol is
often used to ensure all the relevant areas are

covered. This section concentrates on features of
particular relevance to the anaesthetist.

Present and past medical history

For the anaesthetist, the patient’s medical history
relating to the cardiovascular and respiratory sys-
tems are relatively more important.

Cardiovascular system
Enquire specifically about symptoms of:

e ischaemic heart disease;

e heart failure;

* hypertension;

e valvular heart disease;

e conduction defects, arrhythmias;

e peripheral vascular disease, previous deep
venous thrombosis (DVT) or pulmonary embo-
lus (PE).

Patients with a proven history of myocardial
infarction (MI) are at a greater risk of further
infarction perioperatively. The risk of reinfarc-
tion falls as the time elapsed since the original
event increases. The time when the risk falls to
an acceptable level, or to that of a patient with
no previous history of MI, varies between
patients. For a patient with an uncomplicated
MI and a normal exercise tolerance test (ETT)
elective surgery may only need to be delayed by
6-8 weeks. Patients should be asked about fre-
quency, severity, and predictability of angina
attacks. Frequently occurring or unpredictable
attacks suggests unstable angina. This should
prompt further investigation and optimization of
anti-anginal therapy prior to proceeding with
anaesthesia. The American Heart Association
has produced guidance for perioperative cardio-
vascular evaluation (see useful information
section).

Heart failure is one of the most important
predictors of perioperative complications,
mainly as an increased risk of perioperative car-
diac morbidity and mortality. Its severity is best
described using a recognized scale, such as the
New York Heart Association classification
(NYHA) (Table 1.2).

Untreated or poorly controlled hypertension
may lead to exaggerated cardiovascular responses
during anaesthesia. Both hypertension and hypo-
tension can be precipitated, which increase the
risk of myocardial and cerebral ischaemia.
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Table 1.2 New York Heart Association (NYHA) classification of cardiac function compared to
Specific Activity Scale

NYHA functional classification

Specific Activity Scale classification

Class I:

Class Il

Class IlI:

Class IV:

Cardiac disease without limitation of physical
activity
No fatigue, palpitations, dyspnoea or angina

Cardiac disease resulting in slight limitation of
physical activity

Asymptomatic at rest, ordinary physical activity
causes fatigue, palpitations, dyspnoea or angina

Cardiac disease causing marked limitation of
physical activity

Asymptomatic at rest, less than ordinary activity
causes fatigue, palpitations, dyspnoea or angina

Cardiac disease limiting any physical activity
Symptoms of heart failure or angina at rest,

Can perform activities requiring >7 METs
Jog/walk at 5 mph, ski, play squash or
basketball, shovel soil

Can perform activities requiring >5 but
<7METs

Walk at 4 mph on level ground, garden, rake,
weed, have sexual intercourse without

stopping

Can perform activities requiring >2 but
<5METs

Perform most household chores, play golf,
push the lawnmower, shower

Patients cannot perform activities requiring
>2 METs

increased with any physical activity

The severity of hypertension will determine the
action required:

e Mild (SBP 140-159 mmHg, DBP 90-99 mmHg):
No evidence that delaying surgery for treatment
affects outcome.

* Moderate (SBP 160-179mmHg, DBP 100-
109 mmHg): Consider review of treatment. If
unchanged, requires close monitoring to avoid
swings during anaesthesia and surgery.
Severe (SBP> 180 mmHg, DBP> 109 mmHg):
With a blood pressure this high, elective surgery
should be postponed due to the significant risk
of myocardial ischaemia, arrhythmias and
intracerebral haemorrhage. In an emergency, it
will require acute control in conjunction with
invasive monitoring.

Respiratory system
Enquire specifically about symptoms of:

* COPD.

e asthma;

* infection;

* restrictive lung disease.

Patients with pre-existing lung disease are at
increased risk of postoperative chest infections,
particularly if they are also obese, or undergoing
upper abdominal or thoracic surgery. If an acute

Cannot dress without stopping because of
symptoms; cannot perform any class Il
activities

upper respiratory tract infection is present, anaes-
thesia and surgery should be postponed unless it
is for a life-threatening condition.

Assessment of exercise
tolerance

Exercise capacity has long been recognized as a
good predictor of postoperative morbidity and
mortality. This is because surgery provokes similar
physiological responses to exercising, namely an
increase in tissue oxygen demand necessitating
an increase in cardiac output and oxygen delivery.
An indication of cardiac and respiratory reserves
can be obtained by asking the patient about their
ability to perform everyday physical activities
before having to stop because of symptoms of chest
pain, shortness of breath, etc. For example:

e Could you run for a bus?

e How far can you walk uphill?

e How far can you walk on the flat?

e Areyou able to do the shopping?

e How many stairs can you climb before
stopping?

Are you able to do housework?

Are you able to care for yourself?

The problem with such questions is that they
are very subjective, dependent on the patient’s
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motivation and patients often tend to overesti-
mate their abilities!

The assessment can be made more objective by
reference to The Specific Activity Scale (Table 1.2).
Common physical activities are graded in terms of
their metabolic equivalents of activity or ‘METSs’,
with 1 MET being the energy (or more accurately
oxygen) used at rest. The more strenuous the activ-
ity, the greater the number of METs used. This is
not specific for each patient but serves as a useful
guide, and once again relies on the patient’s
assessment of their activity.

Other important considerations

e Indigestion, heartburn and reflux: possibility of
a hiatus hernia. If exacerbated on bending for-
ward or lying flat, this increases the risk of
regurgitation and aspiration.

* Rheumatoid disease: limited movement of
joints makes positioning for surgery difficult.
Cervical spine and temporo-mandibular joint
involvement may complicate airway manage-
ment. There is often a chronic anaemia.

* Diabetes: an increased incidence of ischaemic
heart disease, renal dysfunction, and auto-
nomic and peripheral neuropathy. There is also
an increased risk of perioperative complica-
tions, particularly disruption of glycaemic con-
trol, hypotension and infections.

e Neuromuscular disorders: poor respiratory
function (forced vital capacity (FVC) <1L) pre-
disposes to chest infection and increases the
chance of needing ventilatory support post-
operatively. Poor bulbar function predisposes to
aspiration. Care is needed when using muscle
relaxants. Consider regional anaesthesia.

e Chronic renal failure: anaemia and electrolyte
abnormalities. Altered drug excretion restricts
the choice of anaesthetic drugs. Surgery and
dialysis treatments need to be coordinated.

e Jaundice (associated with liver dysfunction):
coagulopathy. Altered drug metabolism and
excretion. Care is needed especially with use of
opioids.

Previous anaesthetics and
operations

These have usually occurred in hospitals or occa-
sionally, in the past, dental surgeries. Enquire
about any perioperative problems, such as nau-
sea, vomiting, dreams, awareness, jaundice. Ask if

any information was given postoperatively, for
example difficulty with intubation or delayed
recovery. Whenever possible, check the records of
previous anaesthetics to rule out or clarify prob-
lems such as difficulties with intubation, allergy
to drugs given, or adverse reactions (such as
malignant hyperpyrexia, see below). Some
patients may have been issued with a ‘Medic
Alert’ type bracelet or similar device giving details
or a contact number. Details of previous surgical
procedures may reveal potential anaesthetic
problems, for example cardiac, pulmonary or cer-
vical spine surgery.

Family history

All patients should be asked whether any family
members have experienced problems with anaes-
thesia; for example, a history of prolonged apnoea
suggests pseudocholinesterase deficiency (see
Chapter 2), and an unexplained death suggests
malignant hyperpyrexia (see Chapter 6). Elective
surgery should be postponed if any conditions
are identified while the patient is investigated
appropriately. In the emergency situation, anaes-
thesia must be adjusted accordingly, for example
by avoiding triggering drugs in a patient with a
potential or actual family history of malignant
hyperpyrexia.

Drug history and allergies

Identify all medications, both prescribed and over
the counter (OTC), including complementary and
alternative medicines. Patients will often forget to
mention the oral contraceptive pill (OCP) and
hormone replacement therapy (HRT) unless spe-
cifically asked. On the whole, the numbers of
medications patients take rises with age. Many
commonly prescribed drugs such as angiotensin
converting enzyme inhibitors (ACE-I) can have
important effects during anaesthesia. These can
be identified by consulting a current British
National Formulary (BNF), or the BNF website.
Allergies to drugs, latex, topical preparations (e.g.
iodine), adhesive dressings and foodstuffs should
be noted.

Social history

e Smoking: ascertain the amount of tobacco
smoked. This is usually calculated as the num-
ber of pack years; number of packs smoked
each day multiplied by the number of years



smoked. This gives an idea of the total amount
smoked and allows comparison between indi-
viduals. In the long term smoking causes
chronic lung disease and carcinoma but it also
has a number of other important effects rele-
vant to the perioperative period. It produces
carbon monoxide, which combines with hae-
moglobin and reduces oxygen carriage and
nicotine, which stimulates the sympathetic ner-
vous system causing tachycardia, hypertension,
and coronary artery narrowing. Cilliary func-
tion is impaired, increasing the risk of post-
operative chest infections. Stopping smoking
before anaesthesia reduces the risk of perioper-
ative complications — the further in advance,
the better. As a guide, stopping for eight weeks
improves the airways; for two weeks reduces
airway irritability and for as little as 24 hours
before anaesthesia decreases carboxyhaemo-
globin levels. Help and advice should be availa-
ble at the preoperative assessment clinic.

e Alcohol: this is measured as units consumed
per week; > 50 units/week causes induction of
liver enzymes and tolerance to anaesthetic
drugs. The risk of alcohol withdrawal syndrome
postoperatively must be considered.

* Drugs: ask specifically about the use of drugs
for recreational purposes, including type, fre-
quency and route of administration. This group
of patients is at risk of infection with hepatitis B
and human immunodeficiency virus (HIV).
There can be difficulty with venous access fol-
lowing intravenous drug abuse due to wide-
spread thrombosis of veins. Withdrawal
syndromes can occur postoperatively.

* Pregnancy: the date of the last menstrual
period should be noted in all women of child-
bearing age. The anaesthetist may be the only
person in theatre able to give this information if
X-rays are required. Anaesthesia increases the
risk of inducing a spontaneous abortion in early
pregnancy. There is an increased risk of regur-
gitation and aspiration in late pregnancy. Elec-
tive surgery is best postponed until after
delivery.

The examination

This concentrates on the cardiovascular and res-
piratory systems; the remaining systems are
examined if problems relevant to anaesthesia
have been identified in the history. At the end of
the examination, the patient’s airway is assessed

ration for surgery

to try and identify any potential problems. If a
regional anaesthetic is planned, the appropriate
anatomy (for example, lumbar spine for central
neural block) is examined.

Cardiovascular system
Examine specifically for signs of:

e arrhythmias;

e heart failure;

* hypertension;

e valvular heart disease;

¢ peripheral vascular disease.

Don’t forget to inspect the peripheral veins to
identify any potential problems with IV access.

Respiratory system
Examine specifically for signs of:

* respiratory failure;

e impaired ventilation;

* collapse, consolidation, pleural effusion;
¢ additional or absent breath sounds.

Nervous system

Chronic disease of the peripheral and central ner-
vous systems should be identified and any evi-
dence of peripheral neuropathy, motor or
sensory, recorded to ensure that any abnormali-
ties postoperatively are not attributed to injury
intraoperatively. It must be remembered that
some disorders will affect the cardiovascular and
respiratory systems, for example dystrophia myo-
tonica and multiple sclerosis.

Musculoskeletal system

Note any restriction of movement and deformity
if a patient has connective tissue disorders.
Patients suffering from chronic rheumatoid dis-
ease frequently have a reduced muscle mass,
peripheral neuropathies and pulmonary involve-
ment. Particular attention should be paid to the
patient’s cervical spine and temporomandibular
joints (see below).

The airway

The airway of all patients must be assessed, in
order to try to predict those patients who may be
difficult to intubate.
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Observe the patient’s anatomy looking specifi-
cally for:

e limitation of mouth opening;

¢ areceding mandible;

¢ position, number and health of teeth;

e size of the tongue;

* soft tissue swelling at the front of the neck;

¢ deviation of the larynx or trachea;

e limitations in flexion and extension of the cervi-
cal spine.

Finding any of these suggests that intubation
may be more difficult. However, it must be
remembered that all of these are subjective.

Some simple bedside tests can also be
performed:

* Mallampati criteria: the patient, sitting upright,
is asked to open their mouth and maximally pro-
trude their tongue. The view of the pharyngeal
structures is noted and graded I-IV (Fig. 1.1).
Grades III and IV suggest difficult intubation.

» Thyromental distance: with the head fully
extended on the neck, the distance between the
bony point of the chin and the prominence
of the thyroid cartilage is measured (Fig. 1.2).
A distance of less than 7 cm suggests difficult
intubation.

e Calder test: the patient is asked to protrude the
mandible as far as possible. The lower incisors
will either lie anterior to, aligned with, or poste-
rior to the upper incisors. The latter two suggest
reduced view at laryngoscopy.

e Wilson score: increasing weight, a reduction in
head and neck movement, reduced mouth
opening, and the presence of a receding mandi-
ble or buck-teeth all predispose to increased
difficulty with intubation.

None of these tests, alone or in combination,
will predict all difficult intubations. A Mallampati
grade IIT or IV with a thyromental distance of
< 7cm will predict 80% of difficult intubations. If
problems are anticipated, anaesthesia should be

Grade |

Grade Il

Grade Il

The pharyngeal structures seen during the Mallampati assessment.



The thyromental distance.

planned accordingly. If intubation proves to be
difficult, it must be recorded in a prominent place
in the patient’s notes and the patient informed.

Investigations

There is little evidence to support ‘routine’ inves-
tigations, and so an investigation should only be
ordered if the result would affect the patient’s
management. The National Institute for Health
and Clinical Excellence (NICE) produces guide-
lines for preoperative investigation of patients.
In general, the type and number of investigations
depends on the patient’s age, the nature and
severity of their comorbidities and the surgery
planned. A synopsis of the current guidelines for
patients with no evidence of concurrent disease
(ASA 1, see below) is shown in Table 1.1. For each
age group and grade of surgery, the upper entry,
shows ‘tests recommended’ and the lower entry
‘tests to be considered’ (depending on patient
characteristics). Dipstick urinalysis need only be
performed in symptomatic individuals.

Additional investigations

The following is a guide for when to request some
of the common preoperative investigations. Again
the need for these will depend on the grade of
surgery and the age of the patient. Further infor-
mation can be found in Clinical Guideline 3, pub-
lished by NICE (see useful information section).

ion for surgery

* Urea and electrolytes: patients taking digoxin,
diuretics, steroids, and those with diabetes,
renal disease, vomiting, diarrhoea.

 Liver function tests: known hepatic disease, a
history of a high alcohol intake (>50units/
week), metastatic disease or evidence of
malnutrition.

e Blood sugar: diabetics, severe peripheral arte-
rial disease or taking long-term steroids.

e Electrocardiogram (ECG): hypertensive, with
symptoms or signs of ischaemic heart disease,
a cardiac arrhythmia or diabetics >40 years
of age.

e Chest X-ray: symptoms or signs of cardiac or
respiratory disease, or suspected or known
malignancy, where thoracic surgery is planned,
or in those from areas of endemic tuberculosis
who have not had a chest X-ray in the last year.

* Pulmonary function tests: dyspnoea on mild
exertion, COPD or asthma. Measure peak expir-
atory flow rate (PEFR), forced expiratory vol-
ume in 1s (FEV,) and FVC. Patients who are
dyspnoeic or cyanosed at rest, found to have an
FEV, <60% predicted, or are to have thoracic
surgery, should also have arterial blood gas
analysed while breathing air.

e Coagulation screen: anticoagulant therapy, a
history of a bleeding diatheses, or a history of
liver disease or jaundice.

e Sickle-cell screen (sickledex): a family history of
sickle-cell disease or where ethnicity increases
the risk of sickle-cell disease. If positive, elec-
trophoresis will be required for definitive
diagnosis.

e Cervical spine X-ray: rheumatoid arthritis, a
history of major trauma or surgery to the neck,
or when difficult intubation is predicted.

Cardiopulmonary exercise testing

Cardiopulmonary exercise (CPX) testing objec-
tively determines each patient’s ability to increase
oxygen delivery to the tissues under controlled
conditions and thereby makes a preoperative
assessment of their fitness. Consequently, high-
risk patients can be identified allowing appropri-
ate preparation to be made for their perioperative
management.

To perform a CPX test, patients exercise using a
bicycle ergometer, against an increasing resist-
ance (like peddling uphill) while breathing
through a mouthpiece. The volume and composi-
tion of inhaled and exhaled gases are monitored
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and analysed to determine oxygen consumption
(VO,, ml/min/kg), carbon dioxide production
(VCO,, ml/min/kg), respiratory rate, tidal volume
and minute ventilation. The patient’s peripheral
oxygen saturation (SpO,) and ECG are also usually
monitored. The principle of the test is that, during
exercise, VO, is the same as VCO,. As the intensity
of exercise increases, a point is reached where oxy-
gen delivery can no longer meet metabolic
demand and anaerobic metabolism starts. At this
point CO, production exceeds oxygen consump-
tion; this is termed the ‘anaerobic threshold’ (AT).
If the intensity of exercise increases further, the
oxygen consumption will eventually plateau (VO,
max). This equates to the peak aerobic capacity.
Many assessments of fitness measure the AT as it
occurs before VO, max, is more easily achieved by
the elderly and is less influenced by patient moti-
vation. The lower the AT, the less cardiopulmonary
reserve the patient has and the greater risk of post-
operative morbidity and mortality. Table 1.3 shows
values that have been used to predict risk and the
need for an increased level of care postoperatively.

Unfortunately, not all patients can be assessed
in this way; for example, those with severe muscu-
loskeletal dysfunction may not be able to exercise
to their anaerobic threshold. In such circum-
stances further investigations will be required. The
most readily available method of non-invasive
assessment of cardiac function in patients is some
type of echocardiography (see below).

