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AUTHOR’S PREFACE

essentially a practical rather than a scientific branch of the
specialty, and one in which proficiency is difficult to achieve
without constant practice.

The practical nstruction which is available for the teaching of
dental anaesthesia to medical and dental students during their under-
graduate training 1s often limited by the small number of patients
attending hospital climes, yet dental anaesthetics are unique in being
given almost exclusively and in very large numbers by non-specialists,
both doctors and dentists.

Thus book aims at emphasising the attention to detailed and
practical points which 1s essential for success, and which, if ignored,
can lead to repeated difficulties. It is written primanly for students
and general practitioners of both medicine and dentistry, and also for
the traince specialist anaesthetist whose opportunities to gain experi-
ence are again often himited The techmques described are well tried

and standard, but new drugs and methods have been included where
applicable.

TNE administration of Nitrous Oxide for dental anaesthesia is

At the present ume the evils of oxygen lack are becoming more
widely recognised, and the techniques of dental anaesthesia are being
generally re-examined wath this in view. In descnbing the classical
methods the book emphasises the dangers of anoua in the unfit
panent and alternatn e techmiques are suggested.

For those interested in reading further some relevant references are
included at the ends of the chapters, but this 1s not intended to be a
complete bibliography. The opeming chapters include a short
résumé of the physiolomcal and pharmacological basts of the subject.
Local analgesia 1s not included, since 1t 1s taught to the dental student

by his surgical tutors and rarely comes within the province of the
doctor.
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Foreword by

G. EDWARDS, F.F.AR.CS. .
Senior Consultant Anaesthetist, St. George’s Hospital

resulting from the administration of anaesthetics for dental
surgery is now under active consideration by a special com-
mittee set up by the Association of Anaesthetists. The related subject
of the teaching of dental anaesthetics is also under review. Dr.
Walsh’s new book appears, therefore, at an appropriate moment.
Just as no man learns to swim by taking a correspondence course,
so competence in the giving of dental gas cannot be attained by
reading in a library. Nevertheless, there is much that can be usefully
written on the matter and much help can be gained from its perusal,
(a) when one is truly a beginner, (b) at that mid-period when one has
learnt cnough to realise how little one knows, and (¢) in that
dangerous period which lasts all his active life, when familiar routine
tends to dull the edge of unremitting care.
In so far as the essential details of what is primarily a practical
art can be conveyed in print it seems that Dr. Walsh has covered the
ground. It is to be hoped that the value of his book to its reader will

be commensurate with the effort and care that have gone into its
production.

Tm: very important question of the mortality and morbidity



vui Author’s Preface

1 am grateful to the anaesthetists of St. George’s Hospital and the
Royal Dental Hospital, from whom much of the technique has
been learned, and I wish to express my thanks to Dr. R, P. W.
Shackleton for his helpful criticism and advice in the preparation
of the manuscript.

R.S. WALSH
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CHAPTER ONE

Introduction and Physiology

pted and indispensable accompani to dental surgery,
particularly for the extraction of tecth. From the earliest days
dentists have sought a safe and convenient general anaesthetic to
help them and their patients, and the early history and progress of
anaesthesia owe much to the dental profession. Wells and Morton
of the U.S.A. were pioneers 1 this respect at the middle of last
century, while the first recorded ether anaesthetic in this country was
for the extraction of tecth.

Nitrous oxide attracted the attention of dentists and their anaesthe-
tists very early on, and though it temporarily lost ground to ether
and to chloroform 1t returned to favour with the invention of suitable
apparatus for administering the gas and the development of reliable
supplies. With standardised equipment and easily available cylinders
nitrous oxide anaesthesia has achieved a pre-eminent position which
has withstood the test of time and which still has no serious rival,
notwithstanding the introduction of new drugs and techniques.

The advantages of nitrous oxide lie in its relatve safety, its
pleasantness to inhale, and the rapidity of induction and recovery,
allied with the almost complete absence of after-effects. Like all
anaesthetics 1t 1s no safer than the skill of the administrator permits,
and the competence of the anaesthetist remains much more important
than the precise pharmacology of the drugs he uses.

Anaesthesta 1nvolves the abolition of consciousness, the oblitera-
tion of many of the protective reflexes which guard the waking patient
from common physiological hazards, and his temporary intoxication
to a state not far from death. It 1s important accordingly not to
embark upon anaesthesia lightly or without clinical justification.

An anaesthetist must be able to recognise the signs of anaesthesia
anld to adjust from moment to moment the depth of the anaesthetic,

IN this country and the U.S.A. general anaesthesia has become an
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and most important he must take over the responsibility for the
physiological well-being of the patient whose own protective reflexes
he has obtunded.

A basic knowledge of the principles of physiology, particularly of
the respiratory and cardiovascular systems is necessary to understand
the mechanisms involved in anaesthesia and the disturbances which
it may cause.

Respiration

The main muscles of respiration are the intercostals and the
diaphragm, whose actions combine to make inspiration the active
phase of breathing, and expiration a passive act eflected by the
elastic recoil of the tissues. The anatomical arrangement of the inter-
costals makes it difficult to evaluate the precise actions of any particu-
lar group, but they cause the tharacic cage to be raised, pivoting the
ribs about the costo-vertebral joints and increasing both the antero-
posterior and side-to-side diameters of the chest.

The diaphragm has a dual action. When it contracts the dome is
towered and the depth of the thorax s increased, and at the same
time the lower ribs are raised and intercostal breathing is assisted.

