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Preface to the third edition

In revising this well-respected book I have tried to retain the original
structure and, particularly, the ethos of the book in keeping with its origins
as described in the preface to the 1™ edition.

The whole text has been updated and revised in line with current anaesthetic
teaching. I have added new chapters on hypothermia and acute pain relief
and have amalgamated and re-arranged some other chapters for easier
reference.

There have been many people (some unknown to me) involved in the
revision and I thank them all. Andrew and Kellie Robinson who put the
whole book on disc made an enormous contribution. Others have
contributed sections, ideas and illustrations — Ruth Colman, Bill Casey, Ray
Towey, Grant Haldane, Alex Bojarska and Roger Eltringham and John
Main.

Lois Gibson encouraged me to tackle this enormous task and gave of her
experience and invaluable help throughout the revision of the text.

lain Wilson has been a great support and encouragement and, along with
Isabeau Walker, has scrutinised the whole text, given advice and helpful
suggestions throughout.

I have added a number of illustrations and diagrams and I gratefully
acknowledge permission to reproduce these from:

e  World Health Organisation.
Anaesthesia at the District Hospital 2" ed. Michael Dobson

e WA /WFSA
Update journals edited by Walters & Wilson.

Thanks also to Lin and Paul for the cover design.
Finally thanks to my husband Norman who has collected and prepared
many of the illustrations, assembled the index and encouraged me to
continue when difficulties arose. Without his help and support this project
would not have reached completion.
I hope this text will continue to assist all anaesthetists in developing
countries who, with limited support and training opportunities, are working
hard to improve conditions for their patients.
Jean Lees
MB,ChB. FRCA
August 2006
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Preface to the first edition

How this book came to be written

I am a Christian. I believe that a life surrendered to Christ is used of Him to
His glory and the benefit of others. In doing so the Christian is enriched and
blessed a hundred fold.

While pursuing my postgraduate training in anaesthetics I was conscious of
a very strong desire to do this. To let the knowledge and experience I had
gained be available for His use.

One year after I finished my training as an anaesthetist an article appeared
in ‘Africa Now’ (which was then the magazine of the Sudan Interior
Mission). This described the need for an anesthesiologist to start a training
program for nurse anaesthetists in order to equip them to carry out
anaesthetic duties in Mission hospitals. The surgical workload in these
hospitals was comparable to a small district hospital in Australia. The only
language required for teaching was English. If my desire to serve was
sincere, then surely this job must have been meant for me.

Arriving in Nigeria I found three very competent Nigerian nurses ready to
commence the training program.

At the conclusion of the year, the course completed, the trainees dispersed
to the various hospitals they came from, and I returned home pledged to go
back if I was needed again.

Five years later it was suggested I organise another such training course.
Awaiting me this time were four students; two males and two females. We
had a very good year of work and fellowship.

Before my return home I had many requests that the notes used for the
training program be published. This was suggested for the following
reasons:

e  Textbooks written for those anaesthetists with less than the
conventional training were difficult to obtain.

e Library facilities were not available in the smaller hospitals. It is
important for every anaesthetist to possess at least one book covering
most aspects of anaesthesia. A need was felt for a text which dealt with
basic anaesthetics and which would also be useful as a reference book
when unusual surgical procedures were performed, unusual medical
problems were met with and when complications set in during and
after the anaesthetic.

e  Techniques used successfully in Developing Countries, embodying
safe modern principles of anaesthesia using drugs, equipment and
facilities available, should be documented.
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e  The experience gained in setting up an anaesthetic service and
organizing a training program for nurse anaesthetists should be
documented for the use of others.

My first reaction to this was a very definite “no”. I did not feel capable of
fulfilling this request. I could think of many other anaesthetists who if they
applied themselves to the task would do a far better job. It was too big a
task and too time consuming anyway. A few months after I returned home a
very dear friend from Sri Lanka, my country of birth, wrote to me with the
suggestion that I write a book based on my experiences in Nigeria. This
made me feel decidedly uneasy. Is this what I should be doing? I then
prayed that if this was part of the work God wanted me to do I would be
obedient in doing it. I pledged myself that if one more request was made I
would consider writing a book.

A few months later, my very dear friend Lois Gibson, who was also one of
my trainees, working in Niger, returned home unexpectedly. A phone call
conveyed a special request that a Handbook of Anaesthesia be published.

The techniques described in this book are used successfully today in three
hospitals in Nigeria, one hospital in Niger and one hospital in the Peoples
Republic of Benin.

This book could not have been written without the help and encouragement
of Lois Gibson and my many medical and Christian friends, both here and
in Nigeria. A special word of thanks to my husband, John for his quiet
encouragement and help, especially at those times when my enthusiasm was
waning. To our dear friend, Harry Reynolds, without whose wisdom,
expertise and hard work this book would not have been possible, my very
sincere thanks. Acknowledgement is made to the following, for kind
permission to reproduce the diagrams:
e  Blackwell Scientific Publications

Anatomy for Anaesthetists — Ellis and Feldman
e  English University Press

Anaesthesia and the EMO system — John Farnam
e  Churchill Livingstone

Anaesthesia, Resuscitation and Intensive Care — Morris and

Campbell
e  Oxford University Press

Medical Care in Developing Countries — Maurice King

My thanks go to my trainees and patients in Nigeria from whom I learned so
much. This book goes out to those who labour to give of their best under
very difficult circumstances.

Lucille Bartholomeusz MB BS, FFARACS December 1986
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CHAPTER 1

PRINCIPLES AND HISTORY OF
ANAESTHESIA

Outline:
Principles of anaesthesia
Methods of surgical anaesthesia

History of anaesthesia



PRINCIPLES OF ANAESTHESIA

The first object of anaesthesia is the abolition of pain

Other features of a good anaesthetic:

e It must be completely reversible. Ideally, the patient must not be worse
off for having an anaesthetic. It is not always possible to achieve this,
as for instance in patients with chronic respiratory disease having
general anaesthesia.

It must be as safe as possible.

It should provide good operating conditions. For example, good
relaxation for abdominal surgery or lowered intracranial pressure for
neurosurgery.

e It should be acceptable to the patient.

These features of an anaesthetic are ones that we must aim at achieving.
However, it is not always possible to achieve them all.

Patient comfort is important but safety is essential and must come first.
Nevertheless, the greatest possible regard must be paid to the patient's
feelings. It is good to remember that the simplest methods will be acceptable
to the patient if they are presented with gentleness and consideration.

Anaesthesia may be achieved with either:

e  Regional anaesthesia alone e.g. spinal anaesthesia, arm block
e  General anaesthesia

e A combination of regional and general

e  Regional anaesthesia with sedation

METHODS OF SURGICAL ANAESTHESIA

Local or regional anaesthetic techniques

The conduction of painful impulses from the site of injury to the brain can
be interrupted at one of many points, giving us:

Surface anaesthesia
Infiltration anaesthesia
Nerve block/plexus block
Epidural anaesthesia
Spinal anaesthesia



General anaesthetic techniques

e  Mask anaesthesia (including laryngeal mask)
—  Induction either intravenous or inhalational
—  Maintenance during surgery with the patient breathing
spontaneously using an air/O,/ inhalational agent
+/— 1V analgesia
e  Endotracheal anaesthesia
—  Induction either intravenous or inhalational
— Intubation using an IV muscle relaxant or an inhalational agent
—  Maintenance during surgery either with
spontaneous respiration as for mask anaesthesia
or
intermittent positive pressure ventilation (IPPV) using a long
acting muscle relaxant in addition to air/O,/inhalational agent
+/— 1V analgesia
—  Reversal of the muscle relaxation at the end of surgery

Balanced anaesthesia

This is an important concept. It views general anaesthesia as comprising
three parts:

e  Anaesthesia (i.e. being asleep)
e  Analgesia (i.e. pain relief)
e  Muscle relaxation (which may or may not be necessary)

Awareness

The problem of awareness (where the patient is awake or partially conscious
during surgery, when thought to be fully anaesthetised) is being
acknowledged today as a preventable problem and the anaesthetist must
ensure that the patient is not aware under general anaesthesia.

Responsibilities of the anaesthetist

Responsibility, for the anaesthetist, starts and finishes in the ward.
Anaesthetised patients can be compared to people setting out on a journey —
in this case a journey into unconsciousness and back — and it is the
anaesthetist who steers the course.

Anaesthetists must therefore know as much as possible about their patients —
how they are made and how they function. They must assess each patient
carefully before the journey. They must know how to modify techniques to
compensate for pre-existing problems and for when unexpected problems
occur. The journey must be as safe as possible.



They must know their drugs, their equipment and their techniques — specific
techniques for specific situations. They are honour-bound to watch their
patients meticulously on the journey in order to detect any problems as soon
as they arise and treat them appropriately. They must be experts in
resuscitation.

A safe journey back to consciousness must be the anaesthetist’s ultimate
goal, though this cannot always be guaranteed. Ideally, the patient should be
returned to the ward fully conscious, none the worse for the journey and if
possible, even better.

HISTORY OF ANAESTHESIA

1540  Ether was prepared by Valerius Cordus, and called "sweet oil of
vitriol". It was not used as an anaesthetic until the nineteenth
century when William Morton, a Boston dentist, used it.

1772 Joseph Priestley in England prepared nitrous oxide but it was not
used as an anaesthetic until about 1870.

1842  Crawford Long administered the first ether anaesthetic. The
operation performed was the excision of a tumour from the neck of
a young man. By 1846 Long had performed eight operations under
ether anaesthesia but he failed to publish his work until 1849. He
never got the recognition due to him as a pioneer in this field.

1846  William Morton in America was the first person to use ether to
induce anaesthesia for a surgical operation.

1847  James Simpson, a Scottish obstetrician, used chloroform as an
anaesthetic agent.

For the next 50 years ether and chloroform dominated the anaesthetic scene.
1848  Hannah Greener, aged 15, died while having her toenail removed
under chloroform anaesthesia. This was the first reported death

under chloroform.

1853  Queen Victoria received chloroform for the birth of Prince
Leopold, thus giving the drug the royal stamp of approval.



1870

Nitrous oxide was introduced into clinical practice around this
time.

It had been used since 1810 as 19th century "pot". At parties,
observers noted that under its use pain sensation was abolished. In
fact a dentist by the name of Horace Wells had tried to demonstrate
the efficacy of nitrous oxide before a sceptical audience. The
demonstration failed for no fault of the nitrous oxide. (The patient,
as we know now, was most unsuitable for nitrous oxide
anaesthesia). If only Horace Wells had known that nitrous oxide
was destined to grow in popularity to become one of the most
widely used anaesthetic agents today, he would have died a happy
man.

The disadvantages of ether, the dangers of chloroform, and the lack of
potency of nitrous oxide led to the discovery of other agents, some of which
are still in use.

1884

1905

1920

1920’s

1930’s

Local Anaesthesia was the next big discovery. Cocaine was widely
used at first, especially in E.N.T. surgery. Its stimulant action on
the central nervous system and its effect on the heart and on
respiration has taken it out of regular use.

Procaine or novocaine was the first synthetic local anaesthetic drug
to be used.

Magill and Rowbotham used the first endotracheal tube to meet the
needs of the plastic surgeons of the time.

These were important years for anaesthetic education and

development
e National Anaesthesia societies were established in Britain,
USA and Australia.

e  Chairs of Anaesthesia were established on both sides of the
Atlantic. Sir Robert Macintosh was Professor of Anaesthesia
in Oxford; Ralph Waters was his counterpart at the University
of Wisconsin.

This resulted in rapid progress in pharmaceutical preparations and apparatus.

1934

Thiopentone was introduced by Lundy.

1930 — 1940

The circle absorber was developed. Blood transfusions were
used more frequently than before.



1942 Curare or tubocurarine was employed by Harold Griffiths. This was
followed by the use of artificial ventilation for patients paralysed with
muscle relaxants.

1943  Macintosh introduced the curved blade laryngoscope.
1956  Michael Johnstone in UK first used halothane.

1966  Ketamine and enflurane were used clinically.

During the last 35 years, anaesthesia, whether local or general has been
made safer and more pleasant for the patient as a result of:

e  Safer drugs
e  More precise anaesthetic and monitoring equipment
e  Better training programmes for anaesthetists



CHAPTER 2

ANATOMY OF THE RESPIRATORY TRACT IN

Outline:

RELATION TO ANAESTHESIA

Mouth

Palate

Nose

Pharynx
Larynx
Trachea
Bronchial tree
Lungs

Epithelial lining of respiratory tract



MOUTH

The vestibule of the mouth is formed by the gums and teeth inside and the
lips and the cheeks outside. The parotid duct opens opposite the second
upper molar tooth. The mouth cavity is bounded in front by the teeth and
gums, above by the hard and soft palates and below by the tongue and the
mucosa between the tongue and mandible. The floor of the mouth between
the tongue and mandible bears the frenulum linguae, on either side of which
are found the openings of the submandibular salivary glands.

Fig. 2.1 Mouth

] Frenulum linguae
Sublingual fold

Orifice of submandibular gland

PALATE

The palate forms the roof of the mouth. The mucous membrane of the hard
palate is closely attached to the periosteum of the bone. The soft palate is
attached to the posterior edge of the hard palate. The uvula is in the free
edge of the soft palate centrally, while the lateral ends of the soft palate are
continuous with the side walls of the pharynx. The front of the soft palate
faces the mouth cavity. The posterior surface is part of the nasopharynx.

Uvula

Palato—pharyngeal arch

Tonsil

Palato—glossal arch

Fig 2.2 Palate



NOSE

The nose has five important functions.

Breathing

Breathing may be interfered with if there is obstruction in the nasal
cavity, e.g. polyps or catarrhal inflammation of the mucous membrane.
Deflection of the nasal septum can also interfere with breathing. These
obstructions can also interfere with the passage of an endotracheal tube
through the nose.

Defence and filtration
— Particles are filtered by the stiff hairs in the nose.
—  Organisms are filtered by the ciliated mucous membrane of the
nose. The secretions of the mucous membrane are bactericidal.
Warming and humidifying inspired air
Temperature is kept constant by the great vascularity of the mucosa.
Air is humidified by:
—  Transudation of fluid from the mucous membrane.
—  Active secretion from the glands and goblet cells. The daily
volume of secretions is 1000 ml of which three quarters is used
in saturating inspired air.

An endotracheal or tracheostomy tube which bypassed the upper
respiratory tract would result in cold dry gases reaching the trachea. If
this continued for any length of time the cold dry gases would interfere
with ciliary activity and cause tracheitis and other respiratory
complications Hence patients who are intubated long term, or have a
tracheostomy, must have inspired gases humidified.

Voice production or speech

Olfactory function or sense of smell

Nasal mucous membrane

Stratified squamous epithelium. This lines the vestibule of the nose
from where the stiff hairs proceed.

Ciliated columnar epithelium (see later). This lines the nasal
cavities and the sinuses and plays a part in warming and
humidifying gases.

Olfactory cells. These are found in the uppermost part of the
septum and the upper lateral walls of the nose. The epithelium is
concerned with the sense of smell.



PHARYNX

The pharynx extends from the posterior aspect of the nose at the base of the

skull to the origin of the oesophagus at the level of the 6th cervical vertebra.

The soft palate divides the pharynx into a nasopharyngeal and an

oropharyngeal part. In the nasopharyngeal portion is the nasopharyngeal

tonsil (adenoids).

The adenoids are important to the anaesthetist for several reasons.

e  They may swell and cause upper respiratory tract obstruction.

e Nasotracheal intubation may be difficult if adenoids are present or
large.

e Infection may result in a nasopharyngeal abscess. The passage of a
nasal or endotracheal tube could rupture such an abscess. This is
hazardous, especially in an unconscious patient.

Pharyngeal obstruction

This is a common problem under anaesthesia and in the recovery period.
The commonest cause is the tongue falling back in the unconscious patient.
The following measures should be taken to overcome the problem.

e  Lift the lower jaw so that the lower incisors are in front of the upper
jaw.

Hyper-extend the head.

Insert a Guedel airway.

Insert a naso-pharyngeal airway.

Place the patient in the lateral position if necessary.

If the airway obstruction still persists intubation or insertion of a
laryngeal mask (if available) may be necessary.

LARYNX

The larynx lies opposite the 4th, 5th and 6th cervical vertebrae. It is
composed of a number of cartilages which are joined together by ligaments.
The movement of the cartilages is controlled by muscles. The cartilages
composing the larynx are the thyroid, cricoid, paired arytenoid and the
epiglottis. The laryngeal inlet is bounded anteriorly by the epiglottis,
laterally by the aryepiglottic folds and posteriorly by the mucous membrane
between the arytenoid cartilages.
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Epiglottis
Hyoid bone
Thyrohyoid memb
Superior horn

Thyroid notch
Body of thyroid
cartilage

Cricothyroid memb

Cricoid cartilage [T IIIC

T O]

Fig 2.3 Trachea AP and Lateral
Vocal cords

These are two pearly white structures stretching from the angle of the
thyroid cartilage in front to the vocal processes of the arytenoids behind.
They are pale in colour because they do not have the usual submucous tissue
with blood vessels. In adults the narrowest portion of the larynx is the
opening between the vocal cords. In children below the age of 10 years the
narrowest portion is at the level of the cricoid cartilage.

Laryngoscope

<. Epiglottis

Fig 2.4
View of vocal cords at
laryngoscopy

Trachea

" Vocal Cord

Vocal cord movements are controlled by 3 groups of muscles. The nerve
supply of the larynx is from the superior laryngeal and the recurrent
laryngeal nerves in the neck. These are both branches of the vagus nerve.

During inspiration the laryngeal inlet is opened. The cords are abducted.
During expiration the cords are adducted and the opening is closed.
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Points to remember:

e To avoid injury to the cords extubate the patient during inspiration
(cords abducted).

e  Topical analgesia (local anaesthetic) applied to the larynx may block
the sensory branches of the superior and recurrent laryngeal nerves.
This may result in a gruff voice and a change in the shape of the vocal
cords.

e The superior laryngeal or the recurrent laryngeal nerves may be injured
during thyroid surgery. This injury may produce varying degrees of
respiratory obstruction.

The vestibular folds. These are also called the false vocal cords. They lie
above the true vocal cords.

TRACHEA

The trachea is a tube formed of 16-20 rings of cartilage. These are C-shaped
rings, incomplete posteriorly. The trachea is 10-11cm long and extends from
the 6th cervical to the 5th thoracic vertebra. It is lined with ciliated columnar
epithelium. Red rubber endotracheal tubes are irritant to the tracheal mucosa
and should not be left in place in patients who require prolonged intubation.
Portex tubes and silver tracheostomy tubes are less irritant. As mentioned
previously, humidification of gases reduces the incidence of tracheal
irritation.

BRONCHI

The trachea divides into two bronchi, right and left. The right bronchus is
wider, shorter and more vertical than the left.

This has implications for the anaesthetist.

e  An endotracheal tube or a tracheostomy tube which is too long will
pass from the trachea into the right main bronchus.

e Inhaled material e.g. vomitus has a slightly greater tendency to
gravitate into the right side of the chest.

e [t is more difficult to "block" the right main bronchus (using a
bronchial blocker) because it is shorter than the left.
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Divisions of the Main Bronchi

Right bronchus Left main bronchus
Upper lobe bronchus Upper lobe bronchus
divides into divides into

e Apical Superior Division

e  Anterior e  Apical

e  Posterior

Middle lobe bronchus
divides into

e  Medial

e Lateral

Lower lobe bronchus
divides into

Apical

Medial

Lateral
Anterior
Posterior

e  Anterior
e  Posterior
Inferior Division
e Lingula
divides into
—  Inferior
—  Superior

The lower lobe bronchus is
the same as that on the right
side except that there is no
medial basal branch

Trachea

Carina

Right main Bronchus

upper lobe
bronchus
Middle
lobe
bronchus

Medial
basal
(cardiac)

Apico—posterior
Anterior
,:; :'fLingular
Apical
Ant.basal

Lat. basal
Post. basal

Fig 2.5 Trachea and main bronchi (viewed from the front)
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Importance of the broncho-pulmonary segments to the anaesthetist.

We can see that each segment of lung has its own bronchus and its own
blood supply from the pulmonary artery.

e A knowledge of bronchopulmonary segments is useful in locating the
likely sites of lung abscesses.

e Lung resections are based on a knowledge of broncho-pulmonary
segments.

e  Postural drainage techniques depend on the bronchoscopic anatomy.
Radio diagnostic techniques utilise this knowledge.

Lower respiratory tract

The main bronchi divide into branches, one to each lobe. These branches
divide further into named branches, one to each bronchopulmonary segment.
The bronchi are similar in structure to the trachea except that the cartilage is
less complete.

Bronchioles: These are the finest bronchi. They have no cartilage. They
contain vascular, fibrous and elastic tissue.

Alveoli: The alveoli are thin walled ducts and sacs and are the smallest and
most peripheral parts of the airway. They are surrounded by a network of
capillaries. Between the alveolar space and the capillary lumen is the
alveolar/capillary membrane. The exchange of gases between the air in the
alveoli and the blood in the capillaries takes place across this membrane.

LUNGS

The lungs are roughly conical in shape, and can be divided into apex, base,
medial surface and lateral surface. The lungs lie free in the pleural cavity
attached to the hilum. The right lung is larger, weighing 620 gm. The left
lung weighs 570 gm. The apex of each lung reaches the root of the neck
(2.5 cm above the midpoint of the clavicle). The base of each lung rests on
the diaphragm. The right lung has three lobes divided by an oblique fissure
and a transverse fissure. The left lung has two lobes.
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Trachea Bronchus

Left Lung

Right section

Lung

Fig.2.6 Anatomy of the chest
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EPITHELIAL LINING OF THE RESPIRATORY TRACT

Ciliated columnar epithelium lines the respiratory tract from the nose to the
terminal bronchioles, becoming cuboidal then flat as it becomes the alveolar
epithelium allowing gas exchange.

A cilium is a hair-like structure 0.7 mm long and 0.3 mm thick, with a
mucous lining covering it. The tip of the hair is bent toward the direction of
flow. At 30°C the cilium moves 10-15 times a minute.

Ciliary activity in the respiratory tract. The cilia have a very important
function. They move continually, preventing accumulation of secretions. In
the nose the cilia move towards the pharynx. In the upper respiratory tract
the movement is upwards to the larynx.

Importance to the Anaesthetist

General anaesthesia can interfere with ciliary activity in several ways:

e  The drugs themselves, both premedication (e.g. atropine) and the
anaesthetic agents.
Cold, dry gases administered via an anaesthetic machine.

e  Anaesthetic techniques. Endotracheal intubation means the upper

respiratory tract is by-passed, so the gases are neither warmed nor
humidified.

Interference with ciliary activity causes accumulation of secretions,
tracheitis, inflammation and pulmonary alveolar collapse.

Patients who undergo prolonged intubation or tracheostomy should have the
inspired gases humidified.
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Outline:

CHAPTER 3

RESPIRATORY PHYSIOLOGY

The mechanics of breathing
The respiratory centre

Arterial and venous blood gases
Definitions

Ventilation and perfusion

Dead space

Oxygen

Hypoxia

Carbon Dioxide

17



THE MECHANICS OF BREATHING

The lungs are contained in the thoracic cage, which is formed of ribs and
muscles. The cage is triangular, its base formed by the diaphragm. The side
walls are formed by the ribs and the intercostal muscles. The apex of the
thoracic cage is in the neck.

Within the thoracic cage and surrounding the lungs are two layers of pleura.
The outer layer (visceral) of the pleura is in contact with the chest wall; the
inner layer (parietal) is in contact with the lungs. The space between the two
layers is called the intrapleural space. The pressure in this space is negative
(i.e. below atmospheric), while the pressure in the lungs is higher, close to
atmospheric pressure. Since the pressure within the lungs is higher than the
pressure outside, the lungs are kept expanded.

The pressure changes in the chest during respiration

The intra-pleural pressure is negative.

During inspiration -6 mmHg (-0.8 kPa)
During expiration -2.5 mmHg (-0.33kPa)
The intra-pulmonary pressure:

During inspiration -1 mmHg (-0.13kPa)
During expiration +1 mmHg (0.13kPa)

The chest cavity enlarges during inspiration because the muscles contract.
Inspiration is therefore an active process. The enlargement of the chest is in
three directions:

e  Antero-posteriorly, i.e. from behind forwards. This is produced by the
intercostal muscles drawing the ribs and the sternum forwards.

e  Laterally, or from side to side. This is produced by the intercostal
muscles drawing the lower ribs upwards and outwards.

e  Vertically, or from above downwards. This is produced by the
contraction of the diaphragm. The diaphragm accounts for 75% of the
tidal volume. The distance the diaphragm moves varies from 1.5 cm to
7 cm during deep inspiration.

When the chest cavity enlarges, the pressure in the intrapleural space

becomes more negative. This expands the lungs and the gases are drawn into

the lungs from the atmosphere. For air to enter the lungs at inspiration the
pressure gradient must be great enough to overcome the elastic resistance to
expansion of the lung and chest wall (total compliance).
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Expiration is passive, i.e. it is not produced by the active contraction of any
muscles but by the relaxation of the muscles that were contracting during
inspiration. These muscles relax or fall back into their resting position
during expiration. The elastic recoil of the lungs brings them back also to the
resting position. The chest cavity gets smaller, the lungs become smaller in
size and the gases are pushed out of the lungs.

THE RESPIRATORY CENTRE

This term has been applied to a group of cells in the brain responsible for
respiration. The cells are divided into two groups, dorsal and ventral. They
are situated in the medulla oblongata. These cells discharge rhythmically,
which means that they send out impulses or messages to the respiratory
muscles at a special rate which is their own. These impulses are sent out
automatically. However, this rate of discharge is influenced by many
stimuli in such a way that the respiratory pattern meets the needs of the
body.

Factors affecting the respiratory centre
The control of the respiratory centre has both direct and reflex components:

Direct control

e  Oxygen (0,) lack
This can directly depress the respiratory centre which may seem
surprising. A lack of oxygen stimulates the respiratory centre reflexly
via the chemo- receptors (described below). However oxygen lack
directly depresses the respiratory centre. The overall action of oxygen
lack on the respiratory centre is stimulation. Respiration is increased
and the oxygen lack is minimised.

e  Carbon dioxide (CO,) excess or lack
An excess of CO, stimulates the respiratory centre directly. The
respiratory centre is most sensitive to a rise in CO,. The respiratory
centre is stimulated not only directly but also through the
chemoreceptors. A fall in CO, can depress the respiratory centre. This
is sometimes seen following a general anaesthetic in which the patient
has been over ventilated. The respiratory centre is depressed and
breathing is slow to return.

e  Changes in the acid base balance of the blood
If the acid content of the blood is increased, then the respiratory centre
is stimulated. (See notes on acid base balance, Chapter 59).
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Reflex control

20

The chemoreceptors
These are a special group of cells in the neck. They are sensitive to
changes in the chemical composition of the blood.
The chemoreceptors are:
—  The carotid bodies found at the bifurcation of the common
carotid artery.
—  The aortic bodies near the aortic arch.
—  Other chemoreceptors: special cells in the brain stem,
pulmonary and coronary circulation.
Afferents from the carotid body are carried to the medulla oblongata
via the glossopharyngeal nerve (9th cranial nerve). Afferents from the
aortic bodies travel via the vagus nerve (10th cranial nerve).
The following conditions stimulate the chemoreceptors and cause
impulses to travel up these nerves to the respiratory centre.
—  Oxygen lack.
—  Carbon dioxide excess.
— Anincrease in the acidity of blood. This is seen in metabolic
acidosis associated with diabetic coma.
The pressor receptors
These are special cells in the neck and the chest which are sensitive to
changes in blood pressure. When these receptors are stimulated by a
rise in blood pressure one effect is that respiration is depressed. (The
main response, however, is on the cardiovascular system. See
Chapter 4 Cardiovascular physiology).
Sensory stimuli
The respiratory centre is stimulated by pain, movement of joints etc.
Pulmonary stretch receptors
—  The Hering Breuer reflex. During inspiration the alveoli in the
lungs get distended. At a certain level of distension the alveoli
send impulses to the respiratory centre. This causes inspiration
to stop and expiration to start. This reflex is active at large tidal
volumes, e.g.1 litre.
—  Irritant receptors in the lungs send impulses to the respiratory
centre. These receptors are stimulated by irritant vapours.
—  Jreceptors are activated when the lung is deflated. Impulses are
sent to the respiratory centre and inflation commences.



e  The higher centres
The higher centres have an effect on respiration. The pons contains an
apneustic centre and a pneumotaxic centre both of which function with
the medullary centre to produce respiration. The cerebral cortex and the
hypothalamus influence the respiratory centre.

ARTERIAL AND VENOUS BLOOD GASES

The function of the lungs is to maintain a normal tension or pressure of
gases in the arterial blood. This is achieved by ventilation.

In this process of ventilation, fresh oxygen is brought into the lung and
excess carbon dioxide removed.

Exchange of oxygen

The venous blood from the tissues reaches the lungs. The tension or pressure
of oxygen in the venous blood (40 mmHg /5.3 kPa) is less than the pressure
of oxygen in the alveoli. Gases move from an area of high pressure to an
area of low pressure, so the oxygen diffuses out from the alveoli to the
venous blood oxygenating it. The blood thus becomes arterial.

Exchange of carbon dioxide

In addition to the exchange of oxygen, an exchange of CO, takes place.

The venous blood arriving in the lung is rich in CO,. The pressure of CO, in
the venous blood is 46 mmHg (6.1 kPa). The alveolar pressure is 40 mmHg.
The CO, diffuses from the venous blood to the alveoli.

The arterial blood leaves the lung with an oxygen tension of 100 mmHg
(13.3 kPa) and a CO, tension of 40 mmHg (5.3 kPa).