Echocardiography

This is a useful tool to assess many aspects of car-
diac function in a number of diseases. In patients
with heart failure or following a myocardial

Table 1.3 Anaerobic threshold (AT) values
used to predict risk and the need for an
increased level of care postoperatively

AT >14mL/min/kg; no specific risk, ward
based care

AT 11 = 14 mL/min/kg; low risk, requires HDU

care postoperatively

high risk, requires ITU care
postoperatively

AT <11 mL/min/kg;

Basal oxygen

consumption: 3.5mlL/kg/min

HDU: high dependency unit, ITU: intensive therapy unit.

infarction, left ventricular function can be
assessed by calculating the ejection fraction,
observing the strength of contractility and looking
for regional wall motion abnormalities caused by
coronary artery disease. In patients with chronic
pulmonary disease the right ventricular function
and pulmonary artery pressures can be assessed.
In patients with aortic stenosis the valve (aper-
ture) area can be measured and the pressure gra-
dient across the valve, which is a good indication
of the severity of the disease, can be calculated. In
patients with newly diagnosed atrial fibrillation,
the presence of any intra-atrial blood clots can be
identified. All of these things are assessed with the
patient at rest and so do not give any indication of
what happens when metabolic demand is increased.
It is possible to simulate exercise, and hence the
conditions a patient may encounter during anaes-
thesia or after surgery. This is often achieved by
administering an inotrope, such as dobutamine,
which increases heart rate and myocardial work
while any changes in myocardial performance are
monitored (dobutamine stress echocardiography).
This is particularly useful for assessing cardiac
function in patients whose exercise ability is limited,
for instance by severe osteoarthritis.

Medical referral

Patients with significant medical (or surgical)
comorbidities should be identified in the pre-
operative assessment clinic, not on the day of
admission, to allow time for adequate investiga-
tion and management. Clearly a wide spectrum of
conditions exists; the following are examples of
some of the more commonly encountered that
may need specialist advice.

Cardiovascular disease

e untreated or poorly controlled hypertension or
heart failure;

* symptomatic ischaemic heart disease, despite
treatment (unstable angina);

e arrhythmias: uncontrolled atrial fibrillation,
paroxysmal supraventricular tachycardia, and
second and third degree heart block;

* symptomatic or newly diagnosed valvular heart
disease, or congenital heart disease.

Respiratory disease

* COPD, particularly if dyspnoeic at rest;
* bronchiectasis;



» asthmatics who are unstable, taking oral ste-
roids or have a FEV; < 60% predicted.

Endocrine disorders

¢ insulin-dependent and non-insulin-dependent
diabetics who have ketonuria, glycosylated Hb
(HbAlc) >10% or a random blood sugar > 12
mmol/L. Local policy will dictate referral of sta-
ble diabetics for perioperative management;

e hypo- or hyperthyroidism symptomatic on cur-
rent treatment;

e Cushing’s or Addison’s disease;

* hypopituitarism.

Renal disease

e chronic renal failure;
* patients undergoing renal replacement therapy.

Haematological disorders

e bleeding diatheses, for example haemophilia,
thrombocytopenia;

* therapeutic anticoagulation;

* haemoglobinopathies;

* polycythaemia;

* haemolytic anaemias;

e leukaemias.

The obese patient

The degree of obesity is defined by a patient’s
body mass index (BMI), the ratio of weight to
height and expressed in kg/m? (Table 1.4). An
alternative definition uses waist circumference:

* overweight: > 80 cm for women, > 94 cm for men;
e obese: > 88 cm for women, > 102 cm for men.

In 2008 approximately 37% of adults in UK were
overweight and 24% were obese, with a govern-
ment report predicting that over 50% of adults

Table 1.4 Classification of obesity by body
mass index (BMI)

Classification BMI (kg/m?)

Healthy 20-25

Overweight 25-30

Obese 30-40

Morbidly obese 40-50 (or >35 if significant
comorbidity)

Super obese >50

eparation for surgery

will be obese by 2050 (Tackling Obesities:
The Foresight Report). Consequently, increasing
numbers of obese patients are presenting for sur-
gery either to treat their obesity (bariatric surgery)
or for unrelated surgery. Most of the principles of
assessment are common to both forms of surgery.
Patients with mild degrees of obesity pose few
additional problems for their perioperative man-
agement. Those whose weight is greatly increased
require special consideration in terms of their
anatomical and physiological abnormalities and
associated comorbidities when planning anaes-
thesia and surgery.

All patients must have their height and weight
measured and their BMI calculated and recorded.
Do not rely on the patient’s own estimate. Spe-
cific attention should be paid to comorbidities
that place obese patients at higher risk.

Cardiovascular system

Hypertension, ischaemic heart disease, hyperlipi-
daemia and heart failure are more common in
obese patients. Although the history and exami-
nation may reveal signs and symptoms of cardiac
disease, immobility often limits the patient’s exer-
cise tolerance and symptoms are not evident.
A lower threshold should be used for requesting a
12-lead ECG and a stress echocardiogram may be
indicated for patients who are unable to exercise
sufficiently.

Respiratory system

A careful history should be taken of dyspnoea,
exercise tolerance and for obstructive sleep
apnoea. Pulse oximetry can easily be carried out in
the preoperative clinic and a supine SpO, < 96%
on room air suggest that further investigations
(spirometry, arterial blood gases) or referral to a
respiratory physician are appropriate. Morbidly
obese patients with asthma or COPD are at even
greater risk of perioperative respiratory complica-
tions. Wheeze in obese patients may be due to air-
way closure rather than asthma. Pulmonary
function tests before and after bronchodilator
therapy may be useful in differentiation between
the two conditions. Obstructive sleep apnoea and
hypopnoea syndrome (OSAHS) are common in
this group of patients. Those who have symptoms
of daytime sleepiness should complete an Epworth
sleepiness assessment (Table 1.5). If positive (score
>10), they should be referred for further
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Table 1.5 Epworth sleepiness assessment.
Each category is scored: 0 =would never
doze or sleep, 1 =slight chance of dozing

or sleeping, 2 =moderate chance of dozing
or sleeping, 3 = high chance of dozing or
sleeping. The total of the scores is summed,
>10 is considered abnormal

e Sitting and reading

e Watching TV

e Sitting inactive in a public place

e As a passenger in a car for an hour without a break

e Lying down in the afternoon when circumstances
permit

e Sitting and talking to someone

e Sitting quietly after lunch without alcohol

e In a car stopped for a few minutes in traffic

investigations and consideration of continuous
positive airway pressure (CPAP) or bi-level positive
airway pressure (BiPAP) therapy preoperatively.
Intubation may be more difficult because of depo-
sition of fat into the soft tissues of the neck - a full
assessment of the airway is mandatory.

Metabolic and gastrointestinal
systems

Morbidly obese patients have a high incidence of
diabetes mellitus. All patients should be ques-
tioned about symptoms of diabetes and have
appropriate investigations if symptomatic. Those
known to be diabetic should be assessed for the
adequacy of glucose control, for example HbAlc,
and also for the presence of complications, espe-
cially coronary artery disease, diabetic nephro-
pathy and autonomic dysfunction. Improved
perioperative glucose control may help reduce
complications such as wound infections or the
development of keto- or lactic acidosis. Ask about
symptoms of acid reflux, appropriate antacid pro-
phylaxis may be indicated preoperatively.

Other issues

Preoperative assessment several weeks prior to
planned surgery will allow the opportunity to
optimize the patient’s medical comorbidities,
plan for anaesthesia, and arrange the appropriate
level of postoperative care. All of these may be
more complicated than for patients of normal
weight. Informed consent should be obtained
with discussion of any specific increased risks

related to anaesthesia. Following full assessment
and an explanation of the potential risks, some
patients may reconsider whether or not to pro-
ceed with surgery.

Risk associated with
anaesthesia and surgery

One of the most commonly asked questions of
anaesthetists is ‘What are the risks of having an
anaesthetic?” The Royal College of Anaesthetists
and the AAGBI have issued a guide for patients
titled You and Your Anaesthetic. This divides the
risks associated with anaesthesia and their
frequency:

Common (1in10to 1in 100)

These are not life threatening and can occur even
when anaesthesia has apparently been
uneventful. They include:

e bruising and soreness from attempts at IV
access;

e sore throat;

¢ headache;

e dizziness;

* postoperative nausea and vomiting;

e itching;

* retention of urine.

Uncommon (1 in 1000)

* dental damage;

¢ chest infection;

e muscle pains;

* an existing condition worsening, such as myo-
cardial infarction;

» awareness during general anaesthesia.

Rare (<1 in 10000)

e allergy to the anaesthetic drugs;
e eye injury, particularly if prone;
* nerve damage;

 hypoxic brain injury;

* death.

In the United Kingdom, the Confidential
Enquiry into Perioperative Deaths (CEPOD 1987)
revealed an overall perioperative mortality of 0.7%
in approximately 500 000 operations. Anaesthesia



was considered to have been a contributing factor
in 410 deaths (0.08%), but was judged completely
responsible in only three cases—a primary mortal-
ity rate of 1:185000 operations. Upon analysis of
the deaths where anaesthesia contributed, the pre-
dominant factor was human error.

Clearly, anaesthesia itself is very safe, particu-
larly in those patients who are otherwise well.
Apart from human error, the most likely major
risk is from an adverse drug reaction or drug
interaction. However, anaesthesia rarely occurs
in isolation and when the risks of the surgical
procedure and those due to pre-existing disease
are combined, the risks of morbidity and mortal-
ity are increased. Not surprisingly a number of
methods have been described to try to quantify
these risks.

Risk indicators

The most widely used scale for estimating risk is
the ASA classification of the patient’s physical sta-
tus. The patient is assigned to a category from one
to five depending on any physical disturbance
caused by either the disease process for which
surgery is being performed, or any other pre-
existing disease. It is relatively subjective, which
leads to a degree of variability between scorers.
Different studies have reported different mortali-
ties for each grade. This is a result of differences
in; populations of patients, sample sizes, types of

Table 1.6 ASA physical status scale

preparation for surgery

surgery being performed and the duration of
monitoring patients postoperatively, for example
deaths at 48 hours or at one week. However,
patients placed in higher categories are at
increased overall risk of perioperative mortality
(Table 1.6).

The leading cause of death after surgery is myo-
cardial infarction, and significant morbidity results
from non-fatal infarction, particularly in patients
with pre-existing heart disease. As well as the risks
from pre-existing cardiac disease, different opera-
tions also carry their own varying levels of inherent
risks; for example carpal tunnel decompression
carries less risk than a hip replacement, which in
turn carries less risk than aortic aneurysm surgery.
Basically this can be summarized as ‘the sicker the
patient and the bigger the operation, the greater
the risk.’

Assessing patients as ‘low risk’ is no more of a
guarantee that complications will not occur than
‘high risk’ means they will occur; it is only a
guideline and indicator of probability. For
patients who suffer a complication the rate is
100%! Ultimately the risk/benefit ratio must be
considered for each individual patient. If a patient
has a certain predicted risk of complications, an
operation with the potential to offer only a small
benefit may be deemed not worth the risk,
whereas one with the potential to offer a large
benefit may in fact be undertaken. Clearly this is a
decision that can only be reached after careful

Class Physical status Absolute
mortality (%)

A healthy patient with no organic or psychological disease process. The 0-0.3
pathological process for which the operation is being performed is localized and
causes no systemic upset

Il A patient with a mild to moderate systemic disease process, caused by the 0.3-1.4
condition to be treated surgically or another pathological process, that does not
limit the patient’s activities in any way e.g. treated hypertensive, stable diabetic.
Patients aged >80 years are automatically placed in class I

1l A patient with severe systemic disease from any cause that imposes a definite 1.5-5.4
functional limitation on activity e.g. ischaemic heart disease, COPD

I\ A patient with a severe systemic disease that is a constant threat to life, e.g. 7.8-25.9
unstable angina

V A moribund patient unlikely to survive 24 hours with or without surgery 9.4-57.8

Vi A patient declared brain dead whose organs are being removed for transplantation

Note: ‘E’ may be added to signify an emergency operation.
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and thorough discussion with a patient who has
been given all the relevant information.
Improving preoperative preparation by opti-
mizing the patient’s physical status, adequately
resuscitating those who require emergency sur-
gery, appropriate intraoperative monitoring, and
by providing suitable postoperative care in an
appropriate level of critical care, has been shown
to further reduce patients perioperative mortality.

mechanism of injury. This may give clues to
unsuspected injuries. Details may only be availa-
ble from relatives and/or the ambulance crew.
The cardiovascular and respiratory systems
should be examined and an assessment made of
any potential difficulty with intubation. Investiga-
tions should only be ordered if they would
directly affect the conduct of anaesthesia. When
life or limb is at stake, there will be even less or no
time for assessment. All emergency patients
Classification of operation should be assumed to have a full stomach.
Traditionally, surgery was classified as being
either elective or emergency. Recognizing that
this was too imprecise, the National Confidential
Enquiry into Perioperative Outcome and Death
(NCEPOD) has identified four categories:

Prevention of venous
thromboembolism

Up to 25000 patients die each year in the UK as a
result of a hospital-acquired venous thrombo-
embolism (VTE). It is now a requirement that all
patients admitted to hospital are assessed for
their risk of developing a VTE and appropriate
preventative measures applied. Surgical patients
and patients with trauma are at increased risk of
VTE with:

1 Immediate: to save life, limb or organ. Resusci-
tation is simultaneous with surgery. The target
time to theatre is within minutes of the deci-
sion that surgery is necessary — for example,
major trauma to the abdomen or thorax with
uncontrolled haemorrhage, major neurovas-
cular deficit, ruptured aortic aneurysm. .

a total anaesthetic and surgical time > 90 min;
2 Urgent: acute onset or deterioration of a condi-

surgery to the pelvis or lower limb and the total

tion that threatens life, limb or organ. Surgery

normally takes place when resuscitation is

complete. Examples would be compound frac-

ture, perforated viscus, cauda equina syn-

drome. This category is subdivided into:

2A. Target time to theatre within 6 hours of the
decision to operate

2B. Target time to theatre within 24 hours of
the decision to operate

anaesthetic and surgical time > 60 min;

an acute surgical admission with inflammatory
or intra-abdominal condition;

an expected reduction in mobility.

Further non-surgical factors increase the risk of

VTE:

active cancer or treatment for cancer;

. . .. . e age > 60 years;
3 Expedited: stable patient requiring early inter- ge Y -
. - . . e critical care admission;
vention. Condition not an immediate threat to .
life, limb or organ. Target time to theatre is * dehydration;
! ’ e known thrombophilia;

within days of the decision to operate. Exam-
ples would be closed fracture, tendon injury,
some tumour surgery.

4 Elective: surgery planned and booked in
advance of admission to hospital. This category
includes all conditions not covered in catego-
ries 1-3. Typical examples would be joint
replacements, cholecystectomy, hernia repair.

All elective and the majority of expedited cases
can be assessed as previously described. In urgent
and emergency cases this will not always be pos-
sible, but as much information as possible should
be obtained about allergies, the patient’s medical
history, drugs taken regularly and previous anaes-
thetics. In the trauma patient, enquire about the

BMI >30kgm %

one or more significant medical comorbidities
(for example, heart disease, respiratory disease,
endocrine or metabolic disorders);

personal or first-degree relative with a history of
VTE;

use of HRT;

use of oestrogen containing contraceptive;
varicose veins with phlebitis.

Patients must also be assessed for their risk of

bleeding:

active bleeding;
acquired coagulopathy (for example, liver
failure);



* concurrent anticoagulation;

epidural, spinal anaesthesia (or lumbar punc-
ture) within the last 4 hours or expected within
12 hours;

acute stroke;

e thrombocytopaenia;

uncontrolled hypertension (>230/120 mmHg);
untreated bleeding disorders (for example,
haemophilia).

Where the risks of VITE exceed the risks of
bleeding, VTE prophylaxis should be used. The
method used will depend upon the type and site
of surgery and may be mechanical (for example,
anti-embolism stockings, pneumatic calf com-
pression) or pharmacological (for example, hepa-
rin, fondiparinux, or rivaroxaban). All patients
should be reassessed 24 h after admission to iden-
tify any clinical changes, to ensure that the
method chosen has been implemented and to
identify any adverse effects.

Obtaining informed
consent

What is consent?

It is an agreement by the patient to undergo a spe-
cific procedure. Even though the doctor will advise
on what is required, it is only the patient who can
make the decision to undergo the procedure.
Although the need for consent is often thought of
as applying to surgery, it is in fact required for any
breach of a patient’s personal integrity, including
examination, performing investigations, and giving
an anaesthetic. Touching a patient without con-
sent may lead to a claim of battery. Consent may
be explicit or expressed, for example when a per-
son agrees, either verbally or in writing. Consent
can also be implied as indicated by an informed
patient’s behaviour, but this form of consent only
has validity if the patient genuinely knows and
understands what is being proposed. An example
would be a patient voluntarily holding an arm out
for a blood test after an explanation of why the test
is needed. Whatever form of consent is obtained,
providing sufficient, accurate information is essen-
tial. When patients do not know what is proposed,
or are unaware that they can refuse, they have not
given consent. In medicine, when obtaining

paration for surgery

consent for an operation or invasive procedure it is
written, explicit consent that is most commonly
used.

All people aged 16 years and over are pre-
sumed, in law, to have the capacity to consent
to treatment unless there is evidence to the
contrary. Suffering from a mental disorder or
impairment does not automatically mean lack
of competence. Some patients who would nor-
mally be considered competent may be tempo-
rarily incapable of giving valid consent due to
intoxication from drugs or alcohol, severe pain
or shock. A decision that appears to be irra-
tional or unjustified should not be taken as
evidence that the individual lacks the mental
capacity to make that decision.