‘When greater respiratory movements are required than can be
gven by this b the fes of respiration are
called into play. These mclude the pretracheal muscles and the
sternomastords, which help to raise the thoracic cage; the pectorales
and latissimi dorst, which help the rib movements when the arms
are fixed by the subject holding on to some object; the muscles of the
abdominal wall, which force up the diaphragm in expiration; and
the pharyngeal muscles and those of the external nares, which widen
the airway.

Contro} of Respiration

The respiratory movements are controlled by the respiratory
centres of the bramnstem, which order the phasing of the respiratory
cycle and determine the depth and frequency of breathing. The
normal chemical stimulus to breathe is the accumulation of carbon
dioxide 1n the blood, and the respiratory mechanism keeps the
arterial pCO, very constant in the healthy body at 40 mm. Hg.
A tise in the pCO, directly stimulates the respiratory centres and
increases the depth and frequency of breathing. This washes out the
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excess CO, from the lungs and so from the blood. A fall in pH, or
a rise in temperature has the same effect.

Nervous Control

The respiratory centres are influenced by numerous stimuli coming
from many parts of the body. Among the more important are those
arising from the pulmonary stretch receptors. Inspiratory distension
of the [ungs stimulates these receptors in the lung parenchyma, and
they discharge nervous impulses along the vagi. These impulses
inhibit the respiratory centres so that inspiration is stopped and
expiration is allowed to take place.

Reflexces from the chemoreceptors

The carotid and aortic bodies, which are groups of chemoreceptor
cells arranged near the bifurcations of the carotid arteries and also
near the arch of the aorta, are sensitive to a reduction of blood
oxygen tension (and to a lesser extent to a rise in CO,). If the O, falls,
the respiratory centres are reflexly stimulated via the nerve to the
carotid sinus and the vagus. Any but the slightest hypoxia is a
depressant to the centres themselves and makes them incapable of
responding to the reflex stimuli arising in the carotid area. Severe
hypoxia is thus a respiratory depressant.

The respiration 1s also increased by a fall in blood pressure, such
as occurs in haemorrhage when the patient suffers from “air-
hunger. This is a carotid sinus reflex.

Other significant reflexes arising in the respiratory tract include
those involved in the complex acts of coughing and sneezing, which
can be stimulated by foreign bodies in the air passages.

Many other stimuli may modify the action of the respiratory
centres, including those ansingin the joints, in the special sense organs
andin the tugher centres, which give some degree of voluntary control
of the breathing.

AThe subjective sensations of a desire to breathe have two sources.
Firstthe responses from the stretch receptors in the lungs, and secondly
the blood O, and CO, tensions. To avoid a feeling of suffocation
rhythmic stimulation of these receptors by respiration is necessary,
and the unpleasant sensations caused by breath holding are partly
fhe result of the absence of such stimulation. As long as respiration
1s unimpeded there 15 no sense of suffocation despite gross alteration
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of the blood gas tensions. That there is also some correlation be-
tween comfort and blood carbon dioxide 1s shown by the ability to
hold the breath for longer than usual if the subject first overbreathes
to wash out some CO, from his blood.

The above data has application in dental anaesthesia, since induc-
tion with nitrous oxide usually involves some hypoxia. This does
not give rise to feelings of suffocation as long as there is no respiratory
obstruction, although the subject becomes aware of the increased
excursion of his breathing.

Respiratory exchange

At rest the average adult breathes about 16 times per minute,
moving 400-500 ml air at each breath. This is called the “tidal
air”. About 150 ml. of the tidal air occupies the “dead space”,
that is the air in the mouth, trachea, and bronchi which does not
take part wn the gaseous exchange. The dead space is clnically
important, and 1s responstble inter ala for the inefficiency of shallow
breathing.

In normal breathing, using the above figures, the dead space
occupies one-third of the trdal air. Ifthe rate of respiration 1s doubled,
and the tidal air halved, three-fifths of the tidal arr is dead space, so
the effective respiratory exchange is reduced from 300 to 100 ml. (at
double the rate), r.e. by one-third.

It 15 of paramount importance to keep the dead space as small as
posstble 1n anaesthetic equipment. If a face mask adds, say, 150 ml.
to the dead space, this will then total 300 ml., a large proportion of
the tidal air, which will 1tself need to be increased by deeper respira-
tion to keep the alveolar gases at their normal levels. This 1s particu-
larly important in children whose tidal air may be so small that an
apparently innocuous increase 1n dead space can swamp it completely.
The effecttve dead space 1n open circurt anaesthetic equipment 1s the
volume of gas passages between the nose (or face) and the expiratory
valve. For this reason the expiratory valve 1s always placed as close
as practicable to the patient. Fortunately dental nasal masks are
easy to design with a small dead space, and it will be noted that the
expiratory valve 1s invariably mounted on the mask 1tself
Alveolar Air

The normal composition of the gas mixture in the alveoli, known
as the “alveolar air”, 151 O, 142, CO, 5:5%, N, 80-5%. This 1s
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saturated with water vapour, and the partial pressures concerned are
(at NT.R):
Water vapour 45mm. Hg  Carbon dioxide 40 mm. Hg
Oxygen 100 mm. Hg Nitrogen 575 mm. Hg

(The partial pressure of one component of a gas mixture in a closed
container is the pressure which that gas would exert if it alone filled
the container.)

The gases involved in respiration pass between the blood and the
alveoli and vice versa across the alveolar membrane, which is the
thin (about 1) barrier separating them. This has a very large potential
functional area, of the order of 100 sq. metres, though not all the
alveoll or capillaries are open at any one time. The alveolar mem-
brane should be regarded more as a film of water than as a dry
seripermeable membrane, and gases diffuse across 1t at a rate pro-
portional to the gradient of partial pressure for that gas across the
two sides of the membrane. Individual gases diffuse at different
speeds for a given pressure gradient depending partly on their solu-
bilities in water and partly on their molecular weights. Carbon
dioxide, which is very soluble in water, diffuses readily across the
membrane.