To summarise:
Arterial blood
Oxygen tension or pressure (Pa O,) 100 mmHg. (13.3kPa)
Carbon dioxide tension (Pa CO,) 40 mmHg. (5.3 kPa)
Venous blood
Oxygen tension or pressure 40 mmHg. (5.3 kPa)
Carbon dioxide tension 46 mmHg. (6.1 kPa)
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Fig 3.1 Tension of gases (kPa) throughout the body
DEFINITIONS OF LUNG VOLUMES

The tidal volume is the volume of gas passing into or out of the lungs per
breath (10ml/kg or approximately 500 ml in the average adult).
Minute volume is the volume of gas passing in or out of the lungs per
minute. It is equal to the tidal volume multiplied by the number of breaths
per minute.
Minute volume = Tidal volume x Respiratory rate

=500 ml x 10

= 5 litres (in the average adult)
Dead space is the part of the tidal volume that does not take part in
ventilation (2ml/kg). It could be considered wasted ventilation in that it
serves no useful purpose where gaseous exchange is concerned.
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Alveolar ventilation is that part of the tidal volume that actually takes part
in gaseous exchange.

Tidal volume = dead space + alveolar ventilation

500 ml =150 ml + 350 ml (in 75kg adult).

Vital capacity is the greatest amount of air that can be expired after a
person has breathed in as much as possible.

Functional residual capacity (FRC) is the volume of air in the lungs at the
end of a normal expiration and is the sum of the ERV and the RV.

It is important to the anaesthetist because it contains a reservoir of oxygen
(e.g. after pre-oxygenation and full nitrogen wash-out) which can maintain
blood levels of oxygen during apnoea.

It is decreased by up to 25% in the supine position and also reduced in
obesity, pregnancy and under anaesthesia.

Expiratory reserve volume (ERYV) is the amount of air that can be
forcefully expired at the end of a normal expiration.

Residual volume (RV) is the amount of air remaining in the lungs at the
end of a maximum forced expiration.
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Fig 3.2 Lung volumes (av. male) measured with a spirometer
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Diffusion is the passage of fluid or gas from an area of high pressure across
a membrane. The gases in the alveoli pass into the blood in the capillaries by
this process of diffusion. The gases have to pass through three layers:

e The alveolar lining or epithelium

e Interstitial fluid

e The capillary lining or endothelium

If any of these layers is thickened then diffusion is impeded.
The alveolar lining may be thickened by disease of the lung.
The interstitial fluid may be increased in heart disease.

Compliance is a measure of distensibility. Lung compliance is defined as
the change in volume per unit change in pressure.

Airway resistance denotes the measure of obstruction to the flow of gas in
the air passages. Flow of gas in a tube depends on a number of factors.
Anything that reduces the size of the air passage will interfere with flow and
therefore increase the airway resistance. Most of the resistance to air flow is
in bronchi greater than 2 mm in diameter. Airway resistance is increased in
asthma, emphysema, pulmonary congestion etc. In these conditions the work
of breathing is increased.

VENTILATION AND PERFUSION

Ventilation (V)
Ventilation of the lung is not uniform. The lower part ventilates better than
the upper. (The lower part of the lung, due to its weight and the effect of
gravity tends to be less distended in the resting position than the upper part).
Therefore during inspiration the lower part of the lung has a greater capacity
to fill or distend.

Perfusion (Q)

The pulmonary blood flow equals the cardiac output. The pulmonary artery
pressure is usually about 20% of the systolic blood pressure. The pulmonary
circulation is affected by gravity. As with ventilation, perfusion is greater at
the base than at the apex and so the lower zone has a better blood flow than
the middle or upper zone. However, the overall result is that ventilation is
relatively greater than blood flow at the apex and relatively less than blood
flow at the base.

The V/Q ratio

This expresses the relationship between the regional blood flow and the
regional ventilation in the lung. Ventilation/Perfusion ratios are not uniform
throughout the lung but in the healthy person ventilation and perfusion are
reasonably well matched with an overall ratio of 0.9. The V/Q ratio is higher
at the apex and lower at the base.
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In those areas of the lung where the V/Q ratio is high, the capillary blood
gases returning from the lung approach those in alveolar air (high O, low
CO,). In those areas where the V/Q ratio is low the capillary blood gas
tensions approach those of venous blood (low O, high CO,). When
pulmonary blood flow is high but ventilation is poor it is referred to as
pulmonary shunting.

Regional ventilation perfusion ratios can be altered in pulmonary disease. In
pulmonary embolism there is under perfusion. In certain lung disease there
may be under-ventilation, e.g. pneumonia. These conditions affect gas
exchange.

DEAD SPACE

The dead space has been defined as that part of the tidal volume that does
not take part in gas exchange.
Three types of dead space will be considered:

Anatomical dead space

This is the volume of gas that fills the respiratory passages but which is not
involved in gas exchange. It extends from the nostrils and mouth down to,
but not including, the alveoli. In the average adult this is about 150 ml
(2ml/kg body weight). The anatomical dead space is reduced by
tracheostomy and endotracheal intubation.

Physiological dead space

This includes all the air (that for various reasons) does not take part in gas
exchange. It includes the anatomical dead space plus air in any of the alveoli
into which the blood does not flow and any air in over distended alveoli
where gaseous exchange is impaired. Physiological dead space is increased
in lung disease.

Anaesthetic dead space

Anaesthetic dead space is that part of the tidal volume that occupies the
anaesthetic apparatus and is hence not available for gas exchange. The exact
volume of anaesthetic dead space depends on the circuit used. Consider the
"T piece" used for children. The anaesthetic dead space is the volume
between the patient and the inflow of fresh gases into the "T piece". If the
circle absorber is used, as for instance in the Heidbrink or Boyle's machine,
then the anaesthetic dead space is the volume between the patient and the
junction of the inspiratory and expiratory tubing.

If a face mask is used, the dead space is increased considerably because part
of the patient's tidal volume occupies the space under the mask and is hence
wasted. The use of an endotracheal tube or a tracheostomy tube reduces the
dead space.
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OXYGEN

Exchange between the lungs and the atmosphere

The amount of oxygen in inspired atmospheric air is 21%. The pressure or
tension of this oxygen is 158 mmHg (21 kPa). The inspired air is drawn into
the alveoli where it mixes with the air left from the previous respiration.
Therefore, the oxygen is diluted, the CO, raised and water vapour is added.
The pressure of O, in the alveolar air becomes 103 mmHg (13.7 kPa).

Exchange between the blood and the lungs

The venous blood arrives in the lung (from the tissues) with an O, pressure
of 40 mmHg. Because of the difference in pressure, O, passes from the
alveoli into the blood stream. This transfer occurs by the process of
diffusion. The O, in solution determines the oxygen tension. It moves from
the alveoli where the tension is high to the capillary blood where the tension
is low. The capillary blood leaves the lungs after picking up O, and giving
up CO,. It is high in O, (both dissolved O, and O, in combination with
haemoglobin).

The arterial blood leaves with an oxygen tension of 100 mmHg.

To summarise:

Inspired oxygen Pressure 158 mmHg. (21 kPa)
(atmospheric air) Concentration 21%

Alveolar air Pressure 103 mmHg. (13.7 kPa)
(diluted with gases

already in the lung)

Arterial blood 100 mmHg. (13.3 kPa)
Venous blood 40 mmHg. (5.3 kPa)

Carriage of oxygen in the blood

Important:

e O, is carried in solution, which means it is dissolved in the water in
plasma. This is only a very small quantity, 0.3 ml per 100ml of blood
(when breathing air at sea level). It is important because this O, is
responsible for the pressure or the tension of the O, in the blood.
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e O, isalso carried in combination with the haemoglobin in the red blood
cells. 1 gm of haemoglobin can carry 1.34 ml of O,. The normal adult
with 14.8 g of Hb/100 ml of blood will therefore carry 19 ml of O, per
100 ml of blood. The Hb is almost fully saturated with this 19 ml
0,/100 ml blood.

This O, is in the red blood cells. Each 100 ml of blood gives off 5 ml of
O, as it passes through the tissues and returns to the lungs as venous
blood carrying 14 ml of O, per 100 ml of blood. When the Hb
combines with O, it is termed oxyhaemoglobin (oxyHb). When it gives
up the O, in the tissues it is termed reduced haemoglobin.

The passage of oxygen from the blood to the tissues

In the tissues the capillary blood is exposed to a low O, tension. The oxygen
diffuses out of the blood into the tissues. Initially the dissolved O, in the
plasma diffuses out first. When this happens the O, in combination with the
haemoglobin is no longer in equilibrium with the dissolved O,. The O,
passes from the red blood cells (haemoglobin) into the plasma and thence
into the tissues. The O, is thus unloaded into the tissues.

There is a relationship between the O, tension in the plasma and the O, in
combination with the haemoglobin. If the O, tension is low the O, content of
the haemoglobin will be low. If the O, tension is high the O, content of the
haemoglobin will be high. The graph below shows the relationship. It is
referred to as the oxyhaemoglobin curve.
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Fig 3.3 The oxyhaemoglobin dissociation curve showing the normal
arterial and venous points
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Po, % sat of Hb | Dissolved O,
mmHg (kPa) (ml/100ml)
10 1.33 13.5 0.03
20 2.66 35 0.06
30 4 57 0.09
40 5.3 75 0.12
50 6.65 83.5 0.15
60 8 89 0.18
70 9.21 92.7 0.21
80 10.6 94.5 0.24
90 12 96.5 0.27
100 13.3 97.5 0.30

Fig 3.4 Relationship between Pressure and Saturation

The curve is flat between the pressures of 80 and 100 mmHg. This is the
normal level of oxygen in the blood. If the oxyhaemoglobin is exposed to an
O, tension below 40 mmHg there is a sudden fall in the O, content. This
happens at tissue level. However at the upper end of the curve if the O,
tension falls (less dissolved O,) the haemoglobin content of O, is still
maintained fairly constant.

The following situations shift the oxyhaemoglobin dissociation curve to the
right and make it release oxygen more readily.

e  Anincrease in the CO, tension in the blood.
e  Anincrease in the H ion concentration.
e  Anincrease in temperature.

e Anincrease in 2,3 DPG (Diphosphoglycerate).

2,3 DPG is found in red blood cells. It is increased in chronic anaemia,
hypoxia and thyrotoxicosis, and results in more O, being delivered to the
tissues. It is decreased in polycythaemia, myxoedema and stored blood and
inhibits the release of O, to the tissues.

HYPOXIA

Hypoxia means a lack of O, in the body (tissues). Hypoxaemia is a lack of
O, in the blood. This may reveal itself as central cyanosis which is a
blueness of the tissues of the lips, tongue and mucous membranes of the
mouth. It is difficult to estimate the degree of hypoxia from the observation
of cyanosis and by the time this is obvious oxygen levels will have fallen
significantly. Oxygen saturation below 90% is a reasonable definition.
Hypoxia must be diagnosed quickly and treated aggressively otherwise
permanent neurological damage and cardiac arrest may quickly follow.
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There are various types of hypoxia:

Hypoxic hypoxia
Anaemic hypoxia
Stagnant hypoxia
Histotoxic hypoxia
Diffusion hypoxia

Hypoxic hypoxia

This occurs if the O, pressure in the blood is reduced for any reason. There
is less O, carried in the blood, both in solution in the plasma and also in
combination with the Hb. The quantity of Hb is normal.

Causes of hypoxic hypoxia

Not enough O, in the inspired gases. This may occur under
anaesthesia when the flow rate of gases used is incorrect, the cylinder is
empty and escapes attention or the oesophagus is intubated and not
immediately remedied (all inexcusable). It may also occur at a high
altitude where inspired O, is at a reduced pressure.

Reduced ventilation from any cause. It may be associated with
conditions at various locations.

Location Condition
Respiratory centre Drugs
Trauma
Infections
Stroke
Spinal cord Trauma
Peripheral nerves Polyneuritis
Neuromuscular junction Muscle relaxants
Myasthenia Gravis
Muscles Myopathies — especially those
affecting intercostal muscles
and diaphragm
Chest wall Fractured ribs
Flail chest
Pleural cavity Pleural effusion
Pneumothorax
Lung tissue Collapse
Pneumonia
Airway obstruction Upper —oral
—laryngeal
Lower —bronchospasm
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o Interference with diffusion between the alveoli and the blood as in
lung disease.

o Circulatory disorders, e.g. in certain congenital heart disease where all
the blood does not pass into the lungs.

Anaemic hypoxia

Here there is a reduction in the amount of circulating Hb. If the Hb is
reduced then the oxygen carried in the blood is reduced.

Stagnant hypoxia

This occurs when the circulation is inadequate for any reason. The blood
spends a longer time in the tissues and therefore loses more O, and the
venous blood returning to the lungs also has less O,. This is met with in
'shock' where the blood pressure is very low and the circulation sluggish. It
also happens in heart failure.

Histotoxic hypoxia

This occurs when the tissues are poisoned with drugs or chemicals, e.g. in
cyanide poisoning. It is also seen if the tissues are oedematous. In these
situations the tissues cannot accept or use the O, brought to them by the
blood.

Diffusion hypoxia.

This occurs at the end of an anaesthetic where N20/02 is used. The nitrous

oxide passes out of the blood stream and into the alveoli faster than the
nitrogen in air passes in and this may dilute the concentration of inspired O..
If the patient is breathing atmospheric air then this falls to below 20%. This
is overcome by giving the patient 100% O, at the end of the anaesthetic.

Effects of oxygen lack

The central nervous system: This is most sensitive to O, lack. The blood
flow to the brain is first increased. This is followed by oedema or swelling
of the brain and unconsciousness. Irreversible brain damage will occur
within 4 minutes if severe hypoxia is not treated. The anaesthetist’s main
responsibility is to prevent this.

The respiratory system: There is an increase in respiration in conscious
patients. This is a reflex stimulation of the respiratory centre via the
chemoreceptors.
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The cardiovascular system: The pulse rate and the blood pressure rise at
first and then fall as the hypoxia increases.

Other tissues: The liver cells are damaged.

If a patient becomes hypoxic under anaesthesia, then:
e Increase the inspired oxygen concentration to 100%. Check oxygen
analyser, if available, or oxygen cylinder levels, to exclude a failed

oxygen supply.
e  Check that ventilation is adequate:

Check end-tidal CO,, if available. Note that oesophageal
intubation must be excluded early as this needs to be corrected
promptly.

Switch to hand ventilation to assess pulmonary compliance and
auscultate both sides of the lung to exclude endobronchial
intubation.

e  Check blood pressure and pulse.
e  Correct the cause:

Deficiency in inspired O,.

Respiratory obstruction.

i.e. laryngospasm (See Chapter 62 p 696 for management of
laryngospasm)

or inadequately cleared airway (try Guedel airway, nasal airway
or laryngeal mask airway).

Inadequate ventilation (check capnograph). If difficulty in
ventilation always consider a blocked endotracheal tube

i.e. sputum plug or foreign body as well as the more common
causes. Blocked endotracheal tube is excluded by the free
passage of a suction catheter down the tube.

Bronchospasm.

Aspiration.

Pneumothorax.

Pulmonary Embolus.
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CARBON DIOXIDE

Levels of carbon dioxide (CO,)

Atmospheric air contains about 0.04% of CO,. Expired air contains 4.5% of
COs,. The tension or pressure of CO, in arterial blood is 40 mmHg (5.3 kPa).
The tension or pressure of CO, in venous blood is 46 mmHg (6.1 kPa).

Transport of CO, in the blood

The tissues produce CO, which is taken up by the blood. The blood arrives
in the lungs with a CO, pressure of 46 mmHg. (This is the venous blood
returning from the tissues). The pressure of CO, in the alveoli of the lungs is
40mmHg. There is a difference of 6 mmHg, sufficient to enable the CO, to
diffuse from the venous blood into the alveoli of the lung, from where it is
carried to the exterior with the expired gases.

The carbon dioxide is carried in the blood in three forms:
e Insimple solution

e In combination with the Hb

e As bicarbonate

The greatest part of the CO, is carried as bicarbonate.

Effects of carbon dioxide excess

Central nervous system: There is an increase in the blood flow to the brain
with a corresponding increase in cerebral volume and raised intracranial

pressure.
The sequence of events is:
e  Headache

e  Nausea

e Vomiting

e Coma

Respiratory system: This is very sensitive to a rise in the CO, tension. The
respiratory centre is stimulated both directly and reflexly via the
chemoreceptors. If the pressure of CO, in the blood stream rises by 1.5
mmHg the tidal volume is doubled. Severe hypercapnia produces respiratory
failure.

Bohr effect: the oxyhaemoglobin dissociation curve shifts to the right. This
means more O, is given up at tissue level.
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Cardiovascular system: Cardiac output is increased by direct effect of CO,

and by the effect of the increase in circulating catecholamines.

e  Heart rate increases and becomes irregular.

e  Peripheral resistance increases.

e Blood pressure may rise at first, especially in the unanaesthetised
person.

Causes of CO,; excess (hypercapnia) in anaesthetic practice

e  Respiratory obstruction causing inadequate ventilation.

e Inadequate ventilation, due to depression of the respiratory centre or
the action of muscle relaxants.

e  Faulty CO, absorption in circle absorbers.

e Accidental administration of CO,.

Low COZ

Excessive ventilation (hyperventilation) reduces the tension of CO, in the
blood. The patient becomes hypocapnic (low CO,).

Hyperventilation is best avoided during general anaesthesia. It can result in
cerebral vasoconstriction and is therefore dangerous, especially in older
people. It may also result in foetal asphyxia if used during a Caesarean
section.

Hypocapnia may delay the onset of breathing at the end of an anaesthetic.
Hypocapnia shifts the oxyhaemoglobin dissociation curve to the left and
reduces the oxygen released to the tissues.
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Outline:

CHAPTER 4

CARDIOVASCULAR PHYSIOLOGY

Functions of blood
Composition of blood
Anatomy of the heart

The cardiac cycle

The peripheral blood vessels
Arterial blood pressure

Regulation of blood pressure

35



FUNCTIONS OF BLOOD

To take nutrients and oxygen to the cells.

To remove carbon dioxide and other metabolites from cells.

To transport water and electrolytes. It therefore plays a part in
maintaining the blood volume, pH and electrolyte composition of the
body.

To help regulate temperature.

To transport hormones and enzymes.

To transport antibodies. It is therefore involved in the body's defence
mechanism.

COMPOSITION OF BLOOD

The blood consists of plasma and cells. The cells are of 3 types: red blood
cells, white blood cells and platelets.

Red blood cells (RBC)

These are very small cells, like a concave disc in shape, with a diameter of
7.2 microns. The red cell has no nucleus. In each one there are 200-300
million molecules of haemoglobin (Hb). Each molecule of haemoglobin
consists of 1 molecule of protein (globin) and 4 molecules of pigment
(haem).

Origins of RBC: At birth the RBC are formed, mainly in the marrow. Bone
marrow can be yellow or red. The yellow marrow consists of fat cells, blood
vessels and other supporting cells and fibres. The red marrow contains
numerous blood cells both red and white and their precursors (earlier
forms). With increasing age, the marrow becomes more fatty. In the adult,
red marrow is present in the flat bones: sternum, vertebrae, ribs and skull. In
the infant, red marrow is present in the flat bones and also in the long bones.

The red cells are produced in the red marrow from a nucleated cell called
the erythroblast. The erythroblast eventually loses its nucleus and becomes
the erythrocyte. Before the nucleus is completely lost, it disintegrates into
fragments which are finally extruded. The name given to the cell with the
nuclear fragments is a reticulocyte. The reticulocyte finally becomes the
matured RBC.
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Measurement of RBC count: The red cell count is 5 million/mm’. The
haematocrit (or PCV — packed cell volume) is the percentage of red blood
cells in whole blood. Hence a haematocrit of 47% means that in 100ml of
blood 47ml is cells and 53ml is plasma. Since the majority of cells in whole
blood are red cells, the PCV can be used as an estimate of Hb in most
patients. The haematocrit reading is approximately three times the Hb level.
(See Chapter 32 Anaemia)

There are several types of haemoglobin. The most common are:

—  Haemoglobin A (normal adult Hb)

—  Haemoglobin F (foetal Hb)

—  Haemoglobin S (a pathological Hb, found in sickle cell
anaemia)

Destruction of the RBC: The life span of the RBC is 120 days. The RBCs,
as they grow older, eventually rupture within the capillaries. Following this
the reticuloendothelial cells carry out the process of phagocytosis (by which
the ruptured cells are engulfed and removed by the phagocytes).

The haemoglobin breaks down into its component parts:
—  Globin
—  Iron (re-used)
— Bilirubin precursor

White blood cells (WBC)

The normal WBC count is 4000 - 11000/mm®. Leucocyte is a general term
for all white blood cells. White blood cells are of two kinds.

Granulocytes These have granules in their cytoplasm and make up about
70% of the normal WBC count. Most of them (50% - 70%) are neutrophils,
which stain red-brown with Leishman dye. About 1% - 4% are eosinophils,
which stain red and the remaining 0% - 1% are basophils, which stain blue.

Non-granulocytes make up about 30% of the normal WBC count. Non-
granulocytes are either lymphocytes or monocytes.

If the WBC count exceeds 11000/mm’ the condition is called leucocytosis.
If the count falls below 3000/mm’ it is called leucopenia.

Origins of white blood cells: After birth the granulocytes are produced
mainly in the bone marrow, the non-granulocytes (lymphocytes and
monocytes) in the lymphoid tissue.
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Function of white blood cells:

e Neutrophils: Phagocytosis is the process whereby the bacterium or the
foreign particle is engulfed into the cell and the enzymes in the cell
then digest the bacterium. When there is a bacterial infection the
neutrophil count increases. These white cells are transported by the
blood to any part of the body.

e Lymphocytes: These are involved in antibody production, which helps
to develop immunity.

Platelets

Platelets are small fragments of cells. They are formed in the bone marrow
by fragmentation of large cells. Platelets are also known as thrombocytes
and lack of them is called thrombocytopenia. The normal platelet count is
150,000 — 350,000 / mm”.

Functions of platelets

e  Haemostasis: minor injuries to a blood vessel result in the platelets
clumping together to form a plug. This seals the damaged vessel and
clotting follows.

e  Storage: platelets store substances like histamine.

Plasma is the other component of blood.

Composition of plasma

e 90% water and crystalloids, e.g. mineral salts such as sodium, chlorine
and potassium.

e 10% solutes: colloids, 1-100 millimicrons in diameter, e.g. proteins,
such as albumin, globulin.

Another way of looking at the composition of plasma is as follows:

Nutrients: carbohydrates, amino acids

Metabolic wastes: urea, uric acid, creatinine, lactic acid
Respiratory gases: oxygen, carbon dioxide

Regulator mechanisms: hormones, enzymes, mineral salts
Protection substances: antibodies.
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ANATOMY OF THE HEART

The heart has four chambers: 2 atria and 2 ventricles. The ventricles
are larger than the atria and have thicker walls.
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Fig 4.1 The heart: anterior view posterior view

Valves: The 2 atrio-ventricular or AV valves lie between the atria and the
ventricles. The tricuspid valve lies between the right atrium and the right
ventricle. The mitral valve lies between the left atrium and the left ventricle.
There are 2 semilunar valves: one lies at the opening of the pulmonary
artery from the right ventricle (pulmonary valve), the other at the opening of
the aorta from the left ventricle (aortic valve).

Coverings of the heart: A thick fibrous layer forms a bag around the heart.
This is called the pericardium.

THE CARDIAC CYCLE

This term refers to a complete heart beat, consisting of contraction (systole)
and relaxation (diastole) of both atria and ventricles.

The heart makes a sound like "lubb-dupp, lubb-dupp". The first heart sound
("lubb") is caused by the closure of the AV valves as the ventricles begin to
contract. The second heart sound ("dupp") is caused by vibration and
closure of the aortic and pulmonary valves (semi-lunar valves).
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THE PERIPHERAL BLOOD VESSELS

The blood that leaves the left ventricle enters the aorta and large arteries
and then is distributed to:

The arterioles are pre-capillary resistance vessels, responsible for the
peripheral resistance. The changes in their size affect the peripheral
resistance and therefore the blood pressure. They also determine the blood
supply to the different organs. The size of these vessels is controlled by
nervous impulses (from the vasomotor centre) and also local factors acting
on the blood vessel (peripheral resistance is explained on page 46).

The capillaries are tiny blood vessels lined by a single layer of endothelial
cells. Solutes pass across the capillaries to and from the tissues. The
arterioles become the capillaries and this change from arteriole to capillary
is marked by a pre-capillary sphincter.

The capillaries themselves are not under nervous or hormonal control. The
little sphincters however are controlled by nervous plus "local" factors and
it is these sphincters that determine whether the capillary is available for
exchange of substances, between blood and tissues. At any one time only
20-25% of the capillaries are available for exchange between the tissues and
the vascular compartment.

Pulmonary circulation

Pulmonary trunk Pulmonary vein
v A
Right heart Left heart
A v
\ena cava Aorta

/ |
Deoxygenated <}:— Oxygenated
| — !

Systemic circulation
A - Atrium
W - Ventricle

Fig 4.2 Normal blood flow
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The venules comprise the "capacity" vessels. These vessels do not
contribute to the peripheral resistance but they can dilate, so increasing the
degree of peripheral pooling and decreasing the venous return or they can
constrict increasing the venous return. They act as a reserve to compensate
in shock. This dilatation and constriction is under the control of the
sympathetic nervous system.

ARTERIAL BLOOD PRESSURE

This is pressure exerted on the arterial wall by the circulating blood.

The systolic pressure is the maximum pressure exerted on the arterial wall
during systole. The diastolic pressure is the minimum pressure exerted on
the arterial wall when the contraction of the ventricle has ceased, the
ventricle is completely relaxed and the aortic valve closed.

Measurement of arterial blood pressure

e  The sphygmomanometer can be used to estimate blood pressure.

— By palpation of the radial artery. This enables the systolic blood
pressure to be checked.

— By auscultation. The pulsating brachial artery is auscultated and
both the systolic pressure and diastolic blood pressure can be
recorded.

e  The oscillotomometer is an instrument that records the systolic and
diastolic blood pressure by the oscillation of the needle. When the
needle starts to swing it is the systolic blood pressure and when the
needle ceases to swing it is the diastolic blood pressure.

e  Automatic equipment with visual and auditory indicators is used to
show both the systolic and diastolic blood pressure.

e Intra-arterial blood pressure estimation. A cannula is inserted into an
artery, e.g. the radial artery. This is connected to a pressure transducer
and a record of the blood pressure is produced in the form of a graph or
printout.
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REGULATION OF ARTERIAL BLOOD PRESSURE

Arterial blood pressure is affected by:

e  The volume of blood in the circulation
e The cardiac output (which requires a normal blood volume)
—  Heartrate
—  Stroke volume
e  The peripheral resistance
—  The size of the peripheral vessels
—  The viscosity of the blood

Each of these will be considered briefly:

Blood volume

Total blood volume is approximately 70ml/kg in adults, 80ml/kg in children
and 90ml/kg in neonates. 70% of the total blood volume is contained within
the venous system, 15% in the arterial system, 10% within the heart and 5%
capillary. Hypovolaemia is a reduced circulating blood volume.
Hypovolaemia can result from the following:

e  Loss of whole blood, as in acute haemorrhage

e Loss of plasma, as in burns

e  Reduced intake, fasting (especially in the extremes of age)

e  Excessive fluid loss, as for example in vomiting, diarrhoea, fistula,
intestinal obstruction with accumulation of secretions in the gut
Excessive sweating

Excessive urinary loss

Cardiac output

The cardiac output is the volume of blood leaving the heart in one minute.
It depends on the heart rate and the stroke volume.
Both are now discussed in detail.

The heart rate is determined by the rate of spontaneous pacemaker activity
at the sino-atrial (SA) node — a group of cells situated in the right atrium
close to the SVC.

The heart rate and contractility can be increased or decreased by the activity
of the autonomic nervous system through a number of nerve reflexes which
detect and respond rapidly to changes in arterial blood pressure.

The efferent limb of these reflexes involves autonomic nerves regulated by
centres in the medulla: The vasomotor centre and the cardio-inhibitory
centre.
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The Vasomotor centre is a collection of cells in the medulla, which
have a sympathetic vasoconstrictor effect on the blood vessels and
also an inotropic and chronotropic effect on the heart. A positive
inotropic effect results in an increase in the force of contraction of
the heart. A positive chronotropic effect results in an increase in the
rate of the heart.

The sympathetic nerves activated by the vasomotor centre have the
following effects:
e  On heart — stimulates HR and contractility
e  On arterioles — release of nor-adrenaline leading to
vasoconstriction
e  On veins — constriction leading to increase in venous return
and cardiac output
e  On adrenal medulla — release of adrenaline and
noradrenaline

The cardioinhibitory centre. Inmediately lateral to the vasomotor
centre (in the medulla) is the dorsal nucleus of the vagus which has
a cardio-inhibitory effect (i.e. on stimulation of these fibres there is
a bradycardia and a decrease in the force of contraction via the
vagus nerve).

The heart rate is hence controlled predominantly by a change in sympathetic
or vagal tone.

The afferent limbs of the reflexes involve a number of cardiovascular
receptors and reflexes — baroreceptors, chemoreceptors and low pressure
volume receptors.

