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Preface

In the first edition, I asked the question, ‘Should
medical students be taught anaesthesia?’ I firmly
believed that they should, and in the intervening
years nothing has happened to change my view.
Indeed, with the continuing expansion of the roles
and responsibilities of anaesthetists, it is now more
important than ever that as medical students you
understand that we do far more than provide the
conditions under which surgery can be performed
safely. I hope that this second edition reflects these
changes.

Anaesthetists are increasingly responsible for the
development and care of patients preoperatively
and postoperatively and in the recognition and
management of those who are critically ill. With
the help of my colleagues, I have tried to reflect this
expanding role in the updated text, particularly as
these are areas that as newly qualified doctors, you

will encounter before deciding on a career in
anaesthesia. On the other hand, it is also impor-
tant that you are aware of the continuing essential
role that many of my colleagues play in treating
and helping patients live with chronic pain prob-
lems and the principles upon which these are
based.

With this edition, I have endeavoured to identi-
fy the skills you will need and the challenges you
will meet in the early years after qualification. The
book remains a skeleton on which to build, not
only from within other texts, but also with clinical
experience. I remain hopeful that if, after reading
this book, you feel motivated to learn by desire
rather than need I will be a little bit closer to
achieving my aims.

Carl Gwinnutt

vii
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Anaesthetic assessment and
preparation for surgery

The process of preoperative
assessment

By virtue of their training and experience, anaes-
thetists are uniquely qualified to assess the risks in-
herent in administering an anaesthetic. In an ideal
world, all patients would be seen by their anaes-
thetist sufficiently ahead of the planned surgery to
minimize all risks without interfering with the
smooth running of the operating list. Until
recently, for elective procedures, this took place
when the patient was admitted, usually the day be-
fore surgery. This visit also allowed the most suit-
able anaesthetic technique to be determined,
along with an explanation and reassurance for the
patient. However, in the presence of any coexisting
illness, there would be little time to improve the
patient’s condition before surgery or to seek advice
from other specialists. For these patients, surgery
was often postponed and operating time wasted.
The recent attempts to improve efficiency by ad-
mitting patients on the day of their planned surgi-
cal procedure further reduces the opportunity for
an adequate anaesthetic assessment. This has led
to significant changes in the way patients undergo-
ing elective surgery are managed preoperatively
and, more recently, the introduction of clinics
specifically for anaesthetic assessment. A variety of
models of ‘preoperative’ or ‘anaesthetic assess-
ment’ clinics exist; the following is intended as an
outline of their functions. Those who require

greater detail are advised to consult the document
produced by the Association of Anaesthetists (see
Useful websites).

Stage 1—Screening

Not all patients need to be seen in a preoperative
assessment clinic by an anaesthetist. This stage
aims to ‘filter’ patients appropriately. Screening to
determine who needs to be seen is achieved by
using either a questionnaire or interview, the con-
tent of which has been determined with the agree-
ment of the anaesthetic department. The process
can be carried out in a number of ways: completion
of a questionnaire by the patient, nursing or other
staff who have received training, or occasionally by
the patient’s GP.

The patients screened who do not need to attend
the preoperative assessment clinic to see an
anaesthetist:
¢ have no coexisting medical problems;

e require no or only baseline investigations, the re-
sults of which are within normal limits (see Table
1.2);

¢ have no potential for, or history of, anaesthetic
difficulties;

e require peripheral surgery for which complica-
tions are minimal.

On admission these patients will need to be for-
mally clerked and examined by a member of the
surgical team.
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The most obvious type of patient who fits into
this class are those scheduled for day case (ambula-
tory) surgery. These patients should be seen at the
time of admission by the anaesthetist, who will:

e confirm the findings of the screening;

e check the results of any baseline investigations;
e explain the type of anaesthetic appropriate for
the procedure;

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

Stage 2—The preoperative
assessment clinic

The patients seen here are those who have been
identified by the screening process as having
coexisting medical problems that:

e are well controlled with medical treatment;

e are previously undiagnosed, for example dia-
betes, hypertension;

e are less than optimally managed, for example
hypertension, angina;

e have abnormal baseline investigations;

e show a need for further investigations, for exam-
ple pulmonary function tests, echocardiography;

e indicate previous anaesthetic difficulties, for
example difficult intubation;

e suggest potential anaesthetic difficulties, for
example obesity, previous or family history of
prolonged apnoea after anaesthesia;

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

Once again, not all these patients will need to be
seen by an anaesthetist in the clinic, although it is
essential that anaesthetic advice from a senior
anaesthetist is readily available. Those who may not
need to be seen by an anaesthetist include:

e Patients with  well-controlled
medical conditions, for example hypertension,
asthma. They may need additional investigations
that can be ordered according to an agreed proto-
col and then re-assessed.

e Patients with previously undiagnosed or less
than optimally managed medical problems. They
can be referred to the appropriate specialist at this
stage and then re-assessed.

concurrent

Nurses who have been specifically trained are par-
ticipating increasingly in the preparation of these
patients, by taking a history, performing an exami-
nation and ordering appropriate investigations
(see below). Alternatively it may be a member of
the surgical team.

The patients, who will need to be seen by the
anaesthetist, are those identified for whatever rea-
son as having actual or potential anaesthetic prob-
lems. This is often symptomatic concurrent disease
despite optimal treatment, or previous or potential
anaesthetic problems. Patients may also have been
deferred initially for review by a medical specialist,
for example cardiologist, to optimize medical
treatment. This allows the anaesthetist to:

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

e review any previous anaesthetics administered;
e evaluate the results of any investigations;

e request any additional investigations;

explain and document:

e the anaesthetic options available and the po-
tential side-effects;

¢ the risks associated with anaesthesia;

e discuss plans for postoperative care.

The ultimate aim is to ensure that when the patient
is admitted for surgery, the chances of being can-
celled as a result of ‘unfit for anaesthesia’ are mini-
mized. Clearly the time between the patient being
seen in the assessment clinic and the date admitted
for surgery cannot be excessive, and is generally
between 4 and 6 weeks.

The anaesthetic assessment

Whoever is responsible for the anaesthetic assess-
ment must take a full history, examine each pa-
tient and ensure that appropriate investigations
are carried out. When performed by non-anaes-
thetic staff, a protocol is often used to ensure all the
relevant areas are covered. This section concen-
trates on features of particular relevance to the
anaesthetist.
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Present and past medical history

Of all the aspects of the patient’s medical history,
those relating to the cardiovascular and respiratory
systems are relatively more important.

Cardiovascular system

Symptoms of the following problems must be
sought in all patients:
e ischaemic heart disease;
e heart failure;
¢ hypertension;
e conduction defects, arrhythmias;
e peripheral vascular disease.
Patients with a proven history of myocardial
infarction (MI) are at a greater risk of perioperative
reinfarction, the incidence of which is related
to the time interval between infarct and surgery.
This time is variable. In a patient with an uncom-
plicated MI and a normal exercise test elective sur-
gery may only need to be delayed by 6-8 weeks.
The American Heart Association has produced
guidance for perioperative cardiovascular evalua-
tion (see Useful websites).

Heart failure is one of the most significant indi-

cators of perioperative complications, associated
with increased risk of perioperative cardiac mor-
bidity and mortality. Its severity is best described
using a recognized scale, for example the New York
Heart Association classification (Table 1.1).
Untreated or poorly controlled hypertension
may lead to exaggerated cardiovascular responses
during anaesthesia. Both hypertension and hy-
potension can be precipitated, which increase the
risk of myocardial and cerebral ischaemia. The
severity of hypertension will determine the action
required:
o Mild (SBP 140-159 mmHg, DBP 90-99mmHg) No
evidence that delaying surgery for treatment
affects outcome.
® Moderate (SBP 160-179mmHg, DBP 100-109
mmHg) Consider review of treatment. If un-
changed, requires close monitoring to avoid
swings during anaesthesia and surgery.
o Severe (SBP > 180mmHg, DBP > 109 mmHg) At this
level, elective surgery should be postponed due to
the significant risk of myocardial ischaemia,
arrhythmias and intracerebral haemorrhage. In an
emergency, will require acute control with invasive
monitoring.

Table 1.1 New York Heart Association classification of cardiac function compared to Specific Activity Scale

NYHA functional classification

Specific Activity Scale classification

Class I:  Cardiac disease without limitation of physical
activity
No fatigue, palpitations, dyspnoea or angina
Class II:  Cardiac disease resulting in slight limitation of

physical activity

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

Class lll: Cardiac disease causing marked limitation of
physical activity
Asymptomatic at rest, less than ordinary activity
causes fatigue, palpitations, dyspnoea or angina

Class IV: Cardiac disease limiting any physical activity
Symptoms of heart failure or angina at rest,
increased with any physical activity

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

Can perform activities requiring =5 but <7 mets
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
Cannot dress without stopping because of
symptoms; cannot perform any class Il activities




Chapter 1 Anaesthetic assessment and preparation for surgery

Respiratory system

Enquire specifically about symptoms of:

e chronic obstructive lung disease;

e emphysema;

e asthma;

e infection;

e restrictive lung disease.

Patients with pre-existing lung disease are more
prone to postoperative chest infections, parti-
cularly if they are also obese, or undergoing upper
abdominal or thoracic surgery. If an acute upper
respiratory tract infection is present, anaesthesia
and surgery should be postponed unless it is for a
life-threatening condition.

Assessment of exercise tolerance

An indication of cardiac and respiratory reserves
can be obtained by asking the patient about their
ability to perform everyday physical activities be-
fore having to stop because of symptoms of chest
pain, shortness of breath, etc. For example:

e How far can you walk on the flat?

e How far can you walk uphill?

e How many stairs can you climb before stopping?
e Could you run for a bus?

e Are you able to do the shopping?

e Are you able to do housework?

e Are you able to care for yourself?

The problem with such questions is that they are
very subjective and patients often tend to overesti-
mate their abilities!

How can this be made more objective?
The New York Heart (NYHA)
Classification of function is one system, but even

Association

this uses some subjective terms such as ‘ordinary’
and ‘slight’. The Specific Activity Scale grades com-
mon physical activities in terms of their metabolic
equivalents of activity or ‘mets’, and classifies pa-
tients on how many mets they can achieve. The
two classifications are shown for comparison in
Table 1.1. Unfortunately, not all patients can be as-
sessed in this way; for example those with severe
musculoskeletal dysfunction may not be able to
exercise to the limit of their cardiorespiratory re-

4

serve. In such circumstances other methods of as-
sessment are required. The most readily available
method of non-invasive assessment of cardiac
function in patients is some type of echocardiogra-
phy (see below).

Other conditions which are important if identi-
fied in the medical history:
e Indigestion, heartburn and reflux Possibility of a
hiatus hernia. If exacerbated on bending forward
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 tempero-mandibular joint involvement
may complicate airway management. There is
often a chronic anaemia.
® Diabetes An increased incidence of ischaemic
heart disease, renal dysfunction, and autonomic
and peripheral neuropathy. Increased risk of intra-
and postoperative complications, particularly hy-
potension and infections.
e Neuromuscular disorders Coexisting heart disease
may be worsened by anaesthesia and restrictive
pulmonary disease (forced vital capacity (FVC) < 1
L) predisposes to chest infection and the possibility
of the need for ventilatory support postoperatively.
Care when using muscle relaxants.
e Chronic renal failure Anaemia and electrolyte ab-
normalities. Altered drug excretion restricts the
choice of anaesthetic drugs. Surgery and dialysis
treatments need to be coordinated.
e Jaundice Altered drug metabolism, coagulopathy.
Care with opioid administration.
e Epilepsy Well-controlled epilepsy is not a major
problem. Avoid anaesthetic drugs that are poten-
tially epileptogenic (e.g. enflurane; see Table 2.4).

Previous anaesthetics and operations

These may have occurred in hospitals or, less com-
monly, dental surgeries. Enquire about any difficul-
ties, for example: nausea, vomiting, dreams,
awareness, postoperative jaundice. Check the
records of previous anaesthetics to rule out or
clarify problems such as difficulties with intuba-
tion, allergy to drugs given, or adverse reactions
(e.g. malignant hyperpyrexia, see below). Some
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patients may have been issued with a ‘Medic Alert’
type bracelet or similar device giving details or a
contact number. Although halothane is now less
popular for maintenance of anaesthesia, the ap-
proximate date of previous anaesthetics should be
identified if possible to avoid therisk of repeat expo-
sure (see page 33). Details of previous surgery may
reveal potential anaesthetic problems, for example
cardiac, pulmonary or cervical spine surgery.