Pressure gradients

With the body at rest blood arrives at the alveoh with a
pCO, of 46 mm Hg. By the time it has traversed the pulmonary
capillaries it is 1n equilibrium with the alveolar CO,, i.e. 40 mm. Hg,
showing that a pressure gradient of 6 mm. Hg is sufficient to produce
the necessary diffusion across the alveolar membrane. In contrast
the pO; of pulmonary artery blood (at rest) is 40 mm. Hg. During its
passage through the lungs there is a pressure gradient of 60 mm. Hg
between the alveoli and blood, but this is insufficient to produce
equilibrium, and the blood leaves with a pO, of only 90 mm. Hg.
The partial pressure gradient of the O, 15 10 times that of the CO,,
but this 1s more than compensated by the greater solubility of carbon
dioxide. Nitrous oxide, with which dental anaesthetists are concerned,
has a solubility comparable to carbon dioxide.

Oxygen Transport
Oxygenis carried by the blood both 1n direct solution 1n the plasma
(0-3 m1./100 ml. blood) and 1n combination with haemoglobin. This
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1s a loose chemical combination, and oxyhaemoglobin is formed.
The dissociation curve of oxyhaemoglobin is such that it is 9757
saturated at the arterial pO, of 90 mm. Hg. Provided the patient’s
haemoglobin is 10034 (15 grammes/100 ml. blood) the haemoglobin
carries about 19 ml, of oxygen per 100 mi. blood.

I
urgoiBousaes

3

C 10 20 30 40 0 & 70 80 % 00
Partial guressure of Oyinmm Hg

Fi6 1 A graph releting bin oeygen to the
partiaf pressure of oxygen in contact thh whole biood. The curve becomes steep
at about 40 mm Hg.~that of venous bicod. Apy further reduction in tension
relenses large yolumes of oxygen to the tissnes {Afier Halhburton)

At rest the oxygen demands of the tissues abstract 5 ml, of oxygen
per 100 ml blood, leaving 1t 70% saturated with oxygen. This
saturation lies on a steep part of the curve of dissociation of oxy-
haemoglobin, so any further reduction of pQ, at the tissues liberates
relatively large quantities of oxygen from the blood. Dissociation of
oxyhaemoglobin at the tissues 15 further helped by the higher pCO,
at this site, which reduces the power of haemoglobin to retain oxygen
in combination and so makes further volumes of oxygen available.
This process 1§ reversed at the fungs where the pCQ, is Jower.

The prolonged inhalation of pure oxygen washes out nitrogen from
the tungs and raises the alveolar oxygentension to nearly 700 mm. Hg.
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This will increase the oxygen carried by 2 ml./100 ml. blood—a rise of
10% above normal. This is made up of 1-5 ml. extra in simple solu-
tion in the plasma, and 0+5 m!. due to a rise in saturation of haemo-
globin from 97-5% to 100%. This extra oxygen represents two-fifths
of the resting demands of the tissues.

Cyanosis

Cyanosis is 2 colour change of the blood from bright red to dusky
blue, which is visible in the skin and mucous membranes. Cyanosis
appears when 5 grammes of reduced haemoglobin are present in
100 ml. of blood. This is NOT a percentage reduction of the blood,
but an absolute figure, and the importance of the distinction is seen
if the anaemic patient is considered. With a haemoglobin of 505/,—
not very unc —and repri ing 7-5 grammes/100 ml, cya-
nosis will not appear until two-thirds of the haemoglobin is reduced.
In the more extreme case with haemoglabin of 33%; (5 grammes/
100 ml.) there will be no cyanosis until all is reduced, a state incom-
patible with life. Hence if cyanosis is relied on in these cases as a
guide to oxygenation, the anaesthetist can be seriously misled.

Under certain circumstances a locally poor circulation can cause
stagnation of venous blood in the skin and the appearance of per-
pheral cyanosis, despite full oxygenation of arterial blood, but 1n
outpatient anaesthesia it can be taken for practical purposes that the
colour of the blood in the skin reflects that of the arterial blood.

Nitrous Oxide

One reason for the use of inhalation as a route for administering
anaesthetics 1s the ease with which the blood anaesthetic concentra-
tion can be controlled. Increasing the inhaled concentration of the
drug concerned will deepen anacsthesia, while removal of the mask
at once allows elimination to start through the lungs. This is in
contrast to the intravenous route where the injection to induce or
1o deepen anaesthesia is simple and rapid, but its withdrawal must
wait upon the excretion or metabolic degradation of the drug.
Recovery is therefore usually slower, and accidental overdosage
harder to treat than when inhalation anaesthetics have been used.

The speed of induction of anaesthesia with nitrous oxide depends
on the rate at which it is brought to the alveoli, and the speed at which
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it diffuses into the blood and is carried to the brain. As the gas1s
non-irritant 1t can be inhaled in high concentrations, up to 100%;, and
at once arrives at the alveoli. Irritant drugs such as ether cause
breath holding and limit the concentration in which they can be given,
and this slows induction.

Nitrous oxide 1s very soluble in water and in blood, so it diffuses
across the alveolar membrane and dissolves in the blood with great
ease, and the rate of induction is only limited by the cardiac output.
In short anaesthetics it is not necessary to equiltbrate all the blood or
all the body tissues to the inhaled concentrations of the gas. A large
part of the cardiac output is directed to the brain, where the anaes-
thetic 1s required to act, and the brain anaesthetic levels follow those
of the blood much more quickly than does the rest of the body. To
produce 90% equilibrium of the whole body to nitrous oxide
requires about 30 mmutes anaesthesia.