Baroreceptors are specialised cells called “pressor receptors”. They
are sensitive to stretch which accompanies changes in pressure in
the vessels or in the cardiac chamber where these receptors are
situated. They are found in the carotid sinus and the aortic arch.
The carotid sinus is the dilated part of the internal carotid artery at
its commencement. An impulse passes upwards from these
receptors. In the carotid sinus the nerve conveying the afferent
impulses to the cardiac centres is the ninth or glosso-pharyngeal
nerve. The vagus or the tenth cranial nerve carries these impulses
from the aortic arch. As the pressure (and hence the stretch) in the
carotid sinus and the aortic arch rises there is a decrease in the
blood pressure. If the pressure in the aortic arch and carotid sinus
falls there is a rise in the heart rate and an increase in the blood
pressure, within the vessel or cardiac chamber where these
receptors are situated. Atrial baroreceptors have been found which
react in the same way to changes in pressure and help control blood
volume.
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Chemoreceptors. These are of primary importance in the control of
respiration. (See Chapter 3 Respiratory physiology). The
chemoreceptors are situated in the carotid body at the point at
which the common carotid artery divides into the external and
internal carotid artery. They are also situated in the aortic arch.
Their locations are close to but not identical with those of the
baroreceptors. When the chemoreceptors are stimulated by a rise in
arterial carbon dioxide or a fall in arterial oxygen, then, although
the predominant effect is on the respiratory centre, there is also a
reflex tachycardia and rise in blood pressure due to impulses
conveyed via the 9th and 10th cranial nerves to the vasomotor
centre.
Low-pressure volume receptors. These are also stretch receptors
found in the walls of the large veins, atria and the pulmonary trunk
and are particularly sensitive to changes in the circulating blood
volume. An increase in blood volume causes an increase in venous
return and raises the cardiac output and arterial blood pressure. This
stimulates the low-pressure volume receptors which can reduce
blood pressure by two mechanisms.

e  Reduction of vasoconstrictor sympathetic activity thereby

reducing peripheral resistance.
e Inhibition of antidiuretic hormone (ADH).

These effects are reversed following abnormal decreases in blood
volume.

Other mechanisms involved in control of HR and BP

Hormones: A number of hormones are involved in the regulation of
blood pressure. Some act rapidly and others have a delayed action.
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Catecholamines (adrenaline and noradrenaline) are released from
the adrenal medulla as a result of sympathetic activity via the
vasomotor centre. These hormones act within minutes causing
vasoconstriction and heart rate and contractility.

Antidiuretic hormone This hormone from the pituitary gland
causes direct vasoconstriction but has a more important if less rapid
effect by stimulating water reabsorption in the kidney and
increasing blood volume.

Renin/angiotensin/aldosterone This system is stimulated by a
reduction in renal blood flow. Angiotensin acts as a
vasoconstrictor, increasing peripheral resistance but also stimulates
aldosterone secretion from the adrenal cortex. This promotes
sodium and water reabsorption in the kidney increasing blood
volume and blood pressure.



Emotions: Emotions, e.g. anxiety or excitement may increase the heart
rate. Shock, another emotion, may decrease it. These impulses are
transmitted to the vasomotor centre from the cerebral cortex and
hypothalamus.

Respiration: In most adults, during quiet respiration, there is no change in
the heart rate. However, in children during quiet breathing or in some
adults during very deep breathing, the heart rate tends to vary. The heart
rate in these cases, increases during inspiration and slows during
expiration. This is termed "sinus arrhythmia". It is believed to be caused
by impulses from the inspiratory (RC) centre, transmitted to the cardiac
centre.

The stroke volume is the amount of blood leaving the heart with each
contraction. It is affected by:

—  Venous return: depending on

e  The tone in the arterioles (see peripheral resistance).

e  The capacity of the veins.

e The thoracic pump. Pressure changes associated with
respiration aid venous return. (There is an advantage in
using laryngeal masks and spontaneous breathing).

e  The muscle pump. The contraction of skeletal muscles aids
venous return.

It is clear that under general anaesthesia all these are affected and the
venous return falls. For this reason hypotension under anaesthesia is
treated with intravenous fluids, in order to maintain venous return.

—  Force of contraction: depending on
e  The balance between the sympathetic and parasympathetic
return. The sympathetic nerves increase the force of
contraction of the heart (inotropic effect).
e  The coronary flow. The force of contraction will be reduced
if the coronary flow is inadequate and in the presence of
other heart diseases.

(Starling’s law states that the force of contraction of a muscle fibre is
directly proportional to its resting length. One result of this is that in the
normal heart cardiac output responds to venous return i.e. if there is an
increase in venous return causing the ventricle to distend, the cardiac output
will also increase until a steady state is again reached. It also means that
output from both ventricles will be the same. This balance is disturbed in
heart disease).
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Peripheral resistance

This also influences the blood pressure. The peripheral resistance is the
resistance to blood flow at the level of the peripheral arterioles and depends

on:

The size or diameter of the arterioles which depends on sympathetic
tone. The sympathetic outflow from the vasomotor centre (VMC)
leaves via the thoracolumbar outflow to the peripheral vessels. When
the venules constrict the blood is squeezed out of them and returned to
the heart.

The viscosity of the blood which imposes a resistance to flow.
Viscosity is increased if the RBCs are increased. This raises peripheral
resistance. Viscosity falls in anaemia and haemorrhage and this
decreases resistance.

The following factors affect the VMC and hence the peripheral resistance.
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Impulses from higher centres. This will account for the peripheral
vasoconstriction and rise in blood pressure associated with anger or
fear.

Baroreceptors. A fall in arterial blood pressure results in stimulation of
the VMC. This results in peripheral vasoconstriction, tachycardia and
in an increase in blood pressure.

Chemoreceptors (see notes on heart rate).

Direct effect on VMC.

Carbon dioxide stimulates the VMC, and causes peripheral
vasoconstriction. However, carbon dioxide acts on the vessel wall
directly and causes vasodilation.



TO SUMMARISE

FACTORS CONTROLLING BLOOD PRESSURE
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Venous return
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47



48



THE

Outline:

CHAPTERS

SOMATIC AND AUTONOMIC NERVOUS
SYSTEMS

Definitions

The somatic nervous system: afferents, centres, efferents
Neuro-muscular junction (NMJ)

The autonomic nervous system: afferents, centres, efferents
Sympathetic nervous system

Parasympathetic nervous system
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DEFINITIONS

Stimuli reach the central nervous system via two pathways:
The somatic nervous system
The autonomic nervous system

In each system there is

e An afferent impulse (an incoming message)

e A centre (in the CNS)

e  An efferent impulse (an out-going message)

A neuron is the basic building block of the central nervous system. It
consists of a cell body, dendrites which are short processes extending
outwards from the cell body and an axon which is a long fibrous process
which may be myelinated. Incoming signals affect the dendrites and cell
body while outgoing signals are passed on via the axon.

THE SOMATIC NERVOUS SYSTEM

Afferents

Pain sensation is taken up by the fine nerve endings. Specific receptors are
present for temperature, touch, pressure, vibration and proprioception and all
these impulses are transmitted along larger afferent nerves formed by the
union of smaller nerves.

Centres

These impulses reach the spinal cord and relay in the dorsal horn of the
spinal cord. They next cross to the other side of the spinal cord and travel to
the thalamus and then to the cerebral cortex.

The conduction of sensory impulses can be interrupted by drugs, by surgery
or by disease at any of the following levels:

Peripheral nerve endings

Peripheral nerves

Epidural space

Subarachnoid space

Spinal cord

Cerebral cortex
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Efferents

Efferents innervate the skeletal muscles. Efferents leave the pre—central
gyrus in the brain, i.e. the cerebral cortex. They pass through the internal
capsule and 80% cross the midline to form the lateral cortico—spinal tracts.
The rest travel on the same side to form the anterior cortico-spinal tracts.
The pyramidal fibres converge on the anterior horn cells of the spinal cord.
These cells supply the skeletal muscle via the motor nerve.
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Fig 5.1 The Somatic efferent system

The efferent nerve innervates the muscles. The junction of the nerve and the
muscle is termed the neuromuscular junction.
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THE NEUROMUSCULAR JUNCTION (NMJ) (See also Chapter 12)

At the neuromuscular junction the nerve loses its myelin sheath and expands
into a broad foot-like structure.

The muscle into which the expanded end of the nerve fits is also modified.
There is a depression in the muscle and a thickening of the muscle
membrane which is thrown into folds. This area of the muscle is called the
end plate.
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Fig 5.2 The neuromuscular junction

Sequence of events at the neuromuscular junction

e The nerve impulse travels down the motor nerve and reaches the nerve
ending.

Acetylcholine is liberated from the nerve terminals.

Acetylcholine occupies special receptors on the end plate.

This causes electrical and chemical changes in the muscle.

These changes (called the end plate potential) result in muscle
contraction.

Importance to the anaesthetist
By using various drugs we can either block or make possible the effects of

acetylcholine at the neuromuscular junction. The muscle relaxant drugs
commonly used in anaesthesia act at the neuro-muscular junction.
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THE AUTONOMIC NERVOUS SYSTEM

The autonomic nervous system is divided into two separate parts
sympathetic and parasympathetic, on the basis of their anatomical origins
and physiological actions. Many organs have both sympathetic and
parasympathetic innervation and the actions of the two divisions are usually
antagonistic but can be complementary.

The autonomic nervous system is responsible for those functions in the body
which are carried out automatically. (We do not think about them
consciously). The autonomic nervous system is based (like the somatic
nervous system) on the principle of the reflex arc. That is,

Stimulus > afferent impulse > centres > efferent impulse > effector organ.

In the autonomic nervous system, the receptors take various forms: osmo-
receptors, baroreceptors, chemoreceptors and pain receptors (similar to the
somatic nervous system).

Afferent pathways

These reach the central nervous system via the sympathetic and
parasympathetic pathways.

Once these parasympathetic and sympathetic nerves enter the spinal cord
they travel with the somatic sensory fibres to the thalamus.

The centres
These are integrated at various levels in the medulla oblongata, mid brain
and hypothalamus.

The efferent pathways

These take the form of the parasympathetic and sympathetic nervous
systems. Peripheral outflow is divided therefore into the sympathetic
nervous system and the parasympathetic nervous system.

The parasympathetic nervous system and the sympathetic nervous system
are made up of pre-ganglionic and post-ganglionic neurones.

THE SYMPATHETIC NERVOUS SYSTEM

The sympathetic nervous system fibres arise from the nerve cells in the
lateral horn of grey matter of the thoracic and lumbar regions of the spinal
cord. They pass out of the cord and synapse to form a chain of ganglia on
either side of the vertebral column, from the base of the skull to the coccyx.
From these ganglia, post-ganglionic fibres pass. These fibres form great
plexuses in the front of the vertebral column, e.g. cardiac, coeliac,
hypogastric plexuses.
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Chemical transmitters in the sympathetic nervous system:

Pre-ganglionic endings: acetylcholine

Post-ganglionic endings: noradrenaline and acetylcholine

THE PARASYMPATHETIC NERVOUS SYSTEM

This is sometimes referred to as the cranio—sacral outflow.

In the cranial outflow fibres arise from the midbrain, pons, medulla and pass
via the cranial nerves 3, 7, 9, 10 (especially the 10th or vagus nerve) to the
organs in the head, thorax and upper abdomen.

In the sacral outflow fibres travel out with the 2nd, 3rd and 4th sacral
nerves. They pass through the cauda equina and through the anterior sacral
foramina.

The chemical transmitter in the parasympathetic nervous system:
Ganglionic and post-ganglionic sites:  acetylcholine.

Summary of functions of the different elements of the autonomic
nervous system

e  The autonomic nervous system is responsible for controlling those
processes in the body not directly under conscious control.

e  The sympathetic nervous system is closely associated with the action of
adrenaline. This prepares the body to withstand threatening
circumstances. It prepares us for “ fight and flight”.

e The parasympathetic nervous system slows down the body processes
except digestion and absorption. It allows restoration to occur.

e  All visceral organs are innervated by both the sympathetic and para-
sympathetic nerves. These have opposing actions on the organs.

54



Parasympathetic System  Sympathetic System

Pudendal

Nerve Sympathetic—;
Ganglion “g &g %

Fig 5.3 Distribution of the autonomic nervous system

R S
Vagus ; @é
"R

) v

N

NG

55



Effects of autonomic stimulation:

Organ Sy.mpath.etlc Para.sympa.thetlc
stimulation stimulation
Eyes Mydriasis (large pupil) | Myosis (small pupil)

Accommodation for
near vision

Exocrine glands

Salivary, pancreatic
and lachrymal
secretions are increased

Gastro—intestinal
tract

Motility and tone are
decreased

Motility and tone of
GIT are increased

Sphincters are relaxed

Secretions are
increased

Genito—urinary

Motility and tone are

Motility and tone of

tract decreased ureters are increased
Respiratory Bronchi are dilated Bronchi are constricted
system

Bronchial glands are
stimulated

Cardio—vascular
system

Heart rate is increased

Cardiac output is
increased

Rhythm:
tachycardia

Blood vessels:
Coronary arteries are
dilated
Skin and viscera are
constricted

Heart rate is slowed
Cardiac output falls

Rhythm:
Bradycardia and
atrio—ventricular
block

Coronary arteries are
dilated
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CHAPTER 6

PHARMACOLOGY OF ANAESTHETIC
AGENTS

Outline:
Here is a list of the drugs most commonly used in anaesthetics.

Intravenous anaesthetics: thiopentone, methohexitone (Brietal), propofol
(Diprivan), etomidate, ketamine

Inhalational anaesthetics: halothane (Fluothane), nitrous oxide, ether,
trilene, enflurane (Ethrane), sevoflurane, isoflurane, desflurane (See
Chapter 11)

Antisialagogues: (Drying agents): atropine, hyoscine, glycopyrronium

Analgesics: (Pain relievers):
e  Non-narcotic analgesics:
Simple analgesic: aspirin, paracetamol
Other non-steroidal anti-inflammatory drugs (NSAIDs)
ibuprofen, ketorolac, diclofenac (Voltarol)

e  Narcotic analgesics: pethidine, morphine, papaveretum
(Omnopon), pentazocine (Fortral), fentanyl, alfentanil

Sedative perioperative drugs: Benzodiazepines: diazepam (Valium),
midazolam (Hypnovel)

Narcotic and sedative antagonists: naloxone (Narcan); flumazenil
(Anexate)

Muscle relaxants: suxamethonium, tubocurarine, gallamine, pancuronium
bromide, vecuronium bromide, atracurium besylate, rocuronium,
mivacurium (See Chapter 12)

Anticholinesterases (reversal agents): neostigmine sulphate (See Chapter
12)

Dissociative anaesthesia: ketamine

Vasopressors: adrenaline, ephedrine, metaraminol, isoprenaline
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PHARMACOLOGY OF ANAESTHETIC AGENTS

Drugs are the anaesthetist's most useful tools but when we administer a drug
to a patient, especially by the intravenous route, we have an obligation to
know its effects, both wanted and unwanted.

INTRAVENOUS ANAESTHETICS

THIOPENTONE

Thiopentone is a barbiturate. Barbiturates are a large group and they can be
used as sedatives or hypnotics (e.g. amytal), as anticonvulsants

(e.g. phenobarbitone) or as anaesthetics (e.g. thiopentone).

Thiopentone is a yellow powder, marketed in ampoules of 0.5g or 1g.

It is used in a concentration of 2.5%, prepared by dissolving 0.5g of powder
in 20 ml of water, or 1g in 40 ml of water.

It is also obtainable in 2.5g bottles packaged with 100 ml water. The
solution is discarded if cloudy. The solution if labelled and stored under
sterile conditions in a refrigerator, can be kept for a few days.

Uses of thiopentone
As an induction agent
Treatment of convulsions

Dose

Smg/kg in the fit adult patient. No definite dose can be quoted. The
appropriate dose must be determined, taking into account the conditions
discussed below.

Mechanism of action

Like many anaesthetic agents thiopentone is highly fat soluble. The brain
has a high blood flow and 90% of thiopentone in the cerebral capillaries
crosses the blood brain barrier. Consequently the onset of action is rapid
and the patient goes to sleep fairly quickly. The thiopentone is also taken up
by the less well-perfused tissues, such as muscles, though it diffuses more
slowly into these. Subsequently the blood concentration falls. This results in
some of the thiopentone leaving the brain tissues to return to the blood and
the patient shows signs of waking up again. This phenomenon is called
redistribution and explains why a patient does not remain asleep for very
long with thiopentone.

The drug is ultimately destroyed in the liver. Ten to fifteen percent of the
injected drug is broken down per hour.

58



Systemic effects of thiopentone

Central nervous system: 1In the fit young adult the drug reaches the brain in
thirty seconds. It causes sedation and has an anticonvulsant action. It
decreases the oxygen consumption of the brain and also the cerebral blood
flow. It has no analgesic action.

Respiratory system: Thiopentone is a potent respiratory depressant.
Laryngospasm is more common with thiopentone compared to propofol.

Cardiovascular system: Thiopentone can cause a fall in blood pressure and
serious hypotension by depression of the vasomotor centre in the brain and
dilatation of the peripheral blood vessels, with resultant peripheral pooling.
Myocardial depression can also occur. These side effects are more common
in:

Patients receiving a large dose of thiopentone

Patients who have received a rapid injection of thiopentone

Patients in shock or hypovolaemia

Patients with hypertension or heart disease

Patients with myxoedema

Foetus: Thiopentone crosses the placenta. The longer the time between
induction and delivery the less effect there is on the foetus.

Muscle tone: At the point of maximal cerebral depression muscle tone is
reduced. Sleep doses do not affect muscle tone.

Local side effects (i.e. at the site of injection)
If thiopentone is injected outside the vein certain complications can follow.
The most serious is
e Intra-arterial injection: gangrene of the limb is a real hazard.
Using the medial aspect of the antecubital fossa increases the
hazard. It is even easier to make this mistake if the patient
struggles, is obese, has dark skin, or you are working in poor light.

Symptoms and signs of intra-arterial injection
—  The patient will feel intense pain.
—  The hand will be very pale or white.
—  The hand will be cold (arterial spasm).
—  The hand will be oedematous.
—  The pulse may be absent.

When thiopentone enters an artery, there is spasm of the artery and
also damage to the intima and crystal formation in the artery. This
interferes with the flow of blood to the limb and if this ischaemia is
not corrected, gangrene results.
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Treatment Leave the needle in the artery. Cancel surgery if
possible. Then:
—  Flush with anticoagulant, e.g. heparin/saline (10 units/ml)
500 units.
—  For relief of spasm inject procaine (10 ml of 1%), lignocaine
(10mls of 1%) or papaverine (10-40 mg) into the artery.
—  Sympathetic nerve blocks are recommended to dilate the
collateral vessels and maintain the blood flow.
—  Surgical exploration of the artery. Thrombectomy may be
required.
—  Full heparinisation may be required to prevent late arterial
thrombosis.
—  Occasionally amputation is needed.

Precautions

e Thiopentone must only be used in a concentration of 2.5%
or less. This is prepared by diluting 0.5g of powder in 20 ml
or 1g in 40 ml of water.

e  During venepuncture the tourniquet must occlude only the
vein and not the artery. The arterial pulsation will then be
always palpable and reduce the chance of accidental entry
into the artery.

e  The medial side of the antecubital fossa is best avoided.

e [tis wise to inject 2 ml of thiopentone and to inquire for any
symptoms of pain. If the needle is not in the vein the patient
will complain of an intense burning pain down the arm.

Other local side effects

e  Subcutaneous injection: tissue necrosis
e Injury to nerves
e  Thrombophlebitis
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Contraindications to thiopentone

Absolute contraindications
— A known hypersensitivity to barbiturates
—  Status asthmaticus
—  Porphyria
—  Airway obstruction
—  Shock

Relative contraindications in which thiopentone must be used with care
—  Severe heart disease
—  Severe liver and renal disease
—  Addison's disease, myxoedema, asthma

METHOHEXITONE (Brietal)

This is a methylated oxybarbiturate. It comes as a white powder and is used
in a 1% solution as an alternative to thiopentone. It should not be used in
epileptics.

Uses of Methohexitone
As an induction agent
Drug of choice for ECT (if available)

Dose : 1-1.5 mg/kg (1% solution)
Mode of action: similar to thiopentone

Systemic effects

Recovery is three times as quick after thiopentone
Less cardiovascular depression

Less irritant to the tissues as only 1% solution is used

Disadvantages

Abnormal muscle movements, tremors, coughing, hiccups.

Should not be used with epileptics as it can precipitate convulsions.
Causes pain on injection.
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PROPOFOL (Diprivan)

This is a white aqueous and isotonic emulsion. The vehicle contains
glycerol soyabean oil and egg phosphatide. It is produced in a 1% solution
(10mg/ml) for induction of anaesthesia, in a 1% or 2% solution in a 50ml
vial and a 50ml prefilled syringe.

Uses and Mode of action

Induction of anaesthesia.

Total intravenous anaesthesia by infusion (TIVA).
Target controlled infusion (TCI).

Sedation in ICU.

It is a short acting intravenous anaesthetic agent with a half-life of
1.8 — 8.3min (rapidly distributed). It is conjugated in the liver and the
inactive metabolites are excreted in the kidneys.

Dose

Induction in the fit adult patient 1.5 - 2.5mg/kg titrated at the rate of
4ml/10sec. Elderly patients may only require 1mg/kg.

For children over 8 years the dose is 2.5mg/kg.

Children 3-8 years require a higher dose of 2.5 — Smg/kg.

Maintenance

For short procedures repeated bolus doses of 25-50mg according to
response may be given.

Propofol infusion: (Total intravenous anaesthesia or TIVA)

This requires a prefilled syringe and electronic syringe pump for safe
administration. For more details of this technique consult a more advanced
textbook of anaesthesia.

Systemic effects

Central Nervous system

—  Produces rapid loss of consciousness and rapid recovery.

—  Low incidence of nausea and vomiting.

—  Reduces cerebral blood flow, ICP and intra-ocular pressure.

—  Epileptiform movements occur very occasionally but sometimes some
hours after recovery, so it is best avoided in epileptics but can be used
for ECT.

Cardiovascular system

—  Hypotension is greater than that after thiopentone. This is seen
especially in the old, hypertensive and hypovolaemic patients.

— No increase in heart rate and may cause bradycardia.

—  Hypertensive response to laryngoscopy is less than with thiopentone.
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Respiratory system: Causes respiratory depression, often with a transient
period of apnoea after induction. Obtunds airway reflexes. Because of these
effects it is the agent of choice for insertion of a laryngeal mask

In pregnancy: Rapid placental transfer but is an acceptable induction agent
for caesarean section with no greater effect on the foetus than thiopentone.

Adverse reactions

e  Local pain: 28% if the veins on the dorsum of hand are used, 5%
when the antecubital fossa is used. The incidence of pain is reduced
by injecting 20 mg (2ml of 1%) lignocaine before or mixed with the
propofol. (In animals subcutaneous and intra-arterial injections did
not induce serious effects).

e  Anaphylactic-type reactions (bronchospasm, erythema and
hypotension) have been reported but are very rare. Propofol is best
avoided in patients with a true egg allergy.

e Bradycardia: responsive to atropine.

ETOMIDATE
Etomidate was introduced as an I.V. induction agent in 1973. It is presented
as a clear liquid 0.2% solution in propylene glycol

Dose : 0.3mg/kg

Systemic effects

It has a high safety margin and has very little effect on the cardiovascular
system with only mild decreases in peripheral vascular resistance and
blood pressure. It also causes minimal respiratory depression and does not
cause histamine release. This makes etomidate a useful drug for induction
of anaesthesia in hypovolaemic and frail patients.

Disadvantages

Pain on injection.

Excitatory movements during induction.

High incidence of nausea and vomiting.

Steroid suppression is now recognised to occur even after a single dose.
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ANTISIALAGOGUES (DRYING AGENTS)

Atropine, hyoscine and glycopyrrolate are antimuscarinic drugs which act
on the autonomic nervous system and competitively block the effect of
acetylcholine at the post-ganglionic parasympathetic nerves.

Since these drugs are non-selective they have an effect on all types of
cholinergic receptors to some degree.

The areas of action are:

Eye: dilatation of the pupil. In glaucoma there is an increase in the
intraocular pressure.

Exocrine glands: decrease in salivary and bronchial secretions.

Cardiovascular system: an increase in the heart rate (a small dose of
atropine if given IM can cause initial slowing of the heart rate before the
tachycardia).

Gastro-intestinal tract and genito-urinary tract: decreased motility.

ATROPINE
This is a naturally occurring alkaloid and can be given orally but more
usually IM or IV.

Dose 10 micrograms/kg. Average adult dose is 600 micrograms IM.
It causes an increase in heart rate and moderate smooth muscle relaxation. It
has a drying effect on secretions and causes dilatation of the pupils.

HYOSCINE (Scopolamine)
This is also a naturally occurring alkaloid and can be given orally, IM or
sub-cutaneously.

Dose: 8 micrograms/kg. Usual dose 200-600 micrograms.

It has a marked sedative, anti-emetic and amnesic effect but only a mild
action on the heart. It is a more effective drying agent than atropine. It
also causes marked dilatation of the pupil.

GLYCOPYRROLATE
This is a synthetic compound which does not easily cross the blood—brain
barrier. It can be given IM or IV.

Dose: 200-400 micrograms.
It is the most effective agent for drying secretions and has a moderate effect
on heart rate and smooth muscle.
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ANALGESICS (PAIN RELIEVERS)
NON-NARCOTIC ANALGESICS
e  Simple analgesics

ASPIRIN
This is widely available and is taken orally in tablet or soluble tablet form
and as suppositories rectally.

Uses and mode of action

Mild to moderate pain.

Antiplatelet action by inhibiting thrombin formation in the arterial
circulation.

It is rapidly metabolised in the gut to the active compound salicylic acid.

Dose: 300-900 mg 4-6 hourly. Max. 4gm daily.

Disadvantages

It should not be used in children under 12 yrs.

It has gastrointestinal side effects — nausea, vomiting and gastro-
intestinal bleeding due to antiplatelet effect.

Not advisable for patients on warfarin.

PARACETAMOL
This is widely available and is taken orally in tablet, soluble tablet and
suspension form or as suppositories rectally.

Uses and mode of action

Mild to moderate pain.

Treatment of pyrexia.

Well absorbed orally. Metabolised in the liver.

Dose: Adult: 500 mg — 1 gm 4-6 hourly. Max 4gm daily.
Child:  20mgs/kg orally. Max 90mg/kg/day

Side effects
Rarely causes side effects.
Causes hepatotoxicity in overdosage.
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Non-steroidal anti-inflammatory drugs (NSAIDs)

Uses and mode of action
These drugs are suitable for relief of mild to moderate post—operative pain
especially pain related to bone surgery.

They have analgesic, anti-inflammatory and antipyretic properties.
They can be given orally, rectally and parenterally.

They have long half lives and so can be given twice daily.

They reduce opioid requirement and do not cause sedation or
respiratory depression.

Side effects

Increase in bleeding time.

Can cause gastric erosions.

Cause a reduction in renal blood flow.

Can cause bronchospasm in asthmatic patients (10% incidence).

Contraindications

Patients with history of peptic ulcer disease.
Patients with renal disease.

Pregnant patients.

Dehydrated patients.

The lowest effective dose should always be used.
Three commonly used examples are:

IBUPROFEN
Less anti-inflammatory effect than others but fewer side effects.

Dose: 1.2 - 2.4 gms daily in divided doses.
Presented as tablets and syrup.

DICLOFENAC (Voltarol)
Can be given orally, rectally or IM or by IV infusion.

Dose: 75-150 mg O

12.5-100 mg suppositories
25mg/ml for injection.

KETOROLAC
Can be given orally or by IM or IV injection (10mg/ml).

Dose: 10mg O 4-6 hourly
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NARCOTIC ANALGESICS
The narcotic analgesics can be divided into 3 large groups.

Naturally occurring alkaloids
morphine
papaveretum (omnopon)
codeine
Semi synthetic alkaloids
diamorphine
dihydrocodeine
Synthetic agents
benzmorphone derivatives
e pentazocine (Fortral, Ortalwin)
piperidine derivatives
e  pethidine (Demerol)
e fentanyl
diphenylheptan derivatives
e  methadone (Physeptone)

Opioid Receptors

There are at least 3 types of opioid receptors, known by the Greek letters
u(mu), X (sigma) and K (kappa). Some of them are found in the dorsal
horn of the spinal cord. The discovery of opioid receptors in the spinal cord
meant that the opioid drugs (e.g. morphine) could be introduced into the
spinal and epidural spaces, for the relief of chronic and acute pain.

The advantages of opioid drugs over local anaesthetic drugs in the spinal
and epidural space are:

e No block of sympathetic nerves, therefore no hypotension or
bradycardia.

No motor block, so no weakness or paralysis.

No loss of other sensation apart from pain.

Accidental IV injection can be treated with naloxone.

Analgesia is effective and prolonged and achieved with smaller doses
than used systemically.

BUT
e  Respiratory depression has been reported as long as 16 hours after
injection. (This is reversible with naloxone but requires very careful
observation).
e  Other complications such as pruritus, nausea and vomiting and urinary
retention are common. Intrathecal opioids, although used in some
major centres, are not recommended in smaller hospitals.
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Commonly used narcotic drugs
MORPHINE

Uses

Relief of moderate to severe pain.

Metabolised by the liver and excreted in the urine.

Available for oral administration and in concentrations from 10mg-30mg/ml
for IM and IV injection and infusion.

Dose: Adult: 10-15mg 1M or subcutaneous (SC) 3 hourly PRN
2.5-10mg IV.
Child: 0.1-0.2mg/kg IV/SC 1-2mg boluses as required.

Duration: 3 hours.

Systemic effects

Central nervous system

—  Depressant action; relieves anxiety
—  Analgesic

—  Respiratory depressant

—  Can cause euphoria, addiction
Respiratory system

—  Respiratory rate is decreased

—  Tidal volume may increase

—  Bronchoconstriction may occur (histamine release)
Gastrointestinal tract

—  Sphincters of gut may be constricted
— Nausea and vomiting may occur

— It can produce biliary spasm

Eyes: Pupil constriction. This is one reason why morphine must not be used
for head injury.