Family history

All patients should be asked whether there are any
known inherited conditions in the family (e.g.
sickle-cell disease, porphyria). Have any family
members experienced problems with anaesthesia;
a history of prolonged apnoea suggests pseudo-
cholinesterase deficiency (see page 34), and an un-
explained death malignant hyperpyrexia (see page
98). Elective surgery should be postponed if any
conditions are identified, and the patient investi-
gated appropriately. In the emergency situation,
anaesthesia must be adjusted accordingly, for
example by avoidance of triggering drugs in a
patient with a family history of malignant
hyperpyrexia.

Drug history and allergies

Identify all medications, both prescribed and self-
administered, including herbal preparations. Pa-
tients will often forget about the oral contraceptive
pill (OCP) and hormone replacement therapy
(HRT) unless specifically asked. The incidence of
use of medications rises with age and many of
these drugs have important interactions with
anaesthetics. A current British National Formulary
(BNF), or the BNF website, should be consulted
for lists of the more common and important ones.
Allergies to drugs, topical preparations (e.g. io-
dine), adhesive dressings and foodstuffs should be
noted.

Social history

e Smoking Ascertain the number of cigarettes or the
amount of tobacco smoked per day. Oxygen car-

riage is reduced by carboxyhaemoglobin, and nico-
tine stimulates the sympathetic nervous system,
causing tachycardia, hypertension and coronary
artery narrowing. Apart from the risks of chronic
lung disease and carcinoma, smokers have a signifi-
cantly increased risk of postoperative chest infec-
tions. Stopping smoking for 8 weeks improves
the airways; for 2 weeks reduces their irritability;
and for as little as 24 h before anaesthesia decreases
carboxyhaemoglobin levels. Help and advice
should be available at the preoperative assessment
clinic.

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

e Drugs Ask specifically about the use of drugs for
recreational purposes, including type, frequency
and route of administration. This group of patients
is at risk of infection with hepatitis B and human
immunodeficiency virus (HIV). There can be diffi-
culty with venous access following IV drug abuse
due to widespread thrombosis of veins. With-
drawal syndromes can occur postoperatively.

e Pregnancy The date of the last menstrual period
should be noted in all women of childbearing 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 spon-
taneous abortion in early pregnancy. There is an
increased risk of regurgitation and aspiration in
late pregnancy. Elective surgery is best postponed
until after delivery.

The examination

As with the history, this concentrates on the car-
diovascular and respiratory 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 to try and identify any potential prob-
lems. If a regional anaesthetic is planned, the ap-
propriate anatomy (e.g. lumbar spine for central
neural block) is examined.
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Cardiovascular system

Look specifically for signs of:

e arrhythmias;

e heart failure;

e hypertension;

e valvular heart disease;

e peripheral vascular disease.

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

Respiratory system

Look specifically for signs of:

e respiratory failure;

e impaired ventilation;

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

Nervous system

Chronic disease of the peripheral and central
nervous systems should be identified and any evi-
dence of motor or sensory impairment recorded. It
must be remembered that some disorders will
affect the cardiovascular and respiratory systems,
for example dystrophia myotonica and multiple
sclerosis.

Musculoskeletal system

Patients with connective tissue disorders should
have any restriction of movement and deformities
noted. Patients suffering from chronic rheumatoid
disease frequently have a reduced muscle mass,
peripheral neuropathies and pulmonary involve-
ment. Particular attention should be paid to the
patient’s cervical spine and temperomandibular
joints (see below).

The airway

All patients must have an assessment made of their
airway, the aim being to try and predict those
patients who may be difficult to intubate.

Observation of the patient’s anatomy

Look for:

e limitation of mouth opening;

¢ areceding mandible;

e position, number and health of teeth;

e size of the tongue;

e soft tissue swelling at the front of the neck;

e 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.

Simple bedside tests

* 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 IIT and IV suggest difficult intubation.

e Thyromental distance With the head fully ex-
tended on the neck, the distance between the bony
point of the chin and the prominence of the thy-
roid cartilage is measured (Fig. 1.2). A distance of
less than 7 cm suggests difficult intubation.

e Wilson score Increasing weight, a reduction in
head and neck movement, reduced mouth open-
ing, and the presence of a receding mandible or
buck-teeth all predispose to increased difficulty
with intubation.

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

None of these tests, alone or in combination, pre-
dicts all difficult intubations. A Mallampati grade
III or IV with a thyromental distance of <7 cm pre-
dicts 80% of difficult intubations. If problems are
anticipated, anaesthesia should be planned ac-
cordingly. If intubation proves to be difficult, it
must be recorded in a prominent place in the pa-
tient’s notes and the patient informed.
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Grade |

Figure 1.1 The pharyngeal structures
seen  during the  Mallampati
assessment.

Grade Il

Investigations

There is little evidence to support the performance
of ‘routine’ investigations, and these should only
be ordered if the result would affect the patient’s
management. In patients with no evidence of concur-
rent disease (ASA 1, see below), preoperative investi-
gations will depend on the extent of surgery
and the age of the patient. A synopsis of the
current guidelines for these patients, issued by the
National Institute for Clinical Excellence (NICE), is
shown in Table 1.2. 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 to those commonly re-
quested. Again these will also be dependent on the
grade of surgery and the age of the patient. Further
information can be found in Clinical Guideline 3,
published by NICE (see Useful websites).

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

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

e Blood sugar: diabetics, severe peripheral arterial
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
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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 exer-
tion, chronic obstructive pulmonary disease

Figure 1.2 The thyromental distance.

(COPD) or asthma. Measure peak expiratory flow
rate (PEFR), forced expiratory volume 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 arte-
rial blood gas analysed while breathing air.

e Coagulation screen: anticoagulation, 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, electrophore-
sis 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.

Echocardiography

This is becoming increasingly recognized as a use-
ful tool to assess left ventricular function in pa-
tients with ischaemic or valvular heart disease, but
whose exercise ability is limited, for example by se-
vere osteoarthritis. The ejection fraction and cont-
ractility can be calculated and any ventricular wall
motion abnormalities identified. Similarly, ven-
tricular function post-myocardial infarction can be
assessed. In patients with valvular lesions, the de-
gree of dysfunction can be assessed. In aortic
stenosis an estimate of the pressure gradient across
the valve is a good indication of the severity of the
disease. As an echocardiogram is performed in

Table 1.2 Baseline investigations in patients with no evidence of concurrent disease (ASA 1)

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

280 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 Clinical Excellence.
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patients at rest, it does not give any indication of
what happens under stress. A stress echocardio-
gram can be performed during which drugs are
given to increase heart rate and myocardial work,
simulating the conditions the patient may en-
counter, while monitoring changes in myocard-
ial performance. For example the inotrope
dobutamine acts as a substitute for exercise whilst
monitoring the ECG for ischaemic changes (dobu-
tamine stress echocardiography).

Medical referral

Patients with coexisting medical (or surgical) con-
ditions that require advice from other specialists
should have been identified in the preoperative
assessment clinic, not on the day of admission.
Clearly a wide spectrum of conditions exist; the
following are examples of some of the more com-
monly encountered.

Cardiovascular disease

e Untreated or poorly controlled hypertension or
heart failure.

e Symptomatic ischaemic heart disease, despite
treatment (unstable angina).

e Arrhythmias: uncontrolled atrial fibrillation,
paroxysmal supraventricular tachycardia, and
second and third degree heart block.

e Symptomatic or newly diagnosed valvular heart
disease, or congenital heart disease.

Respiratory disease

e Chronic obstructive pulmonary disease, particu-
larly if dyspnoeic at rest.

* Bronchiectasis.

e Asthmatics who are unstable, taking oral steroids
or have a FEV, <60% predicted.

Endocrine disorders

e Insulin and non-insulin dependent diabetics
who have ketonuria, glycated Hb (HbA1c) >10% or
a random blood sugar >12mmol/L. Local policy
will dictate referral of stable diabetics for peri-
operative management.

e Hypo- or hyperthyroidism symptomatic on cur-
rent treatment.

e Cushing’s or Addison’s disease.
e Hypopituitarism.

Renal disease
e Chronic renal failure.
e Patients undergoing renal replacement therapy.

Haematological disorders

e Bleeding diatheses, for example haemophilia,
thrombocytopenia.

e Therapeutic anticoagulation.

e Haemoglobinopathies.

e Polycythaemia.

e Haemolytic anaemias.

¢ Leukaemias.

Risk associated with anaesthesia
and surgery

At the end of the day the question that patients ask
is ‘Doctor, what are the risks of having an anaesthetic?’
These can be divided into two main groups.

Minor

These are not life threatening and can occur even
when anaesthesia has apparently been uneventful.
Although classed as minor, the patient may not
share this view. They include:

e failed IV access;

e cut lip, damage to teeth, caps, crowns;

e sore throat;

e headache;

e postoperative nausea and vomiting;

e retention of urine.

Major

These may be life-threatening events.
include:

e aspiration of gastric contents;

¢ hypoxic brain injury;

They

e myocardial infarction;

e cerebrovascular accident;

® nerve injury;

e chest infection.

In the United Kingdom, the Confidential Enquiry
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Table 1.3 ASA physical status scale

Absolute

Class Physical status mortality (%)
I A healthy patient with no organic or psychological disease process. The pathological process 0.1

for which the operation is being performed is localized and causes no systemic upset
I A patient with a mild to moderate systemic disease process, caused by the condition to 0.2

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 Il
Il A patient with severe systemic disease from any cause that imposes a definite functional 1.8

limitation on activity; e.g. ischaemic heart disease, chronic obstructive lung disease
Y A patient with a severe systemic disease that is a constant threat to life, e.g. unstable angina 7.8
\ A moribund patient unlikely to survive 24 h with or without surgery 9.4

Note: ‘E’ may be added to signify an emergency operation.

into Perioperative Deaths (CEPOD 1987) revealed
an overall perioperative mortality of 0.7% in ap-
proximately 500000 operations. Anaesthesia was
considered to have been a contributing factor in
410 deaths (0.08%), but was judged completely re-
sponsible in only three cases—a primary mortality
rate of 1:185000 operations. When the deaths
where anaesthesia contributed were analysed, the
predominant 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 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 mortality are increased. Not sur-
prisingly a number of methods have been de-
scribed to try and quantify these risks.

Risk indicators

The most widely used scale for estimating risk is
the American Society of Anesthesiologists (ASA)
classification of the patient’s physical status. The
patient is assigned to one of five categories de-
pending on any physical disturbance caused by
either pre-existing disease or the process for which
surgery is being performed. It is relatively subjec-
tive and does not take into account the type of sur-
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gery being undertaken, which leads to a degree of
inter-rater variability. However, patients placed in
higher categories are at increased overall risk of
perioperative mortality (Table 1.3).

Multifactorial risk indicators

The leading cause of death after surgery is
myocardial infarction, and there is significant
morbidity from non-fatal infarction, particularly
in those patients with pre-existing heart disease.
Not surprisingly, attempts have been made to iden-
tify factors that will predict those at risk. One sys-
tem is the Goldman Cardiac Risk Index, used in
patients with pre-existing cardiac disease undergo-
ing non-cardiac surgery. Using their history,
examination, ECG findings, general status and
type of surgery, points are awarded in each
category (Table 1.4).

The points total is used to assign the patient to
one of four classes; the risks of a perioperative car-
diac event, including myocardial infarction, pul-
monary oedema, significant arrhythmia and death
are:

e class I (0-5 points) 1%

e class II (6-12 points) 5%
e class IIT (13-25 points) 16%
e class IV (=26 points) 56%

This has been shown to be a more accurate predic-
tor than the ASA classification.
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Table 1.4 Goldman Cardiac Risk Index

Points
History
Age >70 years 5
Myocardial infarction within 6 months 10
Examination
Third heart sound (gallop rhythm), raised JVP 1
Significant aortic stenosis 3
ECG
Rhythm other than sinus, or presence of premature atrial complexes 7
>5 ventricular ectopics per minute 7
General condition
Pao, <8kPa or Paco, >7.5kPa on air
K* <3.0mmol/L; HCO;~ <20 mmol/L
Urea >8.5 mmol/L; creatinine >200 mmol/L
Chronic liver disease
Bedridden from non-cardiac cause
For each criterion 3
Operation
Intraperitoneal, intrathoracic, aortic 3
Emergency surgery 4

JVP: jugular venous pressure.