The presence of nitrous oxide 1n the blood has no influence on the
carriage of oxygen, but owing to the low potency of the gas it has to
be inhaled almost pure in outpatient anaesthetics, which means the
exclusion of oxygen from the lungs and incidental hypoxia from this.

It 15 useless to endeavour to increase the potency of the gas by
gving it under pressure, as is sometimes done. The normal atmo-
spheric pressure is 760 mm. Hg, and that in the lungs is identical to
this within a few mm. Hg even at the extremes of respiration If
nitrous oxide 15 grven at a posttive pressure of 20 mm. Hg, and more
than this 1s unlikely to be tolerated, the increase in pN,O of the blood
cannot be more than % % 100%, 1.e. 2'6%, and even this is unlikely
to be attained m practice. It 15 improbable that an increase of this
order would be detectable clinically, and the benefits which somettmes
accrue from giving the gas under pressure are the result of the
obliteration of inward air leaks and mouthbreathing of air by the
pressure of the gas n the nasal passages.

Actions of Nitrous Oxide

The precise mode of action of this, as of any anaesthetic, is
imperfectly understood, although many theories have been suggested.
It 15 soluble in the fat tissues which abound in the central nervous
system, and there 1s evidence to suggest that it acts at the cell mem-



Introduction and Physiology 9

brane, or on the mitochondria, possibly by interfering with some
phase of intracellular oxidation. This is a reversible and non-toxic
action.

Effects of Hypoxia

Hypoxia is most accurately classified by considering its actiology,
¢.g. histotoxic, anaemic, etc., but in outpatient anaesthesia we are
almost exclusively concerned with anoxic hypoxia—a reduction in
both the partial pressure and the content of oxygen in the arterial
blood. This is usually the result of breathing mtrous oxide in concen-
trations which exclude oxygen from the lungs and blood.

Hypoxia is always undesirable, but in outpatient work short
periods of moderate hypoxia are tolerated reasonably well in the fit
patient, and some hypoxia is incidental to almost every dental
“gas”. The physiological effects which it causes are important, and
are discussed in Chapter 8. Briefly they are an imual stimulation,
followed by depression of the central mervous system—which can
only too easily be permanently damaged—and a secretion of adrena-
lin, This causes a rse in pulse rate, in blood pressure, and in cardiac
output, as well as a rise in blood sugar. Further hypoxia depresses
the cardiovascular system, and causes the heart to stop. Unwise
hypoxia is the commonest cause of death under anaesthesia,
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CHAPTER TWO

Pharmacology

nitrous oxide, but he has occasion to use other drugs to supple-

ment this, and 2 knowledge of their man pharmacological
actions 1s necessary to be able to employ them safely and to their
best effect, The detarls of all their actions are not included, but only
those applicable to dental work.

THE dental anaesthetist 1s concerned almost exclustvely with

Nitrous Oxide

This1s a gas at N.T.P., but it iquefies under about 30 atmospheres
pressure at room temperature, and it is in this form, compressed in
steel cylinders, that 1t is dispensed To conform with international
standards they are coloured blue. The gas is stable in storage, and
will neither burn nor explode, though 1t will support combustion,
since 1t 1s exothermcally decomposed by moderate heat into oxygen
and nitrogen.

It is not altered in the body and is excreted entirely through the
lungs. Apart from producing unconsciousness and anaesthesia it 1s
remarkable m having practically no pharmacological actions on
any organ, and bemng nearly non-toxic. It 1s a weak anaesthetic,
and without supplementary drugs has to be inhaled in concentrations
of 50-80%; to cause unconsciousness, and 85-90% to give anaesthesia
as deep as the first plane of the third stage, depending on the length
of time for which it 1s inhaled.

In practice some degree of hypoxia has to be accepted, but it is
most important to be clear that 1t 1s a true anaesthetic in its own right
and does not rely on hypoxia for its effects. While trick anaesthetic
demonstrations can be given using nitrogen alone for the “anaes-
thetic”, and relying on the hypoxia to produce unconsciousness and
insensibility to pain, the results are very different from those given by
N,O. Any doubts about the anaesthetic potency of nitrous oxide
can be dispelled by the student inhaling a mixture of 809 N,O,
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and 203 O- for five or six breaths. This contains as much oxygen as
the air, yet will produce analgesia and disorientation, and a state
not far from anaesthesia, without hypoxia. A warning is necessary
against any such experimenting without another capable person being
present. Fatal accidents are recorded from time to time due to dis-
regard of this precaution and, in addition, addiction to nitrous oxide
is not unknown amongst anaesthetists and dentists to whom it
is readily available. Do not make a practice of inhaling the gas
unpecessarily.

In lower concentrations the gas produces analgesia, defined as a
foss of pain sensation without unconsciousness. Apart from this there
is no notable action on the central nervous system. The medullary
centres are not affected and vomiting is rare.

The gas has no action on the cardiovascular system, and the
cardiac output, the pulse rate and the blood pressure are unaltered.

The respiratory system is unaffected. The salivary and bronchial
secretion are not stimulated and the bronchial musculature is
unaffected.

There are no changes in blood chemistry, but marrow failure and
aplasnc 2naemia has been reported after several days’ continnous

inistration in the tr of tetanus. The gas is non-toxic to
Tiver or kidneys, and 1t does not give muscle relaxation.

Outpatient administration usually incurs some hypoxia, and the

changes this produces are detailed in Chapters I and 8.