Side effects

Nausea and vomiting
Respiratory depression
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CODEINE
This has one sixth the analgesic potency of morphine.
It is available as tablets, syrup and IM injection.

Uses and mode of action

It is used for mild to moderate pain and as a cough suppressant.

It is metabolised in the liver. About 10% is converted to morphine and this
is probably responsible for its analgesic properties.

Dose: 30-60mgs orally 4 hourly, 30-60 mgs IM 4hrly.

PETHIDINE
Available for oral (50mg tabs), IM and IV (50mg/ml) administration.

Uses and metabolism

Moderate to severe pain. Also used for analgesia in obstetrics.

The duration of action is shorter than with morphine lasting about 2 hours.
90 percent undergoes metabolism by the liver to an active substance with
a long half-life (2040 hours), called Norpethidine, which can cause
hallucinations and convulsions. Norpethidine is excreted by the kidneys, so
care must be taken in patients with renal failure if repeated high doses are
being used.

Dose: Adult: 50-150mg O 4 hourly
50-100 mg IM/ SC 2 hourly PRN
25-50 mg IV 4 hourly

Child:  0.5-2.0mg/kg O
0.5-2.0mg/kg IM 2 hourly PRN

Systemic effects

Similar to morphine.

Pethidine has an atropine-like effect causing dilatation of the pupils and
drying of secretions.

Contra-indications

Should not be used for patients who are taking monoamine oxidase
inhibitors.
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PENTAZOCINE (Fortral)

This has actions similar to morphine and pethidine but has opioid agonist
and antagonist properties. It is less effective than morphine or pethidine and
may cause hallucinations.

It is available as 25 and 50mg tablets and 30mg/ml for IM and IV injection.

Dose:  Adult: 30 to 60mg (depending on the patient).
Child: 0.5 mg/kg IM.

60 mg of pentazocine gives analgesia equal to 10mg of morphine.

PAPAVERETUM (Omnopon)

This is a mixture of purified opium alkaloids.

Fifty percent of the mixture is morphine. The other alkaloids are codeine,
papaverine, narcotine etc.

It is available for IM and IV injection 15.4mg/ml.

Uses
It is used for the relief of moderate to severe pain and for premedication,
often combined with hyoscine.

—  To relieve anxiety

—  To reduce the dose of anaesthetic required

—  To prevent tachycardia when used with trilene

Dose: Adult: 7.7-15.4mg IM
Child: 6-12 years 4 -7.7mgs IM

Side effects
As for Morphine

Take special care with

e Infants less than 6 months

e  Aged and debilitated patients

e  Patients on monoamine oxidase inhibitors (MAO inhibitors)

e  Patients with metabolic diseases (e.g. liver and renal diseases),
respiratory disease (e.g. asthma, COAD), endocrine diseases
(e.g.Addisons, hypothyroidism).

e  Very ill patients

| 10mg morphine =100mg pethidine =15mg papaveretum =60mg pentazocine
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FENTANYL CITRATE
Fentanyl is a narcotic analgesic like morphine, pethidine and pentazocine.

Uses and mode of action

For analgesia as part of an anaesthetic.

Used transdermally for chronic cancer pain.

It is highly lipid soluble giving it rapid onset of action.

Dose: 1 microgram/kg IV
Duration of action: 30mins—1hr in normal doses.

Systemic effects

Fentanyl produces analgesia, sedation, euphoria, respiratory centre
depression, miosis and suppression of the cough reflex. It has minimal
effect on the cardiovascular system.

The incidence of nausea and vomiting is minimal. Incidence is 4% after
fentanyl as opposed to 20% after pethidine.

Side effects
Can cause delayed respiratory depression with higher doses.
Can cause bradycardia which is responsive to atropine.

Not suitable for use as an anaesthetic drug with:
—  Very young patients less than 1 year of age.
—  Comatose patients.

—  Those with head injuries.

Fentanyl can be habit forming.

ALFENTANIL

Is a rapid onset, short duration opioid drug similar to fentanyl, good for
outpatient surgery. Potency is a quarter that of fentanyl but onset of action is
four times more rapid. Duration of action is one third of fentanyl.

Dose: 5-10 micrograms/kg.
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SEDATIVE PERI-OPERATIVE DRUGS: Benzodiazepines

Benzodiazepines are useful in anaesthesia principally for premedication and
as sedation for short procedures. They are also used in ICU as sedation in
patients receiving assisted ventilation.

DIAZEPAM (Valium)
Diazepam can be taken orally, IM, IV or rectally.

Dose: 5-10 mg orally as premed. 0.1mg/kg by injection.

Diazepam is relatively insoluble in water and can be painful on injection
with a high incidence of venous thrombosis. It can be mixed with
dextrose 5% or saline 0.9%. Diazepam also comes in the form of an
emulsion (Diazemuls) which reduces the risk of thrombophlebitis.

Uses and mode of action

Premedication

Sedation with amnesia

As an anti-convulsant

Useful in combination with ketamine to reduce unpleasant after effects
Its muscle relaxant properties are useful in the treatment of Tetanus

It has a long duration of action with active metabolites which can produce a

second period of drowsiness.
It is metabolised in the liver.

Systemic effects

It produces a sedative and tranquillising effect with some amnesia and also
has good anti-convulsant properties.

It can help relieve muscle spasm and spasticity.

Side effects
—  Can cause respiratory depression
—  Hypotension
— Ataxia and confusion
—  Pain on injection

72



MIDAZOLAM (Hypnovel)
This is a water soluble benzodiazepine. It is available for IM and IV
injection as 1mg/ml or 5Smg/ml. Can be given orally to children.

Uses

Conscious sedation for short procedures

Long-term sedation for ventilated patients in ICU

Can be used as part of a general anaesthetic both for induction and
maintenance

Anticonvulsant

Midazolam is shorter acting than diazepam.

Dose: 30-100micrograms/kg IV should be given slowly (approx.2mg/min)
Reduce dose and give more slowly in the elderly
Premedication in children: 0.4mg/kg orally given with paracetamol

syrup

Systemic effects

Sedative and tranquillising effect

Provides anterograde amnesia

Has minimal cardiovascular and respiratory effects in small doses

Side effects
Respiratory depression
Respiratory arrest especially with higher doses

Precautions

—  Always watch for signs of under-ventilation.

—  Don’tuse it in children under the age of 8 years except for
premedication.

—  Should not be used for nursing mothers.

—  Take special care with elderly and high risk patients and reduce the
dose by 25% at least. See note on midazolam and conscious
sedation at the end of Chapter 25 (Anaesthesia for dental surgery).

—  Midazolam can be mixed with sterile water, 5% dextrose in water,
normal saline and Hartmann’s solution.

73



COMPARISON BETWEEN
MIDAZOLAM (Hypnovel) & DIAZEPAM (Valium)

Water soluble Insoluble in water
Not irritant to veins Irritant

Twice as potent as

diazepam

Amnesic and hypnotic
actions better than

diazepam

Half life 1-4 hours Half life 21-35 hours
Metabolises in liver to Metabolised in liver
hydroxy midazolam which is to desmethyl diazepam

weaker than the parent compound and also oxazepam.
Drowsiness can persist
because of metabolites.

Dose: 30-100microgm/kg IV Dose: 0.1 - 0.2mg/kg orally
Slowly titrate to response. or 0.1mg/kg IV

Give 1-2mg IV slowly. Wait

2 min before next increment

ANTAGONISTS FOR CENTRAL AND RESPIRATORY
DEPRESSION

NALOXONE

Central depression caused by narcotics can be reversed by naloxone by
competing with them at the site of action and can counteract the respiratory
depression produced by narcotic analgesics.

Dose: 100-200 micrograms, then if necessary give increments of 100
micrograms every 2 minutes
Neonate : 10 micrograms/kg

Duration: 20 minutes

As naloxone has a short duration of action the dose may need to be
repeated.

Naloxone also antagonises the analgesic effect of the narcotic.
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FLUMAZENIL (Anexate)

Respiratory depression due to sedation with benzodiazepines e.g. diazepam
and midazolam following anaesthetic, intensive care or diagnostic
procedures can be reversed by flumazenil.

Dose: 200 micrograms over 15 secs then 100 micrograms at 60 second
intervals as required up to maximum total dose of 1mg.

It is short acting. A single IV dose lasts between 15 and 140 minutes
(average 58 minutes). Patients who have taken long acting benzodiazepines
such as diazepam may need a further dose of flumazenil for the
antagonising action to continue, though this will not be a problem if they
have taken midazolam which is short acting.

Mode of action
Benzodiazepines in increasing doses produce the following effects:
—  Relief of anxiety (anxiolysis)
—  Relief of convulsions (anticonvulsant effect)
—  Mild sedation
—  Amnesia
—  Deep sedation
—  Muscle relaxation
—  Anaesthesia

Note that each effect is stronger than the one before it.

Flumazenil antagonises these effects in reverse order. Therefore, if a
patient has lost consciousness because of an excessive dose of diazepam,
flumazenil will reverse this. It can also be used in the management of a
patient who has taken an overdose of diazepam or any other
benzodiazepine. It can also be used as a diagnostic tool if the nature of the
drug taken is not known.

Flumazenil has no action of its own on the central nervous system.

DISSOCIATIVE ANAESTHESIA

KETAMINE

Ketamine is a phencyclidine derivative. Following injection, patients
become mentally dissociated or removed from the surroundings. This is
referred to as dissociative anaesthesia. Ketamine (Ketalar) is rapidly
absorbed after intramuscular and intravenous injection. It is metabolised and
excreted in the urine.
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Indications
As an induction agent (in place of thiopentone):
e In shocked patients or poor risk patients
e  In asthmatics
e In obstetric patients for caesarean sections:
— It causes less hypotension or foetal depression
— It may increase uterine tone
As a sole anaesthetic for minor operations, dilatation and curettage,
fractures, diagnostic procedures, burns dressing, debridement (bolus plus
infusion or infusion only).
As an infusion with a relaxant anaesthetic (see Chapter 14 Low cost
techniques).

Dose

IV ketamine 1-2mg/kg.

Onset of action less than 15 seconds; unconsciousness in 30 seconds.
Duration 5-10 minutes.

IM ketamine 5 - 7mg/kg, onset may take 2-8 minutes.

Duration 10-20 minutes. Subsequent dose is half of the initial dose.

Unless there is a strong contraindication an atropine premedication should
be used to reduce the effects of the increase in salivation.

Systemic effects

Central nervous system: the patient is sedated, amnesic and analgesic.

It is difficult to detect the point at which sleep commences as patients
appear to gaze into space and may not close their eyes for several minutes.
The eyelash and corneal reflexes remain. There is dissociation from the
surroundings.

Cerebral blood flow and intracranial pressure is increased. Awakening from
anaesthesia may take several hours and may be associated with vivid
dreams and hallucinations, especially in adult patients.

Cardiovascular system: cardiac output and the systolic and diastolic blood
pressures are increased.

Respiratory system: respiration may be depressed if large doses of ketamine
are used. The larynx and pharynx usually remain competent but this cannot
be guaranteed.

Other actions of ketamine

Rise in intra-ocular pressure. Eye movements may be noticed.

Uterus not relaxed.

At 1 mg/kg given slowly over 1 minute it does not depress the foetus,
though it has been known to contract the pregnant uterus and cause foetal
distress.

76



Advantages

Minimal cardiovascular depression, which is good in the shocked
patient.

Minimal depression of pharyngeal and laryngeal reflexes, so the
airway is maintained without intubation, provided the patient has had
the right amount of ketamine. The airway is not, however protected
from aspiration. If the patient is at risk of aspiration a rapid sequence
induction should be undertaken.

Very good analgesic.

Easy to administer.

Disadvantages

Prec

Emergence reactions: vivid dreams and hallucinations occur, especially
in adults. Decrease the incidence of emergence reactions by:
—  Not using ketamine in nervous patients or those with psychiatric
problems
—  Using diazepam with the ketamine
—  Preventing stimulation in the recovery period
Hypertension.
It is difficult to know when a sufficient dose is given. Eyes may be
open and there may be spontaneous movement.
No relaxation of muscles.
Salivation increases.
Respiratory depression.

autions with ketamine
Select patients carefully.
Don’t use ketamine in hypertensive patients, patients with head
injuries or nervous patients.
See that the patient fasts for 6 hours before surgery.
Weigh the patient before surgery.
Make sure there is oxygen and a means of ventilation and suction
available.
Check blood pressure before starting the anaesthetic.
Leave the needle in the vein.
Inject ketamine slowly (if IV).
Don’t leave the patient unattended.
Don’t test eyelash reflex as for general anaesthesia. It is not
abolished with ketamine.
If the patient shows purposeless tonic or clonic movements of the
limb it does not mean the anaesthesia is too light.
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VASOPRESSORS

These are mostly sympathomimetic drugs. The sympathetic nervous system
has many actions which have been discussed in Chapter 5. It causes
vasoconstriction of the skin and splanchnic vessels (this is referred to as
stimulation of the "alpha receptor"). It also stimulates the heart, that is it
increases the force of contraction and the rate of the heart (this is referred to
as "beta" stimulation).

Some vasopressors act by stimulating the "alpha" receptors causing
peripheral vasoconstriction thus increasing the venous return and raising
the blood pressure. Others act on the heart, that is, on the "beta" receptors
and raise the blood pressure.

It is important to be familiar with the action and dosage of two or three
Vasopressors:

ADRENALINE (Epinephrine)

Available for IV, IM and subcutaneous injection in concentrations
of 1:1,000 (1mg/ml)
and  1:10,000 (1mg/10ml)

Uses and mode of action

Resuscitation of seriously ill patients

Treatment of anaphylactic shock

Treatment of hypotension intra-operatively

As an additive to local anaesthetics to prolong duration

Acts on alpha 1, beta 1 and beta 2 receptors

Dose: Bolus doses of 100 micrograms — 1mg IV (preferably through a
central venous catheter) depending on the patient’s condition. Some patients
may require a continuous infusion (2—20 micrograms/min) with careful
monitoring.

During resuscitation from cardiac arrest the injection can be given directly
into the heart or down the lumen of an endotracheal tube if there is no
Venous access.

Systemic effects
Cardiovascular system: Increase in heart rate and force of cardiac
contraction. Increase in systolic blood pressure.

Respiratory system: Relaxes bronchial smooth muscle causing
bronchodilatation.

78



Side effects

Ventricular arrhythmias

Hypertension

May cause arrhythmias during anaesthesia with halothane

EPHEDRINE
Available for IM and IV injection in concentrations of 30mg/ml and
50mg/ml

Uses and mode of action

Treatment of hypotension due to vasodilatation e.g. after spinal or epidural
anaesthesia.

Ephedrine acts on alpha 1, beta 1 and beta 2 receptors and mainly causes a
rise in heart rate and blood pressure.

Dose: 3-10mg IV as a bolus —may require to be repeated.
Duration of action 5-15 mins.

Side effects

Tachycardia

Hypertension

Arrhythmias during halothane anaesthesia

METARAMINOL (Aramine)
Available IV, IM or S/C injection or for IV infusion in concentration of
10mg/ml

Uses and mode of action

Acts on alpha 1 receptors

Increases blood pressure and cardiac output

Treatment of hypotension following spinal anaesthesia

Dose: 1 mg bolus IV
1-20 mg/hr by IV infusion
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ISOPRENALINE
Available for IV and IM injection

Uses and mode of action

Acts on beta 1 and beta 2 receptors.

Causes an increase in force of contraction and rate of heart.

Used for treatment of complete heart block or severe bradycardia.

Dose: 5-20 microgram bolus
0.5-10 micrograms/min by infusion

Side effects

May cause tachycardia and ventricular arrhythmias.
May worsen coronary perfusion in ischaemic heart disease.
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CHAPTER 7

PRE-OPERATIVE CARE

Outline:

Pre—operative assessment
History
Examination
Investigations
ASA Classification

Pre—operative preparation
Principles
Emergency surgery — special problems
Fasting Guidelines

Premedication
Purposes
Drugs used for premedication
Routes of administration
Choice of drugs
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PRE-OPERATIVE ASSESSMENT
The role of the anaesthetist begins not in the operating theatre but in the
ward. The pre-operative assessment is designed to present the patient for
surgery in the best possible condition.

HISTORY

Anaesthetic

Any problems encountered during past anaesthetics must be fully
investigated. Records of previous occasions yield a wealth of information on
response to various drugs, intubation difficulties, allergic responses and
post—operative problems.

Family anaesthetic history is also important because certain abnormal and
possibly dangerous responses to drugs (e.g. malignant hyperpyrexia,
suxamethonium apnoea) tend to run in families.

Further, several diseases which can give rise to "anaesthetic problems" for
instance sickle cell disease, dystrophia myotonica and blood dyscrasias,
have a familial incidence.

Medical

e  Respiratory problems: cough, sputum, smoking, asthma, breathlessness
and exercise tolerance. History of previous chest disease (TB,
bronchitis etc)

e  Cardiovascular disease:

Difficulty in breathing, palpitation, chest pain, ankle oedema
Previous heart attacks
Exercise tolerance

Hypertension
e  Other illnesses, e.g. diabetes, renal disease, hiatus hernia, epilepsy
e Alcohol and drug intake
e Allergies
e Smoking habits
Surgical

Past surgical procedures as well as that for which the patient is being
assessed are important.

Some operations, such as those on the heart, lungs, kidneys and CNS may
tend to interfere with vital functions under anaesthesia.
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Drug history

The following drugs, previously or currently being taken may influence
present anaesthesia.

Steroids

Prolonged steroid therapy (> 10mg prednisolone/day) results in atrophy of

the adrenal glands so that they cannot secrete extra hormones in time of

stress. Collapse, with a fall of blood pressure, may ensue. Many different
regimes have been described to provide perioperative steroid cover. The
principles are as follows:

e  Hydrocortisone sodium succinate (rapidly acting) is the drug most
frequently used.

e  Steroid cover is provided if the patient has had steroids in the three
months before surgery unless the surgery is very minor and imposes
very little stress on the patient.

e  Hydrocortisone is administered at induction.

Dose: 25mg IV (adult)

e  Any unexplained fall in blood pressure either during or after surgery is
treated with steroids. However hypotension from more common causes
i.e. blood loss or hypoxia must be excluded.

e  The steroid cover is maintained until the stress of the operative and
post-operative period is over and then gradually reduced.

For a more detailed description of this regime see Chapter 40

Antihypertensive drugs

These drugs produce their effect by a reduction in peripheral vascular tone.
This tends to interfere with circulatory homeostasis under anaesthesia. Most
patients are left on these tablets until the day of operation. The anaesthetist
must bear in mind that these patients cannot compensate for such stresses as
blood loss, changes in posture, intermittent positive pressure ventilation
(IPPV), etc. in the same way as normal patients can. Further, they may react
badly to drugs such as thiopentone which can cause a fall in blood pressure.

Monoamine oxidase inhibitors (MAOI)

The actions of these drugs are imperfectly understood. They interact with
narcotic analgesics, e.g. pethidine and morphine and result in various bizarre
reactions - severe hypo or hypertension, coma, convulsions, Cheyne Stokes
respiration and death. They also react abnormally with pressor drugs and
potentiate the side effects of barbiturates. The effects of MAOI last from 1
to 2 weeks depending on the drugs. Suspension of MAOI will be necessary
for major surgery requiring post-operative analgesia. This must be done 10
to 14 days pre-operatively.
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Beta-blockers

Commonly used for the treatment of hypertension, cardiac arrhythmias,
ischaemic heart disease etc. In most cases the patients may remain on these
drugs but remember that they cannot compensate efficiently, in the face of
cardiovascular stress.

Diuretics
Prolonged diuretic therapy interferes with electrolyte balance.
This must be checked pre-operatively (especially potassium).

Insulin
Patients on antidiabetic treatment must be carefully assessed by the
anaesthetist for pre and post-operative care (see Chapter 39).

Antibiotics
Large parenteral doses of antibiotics — neomycin, streptomycin and others —
have been known to potentiate the action of non-depolarising relaxants.

Phenothiazines

These cause peripheral vasodilatation and result in a fall in blood pressure
under anaesthesia. They also potentiate the action of narcotics and
barbiturates and these drugs must be used in smaller doses.

EXAMINATION

General examination
Note the following:

General appearance of the patient in bed including age and approximate
weight. For instance, is the patient dyspnoeic? nervous? sweating ? Or
suffering from anaemia, cyanosis, jaundice, oedema, dehydration (any
evidence of early dehydration must be detected. Note skin turgor, tongue,
urine output, pulse, superficial veins etc). Note temperature.

Pathological problems: difficulty in opening the jaws, difficulty in
extending the neck, tumours or inflammation of the neck, burns,
contractures of the neck.

Finally, assess the psychological state of the patient. This will influence the
choice between regional or general anaesthetic and also the premedication
required.
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Airway examination

Note any anatomical features that would hinder the maintenance of a clear
airway or interfere with endotracheal intubation, e.g. bull neck, receding
lower jaw, high arched palate or protruding teeth.

A simple and easy test known by the name of Mallampati, who first
described it, involves sitting in front of the patient and asking them to open
their mouth fully and stick their tongue out. If the faucial pillars, soft palate,
posterior pharyngeal wall and uvula are visible laryngoscopy should not be
difficult. The likely degree of difficulty increases as less of the anatomy is
visible and if only the hard palate is visible a difficult laryngoscopy is
probable.

Class 1 Class 2

Soft Palate . ¢

uvula

faucial
pillars

tongue ——~———— §

Class 4

Fig 7.1 Mallampati classification and view obtained

Class 1 Faucial pillars, soft palate and uvula
Class 2 Faucial pillars and soft palate

Uvula is masked by base of the tongue
Class 3 Only soft palate visible
Class 4 Soft palate not seen

This test is useful but is not a substitute for a good history and examination
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System Examination

RESPIRATORY SYSTEM

Inspection

Note rate and type of breathing — is it noisy, laboured, obstructed.
Shape of chest and movement of the chest.

Deformities of the spine.

Sputum colour, quantity (if any) of nasal discharge.

Cyanosis central or peripheral.

Clubbing of fingers.

Palpation

e  Confirm chest movement.

e  Note the position of the trachea.

e Check for the presence of enlarged supraclavicular lymph nodes.

Percussion
Compare the percussion notes at equivalent positions on both sides of the
chest.

Auscultation

e  Breath sounds.

e  Accompaniments: crepitations, rhonchi.
e  Vocal resonance.

CARDIOVASCULAR SYSTEM

The pulse Note the rate, rhythm, volume and character of the pulse wave
and vessel wall. Check the peripheral pulses, including arterial pulsations in
the neck.

Jugular venous pressure

Blood pressure

Colour of mucous membrane: cyanosed or anaemic
Oedema (especially dependent)

Examination of the heart

Inspection and palpation To detect and confirm the position and quality of
the apex beat. Displacement of the apex beat may suggest cardiac
enlargement.

To confirm also the presence of any thrills over the precordium.

Auscultation
To listen to the heart sounds and identify murmurs.
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OTHER SYSTEMS

Depending on the patient it may be necessary to examine the other systems
e.g. the central nervous system.

INVESTIGATIONS

These depend on the facilities available. In the smaller hospital urinalysis
and Hb may be all that is available.

In a larger hospital some or all of these tests may be considered routine,
depending on the patient and the surgery.

e FBC or at least haemoglobin

Urinalysis

Chest x-ray where indicated

ECG in patients with a history of cardiac disease

BUN/creatinine and serum electrolytes

Specific investigations
This depends on the underlying medical condition of the patient.

If there is respiratory disease:

e Lung function studies: vital capacity and forced expiratory volume
(FEV)), arterial blood gases

e  Sputum culture and sensitivity

e  More specialised radiological examination

e  Bronchoscopy, etc.

If there is liver disease:
e Liver function tests
e  Prothrombin index

If there is diabetes:

e  Four hourly blood (glucometer) or urinalysis (in the ward) for sugar
and acetone

e  Fasting blood sugar

e  Glucose tolerance tests

If the patient is anaemic or the proposed surgery would necessitate blood
transfusion then the patient's blood must be grouped and cross—matched.
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ASA CLASSIFICATION - Assessment of physical status

The American Society of Anaesthesiologists (ASA) has classified patients
as follows

Class 1 A normal healthy patient
A patient with mild systemic disease
3 A patient with severe systemic disease limiting activity
but not incapacitating.
4 A patient with incapacitating disease — a constant threat to
life
5 A moribund patient

If it is an emergency the category number above should be followed by the
letter E (denoting emergency).

PRE-OPERATIVE PREPARATION

GENERAL PRINCIPLES (ELECTIVE AND EMERGENCY):

Any medical condition that can be corrected or improved must first be
treated so that the patient is in the fittest possible physical state before
surgery. The following are some medical problems that may require
treatment.

Anaemia

Depending on the time available for treatment and the Hb deficit, iron
deficiency anaemias may be treated with:

oral iron

parenteral iron

blood transfusion

Anaemia must always be investigated before treatment. Anaemia decreases
the oxygen carrying power of the blood. (In anaemia grave hypoxia is not
accompanied by cyanosis). Ideally major surgery should not be performed if
the patient's Hb is less than 10g% but this is not always possible and a
minimum of 8g% can be accepted. The urgency and cause of the anaemia
e.g. menorrhagia, may have to be taken into account.

Sickle cell disease is a common cause of anaemia in patients from African
and Caribbean countries and if there is a family history or any past
symptoms suggestive of a sickling crisis a sickledex test should be
performed if possible.

For more detail about sickle cell disease see Chapter 33.
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Cardiovascular disease

Myocardial infarction: A minimum of three months and preferably six
months, must be allowed before elective surgery.

Cardiac failure must be treated before elective surgery.

Arrhythmias: Arrhythmia is not a contraindication for surgery but an
attempt must be made to correct the arrhythmia to the best possible
degree, e.g. in atrial fibrillation the ventricular rate must be reasonably
slowed with digoxin or beta-blocker before anaesthesia. The
arrhythmia must not be severe enough to interfere with the patient's
cardiac output.

Hypertension: This must be treated pre-operatively. Uncontrolled
hypertension can result in left ventricular failure, arrhythmias and
cerebrovascular disturbances under anaesthesia. Ideally the blood
pressure should be stabilised to a diastolic pressure of

90-100mmHg. It is probably safe to go ahead with elective surgery in a
patient with a diastolic pressure of 110 mmHg or less provided there
are no complications of hypertension.

Respiratory disease

Acute respiratory disease is a contraindication to GA.

Chronic respiratory disease e.g. COAD (Chronic Obstructive Airways
Disease) must first be investigated and then treated with the usual
measures of physiotherapy, no smoking, bronchodilators and
antibiotics if necessary.

Asthma must be treated with the appropriate bronchodilators until the
chest is clear for auscultation, before elective surgery is contemplated.

Metabolic diseases

Diabetes mellitus must be first investigated and assessed and then
controlled before elective surgery is performed. The anaesthetist must
very carefully work out a regime for the control of the diabetic state
during the operative period.

Liver disease especially in relation to the prothrombin index. After a
severe case of infective hepatitis, operation is best postponed for a
minimum of six months.

Thyroid disorders: Both hyperthyroidism and hypothyroidism must be
corrected before elective surgery. In addition to the problems of
arrhythmias and heart failure in the toxic patient the danger of "thyroid
storm" occurring in the post-operative period necessitates complete
control of the toxic state. (See Chapter 26)
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Fluid Imbalance

Whenever possible the volume of circulating fluid should be corrected
before anaesthesia. Fluid loss may result from a variety of causes, including
blood loss, burns, vomiting, diarrhoea, loss through fistulae, loss into the gut
(ileus), deficient intake, excessive loss through the skin (especially in the
extremes of age) and excessive urinary loss.

Briefly, the following symptoms and signs suggest dehydration:

e Thirst

Dry mouth

Diminished skin turgor

Rapid pulse

Decreased urine output

In the later stages a fall in blood pressure

Central venous pressure (CVP) if measured will be low

A high BUN and a raised specific gravity of urine confirm the
diagnosis

The appropriate fluid must be administered with a close watch on these
parameters.

Electrolyte imbalance

Sodium and potassium imbalance especially must be corrected
pre-operatively. A low potassium level can result in hypotension,
arrhythmias and cardiac arrest. It can also result in skeletal and smooth
muscle weakness and interfere with the action of relaxant drugs. A high
potassium level is also associated with cardiac arrhythmias.

Fluid and electrolyte imbalance will be more common in patients for
emergency surgery.

Smoking

This increases intra and post-operative morbidity due to associated bronchial
exudation and bronchospasm. It should ideally be given up three days
pre-operatively. However, cessation for even 24 hours pre-operatively
reduces the morbidity.

Dental treatment

Should be carried out if necessary before any major surgery, for instance
cardiac surgery.
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SPECIAL PROBLEMS RELATED TO EMERGENCY SURGERY

In addition to the problems already listed, patients presenting for emergency
surgery pose the problems of:

e  The unfasted patient (full stomach).
e  Hypovolaemia due to blood or fluid loss.

The unfasted patient (full stomach)

The dangers of vomiting or regurgitation under anaesthesia are discussed
elsewhere. (See Chapter 46)

In considering the pre-operative measures we can take to prevent this
complication, the following deserve mention:

e  Postpone surgery for at least six hours. However, the gastric emptying
time is usually prolonged in emergencies.

e The stomach may be emptied using a naso-gastric tube or orogastric
tube of the largest possible bore.

e  Sodium citrate (a non-particulate antacid) can be used pre-operatively
to counteract the acidity of the gastric contents. It takes approx. 10
minutes to work and its effects last approx. 20 minutes.

e  H, blockers i.e. ranitidine 300mg given at least 1 hour prior to surgery
may also decrease the acidity of gastric contents. Metoclopramide
10mg given at the same time may benefit. Omeprazole 40mg given 2—6
hours prior to surgery also helps reduce gastric acid.

e Regional techniques may be the safest.

e  Special rapid sequence induction techniques should be used in general
anaesthesia unless an awake intubation is indicated.