For a patient to have the capacity to give valid
consent there are five prerequisites. They should:

» understand what is being proposed, its purpose
and why it is being proposed;

e understand the benefits,
alternatives;

e understand the consequences of not receiving
what is being proposed;

e retain the information long enough to arrive at
a decision;

* be able to communicate their decision.

risks and any

The decision the patient makes does not have
to appear sensible or rational to anybody else.
However, every effort must be made to ensure
that a highly irrational decision is not the result of
a lack of, or misinterpretation of, the information
given. It may of course also indicate that the
patient is suffering from a mental illness. Deter-
mining capacity in these circumstances is proba-
bly best placed in the hands of the courts.

Refusal of treatment by a competent adult is
legally binding (except where the law states other-
wise, for example under mental health legisla-
tion), even if refusal is likely to lead to the
patient’s death (for example, a Jehovah’s Witness
refusing a blood transfusion). Although a patient
can refuse treatment or choose a less-than-opti-
mal option, they cannot insist on a treatment that
has not been offered.

What do | have to tell the patient?

Although the anaesthetist is the best judge of the
type of anaesthetic for each individual, where
there is a choice patients should be given an
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explanation along with the associated risks and
benefits of the options. The amount of information
given to patients can often be determined by ask-
ing oneself ‘what would this patient regard as rele-
vant when coming to a decision about which, if
any, of the available options to accept?’ A balance
is required between listening to what the patient
wants and providing enough information, in terms
that the patient can understand, in order that the
patient’s decisions are informed.

Typical information regarding anaesthesia
may be:

* the environment of the anaesthetic room and
who patients will meet, particularly if medical
students or other healthcare professionals in
training will be present;

¢ the need for intravenous access and IV infusion
(a drip);

e the need for, and type of, any invasive
monitoring;

* what to expect during a regional technique;

e being conscious throughout surgery if a
regional technique alone is used and what they
may hear;

* preoxygenation;

¢ use of cricoid pressure;

¢ induction of anaesthesia; although most com-
monly intravenous, occasionally it may be by
inhalation;

¢ where they will ‘wake up’ - this is usually the
recovery unit, but after some surgery it may be
in a critical care area (in these circumstances
the patient should be given the opportunity to
visit the unit a few days before and meet some
of the staff);

* numbness and loss of movement after regional
anaesthesia;

¢ the possibility of drains, catheters and drips —
patients may misinterpret their presence as
indicating unexpected problems;

¢ the possibility of a need for blood transfusion;

e postoperative pain control, particularly if it
requires their co-operation — for example, a
patient-controlled analgesia device (see
Chapter 7);

¢ information on any substantial risks associated
with the anaesthetic technique (see above).

Most patients will want to know the latest time
that they can eat and drink before surgery, if they
should take their medications as normal, and
how they will manage without a drink. The Royal

College of Anaesthetists and AAGBI recommend
that in patients with normal gastric emptying,
the evidence is that clear fluids empty rapidly
and consequently day cases and inpatients can
be allowed clear fluids for up to 2 hours before
anaesthesia. This will not include patients with
conditions that delay gastric emptying, for exam-
ple, trauma, pain, or gastrointestinal disease, and
where there is use of opioid drugs. The evidence
for solids is less clear but consensus opinion is a
period of 6 hours fasting after a light meal, milk,
or drinks containing milk is acceptable. Some
will expect or request a premed and in these cir-
cumstances the approximate timing, route of
administration, and likely effects should be dis-
cussed. Finally, before leaving, ask if the patient
has any questions or wants anything clarifying
further.

Having given the patient the information con-
sidered relevant to them, they must have suffi-
cient time to think it through and come to a
decision. Consequently, the process of informed
consent cannot occur solely at the point of
admission, or even worse, in the anaesthetic
room immediately before surgery! As a result,
the process usually starts in the preoperative
assessment clinic when information is often
given to the patient in the form of a leaflet,
such as You and Your Anaesthetic, published
jointly by the Royal College of Anaesthetists and
the AAGBI.

Who should get consent?

From the above it is clear that the individual seek-
ing consent must be able to provide all the neces-
sary information for the patient and be able to
answer the patient’s questions. This will require
the individual to be trained in, and familiar with,
the procedure for which consent is sought, and is
best done by a senior clinician or the person who
is to perform the procedure. Complex problems
may require a multidisciplinary approach to
obtaining consent.

Where there has been a significant interval
between obtaining consent for the procedure and
start of treatment, or if new information is availa-
ble, consent should be reaffirmed. The aim is to
provide any new information and allow patients
the opportunity to ask questions and to review
their decision. This process may be delegated to a
doctor who is trained, qualified and familiar with



the procedure, who can answer the patient’s
questions.

The issues around consent in children and
adults who lack capacity are more complex. Fur-
ther information is available in the document
Consent for Anaesthesia, published by the AAGBI
(see useful information section).

What constitutes evidence
of consent?

Most patients will be asked to sign a consent form
before undergoing a procedure. However, there is
no legal requirement for this before anaesthesia
or surgery (or anything else). Consent may be
given verbally and this is often the case for anaes-
thesia, however it is recommended that a written
record of the content of the conversation be made
in the patient’s case notes.

What about an unconscious
patient?

This usually arises in the emergency situation, for
example a patient with a severe head injury. Ask-
ing a relative or other individual to sign a consent
form for surgery on the patient’s behalf is not
appropriate, as no one can give consent on behalf
of another adult. Under these circumstances, if an
intervention is required to save a patient’s life or
avoid significant deterioration in their health
before they will regain capacity to consent, medi-
cal staff are required to act ‘in the patient’s best
interests’. This will mean taking into account not
only the benefits of the proposed treatment but
also personal and social factors. Such information
may necessitate a discussion with relatives, and
the opportunity should be used to inform them of
the proposed treatment and the rationale for it.
Where there is clear evidence of a valid advance
refusal by an adult of a particular treatment (such
as a refusal of blood by a Jehovah’s Witness) then
that treatment must not be given. If a patient has
appointed a welfare attorney, or there is a court-
appointed deputy or guardian, where practicable
this individual must be consulted about any pro-
posed treatment.

The basis for any decision and how it is in the
patient’s best interests must be clearly docu-
mented in the patient’s notes. Where treatment
decisions are complex or not clear cut, it is advis-
able although not a legal requirement, to obtain
and document independent medical advice.

paration for surgery

For more detail on consent, the reader is
strongly encouraged to refer to the Consent Tool
Kit, 5th edn, published by the British Medical
Association and available on their website (see
useful information section).

(1) FURTHER USEFUL
“* INFORMATION

Wolters U, Wolf T, Stutzer H and Schroder
T. ASA classification and perioperative varia-
bles as predictors of postoperative out-
come. British Journal of Anaesthesia 1996;
77:217-222.

www.aagbi.org/publications/guidelines/docs/
consent06.pdf
[Consent for anesthesia. Revised edition 2006.
The Association of Anaesthetists of Great
Britain and Ireland.]

www.aagbi.org/publications/guidelines/docs/
preop2010.pdf
[Pre-operative assessment and patient prepara-
tion. The role of the anaesthetist. The Associa-
tion of Anaesthetists of Great Britain and
Ireland. November 2010.]
www.bma.org.uk/ethics/consent_and_capacity/
consenttoolkit.jsp
[BMA consent toolkit, 5th edn, December 2009.]
www.BNF.org
[British National Formulary.]
http://www.circ.ahajournals.org/cgi/content/
full/116/17/1971
[American College of Cardiology/American
Heart Association (ACC/AHA) Guideline
Update on Perioperative Cardiovascular Evalu-
ation for Noncardiac Surgery. 2002.]
http://circ.ahajournals.org/content/120/21/2123.
full.pdf
[ACC/AHA 2006 Guideline Update on Perioper-
ative Cardiovascular Evaluation for Noncardiac
Surgery: Focused Update on Perioperative
Beta-Blocker Therapy. A Report of the Ameri-
can College of Cardiology/American Heart
Association Task Force on Practice Guidelines
(Writing Committee to Update the 2002
Guidelines on Perioperative Cardiovascular
Evaluation for Noncardiac Surgery).]
http://www.dh.gov.uk/en/Publicationsandstatis-
tics/Publications/PublicationsPolicyAndGuid-
ance/DH_103643
[Department of Health (UK) guidance on
consent.|



17

Anaesthetic assessment

http://www.legislation.gov.uk/ukpga/2005/9/ Excellence (NICE) guidance on preoperative

contents tests. June 2003.]
[Mental capacity Act 2005. Department of  www.pre-op.org/index.html
Constitutional Affairs.] [The Preoperative Association.]

www.ncepod.org.uk/
[The National Confidential Enquiry into Patient
Outcome and Death (NCEPOD).]
http://guidance.nice.org.uk/CG3/NICEGuidance/

www.youranaesthetic.info/
[Patient information guides from the Associa-
tion of Anaesthetists of Great Britain and Ire-
land and The Royal College of Anaesthetists.]

pdf/English
[National Institute for Health and Clinical

All websites last accessed February 2012.
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1.3

1.4

1.5
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SELF-ASSESSMENT

Short-answer questions

Describe three methods of assessing a patient’s
exercise capacity preoperatively.

Describe the bedside assessments that you
could use to try and predict difficulty with
tracheal intubation.

Describe the characteristics that define each of
the ASA grades. What ASA grade would you
assign to a 67-year-old woman with type Il
diabetes, hypertension, a BMI of 38 and
exercise tolerance of 100 m on the flat and why?
In the preoperative assessment clinic, what
investigations would you do on a 70-year-old
woman, with controlled hypertension and COPD
from smoking 20 cigarettes per day for 50 years,
who is scheduled for a total hip replacement and
why?

A 43-year-old woman seen in the clinic prior to
having a laparoscopic cholecystectomy is
assessed as being ASA Il due to well controlled
hypertension. She asks ‘what are the risks of
having a general anaesthetic?’ What would you
tell her?

True/false questions

A 49-year-old woman is seen in the preop clinic,
prior to having a laparoscopic cholecystectomy.
She has a BMI =39 kg/m?, type 2 diabetes and
hypertension. She is currently taking metformin,
ramipril, aspirin and simvastatin. She will require
the following investigations:

1.2

1.3

1.4

1.5

Difficulty with tracheal intubation is suggested by

finding:

a Athyromental distance of > 7 cm;

b With the patient’s mouth fully open,
inability to see the posterior wall of the
pharynx;

¢ Ability by the patient to protrude the lower
incisors beyond the upper incisors;

d ABMI of > 35 kg/m?.

The following are common risks (1:10 to 1:100)

of anaesthesia:

a postoperative nausea and vomiting;

b urinary retention;

¢ dental damage;

d allergy to the anaesthetic drugs.

The following factors increase the risk of VTE:

a age > 50 years;

b BMI> 30kg/m?;

¢ taking HRT;

d lower limb surgery lasting > 60 min.

In the assessment of the cardiovascular system:

a a patient with a preoperative blood
pressure of 184/116 mmHg should have
elective surgery delayed until the blood
pressure is under control;

b echocardiography can quantify the severity
of heart valve dysfunction;

¢ echocardiography can be used to assess
ventricular function during
pharmacologically simulated exercise;

d cardiopulmonary exercise (CPX) testing

a 12-lead ECG; assesses the patient’s ability to increase
b chest X-ray; carbon dioxide clearance during
c FBC, U +Es; exercise.

d coagulation screen.




Anaesthetic equipment
and monitoring

\
@ Tips for anaesthesia attachments

During your anaesthetic attachment, take
advantage of the time with the anaesthetist to:

¢ identify the different types and sizes of
o facemasks;
o oropharyngeal airways;
o supraglottic airways, for example,

laryngeal mask, i-gel;

o laryngoscopes;
o tracheal tubes;

® discuss the principles of how the anaes-
thesia machine delivers a safe mixture of
gases to the patient;

® understand the principles of mechanical
ventilation;

® understand the principles and limitations
of monitoring, in particular
o non-invasive blood pressure;
o ECG,
o pulse oximetry;

capnography.
KO pnograpny j

Anaesthesia is a very practical specialty and, to
practise safely, anaesthetists must be familiar
with the equipment used. This ranges from the
simple to the technical and its complexity is
increasing relentlessly. The following is an over-
view of the equipment and monitoring currently
in use. No excuse is made for including very sim-
ple devices; these are often the most valuable but
if used wrongly may endanger the patient’s safety.

Airway equipment

The ability to ensure that a patient has a patent
airway at all times is arguably the most important
skill that an anaesthetist possesses. There is an
ever increasing range of airway conduits and
equipment to aid their insertion available to the
anaesthetist. The safe and efficient use of the vari-
ous devices relies on some common knowledge,
for example of airway anatomy, but also skills
unique to the equipment being used. It would be
impossible to cover in detail all the currently
available airway equipment, and unrealistic to
expect someone to be skilled in the use of every
device available. The important thing is to know
when and how to use a selected range of devices
well. The following is a description of most of the
commonly available airway equipment; a descrip-
tion of the skills needed to use it safely and suc-
cessfully is given in Chapter 4.

Facemasks

These are designed to fit closely to the contours of
the face and a gas-tight fit is achieved by an air-
filled cuff around the edge. Traditionally these
devices were made from black rubber and were
reusable — the BOC anatomical facemask is an
example — and required disinfection between
each patient. Increasingly they are now single use
and are made from transparent plastics, allowing
visualization of vomit, making them popular for
use during resuscitation (Fig. 2.1).

Clinical Anaesthesia Lecture Notes, Fourth Edition. Carl Gwinnutt and Matthew Gwinnutt.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.



Plastic, disposable facemask.

Simple adjuncts

The oropharyngeal (Guedel) airway, and to a
lesser extent the nasopharyngeal airway, are often
used to help maintain the airway immediately
after the induction of anaesthesia. However, their
use does not guarantee a patent airway.

Oropharyngeal airway

These are curved plastic tubes, flattened in cross-
section and flanged at the oral end (Fig. 2.2). They
lie over the tongue, and prevent it from falling
back into the pharynx. They are manufactured in
a variety of sizes and suitable for all patients,
from neonates to large adults. The commonest
sizes are 2-4, for small to large adults, respec-
tively. The size required is estimated by compar-
ing the airway length with the vertical distance

Oropharyngeal and nasopharyngeal

airways.

Anaesthetic eq

between the patient’s incisor teeth and the angle
of the jaw.

Nasopharyngeal airway

These are round, malleable plastic tubes, bevelled
at the pharyngeal end and flanged at the nasal
end (Fig. 2.2). They lie along the floor of the nose
and curve round into the pharynx. They are sized
according to their internal diameter in milli-
metres, and their length increases with the diam-
eter. They are not commonly used in children,
and sizes 6-8 mm in diameter are suitable for
small to large adults, respectively. The correct
size is estimated by made by comparing the air-
way diameter with that of the external nares.

Supraglottic devices

In recent years there has been an increase in the
number of different types of these airway devices
available. They are all variations on a similar
theme with various modifications to try and
improve their suitability for wider applications.

The laryngeal mask airway (LMA)

This was the original supraglottic airway device
and, as its name suggests, it consists of a ‘mask’
that sits over the laryngeal opening. This is
attached to a tube that protrudes from the mouth
and connects directly to the anaesthetic breathing
system. Around the perimeter of the mask is an
inflatable cuff that helps to stabilize it and creates
a seal around the laryngeal inlet. The LMA is suit-
able for use in all patients, from neonates to
adults, as it is produced in a variety of sizes. The
most commonly used in female and male adults
are sizes 3, 4 and 5. They were originally designed
for use in spontaneously breathing patients but it
is possible to ventilate patients via the LMA.
When doing this care must be taken to avoid high
inflation pressures, otherwise leakage occurs past
the cuff, reducing ventilation and potentially
causing gastric inflation. The original LMA (or
classic LMA) is a reusable device requiring steri-
lization between each patient, but recent con-
cerns about the possible risk of prion disease
transmission have resulted in increasing use of
disposable versions (Fig. 2.3a).

There have been a number of modifications to
the LMA:

e A version with a more flexible and reinforced
tube. This is useful in maxillo-facial or ear, nose
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Figure 2.3 Supraglottic airway devices. (a) Disposable
LMA, (b) LMA Pro-Seal™, (c) i-gel™.

and throat surgery as it allows the tube part
to be flexed and directed out of the surgeon’s
way without kinking and occlusion of the
lumen.

e The LMA Pro-Seal™ (Fig. 2.3b). This has an
additional posterior cuff to improve the seal
between mask and larynx, and reduce leak
when the patient is ventilated. It also has a
secondary tube to allow drainage of gastric
contents.

e The i-gel™ (Fig. 2.3c). This is the latest devel-
opment which uses a solid, highly malleable,
gel-like material contoured to fit the perilaryng-
eal anatomy in place of the traditional inflat-
able cuff. It is single use.

e The intubating LMA (Fig. 2.4). As the name
suggests, this device is used as a conduit to
perform tracheal intubation without the need
for laryngoscopy (see below).

Figure 2.4 Intubating Laryngeal Mask Airway (ILMA™).

The intubating LMA (ILMA)

This is a modification of the LMA in which the
mask part is almost unchanged, but a shorter,
wider metal tube with a 90° bend in it with a han-
dle replaces the flexible tube (Fig. 2.4). It is
inserted using a similar technique as for a stan-
dard LMA, but by holding the handle rather than
using one’s index finger as a guide. A specially
designed reinforced, cuffed, tracheal tube can
then be inserted, which will almost always pass
into the trachea, due to the shape and position of
the ILMA. Once it has been confirmed that the
tube lies in the trachea, the ILMA can either be
left in place or removed. This device has proved
to be very popular in cases where direct laryngos-
copy does not give a good view of the larynx and
tracheal intubation fails. The most recent devel-
opment is the C-Trach®, in which the larynx is
viewed from the mask aperture using/via a fibre
optic cable attached to a small monitor posi-
tioned at the proximal end of the device (Fig. 2.5).