Table 1.5 Overall approximate risk (%) of major cardiac complication based on type of surgery and patient’s cardiac risk index

Patient risk index score

significant medical problem requiring
consultation before surgery

Class | Class i Class Il Class IV
Grade of surgery (0-5 points) (6-12 points) (13-25 points) (>26 points)
Minor surgery 0.3 1 3 19
Major non-cardiac surgery, >40 years 1.2 4 12 48
Major non-cardiac surgery, >40 years, 3 10 30 75

Apart from any risk as a result of pre-existing car-
diac disease, the type of surgery the patient is un-
dergoing will also have its own inherent risks;
carpal tunnel decompression will carry less risk
than a hip replacement, which in turn will be less
risky than aortic aneurysm surgery. In other words,
the sicker the patient and the bigger the operation,
the greater the risk. This is clearly demonstrated in

Table 1.5. Major cardiac complication includes
myocardial infarction, cardiogenic pulmonary
oedema, ventricular tachycardia or cardiac death.
Assessing a patient 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 guide-
line and indicator of probability. For the patient
who suffers a complication the rate is 100%!

1
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Ultimately it is the risk/benefit ratio that must be
considered for each patient; for a given risk, it is
more sensible to proceed with surgery that offers
the greatest benefit.

Further reductions in the perioperative mortality
of patients have been shown to result from im-
proving preoperative preparation by optimizing
the patient’s physical status, adequately resuscitat-
ing those who require emergency surgery, moni-
toring appropriately intraoperatively, and by
providing suitable postoperative care in a high de-
pendency unit (HDU) or intensive care unit (ICU).

Classification of operation

Traditionally, surgery was classified as being either
elective or emergency. Recognizing that this was
too imprecise, the National Confidential Enquiry
into Perioperative Deaths (NCEPOD) devised four
categories:

e Elective: operation at a time to suit both patient
and surgeon; for example hip replacement, vari-
cose veins.

e Scheduled: an early operation but not imme-
diately life saving; operation usually within 3
weeks; for example surgery for malignancy.

e Urgent: operation as soon as possible after resus-
citation and within 24 h; for example intestinal ob-
struction, major fractures.

e Emergency: immediate life-saving operation, re-
suscitation simultaneous with surgical treatment;
operation usually within 1h; for example major
trauma with uncontrolled haemorrhage, extra-
dural haematoma.

All elective and the majority of scheduled cases can
be assessed as described above. However, with ur-
gent cases this will not always be possible; as much
information as possible should be obtained about
any concurrent medical problems and their treat-
ment, and allergies and previous anaesthetics. The
cardiovascular and respiratory systems should be
examined and an assessment made of any poten-
tial difficulty with intubation. Investigations
should only be ordered if they would directly affect
the conduct of anaesthesia. With true emergency
cases there will be even less or no time for assess-
ment. Where possible an attempt should be made
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to establish the patient’s medical history, drugs
taken regularly and allergies. In the trauma patient
enquire about the mechanism of injury. All emer-
gency patients should be assumed to have a full
stomach. Details may only be available from rela-
tives and/or the ambulance crew.

Informing the patient and consent

What is consent?

It is an agreement by the patient to undergo a spe-
cific procedure. Only the patient can make the de-
cision to undergo the procedure, even though the
doctor will advise on what is required. Although
the need for consent is usually thought of in terms
of surgery, in fact it is required for any breach of a
patient’s personal integrity, including examina-
tion, performing investigations and administering
an anaesthetic. A patient can refuse treatment or
choose a less than optimal option from a range of-
fered (providing an appropriate explanation has
been given —see below), but he or she cannot insist
on treatment that is not on offer.

What about an unconscious patient?

This usually arises in the emergency situation, for
example a patient with a severe head injury. Asking
arelative or other individual to sign a consent form
for surgery on the patient’s behalf is not appropri-
ate, as no one can give consent on behalf of
another adult. Under these circumstances medical
staff are required to act ‘in the patient’s best inter-
ests’. This will mean taking into account not only
the benefits of the proposed treatment, but also
any views previously expressed by the patient (e.g.
refusal of blood transfusion by a Jehovah'’s
Witness). This will often require discussion with
the relatives, and this opportunity should be used
to inform them of the proposed treatment and the
rationale for it. All decisions and discussions must
be clearly documented in the patient’s notes.
Where treatment decisions are complex or not
clear cut, it is advisable to obtain and document
independent medical advice.
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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 such before anaesthesia or
surgery (or anything else); the form simply shows
evidence of consent at the time it was signed. Con-
sent may be given verbally and this is often the
case in anaesthesia. It is recommended that a writ-
ten record of the content of the conversation be
made in the patient’s case notes.

What do | have to tell the patient?

In obtaining consent it is essential the patient
is given an adequate amount of information
in a form that they can understand. This will
vary depending on the procedure, but may
include:

e The environment of the anaesthetic room and
who they will meet, particularly if medical stu-
dents or other healthcare professionals in training
will be present.

e Establishing intravenous access and IV infusion.
e The need for, and type of, any invasive
monitoring.

e What to expect during the establishment of a
regional technique.

e Being conscious throughout surgery if a regional
technique alone is used, and what they may
hear.

* Preoxygenation.

e Induction of anaesthesia. Although most com-
monly intravenous, occasionally it may be by
inhalation.

e Where they will ‘wake up’. This is usually the re-
covery unit, but after some surgery it may be the
ICU or HDU. In these circumstances the patient
should be given the opportunity to visit the unit a
few days before and meet some of the staff.

e Numbness and loss of movement after regional
anaesthesia.

e The possibility of drains, catheters and drips.
Their presence may be misinterpreted by the pa-
tient as indicating unexpected problems.

e The possibility of a need for blood transfusion.

e Postoperative pain control, particularly if it re-

quires their co-operation; for example a patient-
controlled analgesia device (see page 84).

e Information on any substantial risks with
serious adverse consequences associated with the
anaesthetic technique planned.

Although the anaesthetist will be the best judge of
the type of anaesthetic for each individual, patients
should be given an explanation of the choices,
along with the associated benefits and risks in terms
they can understand. Most patients will have an un-
derstanding of general anaesthesia—the injection
ofadrug, followed by loss of consciousness and lack
of awareness throughout the surgical procedure. If
regional anaesthesia is proposed, it is essential that
the patient understands and accepts that remaining
conscious throughout is to be expected, unless
some form of sedation is to be used.

Most patients will want to know when they can
last eat and drink before surgery, if they are to take
normal medications and how they will manage
without a drink. Some will expect or request a
premed and in these circumstances the approxi-
mate timing, route of administration and likely ef-
fects should be discussed.

Finally, before leaving ask if the patient has any
questions or wants anything clarified further.

Who should get consent?

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

The issues around consent in children and adults
who lack capacity are more complex, and the
reader should consult the Useful websites section
for more information.

Useful websites

http://www.aagbi.org/pdf/pre-operative_ass.pdf
[Preoperative assessment. The role of the anaes-

13



Chapter 1 Anaesthetic assessment and preparation for surgery

thetist. The Association of Anaesthetists of Great
Britain and Ireland. November 2001.]
http://www.americanheart.org/
presenter.jhtml?identifier=3000370
[American College of Cardiology / American
Heart Association (ACC/AHA) Guideline Update
on Perioperative Cardiovascular Evaluation for
Noncardiac Surgery. 2002.]
http://www.nice.org.uk/pdf/
Preop_Fullguideline.pdf
[National Institute for
(NICE) guidance on preoperative tests. June
2003 ]
http://info.med.yale.edu/intmed/cardio/
imaging/contents.html
[Chest X-ray interpretation.]

Clinical Excellence
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http://www.ncepod.org.uk/dhome.htm
[Confidential Enquiry into Perioperative Deaths
(CEPOD).]

http://www.doh.gov.uk/consent/index.htm
[Department of Health (UK) guidance on con-
sent.]

http://www.bma.org.uk/ap.nsf/Content/consenttk2
[BMA consent toolkit, second edition. February
2003 ]

http://www.youranaesthetic.info/

http://www.aagbi.org/pub_patient. htmlI#KNOW
[Patient information guides from the Associa-
tion of Anaesthetists of Great Britain and Ireland
and The Royal College of Anaesthetists.]

http://www.BNFE.org
[British National Formulary.]
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Premedication

Premedication originally referred to drugs
administered to facilitate the induction and main-
tenance of anaesthesia (literally, preliminary
medication). Nowadays, premedication refers to
the administration of any drugs in the period be-
fore induction of anaesthesia. Consequently, a
wide variety of drugs are used with a variety of

aims, summarized in Table 2.1.

Anxiolysis

The most commonly prescribed drugs are the ben-
zodiazepines. They produce a degree of sedation
and amnesia, are well absorbed from the gastroin-
testinal tract and are usually given orally, 45—
90mins preoperatively. Those most commonly
used include temazepam 20-30mg, diazepam
10-20mg and lorazepam 2-4mg. In patients who
suffer from excessive somatic manifestations of
anxiety, for example tachycardia, beta blockers
may be given. A preoperative visit and explanation
is often as effective as drugs at alleviating anxiety,
and sedation does not always mean lack of anxiety.

Amnesia

Some patients specifically request that they not
have any recall of the events leading up to anaes-
thesia and surgery. This may be accomplished by

the administration of lorazepam (as above) to pro-
vide anterograde amnesia.

Anti-emetic (reduction of nausea
and vomiting)

Nausea and vomiting may follow the administra-
tion of opioids, either pre- or intraoperatively.
Certain types of surgery are associated with a
higher incidence of postoperative nausea and
vomiting (PONV), for example gynaecology. Un-
fortunately, none of the currently used drugs can
be relied on to prevent or treat established PONV.
Drugs with anti-emetic properties are shown in
Table 2.2.

Antacid (modify 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).
This may not be possible or effective in some
patients:

¢ those who require emergency surgery;

e those who have received opiates or are in pain
will show a significant delay in gastric emptying;

e those with a hiatus hernia, who are at an in-
creased risk of regurgitation.

A variety of drug combinations are used to try and
increase the pH and reduce the volume.
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e Oral sodium citrate (0.3m): 30mL orally
immediately preinduction, to chemically neu-
tralize residual acid.

* Ranitidine (H, antagonist): 150mg orally 12
hourly and 2 hourly preoperatively.

e Metoclopramide: 10mg orally preoperatively.
Increases both gastric emptying and lower
oesophageal sphincter tone. Often given in
conjunction with ranitidine.

e Omeprazole (proton pump inhibitor): 40mg 3-4
hourly preoperatively.

If a naso- or orogastric tube is in place, this can be

used to aspirate gastric contents.

Anti-autonomic effects

Anticholinergic effects

(a) Reduce salivation (antisialogogue), for exam-
ple during fibreoptic intubation, surgery or instru-
mentation of the oral cavity or ketamine
anaesthesia.

(b) Reduce the vagolytic effects on the heart, for
example before the use of suxamethonium
(particularly in children), during surgery on the
extra ocular muscles (squint correction), or during
elevation of a fractured zygoma. Atropine and

hyoscine have now largely been replaced pre-

Table 2.1 The 6 As of premedication

e Anxiolysis

e Amnesia

e Anti-emetic

¢ Antacid

e Anti-autonomic
® Analgesia

operatively by glycopyrrolate, 0.2-0.4mg intra-
muscularly (IM). Many anaesthetists would con-
sider an IV dose given at induction more effective.