Hypovolaemia

As already described fluid imbalance should be corrected as far as possible
and cross matching of blood, if likely to be required, should be underway
before anaesthesia commences.
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FASTING GUIDELINES

The most recent well-researched fasting guidelines are as follows: -

For elective surgery

No solids after midnight or for 6 hours before surgery but clear fluids
can be allowed up to 2 hours before surgery. (clear fluids are: water,
clear fruit juice, black tea / coffee).

For babies and small children breast milk may be allowed up to 4 hours
before surgery and water until 2 hours before surgery.

For emergency surgery

The period of fasting will depend on the urgency of the procedure.

All emergency patients should be treated as potentially at risk of
aspiration and anaesthetised using a rapid sequence induction.

Gastric emptying is delayed in the following situations: patients in
labour, with head injuries or severe trauma and patients receiving
drugs eg opiates.

Very ill patients have a delayed gastric emptying time.

Before the patient leaves the ward a senior nurse should:
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—  Check the identity of the patient

—  Check the site and side of the operation

—  Ensure the consent form is signed in accordance with the rules
of the hospital

— Itis good to weigh every patient At least every child under the
age of 12 must be weighed to allow calculation of drug dosages

—  Grossly underweight and overweight adults must also be
weighed

—  Ensure that fasting rules have been observed

— Remove lipstick, nail varnish, etc.

—  Remove dentures, artificial limbs and artificial eyes

—  Empty bladder

—  Dress the patient in a linen gown with an identification label

—  Give premedication if any




PREMEDICATION

The term premedication is used to describe the administration of drugs
before operation, with the general aims of lessening anxiety and fear and
contributing to the ease and safety of the anaesthetic. The term was first
used in 1920.

PURPOSES OF PREMEDICATION

To alleviate anxiety and fear

To reduce the volume and acidity of gastric contents

To reduce secretions especially salivary and bronchial

To prevent undesirable reflexes, e.g. bradycardia

To provide anti—asthma and anti—allergy therapy if relevant

To provide pre and post operative analgesia

To reduce post-operative nausea and vomiting

To facilitate induction and reduce the dose of anaesthetic required

DRUGS USED FOR PREMEDICATION

Narcotic, sedative and tranquillising drugs

Narcotic analgesics, e.g. papaveretum, pethidine, morphine. These drugs
are excellent agents for premedication.

Sedative drugs, e.g. barbiturates.
Trangquillisers, e.g. diazepam, midazolam, phenothiazines, butyrophenones.

Sedative drugs and tranquillisers are useful when narcotics are
contraindicated. They are useful too when patients are not in pain pre-
operatively and when they are to have a regional anaesthetic.

The tranquilliser group of drugs is especially useful for patients who are
emotionally disturbed before the anaesthetic.

Anticholinergic drugs

Atropine, hyoscine (Scopolamine) and glycopyrrolate are commonly used.
They are especially useful when ether is used.

Atropine has a more pronounced effect on the heart (tachycardia).

Hyoscine is a more effective drying agent. It also has a central sedative
effect and is a good antiemetic but may cause confusion and restlessness in
the elderly patient, so is then used in smaller doses.

Glycopyrrolate has the best drying action and the least central effect.

Dosage of atropine = 300-600 micrograms I[V/IM
Dosage of hyoscine = 200-600 micrograms IV/IM/SC
Dosage of glycopyrrolate = 200400 micrograms IV
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Antacid drugs

These have already been discussed in connection with the management of an
unfasted patient. See above.

Anti-emetics

Phenothiazines,  butyrrophenones,  antihistamines, = metoclopramide,
hyoscine and SHT; antagonists e.g. ondansetron, can be used to help reduce
incidence of post-operative nausea and vomiting.

ROUTES OF ADMINISTRATION

Oral administration

This has become much more popular in recent years. It has the advantage of
avoiding an injection and is often favoured by paediatric anaesthetists. It is
suitable where only a sedative, tranquilliser or analgesic tablet is required.
Its disadvantage is that absorption is slow and not dependable and the tablets
or syrup have to be given 1-2 hours pre-operatively. Tablets may be taken
with a sip of water.

Intramuscular injection
Premedicant drugs such as narcotic analgesics and anticholinergic drugs are

usually given intramuscularly. IM injection is also used when the patient
cannot take anything by mouth e.g. intestinal obstruction or vomiting.

Intravenous injection

Occasionally premedication is given intravenously in the operating theatre
before the induction of anaesthesia. It is given in the following situations:

e In patients requiring emergency surgery when time cannot be allowed
for the 1M injection to take effect.

e In patients presenting for elective or routine surgery who for some
reason have not been given premedication.

e In patients who have an intravenous infusion running and where it is
decided to avoid an intramuscular injection.

e In the shocked patient where intramuscular absorption is slow. Often
no premed is given here.

e In patients with a bleeding tendency where intramuscular injections
may be associated with bruising.

Rectal administration
This route is rarely used. Patient acceptance is low.
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No premedication

There is a place for no premedication in anaesthesia. Very ill and frail
patients fall into this category.

CHOICE OF DRUGS

The choice and dose of drugs will depend on a variety of conditions.

e Age

e Sex

e  Weight of patient

e  Nature of surgery (long? painful?)

e Regional or general anaesthetic (relaxant with IPPV or spontaneous

breathing)
Degree of apprehension
e  Anticipated post operative pain

Important points regarding choice of drugs

e  Narcotics such as papaveretum, pethidine or morphine should be used
(unless otherwise contraindicated) if the patient is in pain, e.g. from a
fractured femur.

e  Narcotics cause respiratory depression and should not be used in head
injured patients unless facilities for pre and post-op long-term
mechanical ventilation are available.

e A sedative premedication should be avoided in patients with raised
intracranial pressure.

e Narcotics are avoided in Caesarean sections and operative obstetrics,
e.g. forceps delivery. They can be given when the baby is born.

e Narcotic premedication is not used in children under the age of twelve
months.

e  Smaller doses of narcotics are used in

—  Poor risk patients from whatever cause

—  The elderly

—  The very young

—  Patients who should not be too drowsy at the end of the
operation, e.g. patients who have had surgery on the upper
airway, those with full stomachs, diabetic patients in whom
prolonged drowsiness may mask a hyper or hypoglycaemic
state.

e  Papaveretum is given in a dose of 0.3 mg/kg.

Pethidine is given in a dose of 1 - 1.5 mg/kg.

Papaveretum + hyoscine is an excellent combination, given 1-1.5 hours
pre-operatively.

Pethidine and atropine are prescribed 30-45 minutes pre-operatively.
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In asthmatics a good premedication is a combination of pethidine,
promethazine and atropine. A salbutamol nebule 30 minutes prior to
surgery is often beneficial.

In regional anaesthesia tranquillisers such as midazolam or diazepam
may be used.

A narcotic such as pethidine or papaveretum may be used to provide
analgesia so that the patient will be comfortable when the local
anaesthetic begins to wear off.

Chlorpromazine (Largactil) or other benzodiazepines are good drugs to
use in premedicating patients receiving ketamine anaesthesia. The
hypertension and hallucinations that follow ketamine are minimised.

In conclusion, a variety of drugs are available for premedication. The drugs
selected must be tailored to the patient's needs.
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CHAPTER 8

THE AIRWAY AND ITS MAINTENANCE

Outline:

The airway: definition
Measures available to maintain a clear airway
The obstructed airway: diagnosis and treatment

Anaesthesia for patients with an obstructed airway
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THE AIRWAY

The airway is the passage that conveys the inspiratory gases from the
atmosphere to the alveoli in the lungs. It therefore includes the nasal
cavities, pharynx, larynx, trachea, bronchi, bronchioles and alveoli. The
airway is a major lifeline. An open, clear airway is essential for life.

MEASURES AVAILABLE TO MAINTAIN A CLEAR AIRWAY

Position

By positioning the patient correctly it is possible to minimise the risk of the
tongue falling back and obstructing the pharynx.

e The left lateral position is the best for the unconscious patient.
If the patient is placed supine the head must be extended so that the
nostrils point upwards, the chin is pulled forward and the angles of the
mandibles lifted upwards.

7)6‘

Fig. 8.1 Head extension with chin raised and the angles of the
mandible lifted forwards
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A - Mechanism of airway obstruction when prone. B, C - Exten tion of the Head.

D - Maintaining a clear airway by supporting the jaw

Fig. 8.2

Suction

Aspiration of the secretions:

Oropharyngeal/nasopharyngeal suction
Orotracheal/nasotracheal suction
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Pharyngeal airway

This is a rigid or semi-rigid tube made of rubber or plastic which fits the
upper airway. The pharyngeal airway is for short-term use and must be
replaced by endotracheal intubation if the patient's ability to maintain a
patent airway is in doubt.
e Oropharyngeal airway
The airway comes in various sizes. It conforms to the curvature of the
palate and extends from the lips to the pharynx. The head must be
extended. A flange fits outside the lips. The airway displaces the
tongue anteriorly and allows the patient to breathe through it and
around it. Injury to teeth can result.
e Nasopharyngeal airway
Made of soft rubber or latex. Extends from the nostril, through the
pharynx to just below the base of the tongue.

SN
N\
A

Fig. 8.3 A Oropharyngeal airway B Nasopharyngeal airway
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Face mask and self-inflating bag

If the above measures do not succeed in securing a clear airway or if the
patient’s respiratory effort is inadequate, a more invasive method will be
required. Respiration can be assisted temporarily by the use of a facemask
with a self-inflating bag or anaesthetic bellows until equipment for LMA
insertion or endotracheal intubation is assembled.

Laryngeal Mask Airway
Endotracheal tube (ETT)

Tracheostomy
These topics will be extensively dealt with in Chapter 9.

THE OBSTRUCTED AIRWAY

Signs and symptoms depend on whether the patient is breathing
spontaneously or being ventilated mechanically.

The signs and symptoms fall into two categories:

Mechanical signs

Spontaneous respiration

e  Noisy breathing. Remember that noisy breathing always indicates
obstruction but an obstructed airway is not always noisy. The airway
may be almost completely obstructed and yet respiration may be quiet.
Diminished chest movement.

Retraction of the chest wall and the infra and supra—clavicular spaces.
Excessive abdominal movement.

Paradoxical respiration: the natural heave of the chest and abdomen are
replaced by the indrawing of the chest and the pushing outwards of the
abdominal wall.

e  Nostrils may be dilated.

e  Breath sounds may be absent on auscultation with a stethoscope.

Controlled ventilation

e Increased pressure is required to ventilate the patient.
e  Chest movements are diminished.

e  Breath sounds are soft or absent.

Signs of oxygen lack

e  Cyanosis. This may be absent if the Hb is less than 5g %.
e  Respiratory rate increases at first.

e  Pulse. Initially there is a rise.

e Blood pressure. At first this rises and then falls.

The use of oximeters and capnographs record changes in blood O, and CO,.
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The different causes of airway obstruction and their management are

outlined in the following table

Causes of airway obstruction

| Management of obstruction

Apparatus

Kinking: compression or obstruction
in the hose

Valves improperly functioning

The patient must be removed from
the ventilator and ventilated by hand
If a face mask held by a harness is in
use, the harness must be removed
and the mask held by the
anaesthetist.

Check the hoses and valves for
defects.

Pharynx

The tongue falling back on the
posterior pharyngeal wall

Extend the head so that the chin
points upwards.

Lift the angles of the jaw upwards.
If the anaesthetic is sufficiently deep
an oropharyngeal airway is inserted.
If the airway is obstructed and the
jaws are clenched, a mouth gag is
used to force open the jaws, the
tongue is pulled forward and the
oropharyngeal airway is inserted.
Occasionally, pharyngeal
obstruction can be overcome only
by endotracheal intubation or use of
a laryngeal mask.

Swelling of the base of the tongue or
the floor of the mouth
(inflammatory, traumatic,
neoplastic).

Endotracheal intubation or
tracheostomy may be necessary.

Foreign material, such as
Food

Dentures

Pack

Secretions

Suction or manual removal of the
foreign matter.
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Causes of airway obstruction

Management of obstruction

Larynx

The treatment of laryngeal spasm

Laryngeal spasm which may be

Direct: due to stimulation of the
larynx by secretions, vomitus,
anaesthetic vapours, laryngoscope
blades or airways.

or
Reflex: under light anaesthesia,

surgical stimulation can produce
laryngeal spasm.

Stop surgical stimulation and deepen
anaesthesia.

Institute CPAP (continuous positive
airway pressure) with an FiO, of
100%.

Maximise efforts to open the airway
with jaw thrust, head tilt, oral or
nasal airway.

If vomitus or secretions are present,
use suction.

A small dose i.e. 10-20mg Scoline
(in the adult) will correct
laryngospasm. If this fails then the
diagnosis is not laryngospasm.
Consider inadequate airway (try
Guedel airway), incorrectly placed
laryngeal mask (try a bigger size),
anaphylaxis etc.

If these fail, 100% O, is
administered to the patient by mask.
The anaesthetic gases and vapours
must be turned off. If there is still no
improvement, then give 100mg
suxamethonium (in an adult patient)
and ventilate and intubate the patient
if necessary. Surgical airway if this
fails.

Laryngeal spasm can recur when the
patient is extubated. For the best
results, start treatment at the onset of
laryngeal spasm. The hypoxia
associated with laryngeal spasm, if
persistent, can cause a cardiac arrest.
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Causes of airway obstruction

| Management of obstruction

Larynx (cont)

Laryngeal stenosis
Laryngeal tumour

Vocal cord injury due to
involvement of the recurrent
laryngeal nerve.

Endotracheal intubation or
tracheostomy may be necessary.

Foreign material in the larynx:
Food

Vomitus

Dentures

Secretions

Suction and possibly bronchoscopy

Laryngeal oedema

This may occur in children within 6
hours of extubation.

The usual signs of respiratory
obstruction are present in addition
to stridor and a croupy cough.

Give oxygen via face mask.
Adrenaline nebules;

(1mg of Adrenaline+ 1ml Saline)
Give continuously until
improvement up to Smgs
Give Dexamethasone 4 mg.

If the child does not improve and is
still hypoxic you will need to
consider intubation or tracheostomy.

Trachea

Tracheal obstruction could be due
to:

stenosis

tumours

Tracheostomy may be necessary.

Foreign material such as
dentures

vomitus or food

blood

Suction

Bronchoscopy

Pressure from outside:

Inflammatory and neoplastic lesions.

Thyroid gland enlargement.

Endotracheal intubation or
tracheostomy may be needed.

Haematoma formation after
thyroidectomy.

Evacuation of haematoma.
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Causes of airway obstruction

| Management of obstruction

Bronchi and bronchioles

Bronchospasm

Treatment

This may occur in

Asthmatics

Heavy smokers

Acute respiratory infections
Following vomiting and aspiration

If the patient is to be anaesthetised,
check for predisposing factors, e.g.
thiopentone.

Under anaesthesia in susceptible
patients, e.g. certain drugs such as
thiopentone and prostigmine
produce bronchospasm.

The presence of an endotracheal
tube can bring on an attack

Surgical stimulation under light
anaesthesia.

Deepen anaesthesia using a drug that
produces bronchodilatation e.g.
ether or halothane.

Aminophylline 250 mg slow IV
Hydrocortisone 100 mg IV

If patient is not anaesthetised,
adrenaline 0.5 ml 1:1000 solution

SC, aminophylline, hydrocortisone,
salbutamol.

Other causes

As part of an anaphylactic reaction.

Salbutamol via nebuliser or aerosol
or slow IV, 250 micrograms (the
adult dose).

Obstruction of the endotracheal
tube.

See notes on endotracheal intubation
Chapter 9
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ANAESTHESIA FOR THE PATIENT WITH AN OBSTRUCTED
AIRWAY

Patients for surgery may present with an obstructed airway, e.g. patients for
thyroidectomy, or with tumours or abscesses in the pharynx or neck.
(See Chapter 26).

Principles

If there is pre-operative obstruction, the airway must first be secured
before anaesthesia is commenced.

Either intubate the patient under local anaesthesia
or perform tracheostomy first, then anaesthetise.

If there is no pre-operative obstruction but obstruction is likely when the
patient is anaesthetised, do not use a relaxant for intubation. A relaxant
must be used only when the anaesthetist is certain that the patient can be
ventilated. With possible airway obstruction this cannot be guaranteed. The
patient must be intubated awake or under a deep inhalational anaesthetic.

Have the following available:

Laryngeal mask (if available)

Failed intubation drill 'set-up'

Facilities for a tracheostomy

Minitrach set (Portex) is useful, (if available)

See Chapter 21 (Obstetric anaesthesia) for full description + failed
intubation algorithm.
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Outline:

CHAPTER 9

THE LARYNGEAL MASK AIRWAY,
ENDOTRACHEAL INTUBATION
and TRACHEOSTOMY

Laryngeal Mask Airway

Equipment for intubation

Indications for intubation

Techniques of intubation

Packing the pharynx

Suction through an endotracheal tube
Extubation

Dangers of endotracheal anaesthesia

What to do when intubation fails

Diameters and lengths of endotracheal tubes

Tracheostomy
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LARYNGEAL MASK AIRWAY

The laryngeal mask (LMA) was introduced in 1985 and is intermediate in
design and functions between the oropharyngeal airway and a tracheal tube.

Construction

The LMA is made from silicone. It withstands repeated autoclaving. The
manufacturers recommend the mask should be discarded after 40 uses.
Many have been autoclaved more than 40 times.

The LMA consists of two sections

e An oval mask surrounded by a cuff which inflates to 1.5cm width. The
cuff is inflated through a pilot tube which has a soft pilot balloon. The
cuff provides an oval seal around the tube.

e A tube delivering gases to the mask.

There are various sizes of laryngeal mask: cuff inflation

Size 1 for use in infants up to 5 kg 4ml

Size 1 ' for use in infants of 5-10 kg 7ml

Size 2 for use in infants of 10- 20 kg 10ml
Size 2 ' for use in children of 20-30 kg 14ml
Size 3 for use in children and small adults of 30-50kg 20ml
Size 4 for small or normal-sized adults. 30ml
Size 5 for normal or large sized adults 40ml

The mask is sterilised by autoclaving at 134° C. Deflate the cuff before
autoclaving.

Fig. 9.1 The Laryngeal Mask Airway

Upper — with cuff inflated Lower — with cuff deflated
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Features of the Laryngeal Mask

Insertion is rapid and atraumatic.

Laryngoscopy is unnecessary.

Insertion with flexed neck is possible.

The operator can work from the front or side of the patient.

Permits a lighter plane of GA, because it is less stimulating in situ. (It
requires a deep plane of anaesthesia for initial insertion).

Accidental intubation of the oesophagus or bronchus is not possible.
It frees the anaesthetist’s hands. Mandibular support is not necessary.
It enables the use of capnography with spontaneous respiration.

It is useful in difficult intubations.

It enables early postoperative recovery of cough reflex.

Reinforced Laryngeal Mask

The reinforced laryngeal mask has spiral strengthening throughout the
length of the tube designed to prevent kinking. It is flexible and can be used
where the anaesthetist has no ready intraoperative access to the airway or
where the head or larynx has to be manipulated during surgery e.g. in
ophthalmological or some types of dental surgery.

Re-inforced tubes are “floppy” and may have to be inserted using an
introducer.

Method of insertion

e  Test the cuff by inflating with air, then deflate it.

e  Lubricate the back of the cuff with lignocaine jelly before insertion.
e Insert when the patient is deeply anaesthetised (therefore induce with
thiopentone, follow this with an inhalational agent, e.g. halothane or
enflurane, before attempting to insert the LMA). It is also very suitable
for use with a propofol induction (if it is available) together with
midazolam and fentanyl.

Maintain the normal intubation position, i.e.” sniffing position".
Assistant pulls the lower jaw down.

Grasp the tube near the mask end.

Left hand extends head, right hand inserts the mask.

The aperture of the laryngeal mask faces forward and the mask tip
should be pressed back against the hard palate while introducing the
mask. This must be done under direct vision. Once the mask reaches
the posterior pharyngeal wall, grasp the top end of the mask,
maintaining a downward pressure on it. Next straighten the tube and
push the mask down with one rapid movement. The position of the
black line must face the upper lip.
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e Inflate the cuff with air. For recommended volumes see page 108. As

the cuff inflates release grasp on the mask and allow the mask to find
its own position.

Fig 9.2 Laryngeal mask in place

e  Then connect the mask to the gas supply. An oropharyngeal airway at
the corner of the mouth or a bite block between the teeth at one side
can be used to prevent occlusion of the tube.

Check that the airway is clear. It can be helpful to listen with a
stethoscope over the trachea before and after insertion. Clear breath
sounds confirm a good placement. Airway obstruction is a hazard that
must always be borne in mind and it can develop during anaesthesia
even when initial placement of the tube appears correct.

After surgery leave the laryngeal mask in place until the patient responds to
verbal commands. The cuff does not require to be deflated before removal
as the inflated cuff helps to remove secretions which may have collected

above it. Patients, as they waken, can be encouraged to remove their own
laryngeal masks.
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EQUIPMENT FOR ENDOTRACHEAL INTUBATION

Before the days of muscle relaxants blind nasal intubation was very popular.
Today endotracheal tubes are passed through the nose or mouth into the
trachea so that the tip lies below the larynx but well above (3cm) the carina.

Endotracheal tubes can be passed into the trachea:

e  Without anaesthetic, e.g. in very ill patients.

e  With topical or local analgesia, especially if a difficult intubation is
expected.

e  Under inhalational anaesthesia (with spontaneous respiration).

e  Under general anaesthetic with muscle relaxation.

The anaesthetic is then continued via the endotracheal tube.

Tubes

Early endotracheal tubes (the Magill tube and the Oxford tube) were made
of red rubber. The Magill tube came in an oral and nasal version with or
without an inflatable cuff. The Oxford tube was a short right-angled
preformed oral tube. Red rubber is irritant at the point of contact and these
tubes would only be used now if there were no modern PVC tubes available.
There are several different styles and makes of endotracheal tubes but the
most common groups are:

The standard transparent PVC curved tubes based on the original Magill
red rubber tube. These tubes come in oral and nasal versions with or without
a cuff. Both versions are very similar except that in a nasal tube the pilot
balloon for the cuff comes off more proximally and care should be taken if
the tube has to be shortened. These tubes have a sideways facing bevelled
tip to facilitate passage through the cords. The size of the tube is marked on
the wall together with the outside diameter and a scale measuring the
distance from the tip in centimetres.

The inflatable cuff sits immediately below the cords. Its purpose is to seal

the trachea in order to:

e  Prevent or minimise gas leakage during IPPV.

e  Prevent foreign material entering the tracheo-bronchial tree, e.g. gastric
contents, blood, or secretions from the upper respiratory tract.

The cuff is inflated by injecting air from a syringe into a small tube running
down the side of the endotracheal tube. A small pilot balloon at the upper
end of this tube indicates the degree of inflation of the cuff. Always test the
cuff by inflating it before use. It must be inflated until no further leakage of
gases around the endotracheal tube, with ventilation (IPPV), is heard.
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Dangers of over inflation

e  The cuff may rupture.

e  Herniation of the cuff and occlusion of the tube at the lower end by
a distended cuff.

e  Excessive pressure on tracheal mucosa, which may lead to
ulceration, fibrosis and stricture. This is especially dangerous in
children, as they have narrow air passages.

Remember that the cuff is not a foolproof device to prevent aspiration
of foreign matter.

If excessive post-nasal bleeding is expected, pharyngeal packing should also
be employed. (See below)

Preformed tubes (cuffed or plain) e.g. RAE tubes, are suitable for
procedures requiring access to the airway, face and head. The preformed
tube is less likely to kink and its shape allows the tube to be directed away
from the site of operation. This avoids the use of bulky connectors close to
the head. They have the disadvantage that they are of fixed length and
cannot be adjusted to suit the variation in patient size. It is also difficult to
pass a suction catheter through this type of tube.

Armoured or reinforced tubes have a spiral reinforcement within the wall to
prevent kinking and are used where the head or larynx may have to be
manipulated during surgery e.g. facio-maxillary and thyroid surgery. They
are also commonly used in procedures where the anaesthetist has no access
to the airway during surgery. Armoured tubes cannot be cut and as they are
very flexible they have to be inserted using an introducer.

There are some other specialised tubes for use during ENT surgery
e.g. laryngoscopy tubes, tubes safe for using in laser treatment and for
thoracic surgery (endobronchial double lumen tubes) to allow single lung
ventilation. These will be discussed in the relevant chapters.

Connectors

These are inserted into the upper end of the endotracheal tube and then into
a catheter mount which connects the tube to the anaesthetic machine.
Modern plastic tubes come complete with plastic connectors.

Magill oral and nasal metal connectors are available.
They are curved and offer less resistance to gas flow. The chief
disadvantage is that they have no provision for suction.

Portex endotracheal adaptors and taper tip connectors:

There are two types of adaptors, one right angled with a swivel, the other
straight. They fit all taper tip connectors from 2.5 to 11mm. They are made
of plastic material and can be autoclaved.
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Cobb's elbow and taper tips

The taper tips have one end which fits into tubes from 2-12mm. The other is
tapered and is standard for all sizes. It fits into the Cobb's elbow. This is
right-angled and fits into the catheter mount. An attached rubber stopper can
be removed and a suction tube inserted into the endotracheal tube and
beyond.

Tracheal tube

Fig 9.3 Some of the equipment needed for endotracheal intubation

Catheter mounts

These connect the endotracheal tube and the anaesthetic circuit. They may
be made of plain (usually black) rubber or plastic and are usually
corrugated, which is useful when the patient’s head has to be moved during
the procedure or the patient has to be placed in an unusual position. Kinking
is minimised and traction on the tube is less likely.

Plastic catheter mounts are now available with angle piece and suction port
all in one.
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Laryngoscopes

There are many designs but basically only two main types: curved blade and
straight blade. On some laryngoscopes curved and straight blades are
interchangeable.

Curved blade laryngoscope (e.g. Maclntosh)

This is designed not to touch the posterior aspect of the epiglottis which is

supplied by the vagus nerve. The blade is passed over the tongue and

inserted in front of the epiglottis (in the vallecula). It lifts the base of the
tongue forwards and with it the epiglottis so that the cords can be seen.

Advantage of the curved blade:

e Itcan be used in a lighter plane of anaesthesia with less danger of
precipitating laryngeal spasm or cardiac arrhythmias, although these
complications may still occur.

e  The curved blade does not hide the cords from view when you are
intubating. It should be inserted from the right side of the mouth,
moving the tongue to the left.

Straight blade laryngoscope

This may be right-angled or acute-angled. It is useful for children and for
nasal intubation. The blade is designed to lift the epiglottis up, exposing the
cords to view.

McCoy laryngoscope

\ Fig 9.4
McCoy laryngoscope

This is a specialised laryngoscope designed for difficult intubation. It is
similar in shape to the Maclntosh laryngoscope but has a hinged tip
controlled by a lever on the handle. The tip is placed in the vallecula in the
normal way and when the hinged tip is elevated it pulls the soft tissue and
epiglottis forward without putting extra pressure on the pharyngeal tissues.

Fibreoptic laryngoscopes (where available) provide excellent conditions for
intubation.
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INDICATIONS FOR ENDOTRACHEAL INTUBATION

Non-Surgical

e  To maintain a clear airway

e To protect the airway from blood, secretions etc

e To control respiration, [IPPV

e  For suction of tracheobronchial secretions

e  To reduce dead space

e  Unconscious patients needing long term intubation and ventilation (use
an oral endotracheal tube as there is less risk of sinusitis which can
occur with nasal tubes)

Surgical

e Ifaclear airway cannot be otherwise maintained

e  Unfasted patient (full stomach)

e  Surgery of head, neck and airway

e  Thoracic surgery: where controlled respiration is essential

e  Upper abdominal surgery

e  Surgery performed in abnormal positions, e.g. lateral or prone, where a

clear airway cannot be guaranteed
Procedures which take a long time
Very ill patients

Contraindications (relative)
—  Acute laryngitis
—  Open pulmonary TB
—  Known hypersensitivity to red rubber or latex tubes

Indications for nasal intubation

To give the surgeon access to the patient's mouth or pharynx.

When anatomical or pathological problems make laryngoscopy very
difficult or impossible, e.g. inability to open the mouth, flex the neck,
extend the head. A nasal tube is better tolerated for long-term
intubation.

Contraindications to nasal intubation
— In patients with head injuries especially to the base of the skull
—  Blocked nasal passages e.g. polyps, large adenoids
—  History of severe nose-bleeds or blood clotting abnormalities
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TECHNIQUES OF INTUBATION

Standard Techniques
Oral direct vision
Nasal direct vision

Special Techniques
Blind nasal routine method
Awake intubation
Difficult intubations

The endotracheal tube can be inserted through the mouth (oral) or through
the nose (nasal). Nasal intubation can be done under direct vision (using a
laryngoscope) or blind. We will consider these techniques in more detail.

Standard techniques
e  Oral, with direct vision

Anaesthesia for intubation may be
— awake (no anaesthesia)
—  local
—  general
spontaneous respiration
relaxant

Before intubation, do the following with care:

—  Observe the patient noting the shape of the jaws, condition of
teeth and any other anatomical and pathological abnormalities.