Tracheal tubes

These are manufactured from plastic (PVC), are
single use to eliminate cross-infection, and are
sized according to their internal diameter. They
are available in a range of sizes at 0.5 mm diame-
ter intervals making them suitable for use in all
patients from neonates to adults, and are long



The tracheal tubes used during adult anaesthe-
sia have an inflatable cuff to prevent leakage of
anaesthetic gases back past the tube when posi-
tive pressure ventilation is used, and also to pre-
vent aspiration of any foreign material into the
lungs. The cuff is inflated by injecting air via a
pilot tube, at the distal end of which is a one-way
valve to prevent deflation and a small ‘balloon’ to
indicate when the cuff is inflated. A wide variety
of specialized tubes have been developed, exam-
ples of which are shown in Fig. 2.6a—d.

* Reinforced tubes: used to prevent kinking and
subsequent obstruction as a result of the posi-
tioning of the patient’s head.

Figure 2.5 C-Trach™: an ILM with integrated fibre e Preformed tubes: used during surgery on the

optics to allow an indirect view of the larynx. head and neck, and are designed to take the
connections away from the surgical field.

e Double lumen tubes: effectively two tubes

enough to be used orally or nasally. A standard welded together side-by-side, with one tube
15 mm connector is provided to allow connection extending distally beyond the other. They are
to the breathing system. used during thoracic surgery, and allow one

Figure 2.6 Tracheal tubes: (a) standard, (b) preformed (RAE tube), (c) reinforced tube, (d) double lumen tube.



lung to be deflated whilst ventilation is main-
tained via the bronchial portion in the opposite
lung.

o Uncuffed tubes: used in children up to approxi-
mately 8 years of age as the narrowing in the
subglottic region provides a natural seal. (Spe-
cialized cuffed tubes for children below this age
are used in some paediatric units.)

Laryngoscopes

Direct

These are the traditional laryngoscopes, designed
to allow direct visualization of the larynx to facili-
tate the insertion of a tracheal tube. They consist
of a blade with a light at the tip, attached to a han-
dle that contains the batteries for the light. The

most popular type in use is the curved blade
designed by, and named after, Sir Robert Macin-
tosh (Fig. 2.7a). Different sized blades are availa-
ble. There have been many developments in the
design of this device, and one of the most suc-
cessful is the McCoy blade (Figs 2.7b and c). This
has a flexible tip operated by a lever adjacent to
the handle that increases the elevation of the epi-
glottis to improve the view of the larynx. Occa-
sionally a straight-bladed laryngoscope may be
used, such as the Magill blade.

Indirect

Recently, numerous devices have been developed
that make use of advanced optics and electronics
in order to overcome the difficulties when the lar-
ynx cannot be directly visualized using the

(d)

Figure 2.7 Laryngoscopes: (a) Macintosh, (b) McCoy, (c) McCoy with tip flexed, (d) McGrath.



laryngoscopes described above. The operator can
visualize the larynx either by ‘looking through’
these devices or by having the image displayed on
a separate screen. Some examples that highlight
the different technologies used are included here:

¢ Videolaryngoscopes, for example the McGrath
Scope (Fig. 2.7d). There are several of these
devices available from different manufacturers.
They are more like a conventional laryngoscope
except that they have a small camera at the tip.
This image is displayed on a small screen and
allows a better view of the larynx. Also, some of
them have modified shaped blades or tracheal
tube guides to help with tube placement. These
devices may also have a role to play in training
as a supervisor can see what the student sees
and offer advice and guidance to improve
technique.

¢ Fibreoptic bronchoscope (Fig. 2.8). A narrow
diameter flexible bronchoscope that transmits
the image from the tip of the scope via thou-
sands of small diameter glass fibres to an eye
piece or a display monitor. The tip is manoeu-
vrable from the handle to help guide the scope
in the right direction, and there is a suction
channel to remove any secretions from the air-
ways. An appropriate size and length tracheal
tube is loaded onto the bronchoscope which is
then inserted into either the nose or the mouth
and advanced until it lies in the trachea. Once
the tip of the bronchoscope is inside the tra-
chea the tracheal tube is passed over the scope
until it is seen to pass the tip of the scope and
also lie in the trachea. Then the bronchoscope
is removed and the tracheal tube cuff is inflated
and it is connected to the breathing system.
This procedure can be done with the patient

Figure 2.8 Fibreoptic intubating bronchoscope.
A tracheal tube has been mounted ready to advance
into the trachea.

Figure 2.9 Airtraq®™, a single-use device for
intubation. Allows an indirect view of the larynx and
has a guide to insert the tracheal tube.

awake, following suitable sedation and airway
anaesthesia, or with the patient anaesthetised.

« Airtraq™ (Fig. 2.9). This device uses a prism to
aid with visualizing the larynx, and a slot on the
side into which the tracheal tube is inserted
that helps with placement of the tube.

e Optical stylets (Fig. 2.10). Very similar in
principle to the flexible fibre optic bronchoscope
except that they are rigid, and only suitable for
oral use in patients under general anaesthesia.

Figure 2.10 Optical stylets. Bonfils (above), Shikani
(below).
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Gum elastic bougie

This is a 60 cm-long malleable introducer, with a
slightly angled tip. Its construction allows it to be
bent into a gentle curve before it is introduced
so that it can be directed blindly behind the
epiglottis into the trachea. It is then rigid enough
to allow a tracheal tube to be passed over it.

The safe delivery
of anaesthesia

The delivery of gases
to the operating theatre

Most hospitals use a piped medical gas and vac-
uum system (PMGV) to distribute oxygen, nitrous
oxide, medical air and vacuum. The pipelines’ out-
lets act as self-closing sockets, each specifically
configured, coloured and labelled for one gas. Oxy-
gen, nitrous oxide and air are delivered to the
anaesthetic room at a pressure of 400 kilopascals
(kPa) (4 bar, 60 pounds per square inch (psi)). The
gases (and vacuum) reach the anaesthetic machine
via flexible reinforced hoses, colour-coded throu-
ghout their length (oxygen — white, nitrous oxide —
blue, vacuum - yellow). These attach to the wall
outlet via a gas-specific probe and to the anaes-
thetic machine via a gas-specific nut and union.
Cylinders are used as reserves in case of pipeline
failure. The gas content has traditionally been indi-
cated by the colour of the body and shoulder of the
cylinder (Table 2.1), although the contents must
always be confirmed by checking the attached
label. However, recent legislation has proposed
that all medical gas cylinders should have a white
body with coloured shoulders (Table 2.1). This

Table 2.1 Medical gas cylinder colours

change will occur gradually, being complete by
2025. In the interim period, to limit errors, the con-
tent will be written on the body of all cylinders. All
cylinders have a pin-index safety mechanism to
prevent the connection of the wrong cylinder to
the wrong terminal on the anaesthetic machine.

Oxygen

Piped oxygen is supplied from a liquid oxygen
reserve, where it is stored under pressure (7-10 bar,
1000kPa) at approximately minus 160 °C in a vac-
uum-insulated evaporator (VIE), effectively a large
thermos flask. Gaseous oxygen is removed from
above the liquid, or at times of increased demand,
by vaporizing liquid oxygen using heat from the
environment. The gas is warmed to ambient air
temperature en route from the VIE to the pipeline
system. A reserve bank of cylinders of compressed
oxygen is kept adjacent to the VIE in case the main
system fails. A smaller cylinder is attached directly
to the anaesthetic machine as an emergency
reserve. The pressure in a full cylinder is of oxygen
is 13700kPa (137bar, 2000 psi) and this falls
proportionately as the cylinder empties.

Nitrous oxide

Piped nitrous oxide is supplied from several large
cylinders joined together to form a bank and
attached to a common manifold. There are usu-
ally two banks, one running with all cylinders
turned on (duty bank), and a reserve. In addition,
there is a small emergency supply. Smaller cylin-
ders are attached directly to the anaesthetic
machine. At room temperature, nitrous oxide is a
liquid within the cylinder, and while any liquid
remains the pressure within the cylinder remains
constant 5400 kPa (54 bar, 800 psi). When all the

Old colour New colour
Gas Body Shoulder Body Shoulder
Oxygen Black White White White
Nitrous Oxide Blue Blue White Blue
Entonox Blue Blue/white White Blue/white
Air Grey White/black White Black/white
Carbon dioxide Grey Grey White Grey
Helium/oxygen Brown Brown/white White Brown/white



liquid has evaporated, the cylinder contains only
gas and as it empties, the pressure falls to zero.

Medical air

This is supplied either by a compressor or in cyl-
inders. A compressor delivers air to a central res-
ervoir, where it is dried and filtered to achieve the
desired quality before distribution. Air is supplied
to the operating theatre at 400 kPa for anaesthetic
use, and at 700 kPa to power medical tools.

Vacuum

The final part of the PMGV system is medical vac-
uum. Two pumps are connected to a system that
must be capable of generating a vacuum of at
least 50 kPa below atmospheric pressure. This is
delivered to the anaesthetic rooms, operating
theatres and other appropriate sites. At several
stages between the outlets and the pumps
there are drains and bacterial filters to prevent
contamination by aspirated fluids.

The anaesthetic machine
Its main functions are to:

¢ reduce the high pressure gases from either the
pipeline or cylinders to a pressure that is safe
for onward delivery to the patient;

e control the flow of gases allowing a known,
accurate, and adjustable composition to be
delivered into the anaesthetic breathing system.

In addition to these functions, many modern
anaesthetic machines contain integral monitoring
equipment and ventilators.

Reduction of pressure

Cylinders contain gases at very high pressures
(see above) which can vary depending on the con-
tent or temperature of the cylinder. The gas from
them first passes through reducing valves to
ensure a constant supply of gas at 400kPa is
delivered to the flowmeters. As piped gases are
already delivered at 400 kPa, no further pressure
reduction is required.

Control of flow of gases

Traditionally, on most anaesthetic machines, this
has been achieved by the use of flowmeters
(‘rotameters’; Fig. 2.11):

Figure 2.11 Oxygen, air and nitrous oxide flowmeters
on an anaesthetic machine.

¢ a specific, calibrated flowmeter is used for
each gas;

a needle valve controls the flow of gas through
the flowmeter;

¢ where accurate, low flows are required, two
tubes are used in series, the first has a smaller
diameter and a narrow, low flow range (e.g. 0-
0.5L/min), the second is wider with a greater
flow range (0.5-10 L/min);

a rotating bobbin floats in the gas stream, its
upper edge indicating the rate of gas flow;
several flowmeters for different gases (oxygen,
air and nitrous oxide), are mounted with oxygen
to the left; the control for oxygen has a different
knurled finish and is usually more prominent;

¢ flowmeters do not regulate pressure.

L]

Anaesthetic machines have several safety fea-
tures built into the gas delivery system:

¢ the oxygen and nitrous oxide controls are
linked preventing less than 25% oxygen from
being delivered;

¢ an emergency oxygen ‘flush’ device can be used
to deliver pure oxygen at greater than 40 L/min
into the breathing system;



* an audible alarm to warn of failure of oxygen
delivery — this discontinues the nitrous oxide
supply and if the patient is breathing spontane-
ously air can be entrained;

* a non-return valve to minimize the effects of
back-pressure on the function of flowmeters
and vaporizers.

Increasingly, on many modern anaesthetic
machines, flowmeters have been replaced with
electronic control of gas flow. The anaesthetist
simply dials in the required flow and this is deliv-
ered into the anaesthetic system. The flow of gas
is then displayed on a monitor screen either
numerically or as an analogue representation of a
flowmeter.

The addition of anaesthetic
vapours

This is achieved by the use of vaporizers, devices
that produce a very accurate concentration of
each inhalational anaesthetic drug (Fig. 2.12):

* Vaporizers produce a saturated vapour from a
reservoir of liquid anaesthetic.

Figure 2.12 Sevoflurale vaporizer (left) and
desflurane vaporizer (right) on an anaesthetic
machine. Note the interlock positioned between the
dials to prevent giving both vapours concurrently.

* The final concentration of anaesthetic is con-
trolled by varying the proportion of gas passing
into the vapour chamber.

* Vaporization of the anaesthetic results in loss of
latent heat causing the remaining anaesthetic
liquid to cool and reduces further vaporization.
This would result in a fall in the concentration
of anaesthetic delivered to the patient. To cir-
cumvent this problem, vaporizers incorporate a
mechanism to compensate for the fall in
temperature.

* Most anaesthetic machines allow more than
one vaporizer to be fitted at any time. To pre-
vent more than one vapour being given, an
interlock device is fitted. This is usually a
mechanical device that prevents more than one
vaporizer being turned on simultaneously.

The resultant mixture of gases and vapour is
finally delivered to a common outlet on the
anaesthetic machine. From this point, specialized
breathing systems are used to transfer the
gases and vapours either to the patient or the
ventilator.

Anaesthetic breathing systems

The mixture of anaesthetic gas and vapour travels
from the anaesthetic machine to the patient via
an anaesthetic ‘circuit’ or, more correctly, an
anaesthetic breathing system, and finally to the
patient’s lungs via a facemask, laryngeal mask or
tracheal tube. Historically a number of different
breathing systems were used but nowadays these
have largely been replaced by circle systems. The
details of these systems are beyond the scope of
this book but they all have a number of common
features, described below. As several patients in
succession may breathe through the same sys-
tem, a low-resistance, disposable bacterial filter is
placed at the patient end of the system, and
changed between each patient to reduce the risk
of cross-infection. Alternatively, disposable sys-
tems can be used, which are changed between
each patient.

Components of a breathing
system

All systems consist of the following:

e A connection for fresh gas input: usually the
common gas outlet on the anaesthetic
machine.
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e A reservoir bag: Usually of 2L capacity. This
allows; the patient’s peak inspiratory demands
(30-40 L/min) to be met with a lower constant
flow from the anaesthetic machine, manual
ventilation of the patient if needed, an indica-
tion of ventilation in a spontaneously breathing
patient, and acts as a further safety device,
being easily distended at low pressure if
obstruction occurs.

* An adjustable expiratory valve: To vent expired
gas, helping to eliminate carbon dioxide.
During spontaneous ventilation, resistance to
opening is minimal so as not to impede

expiration. Closing the valve allows manual
ventilation by squeezing the reservoir bag.

The circle system

Many traditional anaesthetic breathing systems
used high flows of gases and vapour to prevent
rebreathing of expired gases and hypercarbia.
The expired gas was vented to the atmosphere,
thereby ‘wasting’ the oxygen and anaesthetic
vapour it contained. The circle system (Fig. 2.13)
overcomes this inefficiency by ‘recycling’ some
of the expired gas mixture:

(a)

Fresh gas
input

Reservoir
bag

Figure 2.13  (a) Diagrammatic representation of a circle system. (I, inspiratory; E, expiratory valves). (b) Circle
system on an anaesthetic machine. Most of the components shown in the diagram are integrated; only the
inspiratory and expiratory tubing, the reservoir bag and soda lime container are obvious.
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* the expired gases are passed through a con-
tainer of soda lime (the absorber), a mixture of
calcium, sodium and potassium hydroxide that
removes carbon dioxide chemically;

* after the carbon dioxide has been removed the
expired gas has supplementary oxygen and
anaesthetic vapour added to maintain the
desired concentrations, and the mixture is
rebreathed by the patient;

* the gases are warmed and humidified as they
pass through the absorber (a consequence of
the reaction that removes carbon dioxide);

* as a result, gas flows from the anaesthetic
machine can be as low as 0.3-0.5 L/min.

There are several points to note when using a
circle system.

e The inspired gas is a mixture of expired and
fresh gas. Its composition is affected by a num-
ber of factors including; absorption of anaes-
thetic by the patient and fresh gas flow. As a
result, the concentration of oxygen and anaes-
thetic vapour within the circle does not corre-
late with what has been set on the vaporizer.
For this reason the inspired oxygen and anaes-
thetic vapour concentration must be monitored
to ensure that the patient is not rendered
hypoxic or suffer awareness due to inadequate
anaesthesia.

e An indicator is incorporated into the soda lime
so that when it is unable to absorb any more
carbon dioxide the granules change colour.
One of the commonly used preparations
changes from pink to white.

Patients can breathe spontaneously or can be
ventilated via any of the anaesthetic breathing
systems.

Mechanical ventilation

A wide variety of anaesthetic ventilators is availa-
ble, each of which functions in a slightly different
way. An outline of the principles of mechanical
ventilation is given and the interested reader
should consult ‘further useful information’ at the
end of the chapter.

During spontaneous ventilation, negative
intrathoracic pressure is generated, causing gas
to move into the lungs. This process is reversed
during mechanical ventilation. A positive
pressure is applied to the anaesthetic gases to
overcome airway resistance and elastic recoil
of the chest, causing gas flow into the lungs.

This technique is wusually referred to as
intermittent positive pressure ventilation (IPPV).
In order to generate the positive pressure,
the ventilator requires a source of energy: gener-
ally gas pressure or electricity. In both sponta-
neous and mechanical ventilation, expiration
occurs by passive recoil of the lungs and
chest wall.

During mechanical ventilation the following
can be controlled:

¢ tidal volume;

* respiratory rate;

* the mode of ventilation, usually a choice
between volume and pressure controlled;

* the inspiratory and expiratory times;

* peak inspiratory pressure;

e the use of positive end expiratory pressure
(PEEP).

Modes of ventilation

Anaesthetists can select the tidal volume that
they want the ventilator to deliver to the patient.
This is volume-controlled ventilation. It results in
the generation of a pressure within the airway
that is dependent on the volume set and the com-
pliance of the patient’s respiratory system. The
pre-set volume will be delivered but this may
result in high airway pressures and damage to the
lungs (barotrauma) if there is poor respiratory
compliance. The alternative is to set the maxi-
mum airway pressure generated by the ventilator;
this results in a tidal volume dictated by the pres-
sure set, and will vary depending on the patient’s
respiratory compliance. This is called pressure
controlled ventilation (PCV) and its use reduces
the risk of barotrauma, but may result in
unpredictable tidal volumes with consequent
hyper- or hypoventilation. A third ventilator
mode found on anaesthetic machines is pressure
support ventilation (PSV). This is used when the
patient is breathing spontaneously but their own
respiratory effort results in inadequate tidal vol-
umes. In this case the anaesthetist can set the
ventilator to detect a spontaneous breath and
then provide a little positive pressure to help
increase the tidal volume.