Antisympathomimetic effects

Increased sympathetic activity can be seen at intu-
bation, causing tachycardia and hypertension.
This is undesirable in certain patients, for example
those with ischaemic heart disease or raised in-
tracranial pressure. These responses
attenuated by the use of beta blockers given
preoperatively (e.g. atenolol, 25-50mg orally) or
intravenously at induction (e.g. esmolol). Peri-
operative beta blockade may also decrease the inci-
dence of adverse coronary events in high risk
patients having major surgery. An alternative is to
give a potent analgesic at induction of anaesthesia,
for example fentanyl, alfentanil or remifentanil.

can be

Analgesia

Although the oldest form of premedication, anal-
gesic drugs are now generally reserved for patients
who are in pain preoperatively. The most com-
monly used are morphine, pethidine and fentanyl.
Morphine was widely used for its sedative effects
but is relatively poor as an anxiolytic and has
largely been replaced by the benzodiazepines. Opi-
ates have a range of unwanted side-effects, includ-
ing nausea, vomiting, respiratory depression and
delayed gastric emptying.

Miscellaneous

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

Table 2.2 Commonly used anti-emetic drugs, dose and route of administration

Type of drug

Example

Usual dose

Dopamine antagonists

Metoclopramide

5-hydroxytryptamine antagonists Ondansetron 4-8mg orally or IV
Antihistamines Cyclizine 50mgIMor IV
Anticholinergics Hyoscine 1mg transdermal patch

10mg orally or IV
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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
diseased heart wvalves, or joint
replacement;

e anticoagulants:
venous thrombosis;

o transdermal glyceryl trinitrate (GTN): as patches in

patients with ischaemic heart disease to reduce the

undergoing

as prophylaxis against deep

risk of coronary ischaemia;

o cutectic 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.

Preoperative starvation

Traditionally, patients were starved of both food
and fluids for prolonged periods preoperatively,
but it is now increasingly recognized that, apart
from certain groups with an increased risk of aspi-
ration, this is not necessary.

Guidelines for normal healthy patients
undergoing elective surgery

e No solid food for 6 h preoperatively.

e Clear fluids can be taken up to 2h preopera-
tively; these include water, black tea or coffee,
pulpless fruit juice.

e Milkis not allowed as it flocculates in gastric acid
and the fat delays gastric emptying.

e Chewing gum does not increase gastric volume
and is best treated as for clear fluids.

e Normal medications can be taken with a small
volume of water.

e The use of opiates or anticholinergics as
premedicants has little effect on gastric volume.

Anaesthesia Chapter 2

Patients at increased risk of aspiration

e Delayed gastric emptying:

e recent trauma;

e ileus;

* pregnancy;

e alcohol, opiates, anticholinergics;

e autonomic neuropathy (diabetes mellitus).
e Gastro-oesophageal reflux:
e symptoms of, or known hiatus hernia;
e obesity;
e pregnancy, children;
e position for surgery (steep head-down).
These patients will benefit from the methods
described above to reduce gastric volume and
increase the pH of the contents. In the trauma
patient the time from last meal to injury may be a
better indicator of the gastric volume.

Managing the airway

Maintenance of a patent airway is an essential pre-
requisite for the safe and successful conduct of
anaesthesia. However, it is a skill that should be ac-
quired by all doctors, as during resuscitation pa-
tients often have an obstructed airway either as the
cause or result of their loss of consciousness. The
descriptions of airway management techniques
that follow are intended to supplement practice
either on a manikin or, preferably, on an anaes-
thetized patient under the direction of a skilled
anaesthetist.

Basic techniques

Anaesthesia frequently results in loss of the airway,
and this is most easily restored by a combination of
the head tilt and a jaw thrust (see page 100). When
holding a facemask in position with the index fin-
ger and thumb, the jaw thrust is achieved by lifting
the angle of the mandible with the remaining fin-
gers of one or both hands. The overall effect desired
is that the patient’s mandible is ‘lifted’ into the
mask rather than that the mask is being pushed
into the face (Fig. 2.1).
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Figure 2.1 Mask being held on a patient’s face.

Facemasks

e A commonly used type in adults is the BOC
anatomical facemask (Fig. 2.1), designed to fit the
contours of the face with the minimum of
pressure.

e Leakage of anaesthetic gases is minimized by an
air-filled cuff around the edge.

e Masks are made in a variety of sizes, and the
smallest one that provides a good seal should be
used.

e Some masks have a transparent body allowing
identification of vomit, making them popular for
resuscitation.

e All masks must be disinfected between each
patient use. Alternatively single use masks are
available.

Simple adjuncts

The oropharyngeal (Guedel) airway, and to a lesser
extent the nasopharyngeal airway, are used in con-
junction with the techniques described above to
help maintain the airway after the induction of
anaesthesia.
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Oropharyngeal airway

e Curved plastic tubes, flattened in cross-section
and flanged at the oral end. They lie over the
tongue, preventing it from falling back into the
pharynx.

e Available in a variety of sizes suitable for all pa-
tients, from neonates to large adults. The com-
monest sizes are 2-4, for small to large adults,
respectively.

e An estimate of the size required is given by com-
paring the airway length with the vertical distance
between the patient’s incisor teeth and the angle of
the jaw.

e Initially inserted ‘upside down’ as far as the back
of the hard palate (Fig. 2.2a), rotated 180° (Fig.
2.2b) and fully inserted until the flange lies in front
of the teeth, or gums in an edentulous patient (Fig.
2.2¢,d).

Nasopharyngeal airway

e Round, malleable plastic tubes, bevelled at the
pharyngeal end and flanged at the nasal end.

¢ Sized on their internal diameter in millimetres,
length increasing with diameter. The common
sizes in adults are 6-8 mm, for small to large adults,
respectively.

e A guide to the correct size is made by comparing
the diameter to the external nares.

e Prior to insertion, the patency of the nostril
(usually the right) should be checked and the air-
way lubricated.

e Theairway is inserted along the floor of the nose,
with the bevel facing medially to avoid catching
the turbinates (Fig. 2.3).

¢ A safety pin may be inserted through the flange
to prevent inhalation of the airway.

e If obstruction is encountered, force should not
be used as severe bleeding may be provoked.
Instead, the other nostril can be tried.

Problems with airways

the
suprasternal and intercostal spaces, use of the ac-

Snoring, indrawing of supraclavicular,

cessory muscles or paradoxical respiratory move-
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Figure 2.2 The sequence of inserting
an oropharyngeal airway.

ment (see-saw respiration) suggest that the above
methods are failing to maintain a patent airway.
Other problems with these techniques include:

¢ inability to maintain a good seal between the pa-
tient’s face and the mask, particularly in those
without teeth;

o fatigue, when holding the mask for prolonged
periods;

o therisk of aspiration, due to the loss of upper air-
way reflexes;

¢ the anaesthetist not being free to deal with any
other problems that may arise.

The laryngeal mask airway or tracheal intubation
may be used to overcome these problems.

The laryngeal mask airway (LMA)

Originally designed for use in spontaneously
breathing patients, it consists of a ‘mask’ that sits
over the laryngeal opening, attached to which is a
tube that protrudes from the mouth and connects
directly to the anaesthetic breathing system. On
the perimeter of the mask is an inflatable cuff that
creates a seal and helps to stabilize it (Fig. 2.4a). The
LMA is produced in a variety of sizes suitable for all
patients, from neonates to adults, with sizes 3, 4
and S5 being the most commonly used in female
and male adults. Patients can be ventilated via the
LMA provided that high inflation pressures are
avoided, otherwise leakage occurs past the cuff.
This reduces ventilation and may cause gastric in-
flation. The LMA is reusable, provided that it is
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Figure 2.3 Insertion of a nasopharyngeal airway.
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sterilized between each patient. There are now four
additional types of LMAs available:

e Aversion with a reinforced tube to prevent kink-
ing (Fig. 2.4b).

e The Proseal LMA (Fig. 2.4c): this has an addi-
tional posterior cuff to improve the seal around the
larynx and reduce leak when the patient is venti-
lated. It also has a secondary tube to allow drainage
of gastric contents.

e The intubating LMA (Fig. 2.4d): as the name
suggests this device is used as a conduit to perform
tracheal intubation without the need for laryn-
goscopy (see Tracheal intubation, below).

e A disposable version of the original for single
use, for example in infected cases.

The use of the laryngeal mask overcomes some of
the problems of the previous techniques:

e Itis notaffected by the shape of the patient’s face
or the absence of teeth.

e The anaesthetist is not required to hold it in po-
sition, avoiding fatigue and allowing any other
problems to be dealt with.

e It significantly reduces the risk of aspiration of re-
gurgitated gastric contents, but does not eliminate
it completely.

Its use is relatively contraindicated where there is an
increased risk of regurgitation, for example in
emergency cases, pregnancy and patients with a
hiatus hernia. The LMA has proved to be a valuable
aid in those patients who are difficult to intubate,
as it can usually be inserted to facilitate oxygena-
tion while additional help or equipment is ob-
tained (see below).

Technique for insertion of the
standard LMA

The patient’s reflexes must be suppressed to a level
similar to that required for the insertion of an
oropharyngeal airway to prevent coughing or
laryngospasm.

e The cuff is deflated (Fig. 2.5a) and the mask
lightly lubricated.

e A head tilt is performed, the patient’s mouth
opened fully and the tip of the mask inserted along
the hard palate with the open side facing but not
touching the tongue (Fig. 2.5b).
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Figure 2.4 From the top down: (a) standard laryngeal mask
airway (LMA); (b) reinforced LMA with close-up of rein-
forcement; (c) Proseal LMA; (d) intubating LMA with tra-
cheal tube passing through the mask.

Anaesthesia Chapter 2

e The mask is further inserted, using the index fin-
ger to provide support for the tube (Fig. 2.5¢).
Eventually, resistance will be felt at the point
where the tip of the mask lies at the upper
oesophageal sphincter (Fig. 2.5d).

e The cuff is now fully inflated using an air-filled
syringe attached to the valve at the end of the pilot
tube (Fig. 2.5e).

e The laryngeal mask is secured either by a length
of bandage or adhesive strapping attached to the
protruding tube.

e A ‘bite block’ may be inserted to reduce the risk
of damage to the LMA at recovery.

Tracheal intubation

This is the best method of providing and securing a
clear airway in patients during anaesthesia and re-
suscitation, but success requires abolition of the la-
ryngeal reflexes. During anaesthesia, this is usually
achieved by the administration of a muscle
relaxant (see below). Deep inhalational anaesthe-
sia or local anaesthesia of the larynx can also be
used, but these are usually reserved for patients
where difficulty with intubation is anticipated, for
example in the presence of airway tumours or im-
mobility of the cervical spine.

Common indications for tracheal
intubation

e Where muscle relaxants are used to facilitate sur-
gery (e.g. abdominal and thoracic surgery), thereby
necessitating the use of mechanical ventilation.

e In patients with a full stomach, to protect
against aspiration.

e Where the position of the patient would make
airway maintenance difficult, for example the
lateral or prone position.

e Where there is competition between surgeon
and anaesthetist for the airway (e.g. operations on
the head and neck).

e Where controlled ventilation is utilized to im-
prove surgical access (e.g. neurosurgery).

¢ In those patients in whom the airway cannot be
satisfactorily maintained by any other technique.
e During cardiopulmonary resuscitation.
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Figure 2.5 (a-e) Sequence of events
in the insertion of a laryngeal mask
airway (LMA).

Equipment for tracheal intubation

The equipment used will be determined by the cir-
cumstances and by the preferences of the indivi-
dual anaesthetist. The following is a list of the basic
needs for adult oral intubation.
e Laryngoscope: with a curved (Macintosh) blade
and functioning light.
e Tracheal tubes (cuffed): in a variety of sizes. The
internal diameter is expressed in millimetres and
the length in centimetres. They may be lightly
lubricated.
e For males: 8.0-9.0mm internal diameter,
22-24cm length.
e For females: 7.5-8.5mm internal diameter,
20-22 cm length.
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e Syringe: to inflate the cuff once the tube is in
place.

e Catheter mount: or ‘elbow’ to connect the tube to
the anaesthetic system or ventilator tubing.

e Suction: switched on and immediately to hand in
case the patient vomits or regurgitates.

e Stethoscope: to check correct placement of the
tube by listening for breath sounds during
ventilation.

e Extras: a semi-rigid introducer to help mould the
tube to a particular shape; Magill’s forceps, de-
signed to reach into the pharynx to remove debris
or direct the tip of a tube; bandage or tape to secure
the tube.