—  Check that all equipment necessary for intubation is available:
tubes, connections, adaptors, anaesthetic machine and circuit,
suction apparatus, laryngoscope with functioning light, a 10ml
syringe for inflating the cuff and artery forceps for clamping
when the cuff is inflated, local anaesthetic spray and lubricant
and an ETT introducer.

—  Oxygenate the patient.

— Anaesthetise the patient with adequate quantities of both
hypnotic and muscle relaxant to allow adequate time for
intubation.

Technique using the curved blade laryngoscope.
—  Put the patient in the correct position: neck flexed and head
extended at atlanto-occipital joint.
—  The right hand separates lips and opens mouth.
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The left hand holds the laryngoscope; the blade is introduced
from the right corner of the mouth along the dorsum of the
tongue, pushing the tongue to the left. Locate the uvula and the
base of the epiglottis. Slide the tip of the laryngoscope blade in
front of the epiglottis, between the epiglottis and the base of the
tongue. Then lift the laryngoscope up towards the roof and
forwards towards the patient's feet.

Fig 9.5 Technique of endotracheal intubation

External pressure on the thyroid cartilage may bring the larynx
into view. Look for the cords and when they can be seen clearly,
pass the tube (which is held in the right hand) between the
cords. The concavity of the tube should face anteriorly, (i.e. face
upwards) with the patient lying supine.
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Never use force to introduce the tube. If the cords are in spasm do
not attempt intubation. Instead, withdraw the laryngoscope and if
the patient is breathing spontaneously, deepen the anaesthesia. If a
muscle relaxant has been used, postpone intubation until it has taken
full effect. If conditions are still unsatisfactory give more relaxant.
The patient must be ventilated until fully paralysed. If intubation has
taken more time than usual the patient may wake up and require more
induction agent. The patient must be well oxygenated before you
attempt intubation. This is extremely important. The anaesthetist
must get used to noting the colour of the tongue and lips during this
procedure and checking a pulse oximeter reading if available.

Posterior
pharyngeal
watl

ongue

Arytenoid
cartilage

s

Fig 9.6 Technique of endotracheal intubation



Once the tube is in the trachea, connect it to the anaesthetic
circuit and ventilate the patient, checking by auscultation that it
has not entered the oesophagus or the right main bronchus.
Place the stethoscope over the lower lobe of the lungs in the mid
axillary line. If the tube is in the oesophagus the sounds heard
will not be breath sounds but gurgling noises. If the tube is too
long, or pushed down too far, it may enter the right main
bronchus and the breath sounds will be louder on the right side.
They may even be absent on the left. If so, pull the tube back
gently until the sounds are equal on both sides.

Try to estimate the correct length of tube required before
intubation. The average adult female will require a tube of 21cm
and the average male 23cm. (See the table on page 129). Cut the
tube accordingly and insert a connector into it before passing the
tube. (It is difficult to get the connector in once the patient has
been intubated.) The anaesthetist must be absolutely sure the
tube is placed in the trachea and not the oesophagus. To observe
the tube pass between the cords ensures this. The movements of
the chest with respiration and with auscultation are helpful.

If in doubt re-insert the laryngoscope and check the position of
the tube. Ventilation with a mask and re-intubation may be
necessary.

Fig 9.7 Accidental intubation of a bronchus
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Nasal, with direct vision

Select the largest size tube which will pass through the nostril (average
7mm for women, 8 for men). Lubricate it and pass it gently through the
nose into the pharynx. Then, with a laryngoscope, get a clear look at
the cords. Guide the tube through the larynx with Magill's intubating
forceps. The tip of the tube may touch the anterior laryngeal wall but
lifting the head and flexing the neck will usually allow the tube to slide
into the trachea. Alternatively, a straight blade can be used. Posteriorly
directed pressure of the blade against the tube will have the same result.

Special Techniques

Blind nasal intubation: routine method

(Always make sure facilities for a tracheostomy are readily available before
attempting this technique).

—  Spontaneous respiration is employed. Induce anaesthesia with
oxygen-nitrous oxide-halothane, (or enflurane or isoflurane) or
ether. Make sure the patient is anaesthetised deeply enough to
tolerate intubation.

—  Position the head as for oral intubation, i.e. the neck is flexed
and the head is extended.

—  Lubricate a nasal tube and pass it into the pharynx.

—  Place your ear at the upper end of the tube and advance the tube.
As it approaches the larynx the breath sounds become louder
and as it enters the trachea the patient coughs. If the tube enters
the oesophagus, breath sounds disappear and gurgling noises
may be heard.

—  When the tube is in the trachea connect the tube to the
anaesthetic circuit.

In well-equipped hospitals a fibre-optic laryngoscope is used for difficult
intubations.
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Awake intubation under local anaesthesia

Patients who have some form of upper respiratory obstruction and in
whom a clear airway cannot be guaranteed are sometimes best
intubated under local analgesia and then put to sleep and paralysed. It
is very dangerous to paralyse such patients without first making quite
sure that they can be ventilated.



Method:

Explain carefully to the patient what you intend to do and that
functions such as swallowing, speaking and coughing will
temporarily be altered.

—  Give the patient a local anaesthetic lozenge to suck
(e.g.amethocaine).

—  Dry the mouth as much as possible to prevent dilution of the
local anaesthetic.

—  Spray the pharynx and back of tongue with 4% lignocaine.

—  Give a cricothyroid injection of local anaesthetic. (2ml of plain
4%.) Inject through the cricothyroid membrane during
expiration.

W@(\“ |\
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Fig 9.8 Cricothyroid injection of local anaesthetic
—  Insert the laryngoscope, bring the cords under direct vision and

spray.
—  Pass the tube, smeared with lignocaine ointment, into the larynx.
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Superior laryngeal nerve block

Blocking the superior laryngeal nerve can improve airway anaesthesia and
some more experienced anaesthetists may do this. Locate the greater cornua
of the hyoid bone and place index finger over the tip. Use a Sml syringe
containing 1% lignocaine with a 23g needle attached. Insert the needle into
the notch of the thyroid cartilage and advance to a point under the cornua of
the hyoid bone. Aspirate and then inject 2.5 ml of solution. Repeat this
procedure on the opposite side.

\
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Fig 9.9 Superior Laryngeal nerve block

As discussed before, in well-equipped hospitals the use of a fibre-optic
laryngoscope makes this technique easier for both the anaesthetist and the
patient.
Examples of other types of patient who may have to be intubated awake
are:
Very young neonates in the first hours of life
Very ill or moribund patients (children or adults)
Those with high risk of aspiration, e.g. when the stomach contains
food, blood or fluid which cannot be emptied satisfactorily
e  Those with laryngeal obstruction

122



Summary of steps for awake intubation under local anaesthesia

Dose in mgs

Spray the mouth, pharynx and epiglottis using a 100 mg
laryngoscope with 10% lignocaine spray (one puff usually | (2pprox)
gives 10 mg. Read the instructions).

Nebulise 4% topical lignocaine 2 ml 80 mg

Superior laryngeal nerve block (optional) 40 mg
1% plain 2 ml bilateral to the hyoid bone.

Crico—thyroid puncture 4% topical lignocaine 2 ml. 80 mg

Remember that the total dose of plain lignocaine should not exceed
3mg/kg, so adjust the technique and volumes accordingly.

DIFFICULT INTUBATIONS

Difficult intubations may occur unexpectedly but careful preoperative
examination will usually help detect them. Therefore, watch out for
anatomical and pathological problems which will make intubation difficult.

Anatomical problems

e  Short neck and bull neck

e Receding chin

e  Prominent "Adam's apple" (thyroid cartilage)
e  Protruding upper incisor teeth

e  High arched palate

Pathological problems

e  Tumours of mouth and pharynx

e Inability to flex neck and extend head, perhaps as a result of cervical
spine fracture or arthritis

e Inability to open mouth, as in arthritis of the temporomandibular joints
and trismus

e  Burn contractures in the front of the neck

e  Injuries to airways
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WHAT TO DO WHEN INTUBATION FAILS
Every anaesthetist should have a plan of action when faced with
failure to intubate a patient who is anaesthetised and paralysed.

This is discussed in detail in Obstetric anaesthesia in Chapter 21

The view obtained at laryngoscopy has been graded as follows

Fig 9.10 Classification of Laryngoscopy views

Grade 1 Most of the glottis is visible.

2 Only the posterior extremity of the glottis is visible.
Pressure on the neck improves exposure.

3 No part of the glottis is visible but the epiglottis can
be seen. This can cause severe difficulty.

4 Not even the epiglottis can be seen. This is very rare,
and may require complex methods of intubation.

Grades 3 and 4 indicate likely difficult intubations.
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PACKING THE PHARYNX

Indications: Wherever bleeding from the upper airway is likely, e.g.
following ENT operations. Dental extraction or restorations may present
further problems associated with teeth or filling material entering the trachea
or the larynx after extubation.

Material: A gauze bandage is best. Sometimes a dressing roll cut to a
suitable length is used. Do not use paper or similar material. The pack
should be soaked in saline or water and wrung out.

Dangers:

e  The pack can be forgotten and left in
e  Sore throat

e Infection

The pack should have tapes that remain outside the mouth and the surgeon
and anaesthetist should both be vigilant when a pack is used.

SUCTION THROUGH AN ENDOTRACHEAL TUBE

This is done with a soft, small diameter rubber or plastic tube. It is not done
routinely except in known chest disease with increased secretions and in
thoracic surgery. It is used also when it is suspected that secretions are the
cause of difficult lung inflation. If it is possible that the patient has aspirated
gastric contents before intubation, suction may be necessary several times
during the procedure.

EXTUBATION

This should be done only when the patient is breathing spontaneously and
adequately and only during inspiration. It should be preceded and followed
by suction. It is safer to extubate patients awake with them opening their
eyes to command. After extubation the patient is made to breathe oxygen
through the anaesthetic mask.

Ideally the patient should be extubated lying in the lateral position while still
being monitored.
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DANGERS OF ENDOTRACHEAL ANAESTHESIA

Failure to recognise oesophageal intubation is the most serious
complication of endotracheal intubation.

Other complications are:

Mechanical

Blockage of the tube by mucous, clot etc.
Disconnection from anaesthetic circuit

Kinking of the tube

The patient may bite the tube

Herniation of cuff

The bevel may be forced against the tracheal wall
Intubation of right main bronchus

Kinking of the catheter mount

Trauma Rough or difficult manipulation of the laryngoscope or tube may
damage lips, teeth, nose, throat and pharynx. Epistaxis may be troublesome,
or teeth may lodge in the bronchus.

Inhalation of foreign matter from the stomach before the airway can be
protected with a tube.

Infection may be spread from the oral cavity to the trachea and bronchial
tree. It may be introduced by the equipment.

Cardiovascular disturbances

Arrhythmias caused by stimulation of the vagus nerve which supplies the
lower surface of the epiglottis. Arrhythmias are less likely if anaesthesia is
not too light and if both hypoxia and hypercarbia are avoided.

Arterial blood pressure often rises with intubation and is an indication that
anaesthesia is not deep enough. It takes some time to settle afterwards.

Laryngeal spasm (see also under Airway obstruction Chapter 8)
This usually occurs in light anaesthesia if intubation is attempted, or some
other stimulant factor is present, such as suction or mucous. It can be
overcome by:
e Deepening the plane of anaesthesia
or
e  Using O, (100%) and a muscle relaxant (suxamethonium). It is less
likely to occur if the pharynx is cleared gently and extubation is done
smoothly.
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Laryngeal oedema

This occurs more often in children, in whom it causes greater respiratory
distress than in adults, because the child’s air passages are still narrow. It
can commence within an hour or two of extubation. Laryngeal oedema can
be reduced by:

Careful selection of the tube (done according to the formula in Chapter
20 Paediatric anaesthesia). A tube one size smaller must also be
available for immediate use. The tube must not be forced into the
larynx.

Don’t use a cuffed tube in a child.

Be extremely gentle when intubating a child.

Always have a "leak" around the tube in a child.

Use only a sterile tube.

Some procedures, e.g. cerebral tomography have to be done under
general anaesthesia in children and involve frequent movement of the
head with consequent mechanical stimulation of the cords. This
frequently results in oedema, which must be expected. It is best not to
use a red rubber tube.

Other laryngeal complications

Granuloma of the larynx. This is slow to develop and follows an ulcer
on the vocal cords or on the vocal process of the arytenoid cartilage. If
the ulcer does not heal a granuloma develops and requires surgical
removal.

Bruising of the larynx may cause dysphonia and dysphagia. It usually
clears up in a few days.

Stretch injury of the vocal cord. This may be due to injury to the
recurrent laryngeal nerve during acute extension of the head while
intubating, or the injury may occur while extubating but the underlying
cause is not known with certainty.
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COMPARISON OF ENDOTRACHEAL TUBE AND LARYNGEAL

MASK

Endotracheal tube
Trauma esp. to teeth more likely

Cardio vascular stimulation more
likely

Endo bronchial or oesophageal
intubation possible

Bronchospasm and bucking may be
a problem

Laryngoscopy and intubation may be
difficult in certain anatomical and
pathological situations.

Laryngeal mask
Less likely

Less likely

Not possible

Bucking is a problem with light
GA

Laryngeal mask insertion is
easier under these conditions

ADVANTAGES

ADVANTAGES

More suitable when higher inflation
pressures are called for, e.g. COAD

Head and neck surgery

Surgery in abnormal postures

In cases of prolonged IPPV
Palatal surgery, where the Boyle
gag is used

Full stomach- protected airway.

Hiatus Hernia- protected airway.

Does not require such deep
anaesthesia

No muscle relaxant required
Less incidence of sore throat
However, it gives less
protection against regurgitation
and aspiration.

Airway obstruction can

still occur.

Failure of insertion < 5%.
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GUIDE TO ENDOTRACHEAL TUBE SIZE AND LENGTH

ET size ET length
Age int. diam (cm)
(mm) Oral Nasal
0 — 3 months 3.0 10
3 — 6 months 3.5 12 15
6 — 12 months 4.0 12 15
2 — 3 years 4.5 13 16
4 — 5 years 5.0 14 17
6 — 7 years 5.5 15 18
8 — 9 years 6.0 16 19
10 — 11 years 6.5 17 20
12 — 13 years 7.0 18 21
14 — 15 years 7.5 21 24
Adult female 8.0 21 24
Adult male 9.0 23 26

Points to note:

Below 8-10 years uncuffed tubes should be used.

It is always advisable to have prepared a tube one size smaller than
calculated.

This table is a guide only. In many countries where children may be
malnourished and smaller than normal for age / weight it may be necessary
to choose a smaller tube.

TRACHEOSTOMY

Indications are similar to those for endotracheal intubation except that a
tracheostomy is performed only if prolonged intubation is anticipated. A
tracheostomy may also be performed when insertion of an endotracheal tube
is not possible.

Indications

e  Upper airway obstruction

Tracheal toilet

To prevent contamination of the upper airway

To reduce dead space

Prolonged intermittent positive pressure ventilation (IPPV)
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Technique

Except in the case of sudden complete upper airway obstruction
tracheostomy is not an emergency procedure. The patient must first be
intubated and the operation must be performed in the theatre. The opening
into the trachea is made between the 2nd and 3rd tracheal rings. A window
is cut and a flap fashioned to aid the changing of the tubes.

Refer to surgical textbooks for more details.

Tracheostomy tubes

Silver tubes: These consist of

e  An outer tube which sits in the trachea.

e  An inner tube which can be removed for cleaning.

e An obturator or introducer which is placed in the outer tube when it is
inserted into the trachea. The silver tubes are rigid, uncuffed and
expensive but if no intensive care facilities are available, they are the
best. An inner tube that can be regularly removed for cleaning reduces
the chances of the tracheostomy getting obstructed.

Portex (PVC)
These are the most commonly used and are available with low pressure
cuffs.

Rubber tubes
These are irritant to the trachea and should only be used if there is no
alternative.

Fig 9.11 Tracheostomy tubes
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Complications of tracheostomy

Early complications
e  Haemorrhage
e  Pneumothorax and mediastinal emphysema
e  Airway obstruction
—  Occlusion of the cannula by secretions
—  Herniation of the cuff
—  Kinking
—  Displacement of the tube
—  Misplacement of the tube
—  Obstruction of the lower end of the tracheostomy tube against
the wall of the trachea
—  Endobronchial intubation

Late complications

e  Tracheal stenosis.

e  Tracheomalacia (loss of cartilaginous support of tracheal wall).

e  Tracheal erosions, anteriorly into the innominate artery, posteriorly into
the oesophagus.

Advantages of endotracheal intubation over tracheostomy

e [tis performed quickly and easily.

e [tleaves no scar.

e Itavoids some of the serious complications of tracheostomy such as
wound infection, misplacement of the tube in the pretracheal tissues,
ulceration into the innominate artery, pneumothorax etc.

Disadvantages of endotracheal intubation over tracheostomy

e  Fixation of the tube is more difficult.
e  Suction is more difficult.
e Laryngeal damage which may follow is more difficult to treat.

Except in cases with acute obstructive lesions of the upper airway,
endotracheal intubation is normally used as the initial method of treatment
even when prolonged artificial ventilation is anticipated. The incidence of
severe laryngeal complications increases after 48-72 hours. Since by this
time the pattern of the disease process has become clear the intubated patient
is reassessed with a view to tracheostomy after the second or third day. If it
is likely that intubation could be terminated in another 2-3 days, then the
tube is left in place. If not, tracheostomy may be considered. However, with
the introduction of the soft, low-pressure cuff, it is possible to leave an
endotracheal tube in place for as long as 10 days if there is a possibility of
avoiding tracheostomy.
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Nursing care of a patient with a tracheostomy tube

Care of the tube
The cuff

The cuff is deflated for 5 minutes every 1-2 hours but this must not
be done till at least 30 minutes has elapsed after oral or tube
feeding.

Deflation of the cuff must be preceded and followed by
nasopharyngeal and oropharyngeal suction.

A sterile catheter must be used for suction of the tracheostomy tube.
The cuff should be reinflated slowly. Air is admitted into the cuff
sufficient to maintain a seal.

The cuff is clamped (distal to the pilot balloon) with a pair of artery
forceps which are rubber lined.

The tube

The tracheostomy tube is changed twice a week. In the first
48 hours the tube must be changed by a medical officer,
experienced in the procedure.

Procedure for changing tracheostomy tube

Requirements

Sterile gloves and sterile suction catheters

A source of oxygen and a means of ventilating the patient (this
could be the anaesthetic machine or a self-inflating bag)
Suction machine

An endotracheal tube

A laryngoscope

A sterile replacement tracheostomy tube

Good lighting

Method
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Check the new tracheostomy tube for leaks.

Position the patient flat.

Perform oxygenation through the tracheostomy tube for 4 minutes.
Suction the pharynx and tracheobronchial tree.

Remove the tracheostomy tube and insert the new one. If there is
difficulty in the passage of a new tracheostomy tube:

either Insert an endotracheal tube so that the cuff is
below the tracheal stoma.
or Cover the stoma (opening) and then ventilate the

patient with a bag and mask.



Suction

Suction is performed whenever necessary to keep the tracheostomy
airway free of secretions. It must be carried out as a sterile procedure,
so the hands should be washed and sterile gloves used each time.

The suction catheter used in the oropharynx must not be used in the
tracheostomy tube. It should have an external diameter less than half the
internal diameter of the tracheostomy tube.

Suction should be applied on withdrawing the catheter, avoiding excessive
negative pressure to the airway. The patient should be oxygenated before
and after suction. The quantity and the nature of the secretions should be
noted.

Care of the stoma

Dress the tracheostomy wound every 8 hours and do it as a sterile procedure.
Antibiotic ointment is applied to the wound. The tracheostomy tube should
be secured firmly with cotton tape and any traction on the tracheostomy tube
should be avoided.

Humidification

It is essential to humidify the inspired gases in a patient with a
tracheostomy, because the upper respiratory tract, which is the normal
means of humidification, is bypassed. If the gases are not humidified the
secretions will dry, harden and obstruct the tube and the respiratory passage.

Methods available

e  Cold bubble humidification, in which the oxygen is bubbled through
cold water. This is not very effective.

e  Heated humidifiers. Water is heated to about 37 C and the temperature
controlled by a thermostat. The gases are carried to the patient through
a large bore tube and a T-piece. This is a safe and effective method.
The dangers associated with the system are overheating through faulty
control of the temperature. There is also a danger of the water tank
running dry.

e [Instillation of sterile saline (0.5 ml) through the tracheostomy tube at
intervals.

e  Condenser humidifiers (the artificial nose). This consists of pleated
material (aluminium / paper / foam) in a plastic cylinder. The total area
of gas exchange is about 4,000 square cm (cm?). The dead space is 5
ml. It is small, lightweight and effective. The water vapours in the
expired air (80%) condense on the mesh and humidify inspired air. It is
especially useful in ambulant patients with tracheostomies who require
added oxygen.

133



e Nebuliser. The water is broken up into very small particles and very
effective humidification is produced.

Tents and chambers are not effective means of humidification.

A patient with a tracheostomy, if unconscious and on a ventilator will need
detailed nursing care and monitoring. (This is discussed in Chapter 10
Artificial ventilation).
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Outline:

CHAPTER 10

ARTIFICIAL VENTILATION

Definition

Indications for artificial respiration

Methods: First aid: mouth-to-mouth
Using simple apparatus: self-inflating bag with non-
rebreathing valve and mask e.g. Ambu/Laerdal

Artificial respiration using mechanical ventilators

Management of patients receiving artificial respiration (mechanical
ventilation)

Additional modes of ventilatory support

Harmful effects of intermittent positive pressure ventilation (IPPV)
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DEFINITION

Artificial respiration or ventilation is the process we use when the normal
method of spontaneous respiration fails.

INDICATIONS FOR ARTIFICIAL RESPIRATION
(See Chapters 57, 58 and 62 for more information)

Respiratory arrest

e  Established respiratory failure
e Incipient respiratory failure

e  Pulmonary oedema
METHODS

First aid methods

Mouth-to-mouth resuscitation

Approach the patient's head from the side and ensure that the airway is
clear. This may require suction or manual removal of any foreign
matter. Next hold the chin up and the jaws forward, place your mouth
on the patient's mouth and pinch the patient's nose with your
disengaged hand. Take a deep breath and then inflate the patient by
expiring forcibly into the subject 10-15 times per minute. Allow two
seconds inflation and three seconds for deflation. It is very important to
watch the patient's chest and note the rise and fall of the chest with each
inflation and deflation.

Advantages

e  Adequacy of ventilation can be observed.
Respiratory obstruction can be sensed.
Secretions and vomitus can be observed.
Return of spontaneous respiration can be detected.
Both hands of the rescuer are free.
No equipment is needed.

Disadvantages

e [tis unpleasant for the rescuer.

e Inflation, if the airway is obstructed, can lead to distension of
the stomach and regurgitation.

e [t cannot be maintained for more than 15 minutes because of
exhaustion on the part of the rescuer. This is associated with a
fall in carbon dioxide.

e  The patient receives only 16 percent oxygen. This is not enough.

Of the first aid methods, however, mouth-to-mouth respiration is the most
effective.
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Methods using simple apparatus

Self-inflating bags with one or more non-rebreathing valves e¢g Ambu
or Laerdal bags.
These can be used to ventilate the patient with atmospheric air or
oxygen.
Two principles must be observed when we use this equipment:

—  The airway must be clear. The chest must rise with inflation.

—  The bag must fill. An airtight fit of the mask on the face will

ensure this.

The self-inflating bag fills by its elastic recoil during expiration. When
the bag is squeezed the valve is shut and the patient’s lungs are
inflated. This method is superior to the mouth-to-mouth method, as
ventilation is more efficient and more oxygen can be provided.

Self-inflating bags can also be used with a LMA or an endotracheal
tube if these are available in the emergency situation.

Artificial respiration using a mechanical ventilator
Two types of ventilators are available: negative pressure and positive
pressure.

Negative pressure ventilators

Examples are the tank ventilator or the iron lung.

The patient is placed in a rigid tank with the head protruding outside
the tank and an airtight fit around the neck. During inspiration a
negative pressure is created outside the chest wall within the tank. Air
is sucked into the chest. During expiration the tank pressure becomes
atmospheric and air flows out of the patient's lungs.

Positive pressure ventilators

Here positive pressure is applied to the patient's upper respiratory tract.
The gases are forced into the patient's lungs. An endotracheal tube with
inflated cuff is required for efficient use of these machines. There are
two types of positive pressure ventilators: those which pre-set the
pressure and those which pre-set the volume.
—  Pressure preset ventilator ¢.g. Bird, Blease
Inspiration ceases (i.e. the entry of gases into the lungs stops)
when a set pressure is reached. The disadvantage is that if a
patient has very stiff lungs or is asthmatic then the pressure
builds up very quickly before a sufficient tidal volume has been
delivered to the patient.
—  Volume preset ventilators ¢.g. Manley
These ventilators are set to deliver a chosen volume. Hence
inspiration ceases and expiration starts when a certain volume
of gas has been delivered.
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Ventilators can be powered electrically or by compressed gas or both and
are cycled by pressure, time or volume. Modern ventilators have many
different features and the anaesthetist must always be familiar with the
functioning of the ventilator in use whether in theatre or ICU.

MANAGEMENT OF PATIENTS RECEIVING MECHANICAL
VENTILATION

In addition to nursing and monitoring the patient the ventilator also has to be
managed.

Managing the ventilator

The ventilator should be set so that it produces an alveolar ventilation
sufficient to maintain blood, oxygen and carbon dioxide levels within
normal limits. The following controls must be selected:

Time control rate For adults the rate should be 12-16 times per minute.

Inspiratory time control at 1-1.5 seconds. I/E ratio (inspiratory
time/expiratory time ratio) should be 1:2.
This means that expiration should be longer than inspiration.

Tidal volume There are many ways to assess the tidal volume.

e  The movement of the chest.

e  Using the spirometer.

e  Estimation of the arterial blood gases (about half an hour after the
patient has been placed on the ventilator).

Airway pressure. An inflation pressure of 10-25 cm of water is usually
adequate.

Humidification. Patients ventilated for more than 12 hours should receive
humidified gases.

Oxygen enrichment. This should be determined in the light of pulse
oximetry and arterial blood gas readings.
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Nursing the patient

Routine care of the endotracheal or tracheostomy tube.
Humidification of gases.
The nutrition of the patient, especially fluid and calorie requirements.
An average patient needs 2800 calories per day and 3000 ml of water.
These can be administered via naso-gastric feeds and IV fluids.
Management of pain. A combination of narcotic analgesic and sedative
drugs is recommended.
Position

—  Turn the patient from side to side to prevent pressure sores.

—  Perform percussion of the chest to prevent accumulation of

secretions.

—  Perform passive joint movements.
Eyes: lubricate with saline and gently close every 15 minutes.
Mouth: oral hygiene with an antiseptic solution.
Bladder: catheter should be checked and volumes recorded at regular
intervals.
Rectum: the regular use of suppositories or enemas.
Communication: pencil and paper should be provided.
Morale.

Monitoring the patient

Ventilation. Monitor the tidal volume using Wright's spirometer.
Blood pressure

Pulse

Central venous pressure. Use a central venous catheter inserted into the
great veins draining into the heart. It is indicated in certain types of
patients, e.g. those with renal dysfunction.

Fluid balance charts showing intake and output.

Temperature

Blood gases

Chest X-Ray

Hb percent

Serum electrolytes
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ADDITIONAL MODES OF VENTILATORY SUPPORT

Positive end expiratory pressure (PEEP)

A positive pressure of 5-10 cm water is applied at the end of expiration. This
holds the airway open. It is used in situations where the arterial oxygen is
low despite high inspired oxygen, e.g. fat embolism.

This may embarrass the heart and cardiac output especially if there is
underlying cardiac dysfunction or if the patient is hypovolaemic. If PEEP is
used to improve oxygenation and hypotension develops, treatment consists
of IV fluids plus vasopressors (if needed).

Intermittent mandatory ventilation (IMV)

This set-up enables the patient to breathe spontaneously through another
circuit but the ventilator 'boosts' the patient’s inspiratory effort by providing
a selected tidal volume at a selected respiratory rate. This is used when
'weaning' a patient off a ventilator.

HARMFUL EFFECTS OF INTERMITTENT POSITIVE PRESSURE
VENTILATION

Fall in cardiac output and blood pressure.

This occurs especially in sick, old and hypovolaemic patients. The negative
pressure in the chest during spontaneous respiration is replaced with positive
pressure. The negative pressure maintains the venous return into the heart.
This is called the thoracic pump. During IPPV the 'thoracic pumping' stops,
the venous return and the cardiac output fall. In the normal patient, this is
compensated for by peripheral vasoconstriction. In the hypovolaemic,
shocked patient, compensatory vasoconstriction may not occur.

Increase in the pressure in the pulmonary capillaries.

This may cause right heart strain, as the right ventricle now has to work
harder to pump blood through the pulmonary capillaries.
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CHAPTER 11

INHALATIONAL ANAESTHETIC AGENTS

Outline:
Uptake and excretion of inhalational anaesthetics
Stages of anaesthesia (Guedel's)
Balanced anaesthesia

The inhalational anaesthetic drugs
Nitrous Oxide
Ether
Halothane
Trichloroethylene
Enflurane
Isoflurane
Sevoflurane

A summary of properties
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UPTAKE AND EXCRETION OF THE INHALATIONAL
ANAESTHETICS

A volatile anaesthetic agent is a liquid which when it evaporates into a gas
has anaesthetic properties. A good volatile anaesthetic agent easily
evaporates into a gas at normal room temperature. There are two phases in
the uptake of anaesthetic gases and vapours: the pulmonary phase and the
circulatory phase.