In all of these modes positive end-expiratory
pressure (PEEP) can be applied to try and pre-
vent the alveolar collapse that occurs when a
patient is under general anaesthesia, improve
respiratory compliance and improve ventila-
tion/perfusion matching.



Figure 2.14 Modern integrated anaesthetic machine
and monitors.

The modern anaesthetic machine

Advances in technology have allowed virtually all
of the above functions to be integrated into a sin-
gle unit (Fig. 2.14). Electronic controls (Fig. 2.15)
then allow the anaesthetist to determine:

¢ spontaneous or controlled ventilation;
¢ the flow of each gas required;
e the inspired oxygen concentration.

Some machines allow the vapour concentra-
tion to be set; on others the concentration
from the vaporizer is set and adjusted to
achieve the required end tidal concentration.
All of the above are monitored and displayed,
and can be set to alarm if they fall outside pre-
determined limits. In case of power failure
there is a back-up battery supply to maintain
key operations and, if this fails, the patient can
still be ventilated manually.

Minimizing theatre pollution

Unless special measures are taken, the atmosphere
in the operating theatre will become polluted with

Figure 2.15 Close-up of controls and display of the
anaesthetic machine in Fig. 2.14.

anaesthetic gases. The breathing systems and
mechanical ventilators described vent varying vol-
umes of excess and expired gas into the atmo-
sphere, the patient expires anaesthetic gas during
recovery and there are leaks from anaesthetic
apparatus. Although no conclusive evidence exists
to link prolonged exposure to low concentrations
of inhalational anaesthetics with any risks, it
would seem sensible to minimize the degree of
pollution within the operating theatre environ-
ment. This can be achieved in a number of ways:

¢ reducing the flow of gases, for example by use
of a circle system;

¢ avoiding the use of gases, for example by use of
total intravenous anaesthesia (TIVA) (see Chap-
ter 4) or regional anaesthesia;

¢ using air conditioning in the theatre;

e scavenging systems.

Scavenging systems

These collect the gas vented from breathing sys-
tems and ventilators and deliver it via a pipeline
system to the external atmosphere. The most
widely used is an active system in which a small
negative pressure is applied to the expiratory
valve of the breathing system or ventilator to
remove gases to the outside environment. The
patient is protected against excessive negative
pressure being applied to the lungs by valves with
very low opening pressures. The use of such sys-
tems does not eliminate the problem of pollution;
it merely shifts it from one site to another;
both nitrous oxide, and to a lesser extent the
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inhalational anaesthetics, are potent destroyers of
ozone, thereby adding to the greenhouse effect.

Intravascular cannulas

All patients undergoing anaesthesia need intra-
venous access in order to administer fluids, blood
and drugs. There are a range of different lengths
and diameters available and in general the term
‘cannula’ is used for those less than 7 cm in length
and ‘catheter’ for those more than 7 cm long. The
external diameter is quoted in terms of its gauge
(g), and also in millimetres, and the maximum
flow rate is usually quoted on the packet. The
main types of cannula used are:

e Cannula over needle. The most common design,
available in sizes ranging from 14 g (2.1 mm) to
24 g (0.7 mm) and colour coded according to size.
They consist of a plastic cannula mounted on
a metal needle with the bevel protruding. At
the other end of the needle is a transparent
‘flashback chamber’, which can be seen to fill
with blood once the needle bevel lies within the
vein. All devices have a luer-lock fitting for attach-
ment to a giving set. Some devices have ‘wings’ so
an adhesive dressing can be used to stick it to the
skin and some have a valved injection port for
administering drugs. Manufacturers have devel-
oped ‘safety’ versions of their cannulas, which
incorporate a way of covering the sharp bevel of
the needle once it is removed from the cannula
to prevent needlestick injuries and these are
becoming increasingly popular (Fig. 2.16).

Seldinger type. These are mainly used for cen-
tral venous catheterization. Peripheral devices
are available and are usually of large diameter
for use when large flow rates are needed.

Safety cannula. Once the needle is
withdrawn from the cannula, the tip is protected to
reduce the risk of a needlestick injury.

Some patients may require an arterial line for
close monitoring of their blood pressure (see
below). There are two commonly used devices to
achieve this. The first resembles a cannula-over-
needle intravenous cannula except that the valved
injection port is removed (to prevent mistaken
intra-arterial drug injection) and replaced with a
flow-switch. The second type of device is a small
Seldinger cannula. Both are made of plastic, are
parallel sided and in adults of 20 g diameter.

Giving sets and fluid warmers

Fluid and blood are administered to the patient
from a bag hung on a drip stand through a giving
set connected to the luer-lock fitting on their
intravenous cannula. Different giving sets exist
for different purposes; some are specifically
designed to be used with certain makes of
infusion pumps. In general, giving sets for intra-
venous fluids have a single drip chamber without
a filter and narrower diameter tubing. Giving sets
for use with blood and blood products have an
additional drip chamber with a mesh filter to filter
out any clots and wider diameter tubing.

Intravenous fluids are often at ambient temper-
ature (20°C), while blood and blood products
may be as cold as 4°C when given, which can
lead to significant cooling of the patient; to pre-
vent this, fluids are often warmed as they are
being given. This can be achieved by passing the
fluid through a section of a giving set with two
concentric lumen, where the outer lumen con-
tains a warming fluid, or by passing the fluid past
heated plates. Different systems have varying
maximum flow rates and varying efficiencies, but
the aim is to heat the fluid being infused to as
close to body temperature as possible.

Patient warming

Most patients’ core temperature falls during
anaesthesia as a result of exposure to a cold envi-
ronment, evaporation of fluids from body cavities,
being given cold intravenous fluids and breathing
dry, cold anaesthetic gases. This is compounded
by the loss of body temperature regulation and
inability to shiver. Hypothermia is associated
with delayed recovery and increased post-
operative complications and must be prevented.
The commonest technique used is forced air
warming, a process in which warm air is blown
over the surface of the patient that is not exposed



for surgery via a perforated blanket (single patient
use). Alternative methods are to lie the patient on
a mattress heated either electrically or by perfu-
sion with warm water.

Cell savers

These machines are used to reduce the need for
allogenic blood transfusion where significant
bleeding is expected, for example aortic aneurysm
surgery, cardiac surgery and major orthopaedic
surgery. The machine incorporates a suction unit
that the surgeon uses to collect the patient’s
blood from the surgical field. This collected blood
is then mixed with heparinized saline to prevent it
clotting, passed though a filter to remove fat and
other debris and then centrifuged to remove all
other blood cells and leave a concentrate of red
cells. These are then resuspended in solution
ready for transfusion back to the patient.

Ultrasound

This uses very high-frequency sound waves emit-
ted from a probe and reflected back from body
tissues to detect changes in tissue density. A com-
puter then interprets the reflected waves and
constructs an image that can be displayed on a
screen to visualize a patient’s anatomy. Recently
there has been increasing use of ultrasound by
anaesthetists to guide needle placement during
procedures such as central venous catheter inser-
tion or peripheral nerve blocks. The aim is that
keeping the needle tip under constant vision dur-
ing the procedure will reduce the chance of com-
plications and increase effectiveness of nerve
blocks by better placement of local anaesthetic.
Ultrasound is also increasingly being used for
diagnostic purposes in trauma, for example
Focused Assessment with Sonography in Trauma
(FAST scanning), and in the ITU, for example to
look for pleural and pericardial effusions and
estimate cardiac function (filling, contractility,
valve function).

Syringe pumps

There are syringe pumps available that incorpo-
rate sophisticated software that is able to predict
the plasma and effect site concentrations of drugs
being infused, for example propofol and remifen-
tanil, using complicated mathematical models.
The anaesthetist enters patient details such as
sex, BMI, age, and the target concentration, and

Anaest

the syringe pump will calculate the necessary
infusion rate. This is called Target Controlled
Infusion (TCI). This allows for delivery of appro-
priate concentrations of drugs, enabling accurate
titration of effect such that patients can undergo
conscious sedation or Total Intravenous Anaes-
thesia (TIVA).

Measurement
and monitoring

Measurement and monitoring are closely linked
but are not synonymous. A measuring instrument
becomes a monitor if it is capable of delivering a
warning when the variable being measured falls
outside preset limits. During anaesthesia, both
the patient and the equipment being used are
monitored.

Monitoring the patient

Monitoring of the ECG, blood pressure (non-inva-
sive), pulse oximetry, capnometry, and oxygen
and vapour concentrations is now regarded as
essential for the safe conduct of anaesthesia. Vari-
ous other parameters may also be monitored
depending on the patient and the operation.

The ECG

This is easily applied and gives information on
heart rate and rhythm, and may indicate the pres-
ence of ischaemia and acute disturbances of cer-
tain electrolytes (for example, potassium and
calcium). It can be monitored using three leads —
one applied to the right shoulder (red), another to
the left shoulder (yellow) and a third to the left
lower chest (green), which will give a tracing
equivalent to standard lead II of the 12-lead ECG.
Many ECG monitors now use five electrodes
placed on the anterior chest to allow all the stan-
dard leads and V5 to be displayed. The ECG
alone gives no information on the adequacy of
the cardiac output and it must be remembered
that it is possible to have a virtually normal ECG
with minimal cardiac output.

Non-invasive blood pressure

This is the most common method of monitoring
the patient’s blood pressure during anaesthesia
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and surgery. Auscultation of the Korotkoff sounds
is difficult in the operating theatre, so automated
devices are widely used. A cuff, commonly
placed around the arm over the brachial artery,
is inflated by an electrical pump. The cuff then
undergoes controlled deflation. A microprocessor-
controlled pressure transducer detects variations
in cuff pressure resulting from transmitted arterial
pulsations. Initial pulsations represent systolic
blood pressure and peak amplitude of the pulsa-
tions equates to mean arterial pressure. Diastolic
is then calculated using an algorithm.

Heart rate is also determined and displayed.
The pneumatic cuff must have a width that is
40% of the arm circumference and the internal
inflatable bladder should encircle at least half
the arm. If the cuff is too small, the blood
pressure will be overestimated, and if it is too
large it will be underestimated. The frequency
of blood pressure estimation can be set, and
the monitor can be set to alarm if the recorded
blood pressure falls outside predetermined lim-
its. Such devices cannot measure pressure con-
tinually, and become increasingly inaccurate at
extremes of pressure and in patients with an
arrhythmia.

Pulse oximeter

A probe, containing a light-emitting diode (LED)
and a photodetector, is applied across the tip of a
digit or earlobe. The LED emits light, alternating
between two different wavelengths in the visible
and infrared regions of the electromagnetic spec-
trum. These are transmitted through the tissues
and absorbed to different degrees by the tissues,
oxyhaemoglobin and deoxyhaemoglobin. The in-
tensity of light reaching the photodetector is con-
verted to an electrical signal. Absorption by the
tissues and venous blood is constant but absorp-
tion by arterial blood varies with the cardiac cycle,
this allows determination of the peripheral arterial
oxygen saturation (SpO,), both as a waveform and
digital reading.

Pulse oximeters are accurate to +2% with SpO.,
>90%. The waveform can also be interpreted to
give a reading of heart rate. Alarms can be set for
levels of saturation and heart rate. Therefore, the
pulse oximeter gives information about both
the circulatory and respiratory systems and has the
advantages of:

* providing continuous monitoring of oxygen-
ation at tissue level;

* being unaffected by skin pigmentation;
e portability (mains or battery powered);
* being non-invasive.

Despite this, there are a number of important
limitations of this device:

e there is failure to appreciate the severity of
hypoxia; a saturation of 90% equates to a PaO,
of 8 kPa (60 mmHg) because of the shape of the
haemoglobin dissociation curve;

e it is unreliable when there is severe vaso-
constriction due to the reduced pulsatile com-
ponent of the signal;

e itis unreliable with certain haemoglobins:

o carboxyhaemoglobin; results in overestima-
tion of Sa0y;

o methaemoglobinaemia; at an SaO, > 85%
results in underestimation of the saturation;

* it progressively under-reads the saturation as
the haemoglobin falls (but it is not affected by
polycythaemia);

e itis affected by extraneous light;

e it is unreliable when there is excessive move-
ment of the patient;

¢ the pulse oximeter is not an indicator of the
adequacy of alveolar ventilation as hypoventila-
tion can be compensated for by increasing the
inspired oxygen concentration to maintain oxy-
gen saturation.

In many modern anaesthetic systems the above
monitors are integrated and displayed on a single
screen (Fig. 2.17).
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Integrated monitor displaying ECG
and heart rate, non-invasive blood pressure (mmHg),
arterial waveform and invasive blood pressure, central
venous pressure (CVP) waveform, pulse oximeter
waveform, saturation and temperature.



Capnometry

The capnometer (often referred to as a capno-
graph) works on the principle that carbon dioxide
(CO,) absorbs infrared light in proportion to its
concentration. In a healthy person, the CO, con-
centration in air at the end of expiration (PetCO,)
correlates well with the partial pressure in arterial
blood (PaCO,), the former being lower, by
5mmHg or 0.7 kPa. Analysis of gas in the breath-
ing system at the end of expiration (end-tidal CO,
concentration) reflects PaCO,. Capnometry is pri-
marily used as an indicator of the adequacy of
ventilation; PaCO, is inversely proportional to
alveolar ventilation. In patients with a low cardiac
output (for example, hypovolaemia, pulmonary
embolus), the gap between arterial and end-tidal
carbon dioxide increases (end-tidal falls), mainly
due to the development of increased areas of ven-
tilation/perfusion mismatch. The gap also
increases in patients with chest disease due to
poor mixing of respiratory gases. Care must be
taken in interpreting end-tidal CO, concentra-
tions in these circumstances. Modern capnome-
ters have alarms for when the end-tidal carbon
dioxide is outside preset limits. Other uses of
capnometry are given in Table 2.2.

Table 2.2 Uses of capnometry

e An indicator of the degree of alveolar ventilation:
o to ensure normocapnia during mechanical
ventilation
o control the level of hypocapnia in neurosurgery
o avoidance of hypocapnia where the cerebral
circulation is impaired, e.g. in the elderly

e As a disconnection indicator (the reading suddenly
falls to zero)

e To indicate that the tracheal tube is in the trachea
(CO, in expired gas)

e As an indicator of the degree of rebreathing
(presence of COs in inspired gas)

e As an indicator of cardiac output. If cardiac
output falls and ventilation is maintained, then
end-tidal CO falls as CO, is not delivered to the
lungs, e.g.

o hypovolaemia

o cardiac arrest, where it can also be used to
indicate effectiveness of external cardiac
compression

o massive pulmonary embolus

o [t may be the first clue of the development of
malignant hyperpyrexia
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Vapour concentration analysis

Whenever a volatile anaesthetic is given the con-
centration in the inspired gas mixture should be
monitored. This is usually achieved using infrared
absorption, similar to carbon dioxide. Each vola-
tile anaesthetic drug will absorb optimally at only
one wavelength, and the degree of absorption is
dependent on the volatile’s concentration. A sin-
gle device producing the correct wavelengths can
be calibrated for all of the commonly used inhala-
tional anaesthetics.

Peripheral nerve stimulator

This is used to assess neuromuscular blockade after
giving neuromuscular blocking drugs, for example
at the end of surgery, to see if the neuromuscular
block has reduced sufficiently to allow for reversal.
A peripheral nerve supplying a discrete muscle
group is stimulated transcutaneously with a current
of 50mA. The resulting contractions are observed
or measured. One arrangement is to stimulate the
ulnar nerve at the wrist whilst monitoring the con-
tractions (twitch) of the adductor pollicis. Although
most often done by looking at or feeling the
response, measuring either the force of contraction
or the compound action potential is more
objective. Sequences of stimulation used include:

e four stimuli each of 0.2 ms duration, at 2 Hz for
1.5, referred to as a ‘train-of-four’ (TOF);

¢ one stimulus at 50 Hz of 5s duration — that is, a
tetanic stimulus;

e two groups of three tetanic bursts at 50 Hz,
750 ms apart, called double-burst stimulation
(DBS).

During non-depolarizing neuromuscular block-
ade, there is a progressive decremental response to
all the sequences, termed ‘fade’. In the TOF, the
ratio of the amplitude of the fourth twitch (T4) to
the first twitch (T1) is used as an index of the
degree of neuromuscular blockade. The absence of
any response is seen either with profound neuro-
muscular block, for example shortly after a drug
has been given or is the result of failure to deliver a
stimulus. During depolarizing blockade, the
response to all sequences of stimulation is reduced
but consistent, that is, there is no fade.

Temperature

During anaesthesia the patient’s temperature
should be monitored continually in accordance
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with recent NICE guidelines. The most commonly
used device is a thermistor, a semiconductor that
varies in resistance according to its temperature.
This can be placed in the oesophagus (cardiac
temperature) or nasopharynx (brain tempera-
ture). The rectum can be used but, apart from
being unpleasant, faeces may insulate the therm-
istor, leading to inaccuracies. An infrared tym-
panic membrane thermometer can be used
intermittently, but the external auditory canal
must be clear. Although temperature is normally
measured to help identify and prevent hypother-
mia, a sudden unexpected rise in a patient’s tem-
perature may be the first warning of the
development of malignant hyperpyrexia (see
Chapter 6).

Invasive or direct blood pressure

This is the most accurate method for measuring
and monitoring blood pressure and is generally
reserved for use in complex, prolonged surgery or
sick patients. A cannula is inserted into a periph-
eral artery and connected via a fluid-filled tube to
a transducer that converts the pressure signal
into an electrical signal. This is then amplified
and displayed as both the arterial waveform
and systolic, diastolic and mean arterial blood
pressure (Fig. 2.17).

Central venous pressure (CVP)

This is measured by inserting a catheter via a cen-
tral vein (CVC), usually the internal jugular or
subclavian, so that its tip lies at the junction of
the superior vena cava and right atrium. It is then
connected as described above to display a wave-
form and pressure (Fig. 2.17).