Tracheal tubes

Mostly manufactured from plastic (PVC), and for
single use to eliminate cross-infection (Fig. 2.6B).
They are available in 0.5mm diameter intervals,
and long enough to be used orally or nasally. A
standard 15mm connector is provided to allow
connection to the breathing system.

In adult anaesthesia, a tracheal tube with an in-
flatable cuff is used to prevent leakage of anaes-
thetic gases back past the tube when positive
pressure ventilation is used. This also helps prevent
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 pre-
vent deflation and a small ‘balloon’ to indicate
when the cuff is inflated. A wide variety of
specialized tubes have been developed, examples
of which are shown in Fig. 2.6.

e Reinforced tubes are used to prevent kinking and
subsequent obstruction as a result of the position-
ing of the patient’s head (Fig. 2.6C).

e Preformed tubes are used during surgery on the
head and neck, and are designed to take the con-
nections away from the surgical field (Fig. 2.6D).

Figure 2.6 Tracheal tubes: (A) paedia-
tric (uncuffed); (B) adult (cuffed); (C)
reinforced (close-up showing rein-
forcement); (D) preformed (RAE); and
(E) double lumen (close-up showing
tracheal and bronchial cuffs).
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e Double lumen tubes are effectively two tubes
welded together side-by-side, with one tube ex-
tending distally beyond the other. They are used
during thoracic surgery, and allow one lung to be
deflated whilst ventilation is maintained via the
bronchial portion in the opposite lung (Fig. 2.6E).
e Uncuffed tubes are used in children up to
approximately 10 years of age as the narrowing in
the subglottic region provides a natural seal (Fig.
2.6A).

The technique of oral intubation

Preoxygenation

All patients who are to be intubated are asked to
breathe 100% oxygen via a close-fitting facemask
for 2-3mins (‘preoxygenation’). This provides a
reservoir of oxygen in the patient’s lungs, reducing
the risk of hypoxia if difficulty is encountered with
intubation. Once this has been accomplished, the
appropriate drugs will be administered to render
the patient unconscious and abolish laryngeal
reflexes.

23



Chapter 2 Anaesthesia

Tip of
laryngoscope
in vallecula

False cords —
aryepiglottic
folds

Laryngeal
opening
(tracheal rings
just to left)

Figure 2.7 A view of the larynx at
laryngoscopy.

Positioning

The patient’s head is placed on a small pillow with
the neck flexed and the head extended at the
atlanto-occipital joint, the ‘sniffing the morning
air’ position. The patient’s mouth is fully opened
using the index finger and thumb of the right hand
in a scissor action.

Laryngoscopy

The laryngoscope is held in the left hand and the
blade introduced into the mouth along the right-
hand side of the tongue, displacing it to the left.
The blade is advanced until the tip lies in the gap
between the base of the tongue and the epiglottis,
the vallecula. Force is then applied in the direction in
which the handle of the laryngoscope is pointing. The
effort comes from the upper arm not the wrist, to
lift the tongue and epiglottis to expose the larynx,
seen as a triangular opening with the apex anteri-
orly and the whitish coloured true cords laterally
(Fig. 2.7).

24

Intubation

The tracheal tube is introduced into the right side
of the mouth, advanced and seen to pass through the
cords until the cuff lies just below the cords. The
tube is then held firmly and the laryngoscope is
carefully removed, and the cuff is inflated suffi-
ciently to prevent any leak during ventilation.
Finally the position of the tube is confirmed and
secured in place.

For nasotracheal intubation a well-lubricated
tube is introduced, usually via the right nostril
along the floor of the nose with the bevel pointing
medially to avoid damage to the turbinates. It is ad-
vanced into the oropharynx, where it is usually
visualized using a laryngoscope in the manner de-
scribed above. It can then either be advanced di-
rectly into the larynx by pushing on the proximal
end, or the tip picked up with Magill’s forceps
(which are designed not to impair the view of the
larynx) and directed into the larynx. The proce-
dure then continues as for oral intubation.

The intubating LMA (ILM)

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 replaces the
flexible tube (Fig. 2.4d). A handle is attached to the
tube. It is inserted by holding the handle rather
than using one’s index finger as a guide, and sits
opposite the laryngeal opening. A specially de-
signed reinforced, cuffed, tracheal tube can then be
inserted, and, due to the shape and position of the
ILM, will almost always pass into the trachea. Once
it has been confirmed that the tube lies in the
trachea, the ILM can either be left in place or re-
moved. This device has proved to be very popular
in cases where direct laryngoscopy does not give a
good view of the larynx and tracheal intubation
fails.

Confirming the position of the
tracheal tube

This can be achieved using a number of
techniques:
e Measuring the carbon dioxide in expired gas (capnog-
raphy): less than 0.2% indicates oesophageal
intubation.
e Oesophageal detector: a SO0mL syringe is attached
to the tracheal tube and the plunger rapidly with-
drawn. If the tracheal tube is in the oesophagus, re-
sistance is felt and air cannot be aspirated; if it is in
the trachea, air is easily aspirated.
e Direct visualization: of the tracheal tube passing
between the vocal cords.
e Fogging: on clear plastic tube connectors during
expiration.
o Less reliable signs are:
¢ diminished breath sounds on auscultation;
e decreased chest movement on ventilation;
e gurgling sounds over the epigastrium and
‘burping’ sounds as gas escapes;
* a decrease in oxygen saturation detected by
pulse oximetry. This occurs late, particularly if
the patient has been preoxygenated.

Complications of tracheal intubation

The following complications are the more com-
mon ones, not an attempt to cover all occurrences.

Anaesthesia Chapter 2

Hypoxia

Due to:

e Unrecognized oesophageal intubation If there is
any doubt about the position of the tube it should
be removed and the patient ventilated via a
facemask.

e Failed intubation and inability to ventilate the pa-
tient This is usually a result of abnormal anatomy
or airway pathology. Many cases are predictable at
the preoperative assessment (see page 6).

e Failed ventilation after intubation Possible causes
include the tube becoming kinked, disconnected,
or inserted too far and passing into one main
bronchus; severe bronchospasm and tension
pneumothorax.

e Aspiration Regurgitated gastric contents can
cause blockage of the airways directly, or secondary
to laryngeal spasm and bronchospasm. Cricoid
pressure can be used to reduce the risk of regurgita-
tion prior to intubation (see below).

Trauma

e Direct During laryngoscopy and insertion of the
tube, damage to lips, teeth, tongue, pharynx, lar-
ynx, trachea, and nose and nasopharynx during
nasal intubation; causing soft tissue swelling or
bleeding.

e Indirect To the recurrent laryngeal nerves, and
the cervical spine and cord, particularly where
there is pre-existing degenerative disease or
trauma.

Reflex activity

e Hypertension and arrhythmias Occurs in response
to laryngoscopy and intubation. May jeopardize
patients with coronary artery disease. In patients at
risk, specific action is taken to attenuate the re-
sponse; for example pretreatment with beta block-
ers or potent analgesics (fentanyl, remifentanil).

e Vomiting This may be stimulated when laryn-
goscopy is attempted in patients who are inade-
quately anaesthetized. It is more frequent when
there is material in the stomach; for example in
emergencies when the patient is not starved, in
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patients with intestinal obstruction, or when gas-
tric emptying is delayed, as after opiate analgesics
or following trauma.

e Laryngeal spasm Reflex adduction of the vocal
cords as a result of stimulation of the epiglottis or
larynx.

Difficult intubation

Occasionally, intubation of the trachea is made
difficult because of an inability to visualize the
larynx. This may have been predicted at the
preoperative assessment or may be unexpected. A
variety of techniques have been described to help
solve this problem and include the following:

e Manipulation of the thyroid cartilage by back-
wards and upwards pressure by an assistant to try
and bring the larynx or its posterior aspect into
view.

e At laryngoscopy, a gum elastic bougie, 60cm
long, is inserted blindly into the trachea, over
which the tracheal tube is ‘railroaded’ into place.

¢ A fibreoptic bronchoscope is introduced into the
trachea via the mouth or nose, and is used as a
guide over which a tube can be passed into the tra-
chea. This technique has the advantage that it can
be used in either anaesthetized or awake patients.
e An LMA or ILM can be inserted and used as a
conduit to pass a tracheal tube directly or via a
fibreoptic scope.
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Cricoid pressure (Sellick’s manoeuvre)

Regurgitation and aspiration of gastric contents are
life-threatening complications of anaesthesia and
every effort must be made to minimize the risk.
Preoperatively, patients are starved to reduce gas-
tric volume and drugs may be given to increase pH.
At induction of anaesthesia, cricoid pressure pro-
vides a physical barrier to regurgitation. As the
cricoid cartilage is the only complete ring of carti-
lage in the larynx, pressure on it, anteroposteriorly,
forces the whole ring posteriorly, compressing the
oesophagus against the body of the sixth cervical
vertebra, thereby preventing regurgitation. An as-
sistant, using the thumb and index finger, applies
pressure whilst the other hand is behind the pa-
tient’s neck to stabilize it (Fig. 2.8). Pressure is
applied as the patient loses consciousness and
maintained until the tube has been inserted, the
cuff inflated and correct position confirmed. It
should be maintained even if the patient starts to
actively vomit, as the risk of aspiration is greater
than the theoretical risk of oesophageal rupture. If
vomiting does occur, the patient should be turned
onto his or her side to minimize aspiration.

Can’t intubate, cant ventilate

In most patients who are difficult to intubate, a
patent airway and ventilation can be maintained

Figure 2.8 Sellick’'s manoeuvre. Note
the position of the thyroid cartilage
marked on the patient’s neck.



using one or more of the techniques described
above. Rarely, a patient may be both difficult to
intubate and ventilate. This is a life-threatening
emergency and may require the anaesthetist to re-
sort to one of the emergency techniques described
below.

Emergency airway techniques

These must only be used when all other techniques
have failed to maintain oxygenation.

e Needle cricothyroidotomy The cricothyroid mem-
brane is identified and punctured using a large bore
cannula (12-14 gauge) attached to a syringe. Aspi-
ration of air confirms that the tip of the cannula
lies within the trachea. The cannula is then angled
to about 45° caudally and advanced off the needle
into the trachea (Fig. 2.9). A high-flow oxygen sup-
ply is then attached to the cannula and insufflated
for 1s, followed by a 4s rest. Expiration occurs via
the upper airway as normal. This technique oxy-
genates the patient but only results in minimal car-
bon dioxide elimination, and is therefore limited
to about 30mins use while a definitive airway is
created.

e Surgical cricothyroidotomy This involves making
an incision through the cricothyroid membrane to
allow the introduction of a 5.0-6.0mm diameter
tracheostomy tube or tracheal tube (Fig. 2.10). It is
more difficult to perform, and results in signifi-
cantly more bleeding than the above. However,
once a tube has been inserted the patient can be
ventilated, ensuring oxygenation, elimination of
carbon dioxide and suction of the airway to re-
move any blood or debris.

Drugs used during general
anaesthesia

Anaesthetists have to be familiar with a wide range
of drugs that, unlike in most other branches of
medicine, are almost always given parenterally:
either intravenously or via inhalation. In addition
to their effects on the central nervous system
(CNS), most drugs have undesirable actions on
many other body systems, of which the anaes-
thetist must be fully aware.

Anaesthesia Chapter 2

Intravenous induction of anaesthesia

This is most frequently achieved in adults by the IV
injection of a drug. Consciousness is lost rapidly as
the concentration of the drug in the brain rises
very quickly. The drug is then redistributed to
other tissues and the plasma concentration falls;
this is followed by a fall in brain concentration and
the patient recovers consciousness. Despite a short
duration of action, complete elimination, usually
by hepatic metabolism, may take considerably
longer and lead to accumulation. Consequently,
most drugs are not given repeatedly to maintain
anaesthesia. Currently, the only exception to this
is propofol (see below). Whichever drug is used,
the dose required to induce anaesthesia will be
dramatically reduced in those patients who
are elderly, frail, have compromise of their
cardiovascular system or are hypovolaemic. A
synopsis of the drugs commonly used is given in
Table 2.3.