The pulmonary phase

The gas has to be inspired and reach the alveoli in the lungs. A significant
concentration has to be built up in the lungs and then diffusion occurs from
the lungs into the blood stream. The pulmonary capillaries are close beside
the alveoli. The air in the alveoli is separated from the blood in the
capillaries by two thin layers of cells and a film of interstitial fluid. This
interface is a large area of 55 square metres.

As the concentration of the inhaled anaesthetic builds up in the alveoli the
anaesthetic diffuses or moves across into the blood stream. It is then carried
in the pulmonary vein to the left side of the heart and from there to the
arterial circulation via the aorta and other arteries.

The circulatory phase

The drug enters the blood stream and is carried to the brain and the other
organs where its effect is experienced. When the agent dissolves in the brain
it produces the state of anaesthesia.

Many theories have been considered to explain how anaesthesia is produced
but it is still somewhat of a mystery. The agent may reduce the ability of the
nerves to conduct impulses to each other and activity is reduced, or stopped
altogether if you give an overdose. Fortunately, the higher centres
controlling consciousness are the first affected and the vital centres such as
the respiratory and vasomotor centres are more resistant to this effect.

The main physical properties of inhalational agents are: -
e  Blood-gas partition coefficient/solubility

e MAC/ potency

e  Volatility

The blood gas partition coefficient. This is defined as the ratio of the
amount of anaesthetic in the blood to the amount in the gaseous phase when
the phases are in equilibrium (i.e. the pressures are the same). It is really a
measure of the solubility of the anaesthetic in blood. The higher the blood
gas solubility, the slower the induction and the slower the recovery from
anaesthesia.
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Ether has a high blood gas solubility and is therefore a slow induction agent.
Nitrous oxide has a low blood gas partition coefficient, so both induction
and recovery are fast. Halothane has a coefficient in between nitrous oxide
and ether.

MAC or Potency. MAC (minimum alveolar concentration) is defined as the
concentration of an anaesthetic agent which at equilibrium will prevent a
reflex response to a skin incision in 50% of patients.

Thus the potency of different agents can be compared, by showing how
much is needed to produce the effect required. This is expressed as a
percentage vapour strength.

An agent with a low MAC is a potent agent because only a small amount is
required to produce anaesthesia. A high MAC means the agent is weak
because a lot of agent is required to produce anaesthesia. Ether has a high
MAC and is a weak agent, while trichloroethylene has a very low MAC, is
potent and produces its effects at a fraction of the concentration of that
needed for ether. Halothane has the ideal MAC, somewhere in between.

Volatility. An agent with a low boiling point will evaporate readily and
enable a higher concentration to be administered than with an agent with a
high boiling point.

Ether is highly volatile and can be given in high concentration.
Trichloroethylene is difficult to vaporise and it is harder to give an adequate
concentration. Halothane lies between these agents and has good physical
properties.

Another index of volatility is the Saturated Vapour Pressure or SVP. It
indicates the maximum proportion of atmospheric pressure which can be
occupied by the vapour of an agent. Ether has an SVP of 425 mmHg and
theoretically will allow a maximum concentration of 56% (425/760 x 100).
SVP is dependent only on the temperature and not on atmospheric pressure.
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The uptake of inhalational anaesthetics in the pulmonary phase is
affected by:

o  Theinhaled concentration. This determines the concentration in the
alveoli and hence the rate at which the gases diffuse into the blood
stream.

e Alveolar ventilation. The greater the alveolar ventilation the more
rapidly the concentration in the alveoli approaches the concentration of
the inspired gas.

o The blood gas partition coefficient — see above

o MAC or potency of the agent — see above

e Pulmonary blood flow. This equals the cardiac output except in certain
cases of congenital heart disease.

e The alveolar membrane.

o  Diseases of the lung which alter the relationship between the blood
flow and the actual ventilation tend to interfere with the uptake of
anaesthetic gases.

The uptake of inhalational anaesthetics in the circulatory phase is
affected by:

o The cardiac output. Normally about 70% of the cardiac output goes to
the brain, heart, liver and kidneys, although these organs comprise only
about 7% of the total body weight. In certain conditions this
distribution of blood flow can be altered. For example, in muscular
activity, fever, fear, apprehension, or thyrotoxicosis, there is an
increased blood flow to the peripheral organs. This may delay the
onset of general anaesthesia. On the other hand, in the shocked patient
(as in a patient with decreased circulating blood volume following
haemorrhage, dehydration, burns etc.) there is peripheral
vasoconstriction and a relative decrease in the blood flow to the skin,
gut and periphery. This means that the brain receives a higher
concentration of the drug (because of the redistribution of the blood
flow). Induction is therefore more rapid and smaller doses of drugs
produce the same effect.

Factors increasing the speed of induction

e  The inhaled concentration.
Hyperventilation with both spontaneous and controlled ventilation.
e A poor peripheral blood flow, e.g. in patients who are shocked.
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Factors slowing down the speed of induction

Decrease in the inhaled concentration.
Respiratory obstruction.

Hypoventilation from any cause.

Increase in the circulation to non-vital organs.

During induction a higher concentration of anaesthetic is needed, because at
this time the vital organs like the brain, with a greater blood supply, take up
larger quantities of anaesthetic agents. The other tissues, with a smaller
blood supply, take up the anaesthetic more slowly. When these tissues do
start taking up anaesthetic, it is drained away from the brain to the tissues
via the blood stream. As the tissues are saturated the rate of diffusion from
the brain decreases and only a small amount of anaesthetic is required to
maintain anaesthesia. Inhalational anaesthetics are excreted mainly by the
lungs, so the reverse of what happens during induction takes place during
recovery.

STAGES OF ANAESTHESIA (GUEDEL’S)

Guedel first described the stages of anaesthesia using open ether. The stages
of anaesthesia that he described are really a series of physical signs
indicating the depth of anaesthesia. Much of what he describes is no longer
seen because of modification of the stages by drugs (induction agents,
muscle relaxants and narcotic analgesic agents) but may help in
understanding what is happening to the patient as anaesthesia is deepened.

Following IV induction the patient goes from consciousness to surgical
anaesthesia (plane 2-3) in 2 minutes.

Stage 1 Analgesia From the beginning of induction to the loss of
consciousness. At the end of this stage the eyelash reflex is lost.

Stage 2 Excitement From the loss of consciousness to the onset of
automatic respiration. During this stage struggling and vomiting may occur.

Stage 3 Surgical anaesthesia This commences at the onset of automatic
respiration. It ends at the onset of respiratory paralysis. It is divided into
four planes:

—  Plane I From the onset of automatic respiration to the cessation of
eyeball movements.

—  Plane 2 From the cessation of eyeball movements to the beginning
of intercostal paralysis.

—  Plane 3 From the start to finish of intercostal paralysis.

—  Plane 4 From complete intercostal paralysis to diaphragmatic
paralysis, respiratory failure, cardiac failure and death.
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The most useful signs are therefore:

e  The eyelash reflex

e  The movement of the eyeball

e  Dilatation of the pupil

e  Changes in respiration

There is now a tendency to divide the stages of Surgical Anaesthesia into
three planes:

e Light anaesthesia — until the eyeballs are fixed

e  Medium anaesthesia — increasing intercostal paralysis

e  Deep anaesthesia — diaphragmatic respiration

BALANCED ANAESTHESIA (Triad of anaesthesia)

Gray has described three 'components' to an anaesthetic:
e Narcosis or sleep
e  Relaxation
e  Pain relief and reflex suppression

The present concept is not to use a single drug, e.g. ether, to provide all of
these components. Instead different agents are used, each with its special

action to provide the various components of an anaesthetic.

Thiopentone, for instance, may be used to induce sleep, nitrous oxide and
opioids to provide pain relief and muscle relaxants to provide relaxation for

surgery.
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THE INHALATIONAL ANAESTHETIC DRUGS
NITROUS OXIDE

Physical and chemical properties

Nitrous oxide (N,O) is a colourless gas, with a faint smell. It will support
combustion but is not explosive. It is provided in a cylinder under pressure.
It is manufactured by heating ammonium nitrate to 240°C.

Nitrous oxide can contain nitric oxide and nitrogen dioxide as impurities.
About 80 percent of the cylinder is liquid. As it evaporates it uses up heat,
which explains the condensation of moisture on the outside of the cylinder.
A reducing valve reduces the pressure from 750 pounds/square inch to 50 or
60 p.s.i. depending on the machine.

The impurities of nitrous oxide can cause the following effects:

e Cyanosis, a few minutes after induction. The nitric oxide converts the
Hb to methaemoglobin, which is unable to carry oxygen.

e  Respiratory difficulty, caused by non-specific pulmonary oedema and
broncho pneumonia.

e  Circulatory failure

Nitrous oxide has a low blood gas partition coefficient and so anaesthesia is
induced relatively rapidly. However it is a weak anaesthetic and a high
concentration is required to produce loss of consciousness.

Systemic effects of nitrous oxide

e Cardiovascular system
—  Causes direct cardio-vascular depression. This is not significant
in healthy patients but in patients with poor myocardial
contractility nitrous oxide can cause a reduction in cardiac
output and BP.
e Central nervous system
—  Causes depression of the CNS but it is a poor anaesthetic and
cannot provide surgical anaesthesia alone.
— It has mild analgesic properties.

Advantages

e  Rapid onset and recovery

e  Provides analgesic supplement for other agents

e  Has minimal cardiovascular and respiratory effects
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Disadvantages and unwanted side effects

e Nitrous oxide is regarded as a relatively non-toxic anaesthetic although
prolonged administration (6—24 hours) can result in depression of bone
marrow DNA synthesis and this period may be much shorter in very ill
patients.

e Nitrous oxide diffuses very easily into air filled cavities and should be
avoided or used with caution in patients with pneumothorax or bowel
obstruction as it may cause these air collections to enlarge.

o Diffusion hypoxia. There is a 35 fold difference in the solubility of

nitrogen and nitrous oxide. If the mask is removed (or the patient
extubated) and if this patient is allowed to breathe room air, the alveoli
will soon contain nitrogen and oxygen from the atmosphere.
Capillaries in contact with the alveoli will contain a high concentration
of nitrous oxide and oxygen since gases move from an area of high
concentration to one of low concentration. Nitrous oxide moves out
into the alveoli while nitrogen moves into the blood stream. The rate of
diffusion of the nitrous oxide is 35 times faster than that of the nitrogen
gas.
Therefore for every 35 molecules of nitrous oxide that move into the
alveolus from the blood stream, only 1 molecule of nitrogen will move
out of the alveolus into the blood stream. The alveolar oxygen will thus
be diluted by the nitrous oxide. The patient can get hypoxic simply
because of a difference in the rates of diffusion of nitrogen and nitrous
oxide.

After every general anaesthetic (mask or endotracheal) always try to ensure
that the patient has 10 to 12 deep breaths of high oxygen mixture using the
anaesthetic circuit. This could even be 100% oxygen.

ETHER

Physical and chemical properties

Ether is a colourless highly volatile liquid with a boiling point of 35°C and
is flammable in air and explosive in oxygen. It has a high blood gas
partition coefficient and a low MAC value. Ether is mainly excreted by the
lungs with only about 15% being metabolised.

Ether is manufactured by heating concentrated sulphuric acid with ethyl
alcohol. Ether may contain peroxides and aldehydes as impurities, because
of its decomposition by heat, light and air. Decomposition is retarded by
copper (Cu), iron (Fe) and mercury (Hg).
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Ether should be stored in dark bottles in a cool dry place

The presence of impurities reduces the potency of ether. Peroxides are the
first impurity to develop. To test for peroxides add 10mls of ether to 1ml of
10 percent potassium iodide. Store this for 30 minutes in a dark room. A
yellow coloration indicates the presence of peroxides. To test for aldehydes
use Nessler's reagent.

Systemic effects of ether

e Cardiovascular system

—  Heart rate. There is an increase in the heart rate, which is due
to the liberation of catecholamines by the ether.

—  The peripheral blood vessels are first constricted and later
dilated.

—  Mpyocardium may be depressed but because the sympathetic
nervous system is being stimulated, the cardiac output is well
maintained.

—  Blood pressure is initially maintained because of the stimulant
effect on the sympathetic nervous system.

In deep surgical anaesthesia the heart rate begins to slow and the blood
pressure falls. The direct effects of ether on the cardiovascular system
begin to predominate over the effects of the sympathetic nervous
system stimulation.

IMPORTANT: Patients who are on anti-hypertensive treatment with
ganglion blocking drugs or beta blockers and patients who have had
spinal anaesthesia before an ether anaesthetic, may be prone to greater
falls in blood pressure under ether anaesthesia. Cardiac arrhythmias are
rare with ether. Adrenaline can be used with ether.

e Respiratory system
The respiratory centre in the brain is the initial stimulator of the
respiratory system. Ether works on the tracheo-bronchial tree giving
further stimulation to respiration. There may also be stimulation of the
irritant receptors in the lung. At deeper levels of anaesthesia,
respiratory depression occurs.

e Central nervous system
Ether induced analgesia is followed by anaesthesia. Cerebral blood
flow and intracranial pressure rises. Convulsions have been reported
but the cause is not clear. Many of the convulsions occurred in febrile
children who had atropine in their premedication and a deep ether
anaesthetic.
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e Gastro-intestinal tract

The incidence of nausea and vomiting depends on the concentration of
ether used. If we are using 4-6% ether, e.g. spontaneous ventilation, the
incidence is 50 percent. If we use 2-3% e.g. ether with muscle
relaxants, the incidence is no higher than with any conventional
relaxant-nitrous oxide-oxygen anaesthetic.

e  Genito-urinary tract
Urinary flow is diminished because of the renal vasoconstriction.
The uterus is relaxed. Ether can cross the placental barrier and depress
the foetus so high concentrations of ether are best avoided in Caesarean
sections.

o Skeletal muscle
A myoneural block occurs of the non-depolarising type.

e  Blood sugar
Ether stimulates gluconeogenesis and may cause hyperglycaemia.
Patients with impaired glycogen stores may form ketones leading to a
metabolic acidosis.

Dosage and techniques

Ether has a high therapeutic ratio and is safer than more modern agents for
administration from an uncalibrated vaporiser or by less experienced
anaesthetists.

It is usually administered via an EMO inhaler using a draw over technique
but can also be given using a plenum system with a Boyle’s bottle. It can be
used in a closed circuit and may still occasionally be administered using a
Schimmelbusch mask.

The easiest method is to give ether to the patient after they have been
intubated following atropine, thiopentone and suxamethonium. IPPV is
commenced initially with 10-15% ether and then according to the patient's
requirements, the ether is cut back after 2-8 minutes to 4-6%. Poor risk,
septic or shocked patients can be kept just asleep with 2% ether. It is best to
discontinue the ether well before the end of the operation to avoid a
prolonged recovery. If the patient is given a long acting muscle relaxant and
the ventilation controlled, then the ether may be reduced to around 2-3%.

Advantages of ether

e Itis relatively non-toxic, especially if used as described with IV
induction, intubation and muscle relaxants with low concentrations of
ether. (see Chapter 14)

e  Respiratory depression usually precedes cardiovascular depression.

e  There are no associated cardiac arrhythmias and cardiac output is well
maintained.
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It can be used as the sole anaesthetic agent and is the agent of choice
when general anaesthesia is needed but no oxygen is available.

It gives good abdominal muscle relaxation.

It is cheap.

Disadvantages

It is explosive in oxygen or nitrous oxide.

Diathermy should not be used.

It gives slow induction and slow recovery.

It stimulates salivation and is best used with atropine premedication.

It can cause a high incidence of nausea and vomiting if used in a high
concentration (which is not recommended).

It should be avoided if possible in diabetic patients and in patients with
liver disease.

Prevention of convulsions (see CNS effects)

Febrile children need little or no atropine before surgery.
Avoid deep ether anaesthesia if possible.

Keep the patient cool.

Start IV fluids.

A relaxant anaesthetic is preferable to a deep ether anaesthetic.

Treatment of convulsions

Stop the ether anaesthetic.
Oxygenate the patient.
Control the convulsion with:
—  Diazepam IV
—  Thiopentone (50-100mg 1V)
— If intubation and artificial ventilation is necessary the patient
can be given suxamethonium 1mg/kg IV.
Reduce temperature by the use of fans and cold sponge.
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HALOTHANE

Physical and chemical properties

Halothane is a colourless liquid with a relatively pleasant smell. It is
decomposed by light and is stored in amber coloured bottles. Thymol 0.01%
is added as a stabilising agent and can be responsible for causing sticking of
the lever on the OMV. Halothane can be used safely with soda lime.

Halothane has a relatively low blood gas solubility so induction is rapid
though slower than enflurane, isoflurane and sevoflurane. Halothane is
mainly excreted by the lungs with only about 20% metabolised in the liver
and excreted in the urine.

Systemic effects of halothane
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Central nervous system

Halothane is a CNS depressant six times as potent as ether. Unlike
ether it is not a good analgesic. It increases cerebral blood flow and
raises intracranial pressure.

Respiratory system
There is a decrease in the tidal volume. Its broncho-dilator action is
good in asthmatics.
Always use at least 30 percent oxygen with halothane
The respiratory centre is usually depressed before myocardial
depression occurs. If the patient is breathing spontaneously and then
stops, act as follows:

—  Turn off the halothane.

—  Ventilate the patient with 100% oxygen.

—  Check pulse and blood pressure.

Cardiovascular system

Halothane is a potent myocardial depressant and these effects are
augmented in the presence of beta-blockers. Blood pressure and heart
rate may also fall by a similar mechanism to that after thiopentone so
the effect will be augmented when both are given together.

Arrhythmias: There is increased myocardial irritability with halothane.
This may result in ventricular extra—systoles, ventricular tachycardias
or even ventricular fibrillation.



Factors increasing the risk of arrhythmias with halothane:
—  Carbon dioxide retention
—  The injection of adrenaline (it is safer not to use adrenaline
under halothane anaesthesia but if necessary then the dose
should not exceed 10mls of 1:100,000)
—  The injection of atropine
—  Very light anaesthesia resulting in sensory stimulation.

e Gastrointestinal tract
— Nausea and vomiting (rare).

e Liver

—  Liver damage and jaundice have been reported but this is rare.

— A type of hepatitis (clinically indistinguishable from infective
hepatitis) has been described. See Halothane hepatitis in
Chapter 46.

e  Genito-urinary tract

—  Kidneys. No harmful effects have been reported.

—  Uterus. Uterine relaxation is profound in the pregnant uterus. It
is best not to use halothane for caesarean sections, dilatation
and curettage (for miscarriages). It is useful in cases of external
version and uterine rings where uterine relaxation is especially
sought after. Halothane also depresses the foetus.

e Other actions

—  Postoperative shivering: Treat this by
e  Reassuring the patient
e  Giving oxygen
e  Keeping the patient warm
e  Pethidine 25-50 mgs IV may help

—  Potentiation of muscle relaxants. The non-depolarising agents

e.g. pancuronium or vecuronium may be potentiated.

Dosage and techniques

Inhalational induction with halothane

The mask is placed closely over the patient's face. (If a draw—over technique
is being used the mask has to be placed firmly on the patient’s face). The
vapour strength is increased gradually from 0.5% to 4% (if the patient is a
fit adult) or 0.5% to 2% (in ill or frail adults or children). Once the eyelash
reflex has disappeared, the mask is placed on the patient's face and the
concentration of halothane dropped to 2% and adjusted as required.
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Uses

Halothane is used
e  As an induction agent
—  In children. This is often more acceptable than an injection and
halothane is the agent of choice for inhalational induction in
paediatric anaesthesia.
—  In adults with poor veins or when IV agents are contraindicated.
—  In adults where airway obstruction is a possibility.
e  For maintenance
—  With spontaneous respiration using nitrous oxide and oxygen.
—  With controlled respiration using nitrous oxide and oxygen and
relaxant.

Methods of vaporisation of halothane

e  Open methods are very wasteful and there is no control of the inspired
concentration.
e  Semi—closed methods:

—  The Oxford miniature vaporiser (OMV). This is the ideal
method for delivering halothane with draw-over apparatus. It
has low resistance, has some thermo-compensation using a
mixture of water and antifreeze inserted at manufacture and
delivers an accurate concentration on a scale of 0-4.

—  The Fluotec vaporiser. This is the most accurate method of
administering halothane. The vaporiser is temperature
compensated. As the temperature falls with vaporisation,
then more carrier gas passes through the Fluotec.

—  Boyle's bottle. 1f this is to be used safely, then an extended scale
would be required for the lever. Using a Boyle’s bottle for
administration of halothane is not recommended.

—  The Goldman vaporiser is a simple bottle with no temperature
compensation. The Goldman vaporiser cannot yield more than a
maximum of 3% halothane.

(For more details about these vaporisers see Chapter 15)
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Advantages of halothane

Gives a rapid smooth induction.

Is relatively non-irritant to the respiratory tract.

Is a bronchodilator.

Is a vasodilator — this may aid venepuncture in patients with difficult
veins.

Gives relatively rapid recovery.

Disadvantages

Halothane is very potent and the delivered concentration should be
known at all times.

Poor analgesic properties.

Causes cardiac arrhythmias especially when adrenaline is used.
Causes hypotension.

Uterine relaxation resulting in haemorrhage in obstetric patients.
Shivering in the post-operative period.

There is the possibility of liver damage especially after repeated
administration.

Safety measures with halothane

Induction with halothane. Always reduce the concentration of
halothane when the eyelash reflex has disappeared and introduce the
drug used for maintenance, either a relaxant or nitrous oxide.
Halothane and spontaneous respiration. The pulse and blood pressure
must be monitored very carefully. The respiratory rate and the oxygen
saturation or colour of the blood at the site of operation are other useful
parameters to monitor. If these indicate that the patient has received
too much halothane then reduce the concentration immediately.
Halothane with controlled ventilation. Intermittent ventilation with
0.5% halothane will usually suffice if N,O or IV opioids are used. It is
safer not to ventilate a patient with more than 1% halothane.
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TRILENE (Trichloroethylene)

Trichloroethylene is no longer manufactured for anaesthetic purposes
although there may be some stores still available.

Physical and chemical properties

It has a high blood/gas solubility and a MAC of 0.17%.

It is non-flammable and non-irritant to the respiratory tract.
Trichloroethylene is stabilised in solution by the addition of 0.01% thymol
and should be protected from light.

Uses and dosage

Trichloroethylene is mainly used as an analgesic supplement to halothane or
used on its own for minor procedures such as fracture manipulation.
Dose 0.5-1% initially, reducing to 0.2-0.5%.

Advantages

e Itis a non-irritant safe agent.
e It provides good analgesia during and after surgery.
e [t maintains cardiac output and is inexpensive.

Disadvantages

e  Trichloroethylene takes effect slowly.
e It has weak anaesthetic properties.
e It may result in a rapid respiratory rate in spontaneously breathing

patients.

e  Arrhythmias may occur and adrenaline administration is
contraindicated.

e Ifhigh doses are used a prolonged recovery will occur - particularly in
elderly patients.

Contraindications

Trichloroethylene must not be used in a circle system with soda lime as the
toxic compounds phosgene and carbon monoxide are produced.

156



ENFLURANE

Physical and chemical properties

Enflurane is a clear, colourless, volatile anaesthetic with a pleasant smell. It
is non-flammable in clinical concentrations, can be used with soda lime and
does not require preservatives.

It has a low blood/gas solubility resulting in rapid induction of and recovery
from anaesthesia and a MAC of 1.67.

Systemic effects

o Central nervous system
—  Depression with increasing depth of anaesthesia
—  Jerky movements may appear
e Cardiovascular system
— As anaesthesia deepens there is a fall in blood pressure
—  Arrhythmias may occur as with halothane but less commonly
e  Respiratory system
— No increase in bronchial secretions
—  Enflurane is a good bronchodilator
o Skeletal muscle
—  Potentiates non-depolarising relaxants

Uses and techniques

Induction concentration 3% to 4%
Maintenance concentration 1% to 2%

Enflurane should not be wused in patients with seizure disorders,
e.g. epilepsy, hydrocephalus or patients with cerebral irritation from any
cause.

Enflurane can be administered from a conventional anaesthetic machine
using an appropriate Tec series vaporiser or for draw-over anaesthesia using
the OMV with an interchangeable Enflurane scale.

Advantages of enflurane

e Rapid induction and recovery

e  Low risk of hepatic dysfunction
e  Potentiation of muscle relaxation
e Low incidence of arrhythmias
Disadvantages

e Relatively high cost
e  Shows evidence of seizure activity on electro-encephalogram
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ISOFLURANE

Physical and chemical properties

This is a newer inhalational anaesthetic now widely used in Europe. It is a
halogenated methyl ethyl ether. It is a colourless volatile liquid, with a
saturated vapour pressure similar to halothane. Some have suggested using
it in a halothane vaporiser but this is not recommended.

Blood gas solubility is lower (1.4) than that of halothane or enflurane. It
therefore provides a more rapid onset of and recovery from, anaesthesia.
Further, fat solubility is also lower, which has the same effect.

Minimum alveolar concentration (MAC) is 1.15 in oxygen.

It has an irritant smell.

Isoflurane is almost totally excreted by the lungs.

Systemic effects of isoflurane

o Central nervous system Like other inhalational agents, it causes
—  CNS depression and anaesthesia but it has no convulsant effect
like enflurane.
—  Cerebral blood flow and therefore intracranial pressure
increases, though this is less than with halothane and ethrane.
e Cardiovascular system (CVS)
— Little effect on myocardial contractility.
— A fall in blood pressure due to a decrease in peripheral vascular
resistance, though this depends on the dose.
—  Heart rhythm is stable. Isoflurane does not increase the
sensitivity of the myocardium to adrenaline.
e Respiratory system
—  Decrease in tidal volume.
— Increase in respiratory rate.
e Muscle tone
—  Relaxes muscles.
—  Potentiates non-depolarising muscle relaxants.
e Liver and kidneys
—  Negligible changes in liver function.
—  Negligible changes in renal function. An association with
malignant hyperpyrexia is under investigation.
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Advantages of isoflurane

e  Rapid onset and recovery from anaesthesia

e  No convulsant effect on central nervous system even with hypocapnia

e  Low risk of cardiac arrhythmias and no increased sensitivity to
adrenaline

e Low toxicity to liver and kidneys

e  Non explosive and non-flammable

Disadvantages

e  Expensive

Administration

As with enflurane, isoflurane can be administered using a Tec vaporiser on
a conventional anaesthetic machine or in a draw-over system using an OMV
with the appropriate scale.

SEVOFLURANE

Physical and chemical properties

This is a newer inhalational agent. It is non-flammable with a pleasant
smell.

It has a very low blood/gas solubility and provides the most rapid induction
and recovery of all currently available inhalational agents.

It has a MAC of 1.7%.

5% is metabolised in the liver.

Systemic effects

o Central nervous system

— No significant effect on ICP or CBF at clinical levels
e Cardiovascular system

—  Does not sensitise the myocardium to catecholamines
®  Respiratory system

—  Decrease in minute volume

— Increase in respiratory rate

—  No airway irritation

Uses

It is becoming the agent of choice for inhalational induction especially in
children but also in adults.
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Advantages of sevoflurane

e Rapid induction
e  Rapid recovery
e  Minimum cardiovascular effects

Disadvantages

e  High cost
e Ifbeing used as sole inhalational agent in a draw-over system it would
require two OMVs in series to give an adequate concentration.

(See Chapter 13 for this set—up)

SIGNIFICANT FEATURES OF THE INHALATIONAL

ANAESTHETICS
NITROUS OXIDE (N;O)
ADVANTAGES DISADVANTAGES
Pleasant Weak relaxant
Non-explosive Weak anaesthetic: cannot produce

. . anaesthesia alone
Analgesic (mild) s !
. It should be supplemented with
No effect on metabolism u upp w
volatiles to prevent awareness
Can be used with adrenaline . ..
Necessitates a reduction in oxygen
concentration since at least 50%

conc. of N,O is required for analgesia

Causes increased distension of air-
filled cavities e.g. the middle ear

Post-operative nausea and vomiting
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ETHER

ADVANTAGES DISADVANTAGES
M1n1.mal respiratory an‘d Irritant
cardiovascular depression

Explosive

Good relaxation

Bronchodilator

Clear signs of depth of anaesthesia
Cheap

Good analgesic

Can be used with adrenaline

No dangerous arrhythmias

Nausea and vomiting
Secretions

Can cause myocardial and respiratory
depression if deep anaesthesia is
induced

Dangerous with
e  Unfasted patients
e  Diabetes (uncontrolled)

Slow induction, slow recovery

TRILENE
ADVANTAGES DISADVANTAGES
Pleasant Weak and poor relaxant

Non irritant
Analgesia
Non-emetic

Non-explosive

Weak anaesthetic.