Trichloroethylene

This 15 marketed 1n this country as the branded product “Trilene”,
which is coloured blue and has thymol added as a preservative. Its
smell is distinctive and not too unpleasant. Its volatility is too low
for an open mask to be used and a vaporiser is necessary. Its effective
concentrations for supplementing nitrous oxide lie between 0-2-2%/.
Induction and recovery are swift, the greater part being excreted via
the lungs, though some is detoxicated in the liver and excreted in the
urine. It 15 non-explosive in air or oxygen, but it may notbe usedina
arcuit with sodalime since ths d 1t into toxic substances.

In sub-anaesthetic concentrations 1t has useful analgesic
properties.

Blood pressure. pulse, and cardiac output are little altered, but
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nitrous oxide, but he has occasion to use other drugs to supple-

ment this, and a knowledge of their main phacmacological
actions is necessary to be able to employ them safely and to their
best effect. The details of all their actions are not included, but only
those applicable to dental work.

Tms dental anaesthetist is concerned almost exclusively with

Nitrous Oxide

Thisis a gas at N.T.P., but it liquefies under about 30 atmospheres
pressure at room temperature, and it 1s in this form, compressed in
steet cylinders, that 1t is dispensed. To conform with international
standards they are coloured blue The gas is stable in storage, and
will neither burn nor explode, though 1t will support combustion,
since it is exothermically decomposed by moderate heat into oxygen
and mitrogen.

1t 15 not altered in the body and is excreted entirely through the
lungs. Apart from producing unconsciousness and anaesthesia it is
remarkable in having practically no pharmacological actions on
any organ, and being nearly non-toxic. It is a weak anagsthetic,
and without supplementary drugs has to be inhaled in concentrations
of 50~80%; to cause unconsciousness, and 85-90% to give anacsthesia
as deep as the first plane of the third stage, depending on the length
of time for which it is inhaled.

1In pracuice some degree of hypoxia has to be accepted, but it is
most important to be clear that 1t is a trute anaesthetic in 1ts own right
and does not rely on hypoxia for 1ts effects. While trick anaesthetic
demonstrations can be given using nitrogen alone for the “anaes-
thetic™, and relying on the hypoxia to produce unconscrousness and
sensibility to pain, the results are very different from those given by
N,O. Any doubts about the anaesthetic potency of nitrous oxide
can be dispelled by the student inhaling a mixture of 8024 NO,
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pressure in glass tubes. It burns in air and is explosive. It is usually
dispensed with Eau de Cologne to disguise the smell, which in
anaesthetic concentrations is pungent. In dental surgery it can be
given by spraying on the open mask or on the pack.

The medullary centres are not affected until deep anaesthesia, but
the drug is very toxic to the heart. Respiration is initially stimulated,
and this adds to the cardiac dangers. There is little salivation.

Liver function is reduced more than by trichloroethylene, so the
drug should only be used for short procedures. Muscle relaxation is
poor.

This drug is widely used, but is none the less dangerous and primary
cardiac failure is an ever-present risk. A much safer drug is:

Yinyl Ether

A clear colourless volatile liquid with an unpleasant garlic-like
smell, which is explosive in air and oxygen over wide ranges of con-
centrations. Boiling point 20°C. It is supplied commercially as
“Vinesthene”, which contains alcohol to prevent freezing of water
vapour on an open mask, and phenyl-«-naphthylamune as a preserva-
tive. The drug decomposes relatively fast and opened ampoules
should be used within 48 hours, In dental anaesthesia 1t is given on
the open mask, in a closed inhaler such as the “Oxford”, or is added
to the gases from the machine by a drip feed such as “ Goldman’s™.

1t is effective in air in concentrations of about 4%, but lower if
added to nitrous oxide. The vasomotor and respiratory centres are
unaffected and vomiting is rare. It is not a cacdiac depressant and the
Ppulse rate, blood pressure, and cardiac output remain unaltered.

Respiratory exchange s increased in light anaesthesia. Secretions
are markedly stimulated and safivation is profuse.

Thus drug is toxic to the liver if administered for more than about
half an hour, or if inhaled for repeated anaesthetics, but no ill-effects
follow short admunistrations. Muscle relaxation is poor.

The drug can be used in all situations where ethyl chloride might
be given, with no disadvantages and much greater safety.

Cyclopropane

Tl?lS 1s not often used in dental anaesthesiz but has certain special
2pplications where 1t is of value. It is a gas at N.T.P. and is stored at
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overdosage causes exira-systoles and an irregular pulse, with rapd

shallow breathing. It must not be used with adrenaline, since these

two together may cause ventricular fibrillation and cardiac arrest.

The blood chemistry is not affected, but sensitive tests of liver func-

tion such as the thymol turbidity indicate a shight and transient

disturbance of function, which returns to normal within 24 hours.
The drug will not give muscle relaxation.

Halothane

Halothane is the official name for a recently developed fluorinated
hydrocarbon, and is marketed exclusively at present under the trade
name Fluothane. It is a clear colourless liqud with a pleasant smell
resembling apples, and is not inflammable in any mixture with
oxygen. It is usually admimistered in a similar way to trichloroethy-
lene described above, but its volatility is sufficient for it to be effective
on the open mask. 0-5%; 15 suffictent to supplement nitrous oxide,
but 2% in arr 1s required to produce anaesthesia.

Analgesia 1s not a marked feature with subanaesthetic concentra-
tions, but nausea and vomiting are rare. Recovery and induction are
rapid. Both the vasomotor and the respiratory centres are depressed,
and shallow and sometimes rapid breathing with a fall in blood
pressure are common. The pulse rate is slowed, and if more than the
smallest concentrations are used the previous administration of
atropine 1s essential,

It produces the sensitisation of the heart to adrenaline seen with all
halogenated hydrocarbons and these drugs cannot be used in combina-
tion. The fall 1n blood pressure 1s marked if competitive blocking
muscle relaxants are used (particularly d-tubocurarine). The bronchial
muscles are relaxed, and the drug 1s specially suitable for use in
bronchospastic states such as asthma

The changes in body chemstry are slight, and comparable to those
following trichloroethylene. Muscle relaxation 1s particularly good,
and dental operating conditions are very satisfactory. The drug’s
potency 1s comparable to that of chloroform, though 1t appears to be
without the latter’s disadvantages.