Inhalational induction of anaesthesia

Breathing an inhalational anaesthetic in oxygen or
in a mixture of oxygen and nitrous oxide can be
used to induce anaesthesia. As the concentration of
the anaesthetic in the brain increases slowly,
unconsciousness occurs but more slowly than
with an IV drug. Adequacy (‘depth’) of anaesthesia
is assessed (and overdose avoided) using clinical
signs or ‘stages of anaesthesia’; the original
description was based on using ether, but the main
features can still be seen using modern drugs. The
signs are modified by the concurrent administra-
tion of opiate or anticholinergic drugs. Currently,
sevoflurane is the most popular anaesthetic used for
this technique. Inhalation induction of anaesthesia
isused when IV induction is not practical, for exam-
plein:

e apatient with a lack of suitable veins;

e an uncooperative child;

e patients with a needle phobia;

e patients with airway compromise, in which an
IV drug may cause apnoea, and ventilation and
oxygenation become impossible, with catastro-
phic results.
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Cricothyroid
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Figure 2.9 (a) Needle cricothyroido-
tomy. (b) Photograph of oxygen deliv-
ery system (Manujet) attached to an
intravenous cannula. The pressure of
oxygen delivered is controlled by the
black knob and displayed on the dial.
Inset; preformed cannula and stylet
for use as an alternative to an IV can-
nula for cricothyroid puncture, with
integral wings to aid securing of the
device.
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Figure 2.10 Surgical cricothyroido-
tomy with insertion of small-diameter

Tracheostomy tube with
15 mm connector

Trachea

Thyroid cartilage

Cricoid cartilage

tracheostomy tube.

The stages of anaesthesia

First stage

This lasts until consciousness is lost. The pupils
will be normal in size and reactive, muscle tone
is normal and breathing uses intercostal mus-
cles and the diaphragm.

Second stage

In this period there may be breath-holding,
struggling and coughing. It is often referred to
as the stage of excitation. The pupils will be di-
lated and there is loss of the eyelash reflex.

Third stage

This is the stage of surgical anaesthesia. There is
reduction in respiratory activity, with progres-
sive intercostal paralysis. Muscle tone is also re-
duced and laryngeal reflexes are lost. The pupils
start by being slightly constricted and gradually
dilate. This stage ends with diaphragmatic
paralysis.

Fourth stage

This constitutes an anaesthetic catastrophe,
with apnoea, loss of all reflex activity and fixed
dilated pupils.

As well as the above, the anaesthetic will have ef-
fects on all of the other body systems, which will
need appropriate monitoring.

Maintenance of anaesthesia

This can be achieved either by using one of a vari-
ety of inhalational anaesthetics in oxygen with or
without nitrous oxide, or by an intravenous infu-
sion of a drug, most commonly propofol.

Inhalational anaesthesia

Inhalational anaesthetics are a group of halogena-
ted hydrocarbons with relatively low boiling
points. A ‘vaporizer’ is used to produce an accurate
concentration in the inspired gas mixture. Nitrous
oxide is the only other drug in this category. The
inspired concentration of all of these compounds
is expressed as the percentage by volume. A synop-
sis of the drugs used is given in Table 2.4.

There are two concepts that will help in under-
standing the use of inhalational anaesthetics:
minimum alveolar concentration and solubility.

Minimum alveolar concentration

To compare potencies and side-effects of the in-
halational anaesthetics, rather than simply com-
paring a fixed inspired concentration, the concept
of minimum alveolar concentration (MAC) is used.
This is the concentration required to prevent
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Table 2.5 MAC values for inhalational anaesthetics

Sevoflurane Desflurane Isoflurane Halothane Enflurane
(%) (%) (%) (%) (%)

In 100% oxygen 2.2 6.0 1.3 0.75 1.6

In 70% nitrous oxide 1.2 2.8 0.6 0.3 0.6

movement in 50% of subjects following a surgical
stimulus. At 1 MAC, or multiples thereof, the
anaesthetic effect will be the same and a compari-
son of the side-effects can be made. Compounds
with a low potency (e.g. desflurane) will have a
high MAC, those with a high potency (e.g.
halothane) will have a low MAC.

The effects of inhalational anaesthetics are addi-
tive, therefore two values for MAC are often quoted —
the value in oxygen and the value when given with a
stated percentage of nitrous oxide (which hasits own
MAC), which will clearly be less (Table 2.5).

The value of MAC is reduced in the elderly, in
those with hypotension, hypothermia, and hy-
pothyroidism, and with concurrent use of opioids;
it is increased in infants, patients with a pyrexia,
and in those who are chronic drug abusers.

Solubility

Inhalational anaesthetics exert their effect on the
central nervous system. It is the partial pressure in
the brain that is responsible for the anaesthetic ef-
fect and this follows closely the partial pressure in
the alveoli. The rate at which the alveolar partial
pressure can be changed determines the rate of
change in brain partial pressure, and hence speed
of induction, change in depth of, and recovery
from anaesthesia.

One of the main determinants of alveolar partial
pressure is how soluble the inhalational anaesthe-
ticis in blood. Relatively insoluble anaesthetics (e.g.
sevoflurane, desflurane) are removed slowly from
the alveoli by the pulmonary blood. The alveolar
(and brain) partial pressures rise quickly and anaes-
thesia is induced rapidly. In contrast, a soluble
anaesthetic (e.g. halothane) is removed rapidly
from the alveoli into the pulmonary blood, limit-
ing the rate of rise of alveolar and brain partial pres-
sure. Consequently, induction will be slower.
Recovery from anaesthesia follows similar princi-
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ples in reverse. Only a small amount of an insolu-
ble drug will have to be excreted to allow brain par-
tial pressure to fall. With a more soluble drug, a
larger amount will need to be excreted, which will
take proportionately longer.

Other factors that determine the speed at which
the alveolar concentration rises include:
e A high inspired concentration: limited clinically by
the degree of irritation caused.
e 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.
e Cardiac output: if high, results in a greater pul-
monary blood flow, increasing uptake thereby
lowering the alveolar partial pressure. If low, the
converse occurs and the alveolar concentration
rises more rapidly.

Nitrous oxide

Nitrous oxide (N,0) is a colourless, sweet-smelling,
non-irritant gas with moderate analgesic proper-
ties but low anaesthetic potency (MAC 105%). As
the maximum safe concentration that can be ad-
ministered without the risk of hypoxia is approxi-
mately 70%, unconsciousness or anaesthesia
sufficient to allow surgery is rarely achieved. Con-
sequently, it is usually given in conjunction with
one of the other vapours. Nitrous oxide is pre-
mixed with oxygen as a 50:50 mixture called
‘Entonox’ which is used as an analgesic in obstet-
rics and by the emergency services.

Systemic effects

e Cardiovascular depression, exacerbated in pa-
tients with pre-existing cardiac disease.

e Slight increase in the respiratory rate and a de-
crease in the tidal volume. Decreases the ventila-
tory response to carbon dioxide and hypoxia.



e Cerebral vasodilatation, increasing intracranial
pressure (ICP).

e Diffuses into air-filled cavities more rapidly than
nitrogen can escape, causing either a rise in pres-
sure (e.g. in the middle ear) or an increase in
volume (e.g. within the gut or an air embolus).

e May cause bone-marrow suppression by inhibit-
ing the production of factors necessary for the syn-
thesis of DNA. The length of exposure necessary
may be as short as a few hours, and recovery
usually occurs within 1 week.

e At the end of anaesthesia, rapid excretion of
nitrous oxide into the alveoli dilutes any oxygen
present (diffusion hypoxia). If the patient is
breathing air, hypoxia can occur. This can be over-
come by increasing the inspired oxygen concentra-
tion during recovery.

Halothane hepatitis

The precise link between the use of halothane and
the subsequent development of hepatitis remains
unclear. The incidence is extremely low, being in
the region of 1:10000-20000 halothane adminis-
trations. The clinical picture is one of jaundice,
with a massive rise in plasma aminotransferases
several days after the exposure to halothane, asso-
ciated with severe hepatic necrosis. The mortality
rate is approximately 50%. Severe liver damage is
unlikely to occur after a single exposure in adults,
but repeat administration at an interval of less than
3 months should be avoided, particularly in obese,
middle-aged females. With the current range of al-
ternatives this should no longer be necessary. The
risk to children appears to be much less.

Total intravenous anaesthesia

When 1V 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
eliminated or metabolized to inactive substances
to prevent accumulation and delayed recovery,
and have no unpleasant side-effects. Currently, an
infusion of propofol is the most widely used tech-
nique; ketamine is associated with an unpleasant
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recovery, etomidate suppresses steroid synthesis
and recovery after barbiturates is prolonged due to
their accumulation.

TIVA using propofol

With this technique, an appropriate brain concen-
tration of propofol must be achieved and main-
tained to prevent awareness and any response to
surgery. The simplest way is to give the usual IV in-
duction dose, followed by repeated injections at in-
tervals depending on the patient’s response. This
method can be used for short procedures, but for
maintenance over a longer period, it is more com-
mon to use a microprocessor-controlled infusion
pump (e.g. ‘Diprifusor’). This is more accurate and
reliable as it uses the patient’s weight and age to
calculate the rate of infusion required to achieve a
constant plasma (and brain) concentration. Hav-
ing entered the appropriate data, on starting the
pump an initial rapid infusion is given to render
the patient unconscious, followed by an infusion
at a slower rate to maintain anaesthesia. This is
often referred to as ‘target controlled infusion’
(TCI). The infusion rate can also be adjusted
manually to change the plasma concentration to
take account of individual patient variation and
the degree of surgical stimulation, in the same way
that the concentration of a volatile anaesthetic
from the vaporizer can be changed.

Propofol alone can be used to maintain anaes-
thesia, but the infusion rates are very high, with
significant cardiovascular side-effects. It is usually
combined with either IV opioids, given as repeated
injections (e.g. fentanyl), oran infusion (e.g. remifen-
tanil). An alternative is to use a regional anaesthetic
technique for analgesia. If muscle relaxation is re-
quired, neuromuscular blocking drugs are given and
the patient is usually ventilated with oxygen-
enriched air. Nitrous oxide can be used, but this is not
strictly TIVA and some of the advantages are lost.

Advantages of total intravenous
anaesthesia

e The potential toxic effects of the inhalational
anaesthetics are avoided.
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e The problems associated with nitrous oxide can
be avoided.

e A better quality of recovery is claimed.

e It may be beneficial in certain types of surgery,
for example neurosurgery.

e Pollution is reduced.

Disadvantages of total intravenous
anaesthesia

e Secure, reliable intravenous access is required.
e Risk of awareness if intravenous infusion fails.
e Cost of electronic infusion pumps.
e May cause profound hypotension.

Neuromuscular blocking drugs

These work by interfering with the normal action
of acetylcholine at the motor end plate, blocking
the receptors on the postsynaptic muscle mem-
brane (and possibly other sites). Muscle relaxants
are divided into two groups, the names of which
are thought to reflect their mode of action.

Depolarizing neuromuscular
blocking drugs

Suxamethonium

Thisis the only drug of this type in regular clinical use.
Itcomes ready-prepared (50 mg/mL, 2mLampoules).
The dose in adults is 1.5mg/kg IV. After injection,
there is a short period of muscle fasciculation due to
depolarization of the muscle membrane, followed by
muscular paralysis in 40-60s. Recovery occurs as a re-
sult of hydrolysis by plasma (pseudo-) cholinesterase,
with restoration of normal neuromuscular transmis-
sion after 4-6 mins. This rapid onset makes it the drug
of choice to facilitate tracheal intubation in patients
likely to regurgitate and aspirate.

Systemic effects

e No direct effect on the cardiovascular, respira-
tory or central nervous systems. Bradycardia sec-
ondary to vagal stimulation is common after very
large or repeated doses, necessitating pretreatment
with atropine.
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e A massive rise in serum potassium may provoke
dysrhythmias in certain patients with:
e burns, maximal 3 weeks to 3 months after the
burn;
e denervation injury, for example spinal cord
trauma, maximal after 1 week;
e muscle dystrophies, for example Duchenne’s;
e crush injury.
Administration of suxamethonium is associated
with a number of important side-effects:
e malignant hyperpyrexia in susceptible patients
(see page 98);
e increased intraocular pressure which may cause
loss of vitreous in penetrating eye injuries;
e muscular pain around the limb girdles, most
common 24h after administration in young
adults;
e histamine release: usually localized but may
cause an anaphylactoid reaction;
e prolonged apnoea in patients with pseudo-
cholinesterase deficiency.