Although absolute values of the CVP can be
measured, its trend is usually more informative.
Often a ‘fluid challenge’ is used in the face of a low
CVP. The CVP is measured, a rapid infusion of
fluid is given and the change in CVP noted. In the
hypovolaemic patient the CVP increases briefly
and then falls back to around the previous value,
whereas in the euvolaemic patient the CVP will
show a greater and more sustained rise. Over-
transfusion will be seen as a high, sustained CVP.

Central venous pressure is usually monitored
during operations in which there is the potential
for major fluid shifts, blood loss, or those patients
in whom even small fluid shifts may be detrimen-
tal, for example heart failure. It is affected by a

Table 2.3 Factors affecting the central
venous pressure

e The zero reference point
e Patient posture
e Fluid status
o Heart failure
e Raised intrathoracic pressure:
o mechanical ventilation
o coughing
o straining
e Pulmonary embolism
e Pulmonary hypertension
e Tricuspid valve disease
e Pericardial effusion, tamponade
e Superior vena cava obstruction

variety of other factors apart from fluid balance
(Table 2.3), in particular cardiac function and pos-
itive pressure ventilation. Hypotension in the pres-
ence of an elevated CVP (absolute or in response
to a fluid challenge) may indicate heart failure.
However, most clinicians would now accept that
in these circumstances monitoring left ventricular
function with either transoesophageal Doppler or
one of the pulse analysis cardiac output monitor-
ing devices is preferable.

Oesophageal Doppler cardiac
output monitoring

Insertion of an oesophageal Doppler probe is rel-
atively non-invasive, the ultrasound emitter-
sensor being passed into the oesophagus to
lie just behind the descending aorta, in a tech-
nique similar to that of inserting a nasogastric
tube (Fig. 2.18). The underlying principle behind
it is that flow through a cylinder (aorta) is propor-
tional to its cross sectional area and the velocity
of the fluid (measured using Doppler shift). Pre-
vious devices calculated the blood flow in the
descending aorta and applied correction factors
for upper body blood flow to calculate total
cardiac output. Current devices (e.g. CardioQ-
ODM™) use a nomogram incorporating age,
weight and height to calibrate descending aortic
blood flow velocity directly against total cardiac
output, measured by thermodilation using a pul-
monary artery catheter. This eliminates the need
to make allowances for blood flow to the upper
body which can be a significant source of error.
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Transoesophageal Doppler monitor and
oesophageal probe.

Monitoring is continuous, acute changes in car-
diac output can be detected and because flow is
measured in the aorta, its accuracy is not affected
by changes in peripheral resistance. Optimal
results require alignment of the oesophageal
probe with the axial blood flow which may mean
minor adjustments of the probe position. The
oesophageal Doppler is a useful tool, particularly
in following trends in cardiac output following
fluid challenges (Fig. 2.19), and is now well estab-
lished in major abdominal surgery.

Pulse analysis cardiac output
monitoring

There are three systems currently available:

» PiCCO™: pulse contour continuous cardiac out-
put monitoring. This requires a CVC and spe-
cialized arterial catheter placed in a large
artery, such as the femoral artery. Calibration is
performed by injecting a fixed volume of cold
saline via the CVC and detecting the resulting
drop in blood temperature via the arterial cath-
eter to calculate cardiac output. Following this
the arterial waveform is continually analysed
and cardiac output calculated by reference to
the calibration reading.

¢ LiDCO™: lithium dilution continuous cardiac
output. This requires peripheral IV and arterial
cannulas. Calibration is performed by injecting
a known amount of lithium chloride through the
IV cannula. The change in blood lithium con-
centration is measured by drawing blood from
the arterial cannula past a lithium sensor and
cardiac output is calculated from this. Following
this, the arterial pulse pressure is continuously
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(a) Narrow waveform typical of
hypovolaemia. (b) Broadening of the waveform after
giving the patient an IV fluid challenge.

monitored and by reference to the calibration
readings, cardiac output is derived from an algo-
rithm that relates pulse pressure to blood flow.

Both of the above systems require regular
recalibration.

e Flotrac": this is an uncalibrated system and
only requires an arterial cannula to function.
This is attached to a specialized transducer
and monitor that allow detailed analysis of the
arterial waveform, that in turn calculates stroke
volume. As pulse rate is measured, cardiac
output can be calculated. The only other infor-
mation required are the patient’s age, sex and
weight to allow compliance to be estimated. All
three systems require high-quality arterial
waveforms, with no damping, to allow correct
evaluation of cardiac output.
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Bispectral index (BIS)

This is a method for monitoring the depth of
anaesthesia. General anaesthesia alters the elec-
troencephalogram (EEG) with a general reduction
in activity with increasing depth of anaesthesia.
Bispectral index records the complex and difficult
to interpret raw EEG data and processes it using
proprietary software to produce a number
between 0 (no cortical electrical activity) and 100
(fully awake) which can be used to indicate the
risk of recall or awareness. When used, most oper-
ators would accept a numerical value between 40
and 60 as appropriate for general anaesthesia.
Situations where BIS may be useful include when
it is not possible to monitor inspired and expired
volatile anaesthetic concentrations, for example
cardiopulmonary bypass or TIVA, when avoid-
ance of excessively deep anaesthesia is desirable,
as in haemodynamically unstable patients, and in
those at greater risk of awareness, such as those
with a previous episode of awareness under
general anaesthesia.

Blood loss

Strictly speaking, this is measured rather than
monitored. Simple estimates of blood loss during
surgery are easily performed. Swabs can be
weighed, dry and wet, the increase in weight giv-
ing an indication of the amount of blood they
have absorbed. The volume of blood in the suc-
tion apparatus can be measured, with allowance
for irrigation fluids. Such methods are only esti-
mates, as blood may remain in body cavities, be
spilt on the floor and absorbed by drapes and
gowns. In paediatric practice, where small vol-
umes of blood loss are relatively more important,
all absorbent materials are washed to remove the
blood and the resultant solvent analysed by color-
imetry to estimate blood loss.

Many other physiological parameters can be,
and are, measured during anaesthesia when
appropriate. Some examples are: clotting profiles
and haemoglobin concentration in patients
receiving a transfusion of a large volume of stored
blood; blood glucose in diabetic patients, and
arterial blood gas and acid-base analysis during
the bypass phase of cardiac surgery.

It is essential to recognize that the above stan-
dards apply not only to those patients undergoing
general anaesthesia, but also those receiving
sedation, local or regional anaesthesia and during
transfer.

Finally, one should never rely solely on moni-
tors — regular observation and examination of the
patient and clinical judgement are essential to
avoid acting on false information.

Monitoring the equipment

With the increasing reliance on complex
equipment to deliver anaesthesia, the AAGBI
recommends that there should be continuous
monitoring of the continuity of the oxygen
supply and correct functioning of the breathing
system.

Oxygen supply

All anaesthetic machines are fitted with a device
warning of oxygen supply failure. Continuous
monitoring of the oxygen concentration in the
inspired gas mixture is considered essential. This
is usually achieved using a fuel-cell oxygen analy-
ser that produces a current proportional to the
oxygen concentration, displayed as a numeric
value of oxygen concentration. It must be remem-
bered that the inspired oxygen concentration does
not guarantee adequate arterial oxygen saturation
as it may be insufficient to compensate for the
effects of hypoventilation and ventilation/perfu-
sion mismatch (see Chapter 7).

Breathing systems

Irrespective of whether the patient is breathing
spontaneously or being ventilated, capnometry
will alert the anaesthetist to most of the com-
mon problems, e.g. disconnection (loss of read-
ing), exhaustion of the CO, absorber (failure of
the reading to fall to zero during inspiration),
inadequate gas flow (increased end-tidal CO,
although hypoxia is a greater risk), hyper/hypo-
ventilation (decreased/increased end-tidal CO,,
respectively). In addition, when a patient is
mechanically ventilated, airway pressures must
be monitored to avoid excessive pressures
being generated within the lungs. Airway pres-
sure monitoring can also be used as a second-
ary indicator of inadequate ventilation in
ventilated patients; high pressures may be the
result of obstruction (for example, blocked tra-
cheal tube, bronchospasm), and loss of pres-
sure may be the result of a disconnection. The
latter function may be specifically used as a
‘disconnection alarm’.



FURTHER USEFUL
INFORMATION

Aitkenhead A, Rowbotham DJ, Smith G (eds).
Textbook of anaesthesia, 5th edn. Edinburgh:
Churchill Livingstone, 2006.

Al-Shaikh B, Stacey S. Essentials of anaesthetic
equipment, 3rd edn. Edinburgh: Churchill Liv-
ingstone, 2007.

Cook T, Howes B. Supraglottic airway devices:
recent advances. Continuing Education in
Anaesthesia, Critical Care and Pain. 2011;11
(2):56-61

[An article explaining the numerous variation of
the ‘classic LMA’ and their uses and pitfalls.]

McGuire B, Younger R. Rigid indirect laryngo-
scopy and optical stylets. Continuing Education
in Anaesthesia, Critical Care and Pain.
2010;10:48-51.

Yentis SM, Hirsch NP, Smith GB. Anaesthesia and
intensive care A to Z: an encyclopaedia of princi-
ples and practice. Edinburgh: Butterworth Hei-
nemann, 2003.

http://www.theairwaysite.com/pages/page_con-
tent/airway_equipment.aspx
[This site is aimed at emergency physicians and
orientated to American practice. It does,

37

however, contain some useful information
about airway equipment.]
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Short-answer questions

21

2.2

2.3

2.4

Describe briefly the physical principles of a pulse
oximeter. What circumstances limit the
usefulness of this device?

Describe how oxygen, nitrous oxide and medical
air are stored and supplied to the operating
theatres. What are the key safety characteristics
of the hoses carrying these gases in the
operating theatre?

What are the key functions performed by an
anaesthesia machine?

How do you size a non-invasive blood

pressure cuff? Why is it important to use the
correct size? Briefly describe the

principles of how an automated NIBP machine
works.

True/false questions

21

When using a circle anaesthetic breathing

system:

a carbon dioxide (CO,) from the patient is
flushed into the atmosphere to prevent it
being rebreathed;

b some of the gas expired by the patient is
rebreathed;

¢ the setting on the vaporizer indicates the
concentration of vapour in the circle;

d the patient cannot be allowed to breathe
spontaneously.

2.2

2.3

2.4

2.5

A pulse oximeter:

a is highly accurate at all readings of SpOa;

b gives a reliable indication of ventilation;

¢ gives a reliable indication of tissue
oxygenation;

d is reliable with all forms of haemoglobin.

A capnometer:

a works on the principle that carbon dioxide
absorbs ultraviolet light;

b gives the same reading as the PaCO;

¢ gives an indication of the adequacy of
ventilation;

d remains reliable in low cardiac
output states (for example, hypovolaemia).

With regard to medical gases:

a oxygen is supplied to the anaesthetic
machine by the piped system at a pressure
of 4000 kPa;

b the pipeline carrying nitrous oxide (N-O) is
coloured white;

¢ the flowmeters (rotameters) on the
anaesthetic machine reduce the pressure
of gas supplied to the patient;

d nitrous oxide in a full cylinder is present as
a liquid.

Supra-glottic airway devices:

a will prevent aspiration of gastric contents;

b are only suitable for use in spontaneously
breathing patients;

¢ have a moulded gel cuff to provide a
laryngeal seal;

d can only be used in adults.




Drugs and fluids used
during anaesthesia

\
@ Tips for anaesthesia attachments

During your anaesthetic attachment take the
opportunity to:

® discuss the pharmacology of the drugs
used in anaesthesia for:
o induction of anaesthesia;
o maintenance of anaesthesia;
o analgesia;
o achieving neuromuscular blockade in
different circumstances;
o prevention and treatment of nausea and
vomiting;
o local anaesthesia;
® discuss the different fluids used in the
perioperative period:
o crystalloids;
o colloids;
o blood and its components;
® discuss the indications and limitations of
the different fluids available;
® develop plans for postoperative fluid
management after different types of surgi-

cal procedures.
\__ 7 procect J

Anaesthetists have to be familiar with a wide
range of drugs - those directly associated with
anaesthesia, and also medications that may
impact upon anaesthesia. Furthermore, unlike in
most other branches of medicine, drugs associ-

ated with anaesthesia are almost always given
parenterally, either intravenously or via inhala-
tion, usually produce profound physiological
changes, and often have serious undesirable
actions in addition to their intended effects. As
well as drugs, many patients will also require
intravenous fluids, blood, and blood products
during anaesthesia, surgery, and postoperatively.

Premedication

This refers to any drugs given in the period before
induction of anaesthesia, in addition to those nor-
mally taken by the patient. Some drugs are given
with specific intentions.

Modification of pH and volume
of gastric contents

Patients are starved preoperatively to reduce the
risk of regurgitation and aspiration of gastric
acid at the induction of anaesthesia (see below).
However, certain high-risk groups may be given
specific therapy to try to increase the pH and
reduce the volume of gastric contents:

* women who are pregnant, particularly in the
later stages of pregnancy;

e patients who require emergency surgery;.

e patients with a hiatus hernia, who are at an
increased risk of regurgitation;

e patients who are morbidly obese.

Clinical Anaesthesia Lecture Notes, Fourth Edition. Carl Gwinnutt and Matthew Gwinnutt.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.
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A variety of drug combinations are used to try
and increase the pH and reduce the volume of
gastric contents:

* ranitidine (H, antagonist): 150 mg orally 12
hours and 2 hours preoperatively;

e omeprazole (proton pump inhibitor): 40 mg
3—4 hours preoperatively;

* metoclopramide: 10mg orally preoperatively —
it increases both gastric emptying and lower
oesophageal sphincter tone and is often given
in conjunction with ranitidine;

e oral sodium citrate (0.3m): 30mL orally to
chemically neutralize residual acid; it is most
commonly used immediately before induction
of anaesthesia for caesarean section.

If a naso- or orogastric tube is in place, this can
be used to aspirate gastric contents.

Analgesia

There has been interest in giving preoperative
analgesia to patients who are not in pain prior to
surgery, so called pre-emptive analgesia. It is
known that tissue damage during surgery leads to
an increased sensitivity of pain-conduction path-
ways in the peripheral and central nervous system.
This up-regulation makes postoperative pain more
severe and can lead to chronic pain problems.
The aim is that giving analgesia before the surgical
tissue damage will stop the sensitization resulting
in reduced postoperative pain, which is easier
to treat, and prevent chronic pain. So far this
approach has not shown a proven benefit.

Patients are sometimes also given oral analge-
sia (paracetamol or NSAIDs) prior to short day-
case procedures, for example knee arthroscopy
and cytoscopy simply to give enough time for it to
have its effect by the end of the operation.

Anti-emetics

These drugs are often given as a premed to try
and reduce the incidence of postoperative nausea
and vomiting (PONV). However, there is increas-
ing evidence that they are more effective if given
during or at the end of anaesthesia (see below).

Miscellaneous

A variety of other drugs are commonly given pro-
phylactically before anaesthesia and surgery, for
example:

e steroids: to patients on long-term treatment,
or who have received them within the past
3 months;

e antibiotics: to patients with prosthetic or dis-
eased heart valves or undergoing joint replace-
ment or bowel surgery;

* anticoagulants: as prophylaxis against deep
venous thrombosis;

e transdermal glyceryl trinitrate (GTN) as patches
for patients with ischaemic heart disease to
reduce the risk of coronary ischaemia;

e eutectic mixture of local anaesthetics (EMLA):
a topically applied local anaesthetic cream to
reduce the pain of inserting an IV cannula.

The majority of the patient’s own regular
medications should be taken as normal,
unless instructed otherwise by the
anaesthetist.

Intravenous anaesthetic
drugs

This group of drugs is most commonly used
to induce anaesthesia. After intravenous (IV)
injection, these drugs are carried in the blood-
stream into the cerebral circulation. As they are
very lipid soluble, they quickly cross the blood-
brain barrier, resulting in loss of consciousness.
Subsequently the drug is rapidly redistributed
to other tissues (initially the muscles and then
fat), and so the plasma and brain concentra-
tions fall and the patient recovers conscious-
ness. A single bolus of these drugs has a rapid
onset, short duration of action with rapid recov-
ery. Despite this, complete elimination of some
drugs, usually by hepatic metabolism, takes
much longer and repeated doses may lead to
accumulation and delayed recovery. This is
seen typically with thiopental and currently the
only exception to this is propofol (see below).
All these drugs cause depression of the cardio-
vascular and respiratory systems. The dose
required to induce anaesthesia is significantly
reduced in those patients who are elderly, frail,
hypovolaemic or have compromise of their car-
diovascular system. A synopsis of the drugs
commonly used is given in Table 3.1.