Ethyl Chloride

Thas 1s a volatile hquid whose boihng point is 12-5°C.,, i e. below
normal room temperature, so 1t is kept as a liquid under slight
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pressute fn glass tubes. It burns in air and is explosive. It is u§ual!y
dispensed with Eau de Cologne to disguise the smell, which in
anaesthetic concentrations is pungent. In dental surgery 1t can be
given by spraying on the open mask or on the pack. .

‘The medullary centres are not affected until deep anaesthesia, but
the drug is very toxic to the heart. Respiration is initially stimulated,
and this adds to the cardiac dangers. There 1s little salvation.

Liver function is reduced more than by trichloroethylene, so the
drug should only be used for short procedures. Muscle relaxation is
poor.

This drug is widely used, but 1s none the less dangerous and primary
cardiac failure is an ever-present risk. A much safer drug is:

Vinyl Ether

A clear colourless volatile liquid with an unpleasant garlic-like
smell, which is explosive in air and oxygen over wide ranges of con-
centrations. Boiling point 20°C. It is supplied commercially as
““Vinesthene™, which contains alcohol to prevent freezing of water
vapour on an open mask, and phenyl-a-naphthylamine as a preserva-
tive. The drug decomposes relatively fast and opened ampoules
should be used within 48 hours. In dental anaesthesia 1t 1s given on
the open mask, 1n a closed mhaler such as the “ Oxford”, or is added
to the gases from the machine by a drip feed such as *“Goldman’s”,

It is effective in air in concentrations of about 4%, but lower if
added to nitrous oxide. The vasomotor and respiratory centres are
unaffected and vomiting is rare. It is not a cardiac depressant and the
pulse rate, blood pressure, and cardiac output remain unaltered.

Respiratory exchange is increased in light anaesthesiz. Secretions
are markedly stimulated and salivation 1s profuse.

Thus drug is toxic to the liver if administered for more than abont
half an hour, or if inhaled for repeated anaesthetics, but no ill-effects
follow short administrations. Muscle relaxation 1s poor.

The drug can be used in all situations where ethyl chioride might
be given, with no disadvantages and much greater safety.

Cyc¢lopropane

This Is not often used in dental anaesthesia but has certain special
applications where it is of value. It 1s a gas at N.T.P. and 1s stored at
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about 75 Ib. per sq. inch at room temperature, It s relatively expen-
sive and therefore has to be given for reasons of economy in a closed
systern involving rebreathing. It is explosive over exceptionally wide
ranges of concentrations.

The drug has no toxic actions and hepatic and renal function ate
ummpaired. Muscle relaxation is adequate.

INTRAVENOUS AGENTS

‘Thiopentonc

This is marketed under a variety of trade names, of which **Pento-
thal™ has become almost a hovsehold word with the general public.
It is a thiobarbiturate designed for intravenous administration,
though it can also be gtven per rectum. Its intravenous action is
rapid, limited only by the circulation time, so it is used in dental
surgery as an induction agent preceding general anaesthesia both
for those who have a morbid fear of ““ gas™ and as a covenient supple-
mentary agent to give smooth anaesthesia in the resistant cases (see
Chapter 7). The drug 1s dispensed dry in ampoules in an atmosphere
of nitrogen, since 1t slowly decomposes i solution. It 1s supplied
commercially 1t 4 or 1 gramme doses with a suitable amount of
sterile water to make 213 or 59 solutions. The powder should
dissolve almost at once 10 give & clear yellow-green fluid, which is
alkaline and has a pH about 10. This 1s an isritant solution, and acci-
dental intra-arterial mngection must be avoided, for 1t causes intense
arterial spasm and gangrene,

The apparently evanescent action of all the ultrashort-acting
barbiturates is not due to detoxication, but to their jnitial direction
during induction to the brain, because of the Jatter’s relatively good
blood supply. This gives 2 rapid onset of anaesthesia. Recovery and
awakening result from redistribution of the drug from the bram to ail
the tissues of the body, particularly the fat, whose blood supply is
relatively poor. When equilibrium is reached (and the time taken for

this depends on the relative circnlations of the brain and the fat tissues)
the blood thiopentone level (ang hence that of the brain) is below that
needed for anaesthesia, and the patient awakes. Detoxication, which
takes place mawmly 1 the liver, is on the other hand a slow process,
taking about 4 hours for the average anacsthetic dose. Two important
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conclusions arise from this. Firstly, a very large dose will result in the
blood level being high enough to cause anaesthesia even after redistri-
bution has occurred, and i will be prolonged. Second-
ly, the patient will not have completely recovered and detoxicated
even a small dose for some hours after he has regained consciousness,
and some * hangover” effect is indecd found. Thiopentone and other
short acting barbiturates are not recoverable from the urine.

It is a hypnotic with rapid action, and except in large doses has
little analgesic action. Thiopentone is a potent anti-convulsant,
and it will control the convulsions caused by overdosage of local
anaesthetics. For this only small sub-anaesthetic doses of 50-100
milligrams are needed. It causes marked medullary depression.
Respiration b very shallow or may cease after a small dose and
the blood pressure falls. Vomiting is uncommon.