Causes tachypnoea

Causes cardiac irregularities
Myocardial depressant
Cannot be used with soda lime

Should not be used with adrenaline
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HALOTHANE (FLUOTHANE)

ADVANTAGES

DISADVANTAGES

Pleasant

No secretions

Non irritant

Rapid action

Rapid recovery

Minimal nausea or vomiting
Non-explosive

Bronchodilator

Myocardial depressant
Arrhythmias may occur

Respiratory depressant
Poor relaxant

Narrow margin of safety — dangerous
in concentrations above 2%

Uterine relaxation — should not be
used in caesarean sections or
miscarriages

Post-operative shivering may occur

Can cause hepatitis in hypersensitive
patients

Should not be used with adrenaline
Poor analgesic

Malignant hyperpyrexia risk factor

More expensive than ether

ENFLURANE (ETHRANE)

ADVANTAGES

DISADVANTAGES

Pleasant

Rapid induction and recovery
Non-irritant

Bronchodilator

Minimal nausea and vomiting

Non-flammable

Myocardial depression
with progressive depth of anaesthesia

Shivering

brain

Expensive

Malignant hyperprexia risk factor
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May unmask a latent epileptic focus in the




BRIEF COMPARISON of HALOTHANE, ISOFLURANE and

SEVOFLURANE
AGENT HALOTHANE | ISOFLURANE SEVOFLURANE
CVS Myocardial Less depression Similar to isoflurane
depression of myocardium
Arrhythmias
common Stable cardiac
esp. bradycardia | rhythm
Sensitises Does not sensitise | Does not sensitise
myocardium to myocardium to myocardium to
adrenaline adrenaline adrenaline
CNS Depression Depression Depression
No convulsant Autoregulation
effect preserved
RS Depression Depression Depression
Bronchodilator Bronchodilator Bronchodilator
Skeletal Relaxation Relaxation Relaxation
Muscle .
Potentiates non- Potentiates non- Potentiates non-
depolarisers depolarisers depolarisers
Disadvantages | Arrhythmias Pungent odour Unstable with
Can be irritant soda lime
Sensitises
myocardium Expensive Very expensive
Hepatitis
Associated with Associated with Associated with
malignant malignant malignant
hyperpyrexia hyperpyrexia hyperpyrexia
Hepatic 20% 0.2% 5%
metabolism
Maintenance 1% 1.5-2.5% 0.5-3%
concentrations
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Volatile agents and their physical properties.

AGENT SVPin | yjac [ Bleod/Gas ¢ ments
mmHg coefficient
High volatility
0
Ether 425 1.92% 12 High solubility
: Low volatility
o
Trichloroethylene 60 0.17% 9 High solubility
Volatile
o
Halothane 243 0.75% 23 Low solubility
Volatile
Sevoflurane 160 1.8% 0.6 Very low
solubility
Volatile
o
Isoflurane 250 1.15% 1.4 Low solubility
Enflurane 175 | 1.68% 19 | Volale

Low solubility
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Outline:

CHAPTER 12

MUSCLE RELAXANTS

The neuromuscular junction

The depolarising relaxants

The non-depolarising relaxants

Dual block

Mixed block

Practical points for using relaxants
Reversal of non-depolarisers (neostigmine)
Uses of relaxants

Incomplete reversal of the relaxant

Prolonged apnoea at the end of surgery
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THE NEUROMUSCULAR JUNCTION (NMJ)

Consider briefly the anatomy and the physiology of the neuro—muscular
junction:

Anatomy:

The junction between the motor nerve and the muscle is the neuro-muscular
junction. At this point two important changes occur in the nerve and two
changes in the muscle.

At the nerve terminal

e The nerve loses its myelin sheath.

e It breaks up into a foot-like structure.

The muscle

e  There is a depression in the muscle at this site.

e  The muscle membrane is thrown into several folds.

The nerve impulse has to travel across the gap between the nerve and the
muscle at the NMJ.

The specialised area of muscle is referred to as the motor end plate.

On the motor end plate are special areas called receptors, stimulated by
acetylcholine.

Motor Nerve Terminal

Schwann Cell Junctional

4

¥ e 1 &5
Acetylcholine - ~Vesicles (,left with .
¢ R Acetylcholine
Receptor R
eceptors
Mitochondrion
+—— Muscle

Fig 12.1 Anatomy of the Neuro—muscular junction

Physiology

The following sequence of events takes place at the NMJ with the arrival of

the nerve impulse:

e  The nerve impulse liberates acetylcholine from the nerve ending.

e Acetylcholine occupies receptors at the motor end plate.

e  This is followed by changes (both ionic and electrical) at the motor end
plate.
Muscular contraction results.

e  The released acetylcholine is hydrolysed fairly quickly by
cholinesterases found in the region of the motor end plate.
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Neuromuscular block:

Any interference with the passage of an impulse between the nerve and
muscle produces a neuromuscular block. There are four types of block:
e  Depolarising block

e  Non-depolarising block

e  Dual block

e  Mixed block

THE DEPOLARISING RELAXANTS

These are very much like acetylcholine in structure. They occupy the
receptors, depolarise the muscle and cause contraction initially but then
they continue to occupy the receptors and the muscle becomes electrically
unresponsive to further stimulation by acetylcholine. This action persists
until the depolarising relaxant is hydrolysed by cholinesterase. This takes a
few minutes.

SUXAMETHONIUM CHLORIDE (Scoline, Anectine, Succinylcholine)
is the commonly used depolarising relaxant.

Uses

The main use of suxamethonium is to give relaxation when it is essential to
insert an ETT rapidly. It is also used by infusion or intermittent IV
injection during general anaesthesia to produce relaxation for short
procedures.

After a standard intubating dose of suxamethonium, muscle relaxation lasts
3-5 minutes but since it is always combined with other anaesthetic agents
the apparent duration of muscle relaxation is dependent on the combined
effect of all drugs given.

Suxamethonium solutions cannot be mixed with thiopentone.

Dose

Suxamethonium chloride 1-1.5 mg/kg IV or 4mg/kg IM.

Maximal neuromuscular block occurs in 1 min. (IM administration is
reserved for rare occasions where inhalational induction is undertaken in
children without IV access and obstruction develops. It is best to establish
IV access prior to induction if possible.)

Duration

3-5 minutes depending on other drugs administered. If it lasts
more than 15 minutes, this should be regarded as an abnormal response.
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Systemic effects

Rapid onset of action — 1 min.

Short acting.

Associated with muscular fasciculation (initial stimulation) especially
in the face, neck and limb muscles before paralysis.

The action of the depolarisers wears off when the drug is hydrolysed,
so no specific reversal of the drug is required.

Action is increased or potentiated by anticholinesterase drugs.

Side effects of suxamethonium chloride

Muscle pains — usually experienced from a few hours to 1-2 days post-
operatively, particularly in ambulant patients.

Prolonged apnoea may occur if the patient has either a low pseudo-
cholinesterase level or an abnormal one.

Cardiac arrhythmia, especially bradycardia in children.

It raises intraocular pressure and therefore its use is a relative
contraindication in patients with glaucoma or in patients having
intraocular operations or with penetrating eye injuries.

However, securing a safe airway takes precedence over a small rise in
intraocular pressure.

Suxamethonium chloride can trigger a hyperthermic reaction called
malignant hyperpyrexia.

Contraindications to suxamethonium
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There can be a release of potassium from the tissues, especially after
major burns. Suxamethonium can safely be used in the first 48 hours
after a major burn. However, it is unsafe to use suxamethonium after
48 hours for at least 6 weeks and possibly for as long as 2 years. There
is an increased incidence of cardiac arrest if it is used in these patients.
Following chronic spinal cord lesions with upper motor neurone
denervation the motor endplate extends to cover the entire muscle cell
membrane. When suxamethonium is administered, depolarisation
occurs over the whole endplate area causing massive K efflux and risk
of cardiac arrest. Suxamethonium should be avoided in these patients
from 3 days up to 9 months post injury.



Destruction of suxamethonium compounds

Suxamethonium compounds are broken down by serum or pseudo-
cholinesterases, just as acetylcholine is broken down by acetyl
cholinesterases.

Acetyl cholinesterase is specific to acetylcholine. It is found in the nerve
terminals, synapses, brain and red blood cells. Pseudocholinesterase is non-
specific. It has little effect on acetylcholine but acts on other compounds.
The levels of pseudocholinesterase may be low in certain medical
conditions and these patients are very sensitive to the drug.

Low pseudocholinesterase levels occur

In liver disease

In severe anaemia

In malnutrition

In the second half of pregnancy

After therapeutic irradiation

After contamination with organic phosphorous insecticides

Abnormal pseudocholinesterase

Certain patients may have an abnormal pseudocholinesterase. This
abnormality runs in families. It is very important not to disregard an
"anaesthetic complication" that has arisen in a family especially when the
information is reliable. The presence of the abnormal cholinesterase can be
confirmed by certain specialised laboratory tests (the Dibucaine No. and the
Fluoride No.)

In all these instances of low or abnormal pseudocholinesterase the patient
requires only very small doses of suxamethonium chloride. If a normal dose
is given the effect of the suxamethonium chloride does not wear off for
several hours and the patient remains paralysed.
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THE NON-DEPOLARISING RELAXANTS

Uses and mode of action

These combine with the receptor and prevent acetylcholine getting to the

receptor at the motor end plate.

e  They are long-acting relaxants, their effects lasting 20-45 minutes as
opposed to 3-5 minutes for the depolarising relaxants like
suxamethonium chloride.

Their onset of action is 2.5-3.0 mins.

They do not produce muscular fasciculation.

The action can be reversed by increasing the concentration of
acetylcholine. This is done by using an anti-cholinesterase. The
receptor is now presented with an increased concentration of
acetylcholine which overcomes the effect of the non-depolarising
relaxant at the NMJ.

e  Their action is potentiated by ether, halothane and other inhalational
agents.

e  Asa general rule doses in the upper range are given to achieve
intubation and moderate doses are given as initial doses for abdominal
relaxation. Approximately one third of the initial dose is given as
required as a maintenance or subsequent dose in fit patients.

Examples of non-depolarising agents

TUBOCURARINE CHLORIDE

This was first obtained from the bark, leaves and stems of the plant
Chondrodendron tomentosum. It has been used on arrow tips in South
America for centuries. Its action at the NMJ has been described previously.
(See also Chapter 5)

Dose 20 - 30 mg for intubation for an adult
0.3-0.5mg/kg (15-20 mg) supplementary dose

Duration 20 - 30 minutes.

It is absorbed if given IV, IM, SC
It crosses the placental barrier in small doses only.

Side Effects
e  Hypotension (ganglion blocking action)
e  Histamine release may result in bronchospasm and further hypotension
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GALLAMINE TRIETHIODIDE (Flaxedil)

Uses

Gallamine has general effects similar to tubocurarine but its duration is
shorter, 20-25 minutes.

A precurarising dose of gallamine is sometimes used for its ability to
prevent muscle pains caused by suxamethonium.

Dose 80 - 100 mg (for IPPV) (1mg/kg)

Systemic effects
It has a sympathomimetic effect and induces tachycardia and hypertension.
Histamine release is rare.

Contraindications

e Renal disease because it is excreted by the kidney

e  Pre-existing tachycardia

e  Not the drug of choice for obstetrical procedures such as caesarean
section as it crosses the placental barrier

Both tubocurarine and gallamine are less commonly used since the
introduction of pancuronium, vecuronium and atracurium.

PANCURONIUM BROMIDE (Pavulon)

Pancuronium belongs to the amino steroid group of non-depolarising
muscle relaxants.

It does not have the hypotensive action of tubocurarine nor cause such a
marked tachycardia as gallamine.

Uses

As a muscle relaxant for surgery. It has a relatively long duration of action
and is sometimes used for long-term ventilation in ITU e.g. respiratory
problems / tetanus.

Dose: Adults 4 - 6 mg IV initially (0.05-0.1mg/kg), 2mg thereafter.

Duration
Its action lasts for about 45 minutes but is dependent on dose and other
agents used.

Metabolism
It is mainly excreted unchanged in the urine but some is also metabolised
in the liver.

Side effects
It has a vagolytic and sympathomimetic effect and can cause tachycardia
and a rise in blood pressure.
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VECURONIUM BROMIDE (Norcuron)

This is also an amino steroid compound and is an intermediate acting non-
depolariser. It is marketed as a powder (4 mg/ampoule generally) for mixing
with water. The powder can be stored at room temperature.

Dose initial dose 0.08-0.1 mg/kg
supplementary dose 0.03 mg/kg
(infusion 0.2 mg/kg/hr)

Duration 20 minutes

Metabolism
It is broken down mainly in the liver. A small proportion of the
drug (20%) is excreted unchanged in the urine.

Systemic effects

e Cardiovascular system: There are minimum changes in pulse and
blood pressure. No histamine release.

e Placental barrier: Does not cross the placenta in clinically important
amounts.

e Reverses well: 1t is reversed in the usual manner with atropine and
neostigmine 20 minutes after the last dose.

ATRACURIUM BESYLATE (Tracrium)

Atracurium is a non-depolarising blocking agent derived from curare which
undergoes spontaneous breakdown into inactive fragments at body
temperature and pH.

Dose 0.3mg-0.6mg/kg
supplementary dose 5 of initial dose

Duration Onset of action is 2% mins
Duration 20-40 minutes

Systemic effects

e Cardiovascular system: Minimal bradycardia may be present with
halothane.

e  Histamine release: 1t does cause histamine release but to a much less
significant degree than tubocurarine

e Placental barrier: There is some transfer but it is insufficient to
produce a block.

e  Agent of choice in renal or hepatic disease and in elderly patients.
Reverses well (after 20 minutes) with atropine and neostigmine.
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Both vecuronium and atracurium give good intubating conditions but are
not recommended as an alternative to suxamethonium when rapid
intubation is required. Both drugs show a tendency towards spontaneous
recovery of neuromuscular function but it is recommended that they be
reversed in the usual way.

ROCURONIUM BROMIDE (Esmeron)

Rocuronium like vecuronium is an intermediate acting non-depolariser and
has the most rapid onset of action of this group of drugs. It gives good
intubating conditions in less than 2 minutes and is sometimes used as an
alternative to suxamethonium e.g. in ophthalmic surgery.

Dose 0.6-1mg/kg for intubation
Supplementary dose 0.15mg/kg

Duration 20—40 minutes

Actions As for vecuronium

DUAL BLOCK (OR A BI-PHASIC BLOCK)

This occasionally follows a repeated dose of suxamethonium. A single dose
causes a pure depolarising block. This is termed a phase I block.

A repeated dose causes the same drug to act differently and occasionally
produce a non-depolarising block.

MIXED BLOCK

This may follow the simultaneous injection of depolariser and non-
depolariser. The receptors may manifest both types of blocks at the same
time.

It is good to be aware of dual and mixed blocks. However, they are rare.

The important point is to ventilate these patients until they start
breathing spontaneously again.
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PRACTICAL POINTS FOR USING RELAXANTS

174

Never use a relaxant unless all the equipment for ventilation and
intubation is available and checked.

Never use a relaxant unless you are sure you can ventilate the
patient.

All the inhalational agents commonly used potentiate the non-
depolarisers, therefore the dose of relaxant (non depolarising) can
be reduced when used with ether, halothane, etc.

If the patient is hypotensive, pancuronium bromide is a good agent
to use.

Don’t use gallamine in obstetric patients.

Don’t use gallamine in renal disease.

Many of the non-depolariser relaxants can release histamine.

All the non-depolarising relaxants must be reversed with
neostigmine.

A minimum of 20 minutes must elapse between the last dose of
relaxant and reversal of the relaxant.

Always note on the chart the time the relaxant drugs are given.
The effects of tubocurarine, gallamine, pancuronium and
alcuronium chloride are additive, so if one non-depolariser relaxant
is replaced by another, make sure the previous drug has started to
wear off.

Depolarisers, e.g. suxamethonium, must not be used after non-
depolarisers. Larger doses of depolarisers than is normally
necessary may be required and reversal may not be easy. A mixed
block may result.

When non-depolarisers are given after depolarisers, make sure the
depolariser has commenced to wear off before you administer the
non-depolariser.

Certain groups of patients are very sensitive to non-depolarisers,
e.g. neonates and myasthenics.



REVERSAL OF NON-DEPOLARISERS
Anticholinesterases

NEOSTIGMINE

This prevents the normal hydrolysis of acetylcholine by the cholinesterases.
Therefore there is a build-up of acetylcholine. This antagonises and
therefore reverses the effect of the non-depolariser.

If acetylcholine is built up in very large quantities it could result in a
depolarising block. Hence neostigmine methyl sulphate (also called
Prostigmine), if given in too large a dose, could itself result in a neuro-
muscular block of the depolarising kind.

Dose 2.5mg along with atropine 1.2mg or glycopyrrolate 500 micrograms.
Maximum dose Smg

Neostigmine can also result in
e Bradycardia

e  Bronchoconstriction

e Increase in secretions

These are counteracted by combining the neostigmine with atropine which
antagonises the unwanted effects of acetylcholine.

Neostigmine 2.5 mg is used with atropine 1.2 mg or glycopyrrolate
500 micrograms for reversal (adult dose).

There has to be some return of neuromuscular function before patients can
be reversed with neostigmine and atropine. This is possible 20 minutes
(roughly) after a standard induction dose of vecuronium, atracurium and
rocuronium and 20-30 minutes for pancuronium.

The degree of muscle relaxation can be monitored with a nerve stimulator if
available. (For more detailed information on this see Chapter 50). There
needs to be at least one twitch in a train of four stimulus before the patient
can be reversed with neostigmine and atropine.

Measures taken to prevent cardiac arrhythmias with neostigmine
Use atropine or glycopyrrolate (referred to above)

Avoid hypoxia

Avoid hypercarbia

Inject the dose slowly

Give small increments of neostigmine and don't exceed 5 mg.
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USES OF RELAXANTS
e Intubation
e  Abdominal relaxation
e [PPV: Chest surgery
Neuro—surgery
Long operations
Very ill patients
Electro-convulsive therapy and cardioversion
Treatment of laryngeal spasm (Suxamethonium)
For use with patients on ventilators

It is important that a patient on a ventilator be managed with sedation only.
If this fails and reliable staff are available to observe the patient while on
the ventilator, then and only then should a relaxant be used.

INCOMPLETE REVERSAL OF THE RELAXANT

The anaesthetist must never leave patients unattended until they are able to
breathe deeply and regularly and muscle power has completely returned.

Signs of incomplete reversal

Respiratory movements of chest are shallow and spasmodic
Stridor

Jerky 'wriggling' movements of arms and legs

Tracheal tug

Inability to lift the head off the pillow

Inability to keep eyes open

Inability to cough

A nerve stimulator if available may be used, so that evidence of a persistent
non-depolarising block may be detected. (See Chapter 50 or more advanced
textbooks of anaesthetics).

Treatment of incomplete reversal

e  Leave the ET tube in place.

e  Ventilate the patient. Keep the patient well oxygenated. Wash out any
anaesthetic vapours that may have been previously administered but
keep the patient asleep to avoid him becoming distressed by the
presence of the tube and the muscle weakness (see page 178).
Carefully monitor the pulse and blood pressure.

Correct acidosis, electrolyte imbalance, hypothermia and
hypovolaemia.

e A maximum dose of neostigmine 5.0 mg may be given.
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PROLONGED APNOEA AT THE END OF SURGERY

Causes

e  Central depression of respiratory centre
Respiration is slow, there is no tracheal tug and no pause after
inspiration.
—  Premedication
—  Thiopentone
—  Halothane, ether or other inhalational anaesthetic
— Analgesic agents e.g. pethidine, fentanyl

e Relaxant (Peripheral NM Block)
The rate is normal but breathing is jerky and there is a pause after
inspiration and expiration. A tracheal tug is present.

Following non-depolarisers possible causes are:
—  Early reversal within 20 minutes of the last dose
—  Overdose
—  Electrolyte imbalance
—  Acidosis
— Antibiotics e.g. neomycin, gentamicin
—  Myasthenia gravis
—  Hypothermia

Following depolarisers possible causes are:
—  Low serum cholinesterase
—  Abnormal serum cholinesterase
—  Absent serum cholinesterase
—  Electrolyte imbalance
—  Dual block

e  Hypocarbia
Over ventilation during the operation causes hypocarbia. The normal
stimulus to the respiratory centre is now absent. (The PaCO, level in
arterial blood is about 40 mmHg.).

e  Hypercapnia
The high Pa CO, depresses the respiratory centre.

e  Metabolic Acidosis
e  Very serious illness or frailty
e Reflex laryngeal apnoea (breath holding)
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MANAGEMENT OF A PATIENT WITH POST OPERATIVE

APNOEA

Ventilate the patient with 35 percent oxygen and a low concentration of
volatile agent. This keeps the patient asleep. Alternatively, sedate the
patient with intravenous diazepam or small doses of ketamine. If patients
are paralysed and ventilated with pure oxygen there is a chance that they
will wake up and this can be very frightening to them.

Do not over or under ventilate the patient.

Support the patient's circulation (i.e. make sure the pulse and blood
pressure are within normal limits).

Use a nerve stimulator if available, to find out whether the depression is
central or peripheral and to find out whether the block is a non-
depolarising or a depolarising type.

Correct the above-mentioned abnormalities.

Non-depolarising block will require atropine and neostigmine if not
already given or may require a small additional dose.

Depolarising block can be treated with fresh blood or plasma if available.

IT IS VERY IMPORTANT TO MAINTAIN THE PATIENT’S

VENTILATION AND OXYGENATION UNTIL THE PROBLEM HAS

BEEN RESOLVED

THIS MAY TAKE SEVERAL HOURS AND SUPPORT MUST BE
CONTINUED UNTIL THE PATIENT CAN MAINTAIN ADEQUATE

VENTILATION WITHOUT EFFORT
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Outline:

CHAPTER 13

LOW COST EQUIPMENT

The EMO vaporiser

The Oxford inflating bellows

The Ruben valve, Ambu E valve, paedivalve
The Oxford miniature vaporiser

Oxygen concentrator

Ventilators:

Manley multivent
Glostavent
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THE EPSTEIN MACKINTOSH OXFORD (EMO) VAPORISER

GENERAL DESCRIPTION

The EMO vaporiser is a calibrated, draw-over vaporiser which will
accurately deliver a pre-set concentration of ether in room air. Additional
oxygen can be added if required. The easiest way to describe the EMO
vaporiser is to consider it in three sections.

EMO Vaporiser

1) Inlet port 2) Outlet port 3) Concentration Control 4) Water Jacket
5) Thermocompensator Valve 6) Vaporising Chamber 7) Filling Port for
Water 8) Filling Port for Anaesthetic 9) Anaesthetic Level Indicator

Fig 13.1 The EMO Vaporiser and cross section

The lower section consists of an ether vaporising chamber surrounded both
inside and outside by a water chamber which acts as a buffer against
changes in temperature of the surrounding air. A tap at the bottom of the
water reservoir is used for filling or draining the chamber. At the entrance to
the ether chamber there is a special closing device. This closes the chamber
when the indicator is in the fransit position. Also incorporated in the closing
device is an air inlet relief valve which enables air to enter the inhaler if the
main inlet becomes blocked.

The outlet of the ether vaporising chamber is controlled by a thermo-
compensating valve. This regulates the volume of ether vapour leaving the
vaporising chamber and ensures that the concentration of ether reaching the
patient is constant, independent of the temperature of the liquid ether.
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To summarise, the lower part of the vaporiser consists of the following:

e  An ether vaporising chamber.

e A water jacket both inside and outside the ether vaporiser.

e At the entrance to the ether vaporiser an inlet closing device.

e At the exit from the ether vaporising chamber a thermo—compensating
valve.

The middle section of the EMO consists of a central chamber just above the

water compartment already described. This has two entry ports.

e  One entry port (a) conducts the gases which have bypassed the ether
vaporising chamber.

e  The second entry port (b) conducts gases which have passed through
the ether vaporiser and picked up ether vapour.

These gases then mix and leave the central chamber through the main outlet
of the EMO.

In the transit position the entry port (b) is completely closed and (a) is
completely open. As the concentration of ether is increased, then (b)
progressively opens and (a) progressively closes. Thus more and more of the
gas passing through the EMO machine is made to pass through the ether
vaporising chamber so with each movement of the indicator more ether
vapour is delivered to the patient.

The upper section of the EMO consists of a scale and a concentration
pointer. Concentration shown by the indicator is kept constant because of
the action of the thermocompensator and to a lesser extent the action of the
water jacket.

The concentration is kept constant for a range of respiratory frequencies and
tidal volumes. This is achieved by the design of the apparatus: the volume of
the chambers and the flow directed by the bell mouthed and other orifices.
The chambers are large and have a minimal resistance.

The ether level indicator at the left front consists of a float riding on the
liquid ether inside the vaporising chamber and indicates the degree of filling
of the ether chambers. The ether filler and the temperature compensator are
also in the upper section of the vaporiser.
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FEATURES OF THE EMO

e  The concentration delivered by the EMO is constant over the 15-30°C
temperature range despite the temperature of the liquid ether. This is
achieved by an efficient thermocompensator. The active element is a
sealed capsule containing ether. As the temperature of the ether falls,
more air passes through the ether chamber.

It also adjusts to changes in barometric pressure.

20 %
thermocompensator works
>
10 %
thermocompensator
Ether not working
Vol %
| | |
10 mins 30 mins
Time

Fig 13.2 Shows the effect of immobilising the thermocompensator

e  The concentration of ether is constant at different minute volumes
in draw-over mode as shown below in Fig 13.3

20 %
//’,
7,
s’
10 %
Ether / b "
vol % 7 M.V.=3.5Vmin ---—-
2 M.V. = 8.5 /min
L 1
10 % - '%

182

Control conc. setting



Introduction of oxygen to the EMO circuit via a T-Piece

T-piece

connector ? %m

Fig 13.4 Introduction of Oxygen to the EMO with a T—piece

Oxygen

added in
Inspired litres/min
Oyxgen 5 litres/min
Conc. %

3 litres/min \

1 litre/min

I'10 120
Minute volume in litres
Fig 13.5 The concentration of inspired oxygen
The concentration will depend on:
—  The oxygen added to the system.
—  The patient's minute volume.

—  The volume of the reservoir tubing. One metre (450ml) is the
ideal length, delivering 30-40% FiO, with 1L/min O, flow.
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INSTRUCTIONS FOR USING THE EMO

Check the water compartment

Mark 1 every three months (serial numbers 1 — 2859)
Marks I1 -V every year

When filling the water compartment:

e Move the control lever to the transit position.

e Turn the EMO upside down and unscrew the water filler plug.
e  Pour in 1200 ml of water at room temperature.

Fill with Ether

e  Turn the control to zero (rather than to the transit position), so that the
air can escape.

e  To fill the vaporiser on a Mark I model, lift out the filler and rotate it.
For Mark II-V models press the filler down.

e 150 ml will soak the wicks. A further 300 ml are needed to fill the
chamber. Do not overfill.

Check the temperature compensator indicator

This consists of a rod, a black band and a red band surmounted by a cap.

e  If'the black band shows it means that the EMO is at the correct
operating temperature.

e  If'the red band shows it means that the apparatus is too hot. This may
happen if room temperature is above 32° C. It may be cooled by filling
the water compartment with water below room temperature or by
forcing the ether to evaporate.

e  Ifthe black band is not visible then the apparatus is too cold. Putitin a
warm room for some time or refill the water jacket with water at 25°C.

OTHER EQUIPMENT USED WITH THE EMO
THE OXFORD INFLATING BELLOWS (OIB)

This consists of two main components:
e  Spring loaded bellows.
e  Two one-way flap valves.

A tap at the base of the bellows enables oxygen to be added. (This is used
only during resuscitation).

A magnet is used to immobilise the distal flap valve when a non-rebreathing
valve, e.g. a Ruben or Ambu E valve is used.
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Magnet used to

immobilise distal flap = —T .\
valve when used with
non-rebreathing valve

C D)

Fig 13.6 Oxford inflating bellows with magnet in position

THE RUBEN VALVE

This is a non-rebreathing valve, which means that the patient inspires only
from the inhaler and expires into the atmosphere. This is brought about by
the to-and-fro movement of the bobbin.

These valves can stick. Always have a spare valve available. The valves are
sterilised by chemical means: 5% chlorhexidine (Hibitane) for 5 minutes.

It is important to ensure the valve is dry before use.

RUBEN

Fig 13.7 Ruben Valve
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THE AMBU ANAESTHETIC VALVE

The Ambu E valve with 2 flaps is a non-rebreathing valve. This means that
the expired carbon dioxide is not rebreathed. It can be used for both
spontaneous and controlled ventilation. The Ambu valve is like the Ruben
valve except that the bobbin is replaced by 2 yellow silicone rubber flaps.
The valve can be dismantled easily for cleaning and sterilisation.

The Ambu E valve comes in 2 models: the anaesthetic model (2 flaps ) for
both spontaneous and controlled ventilation and the resuscitation model
used for IPPV. This has only 1 flap, is not a non-rebreathing valve and is

not suitable for anaesthetic use.
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Fig 13.8 Ambu Anaesthetic Valve

Paedivalve

This is the paediatric version of the Ambu E valve which can be used for
children under 15 kg. It can be used for spontaneous and controlled
ventilation.

SETTING UP THE APPARATUS:

Apparatus here means the EMO, the OMV, the OIB and a non-rebreathing
valve.

It is possible to combine the vaporisers, bellows, valves and other
components in a variety of ways.

Principles

e If more than one vaporiser is to be incorporated in the circuit then the
more volatile agents must be placed further from the patient. If this is
not done, the less volatile agent will condense as the vapour passes
through the second vaporiser. The EMO must therefore always be
placed further from the patient than the OMV.
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e  Position the bellows (or the inflating bag) between the vaporiser and
the patient.

e Introduce the oxygen at the vaporiser inlet via a T piece and 1 metre
reservoir tube (i.e. further from the patient).

e  When you are using a non-rebreathing (inflating) valve such as the
Ruben valve, always use the horseshoe magnet with the OIB. It must be
used to immobilise the valve closer to the patient.

e  Before using the set-up, always check that the flow of air is in the right
direction i.e. towards the patient.

The difficulty of monitoring respiration in spontaneously breathing patients
can be overcome by a simple and inexpensive method. Attach a rubber
glove to the expiratory limb of the uni-directional (non-rebreathing) valve
and cut a small hole in one finger to allow the expired gases to escape. This
can then be attached to the scavenging system if desired. Respiratory
excursion can be monitored by observing the movements of a piece of
cotton attached to the end of the reservoir tube, observing movements of the
uni-directional valve and listening to the chest with a stethoscope.

Fig 13.9 Methods of monitoring spontaneous respiration
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