Table 3.1 Intravenous drugs used for the induction of anaesthesia and their effects
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Drug Induction  Speed of Duration  Effects on CVS Effects on RS Effects on Other side- Comments
CNS dose induction  of action CNS effects
(mg/kg) (s) (min)

Propofol 1.6-2.5 30-45 4-7 Hypotension, Apnoea up to 60s, Decreases Pain on Non-cumulative, repeated
worse if depression of CBF and ICP injection, injections or infusion used to
hypovolaemic or ventilation involuntary maintain anaesthesia (see
cardiac disease movement, TIVA)

hiccoughs

Etomidate 0.2-0.3 30-40 3-6 Relatively less Depression of Decreases Pain on Emulsion available, less
cardiovascular ventilation CBF and ICP, injection, painful.
depression anticonvulsant  involuntary No histamine release, non-

movement, cumulative, suppresses
hiccoughs steroid synthesis

Thiopental  2-6 20-30 9-10 Dose dependent Apnoea, depression Decreases Rare but Patients may ‘taste’ garlic or
hypotension, of ventilation CBF and ICP, severe onions!
worse if anticonvulsant  adverse Cumulative, delayed
hypovolaemic or reactions recovery after repeat doses
cardiac disease

Ketamine 1-2 50-70 10-12 Minimal in fit Minimal depression CBF Vivid Subanaesthetic doses cause
patients, better of ventilation, maintained, hallucinations  analgesia. Can be used as
tolerated if laryngeal reflexes profound sole anaesthetic drug in
cardiovascular better preserved, analgesia adverse circumstances, e.9.
compromise bronchodilation prehospital

Midazolam  0.1-0.3 40-70 10-15 Dose dependent Depression of Mildly Causes amnesia
hypotension, ventilation, worse in anticonvulsant
worse if elderly

CVS: cardiovascular system; RS: respiratory system; CNS: central nervous system; CBF; cerebral blood flow; ICP: intracranial pressure; TIVA: total intravenous anaesthesia.

hypovolaemic or
cardiac disease
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Inhaled anaesthetic
drugs

Although these drugs can be used to induce
anaesthesia, they are most commonly used to
maintain anaesthesia. Apart from nitrous oxide
(N20), they are halogenated hydrocarbons.
They all have relatively low boiling points, so they
evaporate easily at ambient temperature and
hence are often referred to as vapours. A con-
trolled amount of the vapour that is produced is
added to the fresh gas flow (oxygen and air or
nitrous oxide) and breathed by the patient. Once
in the lungs the vapour diffuses into the pulmo-
nary capillary blood and is distributed via the
systemic circulation to the brain and other tis-
sues. The depth of anaesthesia produced is
directly related to the partial pressure that the
vapour exerts in the brain, and this is closely
related to the partial pressure in the alveoli. The
rate at which the alveolar partial pressure can
be changed determines the rate of change in
the brain and hence the speed of, induction,
change in depth, and recovery from anaesthesia.
Even the most rapid induction using these drugs
takes several minutes to achieve the same depth
of anaesthesia that is achieved within seconds
of giving an IV anaesthetic drug. The inspired
concentration of all of these compounds is
expressed as the percentage by volume. All the
inhalational anaesthetics cause dose-dependent

depression of the cardiovascular and respiratory
systems. A synopsis of the currently used drugs
used is given in Table 3.2.

There are two concepts that will help in under-
standing the use of inhalational anaesthetics: sol-
ubility and minimum alveolar concentration
(MACQC).

Solubility

The rate of change of depth of anaesthesia is
determined by how quickly the alveolar, and
hence brain, partial pressure of anaesthetic can
be altered. One of the main factors governing
alveolar partial pressure for a given inhalational
anaesthetic is its solubility in blood. One that is
relatively soluble in blood (for example, isoflur-
ane) will dissolve readily in the plasma and not
exert a very high partial pressure. Consequently, a
relatively large amount of the anaesthetic has to
diffuse from the alveoli before the partial pressure
in the blood and the brain begins to rise. Con-
versely, if an agent is insoluble in blood (for exam-
ple, desflurane), only a small amount has to
diffuse from the alveoli into the blood to cause a
rise blood and brain partial pressure and there-
fore an increase in depth of anaesthesia can be
achieved more quickly. Reducing the depth or
recovery from anaesthesia follows similar princi-
ples in reverse; a greater amount of a soluble
agent will have to be excreted for the brain, blood
and alveolar partial pressure to fall, which takes
proportionately longer.

Table 3.2 Inhalational anaesthetic drugs and their effects

Compound MAC in Solubility Effect on Effect on Effect on CNS Comments
oxygen/ CVs RS
air
Sevoflurane  2.2% Low; rapid | BP, Depresses Minimal effect on Popular for
changes of vasodilatation  ventilation CBF at clinical inhalation
depth concentration induction
Desflurane 6.0% Low; rapid | BP, THR Depresses ~ Minimal effect on Pungent,
changes of ventilation CBF at clinical boils at 23°C
depth concentration
Isoflurane 1.3% Medium | BP, T HR, Depresses Slight T CBF and Pungency
vasodilatation  ventilation ICP limits use for
induction

MAC: minimum alveolar concentration; CVS: cardiovascular system; RS: respiratory system; CNS: central nervous system; BP:
blood pressure; HR: heart rate; CBF: cerebral blood flow; ICP: intracranial pressure; ECG: electroencephalograph.
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Other factors that determine the speed at which The effects of inhalational anaesthetics are
the alveolar concentration rises include: additive, therefore two values for MAC are often
quoted - the value in oxygen (Table 3.2) and the
value when given with a stated percentage of
nitrous oxide (which has its own MAC), which
will clearly be less. The value of MAC is also
affected by a number of other patient factors
(Table 3.3).

e A high inspired concentration, limited clinically
by the degree of irritation caused by the vapour.

o Alveolar ventilation. This is most pronounced
for drugs with a high solubility. As large
amounts are removed from the alveoli,
increasing ventilation ensures more rapid
replacement.

* Cardiac output: If high, this results in a greater Nitrous oxide
pulmonary blood flow, increasing uptake and
thereby lowering the alveolar partial pressure.
If low, the converse occurs and the alveolar
concentration rises more rapidly.

Nitrous oxide (N,O) is a colourless, sweet-
smelling, non-irritant vapour with moderate
analgesic properties but low anaesthetic
potency (MAC 105%). The maximum safe
inspired concentration that can be adminis-
Minimum alveolar concentration tered without the risk of causing hypoxia is
approximately 70%, therefore unconsciousness
or anaesthesia sufficient to allow surgery is
rarely achieved. Consequently, it is usually
given in conjunction with one of the other
vapours. Nitrous oxide is available in cylinders
premixed with oxygen as a 50:50 mixture called
‘Entonox’, which is used as an analgesic in
obstetrics and by the emergency services.

To compare the potencies and side effects of
the inhalational anaesthetics the concept of
minimum alveolar concentration (MAC) is used.
Minimum alveolar concentration is the concen-
tration required to prevent movement following
a surgical stimulus in 50% of subjects. At 1
MAC, or multiples thereof, the anaesthetic
effect of different drugs will be the same and a
comparison of the side-effects can be made. .
Compounds with a low potency (such as des- SyStemlc effects
flurane) will have a high MAC; those with a  « Cardiovascular depression, worse in patients
high potency (such as isoflurane) will have a with pre-existing cardiac disease.
low MAC. e Slight increase in the respiratory rate and a
decrease in the tidal volume. It decreases the
ventilatory response to hypercarbia and

Table 3.3 Factors affecting the minimum hypoxia.
alveolar concentration (MAC) of inhalational e Cerebral vasodilatation, increasing intracranial
anaesthetic drugs pressure (ICP).
 Diffuses into air-filled cavities more rapidly
Increasing MAC Decreasing MAC than nitrogen can escape, causing either a rise
in pressure (for example, in the middle ear) or
» Infants, children » Neonates, elderly an increase in volume (for example, within the
e Hyperthermia e Hypothermia gut or an air embolus).
e Hyperthyroidism e Hypothyroidism e May cause bone-marrow suppression by inhib-
o Hypernatraesmia o Hyponatraemia iting the production of factors necessary for the
« Chronic alcohol » Acute alcohol intake synthesis of DNA. The length of exposure nec-
intake « Acute intake of opioids, essary may be as short as a few hours, and
e Chronic opioid use benzodiazepines, TCAs, recovery usually occurs within 1 week.
o Increased clonidine * At the end of anaesthesia, nitrous oxide rapidly
catecholamines o Lithium, magnesium diffuses into the alveoli reducing the partial

pressure of oxygen and can result in hypoxia
(diffusion hypoxia) if the patient is breathing
air. This can be overcome by increasing the
inspired oxygen concentration during recovery
from anaesthesia.

e Pregnancy
e Anaemia

TCAs: tricyclic antidepressants
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Total intravenous
anaesthesia

When IV drugs alone are given to induce and
maintain anaesthesia, the term ‘total intravenous
anaesthesia’ (TIVA) is used. For a drug to be of use
in maintaining anaesthesia, it must be rapidly
metabolized to inactive substances or eliminated
to prevent accumulation and delayed recovery,
and must have no unpleasant side effects. Cur-
rently, an infusion of propofol is the only tech-
nique used; ketamine is associated with an
unpleasant recovery, etomidate suppresses steroid
synthesis, and recovery after barbiturates is pro-
longed due to their accumulation (see Chapter 4).

Neuromuscular blocking
drugs

These work by preventing acetylcholine interact-
ing with the postsynaptic (nicotinic) receptors on
the motor end plate on the skeletal muscle mem-
brane (and possibly other sites). Muscle relaxants
are divided into two groups and named to reflect
what is thought to be their mode of action.

Depolarizing neuromuscular
blocking drugs

Suxamethonium

This is the only drug of this type in regular clinical
use. It comes ready prepared (50 mg/mL, 2mL
ampoules). The dose in adults is 1.5 mg/kg IV. After
injection, there is a short period of muscle fascicu-
lation as the muscle membrane is depolarized, fol-
lowed by muscular paralysis in 40-60s. Recovery
occurs spontaneously as suxamethonium is hydro-
lysed by the enzyme plasma (pseudo-) cholinester-
ase, and normal neuromuscular transmission is
restored after 4-6 min. This rapid onset makes it
the drug of choice to facilitate tracheal intubation
in patients likely to regurgitate and aspirate, as
part of a technique called a rapid sequence induc-
tion (RS, see Chapter 6).

Suxamethonium has no direct effect on the car-
diovascular, respiratory, or central nervous sys-
tems. Bradycardia secondary to vagal stimulation

Table 3.4 Important side effects of
suxamethonium

e Malignant hyperpyrexia in susceptible patients

e Increased intraocular pressure which may cause
loss of vitreous in penetrating eye injuries

e Muscular pain around the limb girdles, most
common 24 h after administration in young adults

e Histamine release: usually localized but may cause
an anaphylactic reaction

e Prolonged apnoea in patients with
pseudocholinesterase deficiency (see below)

e A predictable rise in serum potassium by
0.5-0.7 mmol/L in all patients

e A massive rise in serum potassium may provoke

arrhythmias in patients with:

o burns, maximal 3 weeks to 3 months after the
burn

o denervation injury, e.g. spinal cord trauma,
maximal after 1 week

o muscle dystrophies, e.g. Duchenne’s

o crush injury

is common after very large or repeated doses, and
can be avoided by pretreatment with atropine.
Suxamethonium has a number of important side
effects (Table 3.4).

Pseudocholinesterase deficiency

A variety of genes have been identified that are
involved in plasma cholinesterase production,
some of which lead to altered metabolism of
suxamethonium. The most significant geno-
types are:

e normal homozygotes: sufficient enzyme activ-
ity to hydrolyse suxamethonium in 4-6 min
(950 per 1000 population);

e atypical heterozygotes: slightly reduced enzyme
activity levels; suxamethonium lasts 10-20 min
(50 per 1000);

e atypical homozygotes: marked deficiency of
active enzyme; members of this group remain
apnoeic for up to 2 hours after being given sux-
amethonium (<1 per 1000).

Treatment of a patient found to have severe
deficiency of pseudocholinesterase is with
maintenance of anaesthesia or sedation and
ventilatory support until spontaneous recovery
occurs. The patient should subsequently be
warned and given a card that carries details



and, because of its inherited nature, the
remainder of the family should be investigated.

Non-depolarizing
neuromuscular blocking drugs

These drugs compete with acetylcholine and
block its access to the postsynaptic receptor
sites on the muscle but do not cause
depolarization. (They may also block pre-
synaptic receptors responsible for facilitating
the release of acetylcholine.) The time to maxi-
mum effect, that is when relaxation is adequate
to allow tracheal intubation, is relatively slow
compared with suxamethonium, generally 1.5-
3min. A synopsis of the drugs used is given in
Table 3.5.

Drugs a

They are used in two ways:

 following suxamethonium to maintain muscle
relaxation during surgery;

* to facilitate tracheal intubation in non-urgent
situations.

Although recovery of normal neuromuscular
function will eventually occur spontaneously after
the use of these drugs, it is often accelerated by
the administration of an anticholinesterase (see
below).

Anticholinesterases

The action of all the neuromuscular blocking
drugs will wear off spontaneously with time but
this is not always clinically appropriate or

Table 3.5 Non depolarizing neuromuscular blocking drugs

Drug Dose for Maintenance Time to Clinical Systemic Comments
intubation dose intubation  duration effects
(s) of action
(min)
Atracurium 0.5- 0.15-0.2mg/kg; 90-120 40 Cutaneous  Spontaneous
0.6mg/kg 30-50mg/h histamine degradation in
infusion release, | plasma.
BP
Cisatracurium  0.1- 0.03 mg/kg; 120-150 50 Minimal Single isomer of
0.15mg/kg 6-12mg/h atracurium.
infusion Greater
potency, longer
duration of
action. Minimal
histamine
release.
Rocuronium 0.6- 0.15-0.2mg/kg; 60-90 after ~ 30-40 Minimal Alternative to
0.7 mg/kg 30-50mg/h 0.6 mg/kg, suxamethonium
For RSI infusion 40-50 after ~ 60-70 for RSI
1.0- 1.2mag’kg
1.2mg/kg
Vecuronium 0.1 mg/kg 0.02-0.03mg/kg;  120-150 30-35 Minimal, no  White powder,
6-10mg/h histamine dissolved before
infusion release use
Mivacurium 0.15- 0.1 mg/kg 150-180 15-20 Histamine Metabolized by
0.2mg/kg released if plasma
large dose cholinesterase.
injected Rapid recovery,
rapidly reversal often
unnecessary
Pancuronium 0.1 mg/kg 0.015mg/kg 150-180 60-75 1BP,THR  Long-acting

BP: blood pressure; HR: heart rate; RSI: rapid sequence induction.
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convenient. If reversal of neuromuscular block-
ade due to a non-depolarizing neuromuscular
blocker is required, an anticholinesterase is given
(they cannot reverse the blockade induced by
suxamethonium and would actually potentiate its
action!). This inhibits the action of the enzyme
acetylcholinesterase, leading to an increase in the
concentration of acetylcholine within the synap-
tic cleft of the neuromuscular junction. It is
accepted practice that anticholinesterases are
only used once there is return of at least two
twitches on peripheral nerve stimulation using
the train-of-four assessment (see Chapter 2). If
used in the presence of more profound neuro-
muscular block there is an increased chance of
residual muscle paralysis in the immediate post-
operative period.

Anticholinesterases also increase the amount of
acetylcholine within parasympathetic synapses
(muscarinic receptors), causing bradycardia, spasm
of the bowel, bladder and bronchi, increased bron-
chial secretions, etc. To prevent these unwanted
muscarinic effects they are always administered
with a suitable dose of an anti-muscarinic.

The most commonly used anticholinesterase is
neostigmine:

¢ a fixed dose of 2.5 mg intravenously is used in
adults;

* its maximal effect is seen after approximately
5min and lasts for 20-30 min;

e it is given concurrently with either atropine
1.2mg or glycopyrrolate 0.5 mg.

Sugammadex

This is a relatively new drug that is able to reverse
any intensity of neuromuscular block induced by
drugs of the aminosteroid group, i.e. rocuronium
and vecuronium. The dose needed, and time
taken, for complete return of neuromuscular
function vary depending on the intensity of the
neuromuscular block to be reversed and range
from 4-16 mg/kg and 1-3 min. Sugammadex is a
doughnut-shaped molecule that surrounds a mol-
ecule of neuromuscular blocker in the plasma,
rendering it inactive. The sugammadex-muscle
relaxant complexes are then excreted in the urine.
Using sugammadex removes the need for, and
unwanted side-effects of, both anticholinester-
ases and antimuscarinics when reversing residual
neuromuscular block. At present, it is not used
routinely for reversal of neuromuscular blockade

due to its cost, but it is used for reversal of rocuro-
nium-induced neuromuscular blockade in an
emergency such as ‘can’t intubate, can’t ventilate’
(see below).

Analgesic drugs

Analgesic drugs are used as part of the anaesthetic
technique to reduce the autonomic response to
surgery, allow lower concentrations of inhalational
or intravenous drugs to be given to maintain
anaesthesia, and to try to minimize immediate
postoperative pain.

Opioid analgesics

This term is used to describe all drugs that have an
analgesic effect mediated through opioid receptors
including both naturally occurring and synthetic
compounds. The term ‘opiate’ is reserved for natu-
rally occurring substances, such as morphine.
They produce their effects at a cellular level by
activating opioid receptors. These receptors are
distributed throughout the central nervous system,
in particular in the substantia gelatinosa of the spi-
nal cord and the peri-aqueductal grey matter of
the mid-brain. There are several types of opioid
receptors and since their identification they have
had a variety of names. The current nomenclature
for identification of opioid receptors is that
approved by the International Union of Pharma-
cology: MOP, KOP, DOP and NOP receptors (previ-
ously called mu, kappa and delta opioid peptide,
NOP has no previous name), each of which has a
number of different subtypes. Opioid analgesics
can have pure agonist, partial agonist or mixed
(agonist and antagonist) actions at the receptors.

Pure agonists

This group of drugs produces the classical effects of
opioids: analgesia, euphoria, sedation, depression of
ventilation and physical dependence. The systemic
effects of opioids are due to both central and
peripheral actions and are summarized in Table 3.6.