Pseudocholinesterase deficiency

A variety of genes have been identified which are
involved in pseudocholinesterase production. The
most significant genotypes are:

e normal homozygotes: sufficient enzyme to hy-
drolyse suxamethonium in 4-6 mins (950 per 1000
population);

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

e atypical homozygotes: marked deficiency of en-
zyme; members of this group are apnoeic for up to
2 h after suxamethonium (1 per 1000).

Treatment of the third group consists of ventila-
tory support with maintenance of anaesthesia or
sedation until recovery occurs. The patient should
subsequently be warned and given a card that car-
ries 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 prejunctional receptors responsible for
facilitating the release of acetylcholine.) They are
sometimes referred to as competitive neuromuscu-
lar blockers. The time to maximum effect, that is
when relaxation is adequate to allow tracheal intu-
bation, is relatively compared with
suxamethonium, generally 1.5-3 mins. A synopsis
of the drugs used is given in Table 2.6.
They are used in two ways:

slow

e following suxamethonium to maintain muscle
relaxation during surgery;

e to facilitate tracheal intubation in non-urgent
situations.
Although
function eventually occurs spontaneously after
the use of these drugs, it is often accelerated by the
administration of an anticholinesterase (see below).

recovery of normal neuromuscular

Anticholinesterases

The action of all the neuromuscular blocking
drugs wears off spontaneously with time, but this is
not always clinically appropriate. In patients who
require reversal of neuromuscular blocking drugs,
an anticholinesterase is given. This inhibits the ac-
tion of the enzyme acetylcholinesterase, resulting
in an increase in the concentration of acetyl-
choline at the neuromuscular junction (nicotinic
effect). The speed of recovery will depend upon the
intensity of block when reversal is attempted —the
more intense the block the slower the reversal.
Anticholinesterases cannot be used to reverse very
intense block, for example if given soon after the
administration of a relaxant (no response to a
‘train-of-four’ sequence —see below).

Anticholinesterases also function at parasympa-
thetic nerve endings (muscarinic effect), causing
bradycardia, spasm of the bowel, bladder and
bronchi, increased bronchial secretions, etc. There-
fore they are always administered with a suitable
dose of atropine or glycopyrrolate to block the un-
wanted muscarinic effects.

The most commonly used anticholinesterase is
neostigmine:
e A fixed dose of 2.5mg intravenously is used in
adults.
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e Its maximal effect is seen after approximately
Smins and lasts for 20-30 mins.
e It is given concurrently with either atropine
1.2mg or glycopyrrolate 0.5 mg.

Assessment of neuromuscular blockade

This can be achieved either clinically or by using a
peripheral nerve stimulator.

Clinical assessment

This requires a conscious, co-operative patient
to perform a sustained activity and is therefore
limited in its application. Tests commonly used
include:

¢ lifting the head off the pillow for Ss;

e a hand grip for Ss;

e the ability to produce a vital capacity breath,
>10mL/kg.

Inability to perform these activities and/or the
presence of ‘see-sawing’ or paradoxical respiration
suggests a degree of residual neuromuscular block.
A turther dose of neostigmine and an anticholiner-
gic may be required.

Peripheral nerve stimulation

This is used in anaesthetized patients, the details
of which are outside the remit of this book.
The following is intended as no more than a brief
outline.

A peripheral nerve supplying a discrete muscle
group is stimulated transcutaneously with a cur-
rent of 50mA. The resulting contractions are
observed or measured. One arrangement is to stim-
ulate the ulnar nerve at the wrist whilst monitor-
ing the contractions (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 0.2s duration, at 2Hz for 25,
referred to as a ‘train-of-four’ (TOF);

e One stimulus at SOHz of 5s duration, that is, a
tetanic stimulus;
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e two groups of three tetanic bursts at 50Hz,
750ms apart.

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 de-
gree of neuromuscular blockade. During depolariz-
ing blockade, the response to all sequences of
stimulation is reduced but consistent, that is, there
is no fade.

When is it useful to assess the degree of
neuromuscular block?

e During long surgical procedures to control the
timing of increments or adjust the rate of an infu-
sion of relaxants to prevent coughing or sudden
movement. This is particularly important during
surgery in which a microscope is used, for example
neurosurgery.

e At the end of surgery, to plan reversal of residual
neuromuscular block to ensure adequate respira-
tory muscle function.

e To differentiate between apnoea due to pro-
longed action of suxamethonium, suggesting
pseudocholinesterase deficiency, and residual non-
depolarizing block, when both have been given.

¢ Inrecovery, to help distinguish between residual
neuromuscular block and opioids overdose as a
cause of inadequate ventilation postoperatively.
The former will show reduced or absent response
to stimulation, the latter a normal response.

Analgesic drugs

Analgesic drugs are used as part of the anaesthetic
technique to eliminate pain, reduce the auto-
nomic response and allow lower concentrations of
inhalational or intravenous drugs to be given to
maintain anaesthesia.

Opioid analgesics

This term is used to describe all drugs that have an
analgesic effect mediated through opioid receptors
and includes both naturally occurring and syn-
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thetic compounds. The term ‘opiate’ is reserved for
naturally occurring substances, for example mor-
phine. There are several opioid receptors, each
identified by a letter of the Greek alphabet, at
which this group of drugs can have either agonist or
antagonist actions. Two of the most important re-
ceptors are 1 (mu) and «x (kappa), and stimulation
(agonist actions) of these by a pure agonist pro-
duces the classical effects of opioids: analgesia (u,
«), euphoria (1), sedation (x), depression of ventila-
tion (u, x) and physical dependence (u). The sys-
temic effects of opioids due to both central and
peripheral actions are summarized in Table 2.7.

A synopsis of the pure agonists used in anaesthe-
siais given in Table 2.8. Because of the potential for
physical dependence, there are strict rules govern-
ing the issue and use of most opioid drugs under
the Misuse of Drugs Act 1971 (see below).

Opioid analgesics can also be partial agonists or
partial agonists/antagonists. There are also drugs
that are pure antagonist, have no analgesic action
and reverse all the central actions of a pure agonist.
It is in this role that they are used clinically.

The partial agonists and mixed
agonists/antagonists

These drugs were introduced in the hope that, with
only partial agonist activity at pu receptors or mixed
agonist/antagonist actions at p and x receptors,
analgesia would be achieved without the problem
of depression of ventilation. Such an ideal has not
yet been achieved.

Nalbuphine (Nubaine)

This is a synthetic analgesic with antagonist ac-
tions at pu receptors and partial agonist actions at k
receptors. It is similar in potency and duration of
action to morphine, and exhibits a ceiling effect of
analgesia. Unfortunately, being a partial antago-
nist, giving morphine subsequently is relatively
ineffective.

Tramadol (Zydol)

A relatively complex analgesic, a weak opioid
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Table 2.7 Central and peripheral actions of opioids

Central nervous system Respiratory system Gastrointestinal tract
Analgesia Antitussive effect Reduced peristalsis causing:
Sedation Bronchospasm in susceptible patients e constipation

Euphoria o delayed gastric emptying

Cardiovascular system
Peripheral venodilatation
Bradycardia due to vagal stimulation Endocrine system
Release of ADH and
catecholamines

Nausea and vomiting
Pupillary constriction
Depression of ventilation:
e rate more than depth Skin

o reduced response to carbon dioxide Itching
Depression of vasomotor centre

Addiction (not with normal clinical use)

Constriction of sphincters

Urinary tract
Increased sphincter tone and urinary retention

ADH: antidiuretic hormone.

Table 2.8 The pure opioid agonists used in anaesthesia

Duration of
Drug Route given Dose Speed of onset  action (mins) Comments

Morphine Also given
subcutaneously,
rectally, epidurally,
intrathecally

IM 0.2-0.3mg/kg 20-30mins 60-120 Effective against

v 0.1-0.15mg/kg 5-10mins 45-60 visceral pain and
pain of myocardial
ischaemia. Less
effective in trauma

Fentanyl v 1-3ug/kg 2-3mins 20-30 Short procedures,
spontaneous
ventilation

5-10ug/kg 1-2mins 30-60 Long procedures,
controlled ventilation

Alfentanil \% 10ug/kg 30-60s 5-10 Short procedures. May
cause profound
respiratory
depression

IV infusion 0.5-2 ug/kg/min 30-605s Infusion Long procedures,
dependent controlled ventilation

Remifentanil IV infusion 0.1-0.3pug/kg/min - 15-30s Infusion Major procedures.

dependent Very rapid recovery.
Profound respiratory
depression. Widely
used in TIVA

Pethidine IM 1-2mg/kg 15-20mins 30-60 Marked nausea and
vomiting. Less effect
on smooth muscle

TIVA: total intravenous anaesthesia.
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agonist at p receptors, inhibits noradrenaline
uptake and release of 5-hydroxytryptamine (5-HT).
When given intravenously, it is approximately one
tenth as potent as morphine and roughly equiva-
lent to pethidine, that is, the dose being 1-2 mg/kg.
It is claimed to cause less respiratory depression
than equivalent doses of morphine, but if this does
occur it is readily reversed by naloxone. A further
advantage is that it is not a controlled drug, and is
therefore more easily available.

The pure antagonist

The only one in common clinical use is naloxone.

Naloxone (Narcan)

This has antagonist actions at all the opioid recep-
tors, 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 60s and lasting 30-45 mins.

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

¢ Following a severe overdose, either accidental or
deliberate, several doses or an infusion of naloxone
may be required, as its duration of action is less
than most opioids.

e Naloxone will also reverse the analgesia pro-
duced by acupuncture, suggesting that this is prob-
ably mediated in part by the release of endogenous
opioids.

The regulation of opioid drugs

Some drugs have the potential for abuse and con-
sequent physical dependence, and their use in
medicine is carefully regulated. The Misuse of
Drugs Act 1971 controls ‘dangerous or otherwise
harmful drugs’, which are designated ‘Controlled
Drugs’ and include the opioids. The Act imposes a
total prohibition on the manufacture, possession
and supply of these substances, in an attempt to
prevent their misuse. The Misuse of Drugs Regula-
tions 2001 permits the use of Controlled Drugs in
medicine. The drugs covered by these regulations
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are classified into five schedules, each with a differ-

ent level of control.

Schedule 1 Hallucinogenic drugs, including
cannabis and LSD, which currently have no
recognized therapeutic use.

Schedule 2 This includes opioids, major stimulants
(amphetamines and cocaine) and quinal-
barbitone.

Schedule 3 Drugs thought not as likely to be
misused as those in schedule 2, and includes
barbiturates, minor stimulants, buprenorphine
(Temgesic) and temazepam.

Schedule 4 This is split into two parts:

e benzodiazepines, which are recognized as
having the potential for abuse;

e androgenic steroids, clenbuterol and growth
hormones.

Schedule 5 Preparations which contain very low
concentrations of codeine or morphine,
for example cough mixtures.

Supply and custody of schedule 2
drugs

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

e Separate parts of the register can be used for differ-
entdrugs or strengths of drugs within a single class.
e The class of drug must be recorded at the head of
each page.

e Entries must be in chronological sequence.

e Entries must be made on the day of the transac-
tion or the next day.

¢ Entries must be in ink or otherwise indelible.

e No cancellation, alteration or obliteration may
be made.

e Corrections must be accompanied by a footnote
that must be dated.

e The register must not be used for any other
purpose.
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e A separate register may be used for each depart-
ment (i.e. theatre).

e Registers must be kept for 2 years after the last
dated entry.

The specific details required with respect to supply
of Controlled Drugs (i.e. for the patient) are: the
date of the transaction, name of person supplied
(i.e. the patient’s name), licence of person to be in
possession (doctor’s signature), amount supplied
and form in which supplied.

Non-steroidal anti-inflammatory
drugs (NSAIDs)

These drugs inhibit the cyclo-oxygenase enzymes
(COX-1 and 2) and prevent the breakdown of
arachidonic acid to prostaglandins. Prostaglandins
mediate inflammation peripherally and also the
sensation of nociception in the CNS. There is a ceil-
ing effect to this action and a maximum recom-
mended dose for each drug. Prostaglandins also
have important constitutive roles:

e protect the integrity of the gastric mucosa;

e maintain renal blood flow, particularly during
shock;

e platelet aggregation to reduce bleeding;

e bone healing.