. It is a direct cardiac depressant, particularly in the old and unfit
in whom it is dangerous for this reason. The erect posture needs
special care because it accentuates the fall 1n blood pressure. The

pulse rate rises initially from the fall in blood pressure, and later
steadies.

Smooth muscle is stimulated, and laryngeal and bronchial spasm
are not uncommon. The drug is contra-indicated in the dental chair
n br?uchcspas!ic states. Secretions are not increased.

Thiopentone is non-toxic to parenchymatous organs, but since it 1s
desuoyed in the liver, care is needed in hepatic disease. Relaxation
of peripheral muscle is good, Its action in stimulating plain muscle

may cause reflux of stomach contents if this organ is not as e
T mpty as
it should be. 8 i

Buthalitone

ah'f:u; 1s chemically ve.ry similar to thiopentone, but has some
rations to the chemical grouping of the molecule. It 1s made
ii‘\;ulable 1,1'11der several trade names of which “Transithal” and
cv::l);tsccl;lt 1}:; tt\;/l? examples. It was thought that it was more
rapid, smkine o iopentone, anc.i that recovery was even more
o t’h o ogt o etter for outpatient use. Recent work has shown
tone ] e case, and t}?at 1t has no advantages over thiopen-

» and some disadvantages in that 1t is less easy to judge the dose,

and hiccoughs are common ise i
f m . Otherwise its is simi
' pharmacology is similar
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Pethidine

This is not often used in outpatient work, but nevertheless has
some place in supplementing nitrous oxide. It is a synthetic analgesic
and sedative which can be given by mouth, intramusculady, o
intravenously. The dose via the first two routes is 50-100 milligrams,
and intravenously is rather less—about 20 milligrams.

It produces analgesia with euphoria, and addiction is an ever-
present danger. The respiratory centre is depressed and so is the
vasomotor centre, il given intravenousfy. Nausea is not upcomman.

There is little direct action on the heart, and the pulse remains
unaffected. Bronchial muscle is relaxed by the drug and pethidine
ts a good agent in bronchospastic cases.

Jt15 almost non-toxic and is excreted in the urine. It has an atropine-
Irke action 1n relaxing smooth muscle, but there is no action on skele-
tal muscle. Pethidine releases histamine when given intravenously,
and thus will produce a flare around the vein, with fater phiebitis
and thrombosis unless 1t is dituted to a strength of not more thaa
10 mgm. per ml. It 15 subject to the Dangerous Drug regulations.

ORAL PREPARATIONS

Barbiturates

They are all denvatives of barbituric acid. They are not as
quick-acting as thiopentone and they are normally given by mouth,
though some are given per rectum ot by mjection. Some hundreds of
the compounds are known, and many are prepared for pharmacologi~
cal use They can best be classified according to their duration of
action, but for premedication for dental surgery only the shorter
acting Concern us.

Examples of longer acuing drugs are*

phenobarbitone  24-30 hours
barbitone 18-24 hours

Examples of shorter acting drugs are:

quinalbarbitone (seconal)
pentobarbitone (nembutal) » 2-6 hours,
sodium amytal

They produce sleep but no analgesia. The response to pain is un-
modified or 1t may be exaggerated because self>conirol is Jost. The
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respiration is depressed (but very little in normal doscs) and the
blood pressure is unaffected. Vomiting is rare.

Barbiturates are detoxicated in the liver but traces of the longer-
acting drugs may appear in the urinc. There are no toxic actions but
occasionally they produce a drug rash.

Summary

Innormal doses (for pentobarbitone, quinalbarbitone, and sodium
amytal, 14-3 grains) they have no significant pharmacological actions
apart from sedation, no contraindications and no ill-eflects.
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CHAPTER THREE

Apparatus

purposes from a machine of the intermittent-fow type. The
essential features of this class of apparatus ate that it s
capable of delivering a gas mixture of constant composition at 4
range of pressures from 0 to about 30 cm. water, and also can be
set, if required, to deliver the mixture only when there is a negative
pressure in the outflow pipe. The practical significance of this is that
the machine can be made to have the composition of the mixture
delimited by setting only one control, while a second control alters
the pressure at which the gas is delivered and in consequence the gas
flow, When the machine 15 set o require 2 negative pressure to deliver
the gases, or is artanged to give them at a small positive pressure it
becomes effectively an intermittent-flow device delivering gas only
duning inspiration, and shutting off the flow entirely during expira-
tion. This mechanism not only conserves the gases but alsa prevents
rebreathing when used 1 conjunction with 2 ional one-way
expiratory valve. In the design of intermittent-flow machines jt is
necessary to provide for very high peak rates of gas flow at the height
of inspiration. In the average adult this may attam 40 litres per minute
durmg a brief instant. In nitrous oxide anacsthesia the depth of
breathing is 1ncreased so this figure of 40 litres will be considerably
exceeded. Correspondingly high Sow rates are delivered when the
machine is run to give a contranous flow at positive pressure. One
machine (Walton Mk. 2} was found to give between 35 and 45 litres
per nunute under anaesthetic condittons when set to the halfway
pressure, and flows of up to 100 litres per minute are not unknown.
Clearly these machines can consume large quantities of gases if
ishandled, and it is experience that cylinders have to be
changed a great deal more frequently when using intermittent-flow
machines at positive pressure for dental anaesthesia, than when
using i flow hines in the operating theatre,

N 1rrROUS oxide and oxygen are usualy administered for dental
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Continuous-flow machines, of wiuch the Boyle is perhaps the best
known example, are not very suitable for dental chair anaesthesia
for the following reasons:

1. They must be used with a reservoir bag, in view of their limited
flow rates, and some degree of rebreathing is inescapable. This slows
induction, and means that the precise mixture being inhaled is not
known, lying somewhere between that delivered by the machine and
that of the expired gases.