A synopsis of the pure agonists used in anaes-
thesia is given in Table 3.7. Because of the poten-
tial for physical dependence, there are strict rules
laid out in the Misuse of Drugs Act 1971 which
govern the issue and use of most opioid drugs
(see below).
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Table 3.6 Central and peripheral effects of opioids

Central nervous system

Respiratory system

Gastrointestinal tract

Analgesia

Sedation

Euphoria

Nausea and vomiting
Pupillary constriction

Depression of ventilation:
e rate more than depth
e reduced response to carbon dioxide

Depression of vasomotor centre
Addiction (not with normal clinical use)

Antitussive
Bronchospasm in susceptible
patients

Cardiovascular system

Reduced peristalsis causing:
e constipation
e delayed gastric emptying

Constriction of sphincters

Endocrine system

Peripheral venodilatation
Bradycardia due to vagal
stimulation

Release of ADH and
catecholamines

Urinary tract Skin
Increased sphincter tone and urinary [tching
retention
ADH: antidiuretic hormone.
Table 3.7 The pure opioid agonists used in anaesthesia
Drug Route Dose Speed of Duration of Comments
given onset action (min)
Morphine M 0.2-0.3mg/kg 20-30min  60-120 Also given subcutaneously,
rectally, epidurally, intrathecally
IV 0.1-0.15mg/kg 5-10min  45-60 Effective against visceral pain and
pain of myocardial ischaemia.
Less effective in trauma
Fentanyl IV 1-3mcg/kg 2-3min 20-30 Short procedures, spontaneous
ventilation
5-10mcg/kg 1-2min 30-60 Long procedures, controlled
ventilation
Alfentanil IV 10mcg/kg 30-60s 5-10 Short procedures. May cause
profound respiratory depression
IV 0.5-2 mcg/kg/min 30-60s Infusion Long procedures, controlled
infusion dependent ventilation
Remifentanil IV 0.1-0.3mcg/kg/min -~ 15-30s Infusion Major procedures. Very rapid
infusion dependent recovery.
Profound respiratory depression.
Widely used in TIVA
Pethidine M 1-2mg/kg 15-20min  30-60 Marked nausea and vomiting.

TIVA: total intravenous anaesthesia.

Tramadol

A weak agonist predominantly at MOP receptors
with approximately 10% of morphine’s potency,

Less effect on smooth muscle

side effects as morphine, however in equi-
analgesic doses the respiratory depression and

but it is not a controlled drug. It causes the same

constipation are less severe. Tramadol also blocks
the reuptake of noradrenaline and 5-HT within
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the CNS, thereby augmenting descending inhibi-
tory pathways that modulate pain perception.
As a result, naloxone can only reverse the MOP
receptor mediated actions, providing only
partial reversal. Well absorbed orally, the dose is
50-100 mg not more frequently than 4 hourly.
Similar doses can be given IV or IM.

Buprenorphine

This is a partial agonist, but 30 times more potent
than morphine, with a longer duration of action,
up to 8 hours. It is well absorbed when given sub-
lingually. Nausea and vomiting may be severe and
prolonged. Not completely reversed by naloxone
(see below).

The pure antagonist

The only one in common clinical use is naloxone.
This has antagonist actions at all the opioid
receptors, reversing all the centrally mediated
effects of pure opioid agonists:

e the initial IV dose in adults is 0.1-0.4 mg, effec-
tive in less than 60 s and lasts 30—45 min;

e it has a limited effect against opioids, with par-
tial or mixed actions, and complete reversal
may require very high (10 mg) doses;

« following a severe overdose, either accidental or
deliberate, several doses or an infusion of nal-
oxone may be required, as its duration of action
is shorter than most opioids;

* interestingly, naloxone also reverses the analge-
sia produced by acupuncture, suggesting that
this is probably mediated in part by the release
of endogenous opioids.

The regulation of opioid
drugs

Some drugs have the potential for abuse and to
cause physical dependence, and their use in med-
icine is carefully regulated. The Misuse of Drugs
Act 1971 relates to ‘dangerous or otherwise harm-
ful drugs’, which are designated ‘controlled drugs’
and includes the opioids. The Act attempts to pre-
vent the misuse of these substances by imposing
a total prohibition on their manufacture, posses-
sion, and supply. The Misuse of Drugs Regula-
tions 2001 permits the use of controlled drugs in
medicine. The drugs covered by these regulations

are classified into five schedules, each subject to a
different level of control:

Schedule 1: hallucinogenic drugs, including canna-
bis and lysergic acid diethylamide (LSD), which
currently have no recognized therapeutic use;

Schedule 2: this includes opioids, major stimu-
lants (amphetamines and cocaine);

Schedule 3: drugs thought less likely to be misused
than those in schedule 2, and includes barbitu-
rates, minor stimulants, buprenorphine, and
temazepam;

Schedule 4: this is split into two parts:

o benzodiazepines (except temazepam), keta-
mine, which are recognized as having the
potential for abuse

o androgenic steroids, clenbuterol and growth
hormones.

Schedule 5: Preparations which contain very low
concentrations of codeine or morphine, such
as cough mixtures.

Supply and custody of schedule
2 drugs

In the operating theatre complex, these drugs are
supplied by the pharmacy, usually at the signed,
written request of a senior member of the nursing
staff, specifying the drug and total quantity
required. These drugs must be stored in a locked
safe, cabinet, or room, constructed and main-
tained in a way that prevents unauthorized
access. A record must be kept of their use in the
‘Controlled Drugs Register’ and must comply
with the following requirements:

* separate parts of the register can be used for
different drugs or strengths of drugs within a
single class;

¢ the class of drug must be recorded at the head
of each page;

e entries must be in chronological sequence;

* entries must be made on the day of the transac-
tion or the next day;

* entries must be in ink or otherwise indelible;

* no cancellation, alteration or obliteration may
be made;

e corrections must be accompanied by a dated
footnote;

e the register must not be used for any other
purpose;

* aseparate register may be used for each depart-
ment (each theatre);

e registers must be kept for two years after the
last dated entry.



The specific details required with respect to
supply of controlled drugs (for the patient) are:
the date of the transaction, name of person sup-
plied (the patient’s name), license of person to be
in possession (doctor’s signature with name
printed), amount given to the patient and the
amount, if any from the ampoule, not given and
destroyed. A fresh ampoule(s) must be used for
each patient.

Non-steroidal
anti-inflammatory
drugs (NSAIDs)

These drugs inhibit the enzyme cyclo-oxygenase
(COX) therefore preventing the synthesis of
prostaglandins, prostacyclins and thromboxane
A2 from arachidonic acids. They have anti-
inflammatory, analgesic, antipyretic actions. There
are two main iso-enzymes of cyclo-oxygenase,
COX-1, COX-2:

e COX-I: constitutive enzyme, responsible for
synthesizing prostaglandins involved in protec-
tion of the integrity of the gastric mucosa,
maintenance of renal blood flow, particularly
during shock, platelet aggregation to reduce
bleeding, and bone healing.

* COX-2: inducible, peripherally by surgery,
trauma, endotoxins, and in the central nervous
system (CNS) by pain.

The inhibition of COX-1 produces the
unwanted effects, inhibition of COX-2 the desired
therapeutic effects. The older NSAIDs are non-
specific and associated with a greater incidence
of complications with elderly patients being par-
ticularly vulnerable. More recently, COX-2 spe-
cific NSAIDs have become available. These target
only the inducible form of the enzyme and were
originally thought to have a lower incidence of
complications. Unfortunately in long-term clini-
cal use this does not appear to be the case and
some of these drugs have been associated with
increased risk of stroke and myocardial infarction.
Their main role now is in the short term manage-
ment of acute pain. The relative and absolute
contraindications to the use of these drugs are
given in Table 3.8.

A commonly used NSAID in the perioperative
period is parecoxib:
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Table 3.8 Relative and absolute
contraindications to the use of NSAIDs in
anaesthesia

Absolute
contraindications

Relative
contraindications

e High risk of e Pre-existing renal
intraoperative bleeding dysfunction,
€.g. vascular surgery hyperkalaemia

e Cardiac failure

e Severe hepatic
dysfunction

o History of Gl bleeding

e Hypersensitivity to
NSAIDs

e Aspirin induced asthma

e Concurrent use of ACE
inhibitors,
anticoagulants,
nephrotoxic drugs

e Hepatic dysfunction

e Bleeding disorders

o Elderly (>65 years)

e Pregnancy and during
lactation

e Asthma

* aselective COX-2 inhibitor, with predominantly
analgesic activity, usually given IV, but can be
given IM;

e initial IV dose 40mg, subsequent doses
20-40mg, 6-12 hourly, maximum 80 mg/day
for 2 days - reduce dose by 50% in elderly;

» effective after orthopaedic surgery, has opioid-
sparing effects after abdominal surgery;

* no effect on ventilation or cardiovascular
function;

* not subject to the Misuse of Drugs Regulations.

Paracetamol

An analgesic and antipyretic with little anti-
inflammatory action, but usually classified with
NSAIDs. It inhibits prostaglandin synthesis,
mainly in the CNS. It is well absorbed when taken
orally with minimal adverse effect on the gastro-
intestinal tract. Widely used orally for the treat-
ment of mild to moderate pain in a dose of 1 g 4-6
hourly, maximum 4 g/day and is often incorpo-
rated into compound preparations with aspirin or
codeine. An intravenous preparation is available
containing 10mg/mL, in 100mL vials (1g).
The dose is the same as for the oral preparation,
can be infused over 15min and is effective in
5-10min. It is the safest of all analgesics but
patients may need reassurance that regular dos-
ing of 1g every 6 hours is not associated with
hepatic toxicity.
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Table 3.9 Commonly used anti-emetic drugs, dose, and ideal timing

Type of drug Example Usual dose Timing Notes
Dopamine antagonists ~ Metoclopramide 10 mg orally End of Pro-kinetic, extrapyramidal
orlV surgery side effects
5-hydroxytryptamine Ondansetron 4-8 mg orally End of More effective at treating
antagonists orlV surgery established vomiting
Antihistamines Cyclizine 50mg IM or End of Cyclizine has anti-vagal
I\ surgery properties, may cause a
tachycardia
Painful when given IM
Anticholinergics Hyoscine 1mg >4h
transdermal before
patch surgery
Corticosteroid Dexamethasone  4-8mg IV At Causes perineal burning sensation
induction if given to awake patients
patient’s risk of PONV and guide prophylaxis.
= = Patients who score:
Anti-emetics

A significant proportion of patients experience
postoperative nausea and vomiting (PONV),
ranging from 25-80% in different patient groups.
This has many adverse consequences including
increased patient anxiety and dissatisfaction,
increased pain, risk of aspiration, wound dehis-
cence, and potential delayed discharge after day-
case surgery. However, it is not cost effective to
give anti-emetic drugs to all patients and would
potentially expose many patients to unwanted
side effects. Whether the type of surgery influ-
ences the risk of PONV is still debated. It has
been shown that there are four independent risk
factors that can help to predict a patient’s likeli-
hood of experiencing PONV, and therefore which
patients may benefit from prophylactic anti-
emetics, or an altered anaesthetic technique.
These are:

o female sex;

e being a non-smoker;

 previous history of PONV or motion sickness;
e opioids as part of the anaesthetic technique.

The incidence of PONV increases with the
number of risk factors and is approximately 10%,
20%, 40%, 60%, and 80% in patients with zero,
one, two, three or four risk factors respectively. A
scoring system that allocates one point for each of
the four risk factors listed above has been devised
(the Apfel score) to try to stratify an individual

* 0 or 1 points have a low risk of PONV and
should not routinely receive anti-emetics;

e 2 or more points have a high risk of PONV and
should receive combination therapy (use drugs
with different modes of action).

For patients with two or more risk factors, con-
sideration should also be given to altering the
anaesthetic technique to one associated with a
lower incidence of PONV, for example a regional
anaesthetic technique, general anaesthesia with
TIVA, avoiding opioids where possible. Even com-
bination therapy is not certain to prevent PONV
and patients may need further treatment as they
recover from anaesthesia.

Some of the more commonly used anti-emetic
drugs are detailed in Table 3.9.

Local anaesthetic drugs

When applied to nervous tissue these drugs cause
a reversible loss of the ability to conduct nerve
impulses. They can be given by a variety of routes,
including topically, subcutaneously or directly
adjacent to nerves.

Mechanism of action

At rest, a nerve cell has a transmembrane electri-
cal potential (voltage) of —70 mV, and is said to be



polarized. Noxious, mechanical, thermal, or
chemical stimuli, depending on their intensity,
cause sodium ions (Na*) to enter the cell. If the
stimulus is of sufficient intensity, a depolarization
threshold is reached that triggers sodium chan-
nels to open allowing Na' to flood into the cell.
As a result, the cell's membrane potential is
reversed to +20mV and an ‘action potential’ is
initiated. This local change in the cell’s mem-
brane electrical potential causes adjacent voltage-
gated sodium channels to open altering that
segment’s membrane potential, propagating the
action potential along the nerve. The membrane
is rapidly repolarized to the resting level by loss of
potassium ions (K") from within the cell, followed
by active pumping out of Na* in exchange for K*
by the Na/K ATPase pump. During repolarization
no action potential can be propagated by that
section of nerve, thus ensuring unidirectional
travel of action potentials. Not all stimuli are suf-
ficient to reach the threshold, and so some will
not lead to an action potential being initiated or
propagated. Action potentials are ‘all-or-nothing’
events, and all of equal magnitude. Consequently,
the strength of a nervous impulse is solely depen-
dent on the frequency of action potentials.

In myelinated nerves the rate of conduction is
vastly increased as the action potential ‘jumps’
between the nodes of Ranvier, a process known
as ‘saltatory conduction’.

Local anaesthetic drugs work by blocking the
voltage-gated sodium channels from within the
nerve cell, preventing entry of sodium and subse-
quent depolarization so that no action potentials
can be initiated or propagated.

Local anaesthetic drugs exist in two forms: ion-
ized and unionized. When a local anaesthetic is
given, the majority will exist as the ionized form
but, in order to cross the cell membrane, they
have to be in the unionized form. This change
occurs after injection because of a relatively
higher pH in tissues (7.4 compared to 6.0 in solu-
tion). However, intracellular pH is lower (7.1) and
so a greater proportion returns to its ionized form.
It is this form that is attracted to, and then blocks,
the sodium channels. Clearly, the degree of
unionized drug will have an effect on the speed of
onset. This can be further increased by using a
higher concentration of the drug.

The duration of action will be determined by
what proportion is protein bound, generally the
greater the binding to membrane proteins, the
longer the duration of action. Local blood supply
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will also have an effect as this will affect the speed
of removal of the drug. The degree of lipid solubil-
ity will determine potency by influencing the
membrane penetration by the drug but will also
result in a tendency for greater toxicity.

Following the injection of a local anaesthetic
drug, there is always a predictable sequence to
the onset of effects as small diameter nerves
are blocked before large diameter ones, and
unmyelinated nerves are blocked before myeli-
nated ones. Consequently when a regional anaes-
thetic technique is used, the order of onset of the
block is:

e autonomic fibres — vasodilatation;
* temperature;

* pain;

e touch;

* motor — paralysis.

This accounts for the warm feeling that patients
frequently notice at the onset of spinal or epidural
anaesthesia, and that under some circumstances
patients feel no pain but can still move their legs.

Individual drugs

Local anaesthetic drugs can be divided into two
groups on the basis of their chemical structure:

¢ esters: amethocaine, benzocaine, cocaine;
e amides: lignocaine, bupivacaine, prilocaine.

The esters were the first drugs to be introduced
into clinical practice. They are relatively more
toxic, allergenic, and unstable than their modern
counterparts the amides. Their main use today is
to provide topical anaesthesia.

Amethocaine

Available as a 4% gel (Ametop) that is applied top-
ically at the site of intended intravenous cannula-
tion, and is effective in 45min. More dilute
solutions are available to provide topical anaes-
thesia of the conjunctiva.

Cocaine

Available as a paste and spray, in concentrations
of 4-10%, and mainly used to provide topical
anaesthesia of the nasal cavity. It has sympatho-
mimetic properties, which are advantageous, for
example profound vasoconstriction reduces
bleeding and prolongs its action, but is also
responsible for its toxicity and risk of arrhythmias.
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Lidocaine

A commonly used local anaesthetic in a variety of
techniques including topically, by infiltration,
nerve blocks, epidural and spinal anaesthesia.
Consequently it is available in a range of concen-
trations, 0.5-10%, to suit all situations. It is often
combined with adrenaline (see below). It has a
relatively fast onset and medium duration of
effect. The currently accepted maximum safe
dose is:

* 3mg/kg, maximum 200 mg (without adrenaline);
* 6-7mg/kg, maximum 500 mg (with adrenaline).

These doses should be reduced if the patient is
elderly, frail or shocked. It can also be used in the
treatment of VE/VT refractory to defibrillation
(100 mg IV) when amiodarone is unavailable. As
with all amide local anaesthetics it is metabolized
in the liver.

Bupivacaine

Bupivacaine has a slower onset but a longer dura-
tion of action than lignocaine, and is widely used
for nerve blocks, epidural and spinal anaesthesia,
particularly in obstetric anaesthesia. It is available
as either 0.25% or 0.5% solutions, with or without
adrenaline, as a hyperbaric 0.5% preservative free
solution with 8% dextrose for use in spinal anaes-
thesia, and as 0.1% and 0.125% solutions, which
are used for epidural infusion to provide pain
relief during labour and postoperatively. The cur-
rent maximum safe dose is 2 mg/kg, with or with-
out adrenaline, in any 4 hour period. Bupivacaine
is significantly more cardiotoxic than other amide
local anaesthetics and toxicity is difficult to treat
(see Chapter 5 for the management of local
anaesthetic toxicity).

Bupivacaine molecules can exist in two forms
that are “mirror images” of each other, termed
stereoisomers. The two different forms of the
molecule are described according to various
conventions, the most commonly used being
based upon their ability to rotate polarized
light, either; + or d (dextrorotatory), — or 1 (lae-
vorotatory). Bupivacaine is produced for clinical
use as a racemic mixture, meaning it contains
both isomers in equal quantities, levo-bupiva-
caine (chirocaine®™) is the pure L isomer.
Whichever form is used, the doses are the same,
but levo-bupivacaine has the advantage of
significantly reduced cardiotoxicity.

Ropivacaine

An amide local anaesthetic which, like bupiva-
caine, can exist as two stereoisomers. It is pre-
pared as a single isomer and has the same
potency and duration of action as bupivacaine,
but lower toxicity. It also has the advantage of
reduced duration and intensity of motor block,
which makes it useful for postoperative analgesia.

Prilocaine

Closely related to lidocaine, its advantages are
rapid onset and reduced toxicity for a given dose.
It is a component of EMLA, a eutectic mixture of
local anaesthetics. This is a cream that contains
lidocaine and prilocaine in equal proportions
(25 mg of each per gram). It is applied to the skin
and produces surface analgesia in approximately
60 min. In this form it