Older NSAIDs are non-specific COX inhibitors and
associated with a significant incidence of renal fail-
ure and haemorrhage —the elderly, frail or patients
taking steroids are particularly vulnerable.
Gastrointestinal (GI) ulceration is unusual with
short-term use but the drugs may promote fluid
retention and delay fracture healing. More recent-
ly, COX-2 specific NSAIDs have become available.
These target only the inducible form of the enzyme
at the site of inflammation. This reduces the
chance of gastric ulceration or bleeding problems,
but they must still be used with great caution in
potential or actual renal failure. Some asthmatic
patients (especially those with recurrent nasal
polyps) are prone to bronchospasm precipitated by
NSAIDs. Most patients with asthma do not react to
NSAIDs so it is not a general contraindication.
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Ketorolac

* A non-specific COX inhibitor, with predomi-
nantly analgesic activity, given orally, IM or IV.

e Theinitial parenteral dose is 10 mg, subsequently
30mg (maximum 90 mg/day), for up to 2 days.

e Effective after orthopaedic surgery, has opioid-
sparing effects after abdominal surgery.

e No effect on ventilation or cardiovascular
function.

* Not subject to the Misuse of Drugs Regulations.
As well as the usual contraindications to the use of
NSAIDs, ketorolac should be avoided when exces-
sive blood loss is anticipated, or when patients are
receiving other NSAIDs or anticoagulants, includ-
ing low-dose heparin.

Parecoxib

This is a selective inhibitor of COX-2 and is
claimed to have fewer adverse side-effects, particu-
larly on the GI tract and platelets. Only available
for parenteral use; the initial dose is 40mg, with
subsequent doses of 20-40mg, 6-12 hourly, maxi-
mum 80 mg/day.

Paracetamol

Not widely used during anaesthesia, but an intra-
venous preparation is now available (see page 83).

The safe delivery of anaesthesia

The delivery of gases to the
operating theatre

Most hospitals use a piped medical gas and vacuum
system (PMGV) to distribute oxygen, nitrous oxide,
medical air and vacuum. The pipelines’ outlets act
as self-closing sockets, each specifically configured,
coloured and labelled for one gas. Oxygen, nitrous
oxide and air are delivered to the anaesthetic room
at a pressure of 400 kilopascals (kPa) (4bar, 60
pounds per square inch (psi)). The gases (and vacu-
um) reach the anaesthetic machine via flexible rein-
forced hoses, colour coded throughout their length
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Figure 2.11 Wall-mounted outlets and gas-specific probes for (left to right) oxygen, nitrous oxide, air.

Table 2.9 Medical gas cylinder colours

Colour
Gas Body Shoulder
Oxygen Black White
Nitrous Oxide Blue Blue
Entonox Blue Blue/white
Air Grey White/black
Carbon dioxide Grey Grey

(oxygen white, nitrous oxide blue, vacuum yellow).
These attach to the wall outlet via a gas-specific
probe (Fig. 2.11) and to the anaesthetic machine via
a gas-specific nut and union. Cylinders, the tradi-
tional method of supplying gases to the anaesthetic
machine, are now mainly used as reserves in case of
pipeline failure. Cylinders are also colour coded to
indicate their contents (Table 2.9).

Oxygen

Piped oxygen is supplied from a liquid oxygen re-
serve, where it is stored under pressure (10-12bar,
1200kPa) at approximately —180°C in a vacuum-
insulated evaporator (VIE), effectively a 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 in case of failure of
the main system. A smaller cylinder is attached
directly to the anaesthetic machine as an emer-
gency reserve. The pressure in a full cylinder is

12000kPa (120bar, 1980 psi) and this falls in direct
proportion to the cylinder contents.

Nitrous oxide

Piped nitrous oxide is supplied from large cylin-
ders, several of which are joined together to form a
bank, attached to a common manifold. There are
usually 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 ma-
chine. At room temperature, nitrous oxide is a
liquid within the cylinder, and while any liquid
remains the pressure within the cylinder remains
constant (440kPa, 640 psi). When all the 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 cylin-
ders. A compressor delivers air to a central reser-
voir, where it is dried and filtered to achieve the
desired quality before distribution. Air is supplied
to the operating theatre for anaesthetic use at 400
kPa, and at 700kPa to power medical tools.

Vacuum

The final part of the PMGV system is medical
vacuum. Two pumps are connected to a system
that must be capable of generating a vacuum of at
least 400 mmHg below atmospheric pressure. This
is delivered to the anaesthetic rooms, operating
theatre and other appropriate sites. At several
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Figure 2.12 Oxygen, air and nitrous oxide flowmeters on
an anaesthetic machine.

stages between the outlets and the pumps there are
drains and bacterial filters to prevent contamina-
tion by aspirated fluids.

The anaesthetic machine

Its main functions are to allow:

e the accurate delivery of varying flows of gases to
an anaesthetic system;

e an accurate concentration of an anaesthetic
vapour to be added to the gas stream.

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

Measurement of flow

This is achieved on most anaesthetic machines by
the use of flowmeters (‘rotameters’; Fig. 2.12):
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* A specific, calibrated flowmeter is used for each
gas.

¢ A needle valve controls the flow of gas through
the flowmeter.

e A rotating bobbin floats in the gas stream, its
upper edge indicating the rate of gas flow.

e Several flowmeters are mounted adjacent with
oxygen to the left; the control for oxygen has a
different knurled finish and is usually more
prominent.

¢ Flowmeters do not regulate pressure.

Safety features

e The oxygen and nitrous oxide controls are
linked such that less than 25% oxygen cannot be
delivered.

e If carbon dioxide is fitted, flow is limited to
500mL/min.

¢ An emergency oxygen ‘flush’ device can be used
to deliver pure oxygen into the breathing system.
¢ An audible alarm to warn of oxygen failure. This
discontinues the nitrous oxide supply and if the
patient is breathing spontaneously air can be
entrained.

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

e Pressure relief valves are fitted primarily to pro-
tect the equipment, not the patient!

The addition of anaesthetic vapours

Vapour-specific devices are used to produce an
accurate concentration of each inhalational
anaesthetic:

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

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

e The vaporizers are temperature compensated
(hence -tec suffix, e.g. Sevotec) to account for the
loss of latent heat that causes cooling and reduces
vaporization of the anaesthetic.

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 to the patient.

Checking the anaesthetic machine

It is the responsibility of each anaesthetist to check
that the apparatus used will function in the man-
ner expected at the beginning of each operating
session. The main danger is that the anaesthetic
machine appears to perform normally, but in fact is
delivering a hypoxic mixture to the patient. In
order to minimize the risk of this, the Association
of Anaesthetists of Great Britain and Ireland
(AAGBI) has published a Checklist for Anaesthetic
Machines. Its main aim is to ensure that oxygen
flows through the oxygen delivery system and is
unaffected by the use of any additional gas or
vapour. Most modern anaesthetic machines now
have built-in oxygen analysers that monitor the in-
spired oxygen concentration to minimize this risk.

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. Delivery to the patient is via a
facemask, laryngeal mask or tracheal tube (see pages
18-25). There are a number of different breathing
systems (referred to as ‘Mapleson A’, B, C, D or E)
plus a circle system. 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 system, a low-resistance, disposable bacte-
rial 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 are used, and changed for each patient.

Components of a breathing system

All systems consist of the following:

e A connection for fresh gas input Usually the com-
mon gas outlet on the anaesthetic machine.

e A reservoir bag Usually of 2L capacity to allow
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the patient’s peak inspiratory demands (30—
40L/min) to be met with a lower constant flow
from the anaesthetic machine. Its excursion gives
an indication of ventilation and allows manual
ventilation of the patient. It also acts as a further
safety device, being easily distended at low pres-
sure if obstruction occurs.

e 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.

An example of a commonly used system is shown
in Fig. 2.13.

The circle system

The traditional breathing systems relied on the po-
sitioning of the components and the gas flow from
the anaesthetic machine to eliminate carbon diox-
ide in expired gas, thereby preventing rebreathing
and hypercapnia. Even the most efficient system is
still wasteful; a gas flow of 4-6L/min is required
and the expired gas contains oxygen and anaes-
thetic vapour in addition to carbon dioxide.
The circle system (Fig. 2.14) overcomes these
inefficiencies:

e The expired gases, instead of being vented to the
atmosphere, are passed through a container of
soda lime (the absorber), a mixture of calcium,
sodium and potassium hydroxide, to chemically
remove carbon dioxide.

e Supplementary oxygen and anaesthetic vapour
are added to maintain the desired concentrations,
and the mixture rebreathed by the patient. Gas
flows from the anaesthetic machine to achieve this
can be as low as 0.5L/min. The circle system is
therefore the only true ‘anaesthetic circuit’.

e The gases are warmed and humidified as they
pass through the absorber (by-products of the reac-
tion removing carbon dioxide).

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

e As the inspired gas is a mixture of expired and
fresh gas, the concentration of oxygen within the
circle is not known accurately. The inspired oxygen
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concentration must be monitored to ensure

that the patient is not rendered hypoxic (see
page 53).

¢ The inspired anaesthetic concentration must be
monitored, particularly when a patient is being
ventilated through a circle, to prevent awareness.

e When unable to absorb any more carbon diox-
ide, a change in the colour of the granules occurs as
aresult of the incorporation of an indicator. One of
the commonly used preparations changes from
pink to white.
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Figure 2.13 The component parts of
a breathing system and photograph of
the system connected to the common
gas outlet on the anaesthetic ma-
chine. Note the port on the expiratory
valve (white) to allow connection
to the anaesthetic gas scavenging
system.

Mechanical ventilation

A wide variety of anaesthetic ventilators are avail-
able, 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 reading at the end of the
chapter.

During spontaneous ventilation, gas moves into
the lungs by a negative intrathoracic pressure. This
process is reversed during mechanical ventilation.
A positive pressure is applied to the anaesthetic
gases to overcome airway resistance and elastic
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Figure 2.14 Diagram and photograph of a circle system.
The internal arrangement of the pipe-work in the system al-
lows most of the components in the diagram to be situated
on the top of the absorber. (I, inspiratory; E, expiratory one-
way valves).

recoil of the chest, and flow occurs into the lungs.
This technique is usually referred to as intermittent
positive pressure ventilation (IPPV). In both sponta-
neous and mechanical ventilation, expiration oc-

curs by passive recoil of the lungs and chest wall. In
order to generate a positive pressure, the ventilator
requires a source of energy: gravity, gas pressure or
electricity.
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Gravity

The Manley is a typical example of a ventilator
using this operating principle. Gas from the anaes-
thetic machine collects within a bellows that is
compressed by a weight. At a predetermined time a
valve opens and the contents of the bellows are
delivered to the patient (Fig. 2.15).

Gas pressure

Gas from the anaesthetic machine collects in a bel-
lows or bag situated in a rigid container (Fig. 2.16).
The ventilator controls the delivery of a gas
(usually oxygen) at high pressure into the contain-
er to compress the bellows or bag, delivering the
contents to the patient. This system is often called
a ‘bag-in-bottle’ ventilator.

Electricity

Electrical power opens and closes valves to control
the flow (and volume) of gas from a high-pressure
source. Alternatively, an electric motor can power a
piston within a cylinder to deliver a volume of gas
to the patient (Fig. 2.17). Modern ventilators rely
increasingly on complex electronics to control gas
delivery and the inspiratory and expiratory timing
of ventilation.

The effects of positive pressure
ventilation

e There is an increase in both the physiological
dead space relative to the tidal volume and ventila-
tion/perfusion (V/Q) mismatch, the effect of which
is to impair oxygenation. An inspired oxygen con-
centration of around 30% is used to compensate
and prevent hypoxaemia.

e The arterial partial pressure of carbon dioxide
(Paco,) is dependent on alveolar ventilation. Over-
ventilation results in hypocapnia, causing a respi-
ratory alkalosis. This ‘shifts’ the oxyhaemoglobin
dissociation curve to t