2. Alteration of the mixture requires the adjustment separately of
the oxygen and the nitrous oxide valves, a difficult manceuvre during
dental anaesthesia, when the anaesthetist’s hands are often fully
occupied, and lacking the speed and convenience of the single lever
of the intermittent flow types. In dental anaesthesia the mixture
breathed by the patient must be critically and accurately adjusted
and requires several fine alterations during the anaesthetic, if possible
anticipating changes in the depth of anaesthesia. There is not the
time to make the necessary mental arithmetic involved 1n calculating
what changes are necessary, say, in a gas mixture of 10 litres nitrous
oxide and 1 litre of oxygen, to alter the mixture to contain say 7%
oxygen; whereas in an intermittent-flow machine the mixture is read
in percentage direct from a dial.

3. Continuous-flow machines are not designed for high flow rates,
or to provide positive pressures at the flow meter bobbins and it
becomes necessary for the patient to produce an appreciable negative
pressure to suck his inspired gases through the rather narrow tube
connectors to the nasal mask. This is uncomfortable and can give
Tise to a feeling of suffocation. If there are any places around the
mfzsk which are not air-tight, the suction will cause dilution of the
mixture from air leaks. The intermattent-flow machine has a sufficient
feserve .of pressure to overcome the resistance of the tubes during
Inspiration, and hence there 1s no feeling of resistance to inspiration
by the patient and there wiil be no air leaks. There is a considerable
pressure gradient from machine to patient when these narrow tubes
are Uﬁed which 15 umimportant when this gradient is overcome by the
?‘“h}ne, but is too great 1o be coped with by the patient unaided.

O;lf;:!?::ol::-;? why all tubing connected to Ehe low-pressure side
I this provise s w rflac}}nnes I}as to be of rc]atx‘vely large bore, and
Sucoesatulty 1 maintained nitrous oxu?c can indeed be given very
y from such a machine, which is the usual procedure using
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a face mask and wide-bore tube. The Goldman nasal mask has been
developed to ehiminate the narrow bere tubing of the standard mask,
and with this a continuous-flow machine can be used with more
SucCess.

There are several proprietary makes of intermittent-flow machines
which are all very suitable for dental work. Some of the better known
1 this country wclude the Waltan, McKesson, and Jectaflow, and
all work on the same basic principles.

Nitrous oxide and oxygen are led from their respective cylinders
to a regulator vaive for each gas. Regulators are devices for producing
2 constant and relatively low pressure of gas in their outflow pipes,
arespeetive of the cylinder pressure or flow rates over wide ranges.
They work upon the principle of admuting gas from the cylmder mta
a small chamber, one side of which
1o a needle or similar type of valve, either du'ec!]y or vin @ series of
tevers. When the pressure 1 this chamber rises to a pre-determined
figure the valve cuts off the supply of gas, The outflow from the regu-
lator 1s taken from this chamber A powerful spring 1 incorporated
in the link between diapheagm and valve, both to enable the fow
pressure to be adjusted at will, and to hold st constant, otherwise it
would vary as a constant proporiion of the cylinder pressure which
would be deternuned by the mechanical advantage of the linkage,
daphragm and valve. This would be undesirable since the d
pressure would fall as the cyhnder became exhausted. When the
spring 15 added the dary pressure b a ion of its
force, rather than of the eylinder pressore

The outflow from the regulator valves s at about 5 Ib, per sq inch
m the Walton and other machines using Endurance or Reliance regu-
lators, and 15 hagher, about 60 Ib. per sq. ch, in the McKesson
machines. Normally the 1 are entirely ic and trouble
free 1o operatson, and are silent They can be adyusted, but this must
be left to the manufacturers, stace unskiled meddling can lead to
danger of fasdure from the high pressures i the cybnders, and an
1balance between nitrous oxide and oxygen will throw the machine’s
calibration out of balance.

The McKesson has pressure gauges connected to the fow-pressure
side of the regulators of bath gases. These are not calibrated in actual
pressures but show a normal range, with “Low" znd “High*.
As they are on the low-p side of the regul they do not
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give any indication of cylinder contents (until these contain only a
few breaths more gas) and are useful only as indicators that the regu-
lators are working properly and that the cylinders are turned on. The
Walton gauges are connected to the high-pressure side of the regulator
(except the nitrous oxide in the older machines), 1.c. they show
cylinder pressure which is a true measure of the cylinder contents
for the oxygen (which is in the gaseous phase in the cylinder).

Since nitrous oxide is stored as liquid in equilibrium with gas, the
pressure in N,O cylinders remains constant until all the liquid has
evaporated and only gas remains in the cylinder. With 200-gallon
cylinders sufficient remains to give one more anagsthetic after the
gauge starts to fall.

In some Walton models there are two oxygen and two mitrous
oxide cylinders. Since the gauge gives ample warning of running out
of the oxygen there is only one regulator valve for this gas, and care
must be taken not to turn on both cylinders at the same time, because
the purpose of having two cylinders is that one shall be in use and
one 1n reserve. If both are turned on at the same time, gas will flow
through their common connecting piping until the pressures in the
cylinders are equal. Thereafter gas will be drawn from both, and the
pressure in each will fall simultaneously until both are empty at once,
and there will be no reserve.

The position in these machunes is different with regard to the nitrous
oxide cylinders. There 15 no method (short of weighing) of ascertain-
Ing the contents remaiming 1n the cylinder, and accordingly each
cylinder has its own regulator, one labelled “running™ and the other
“reserve”. In use BOTH cylinders are turned on at once, but since
regulator valves are one-way devices no gas flows from one cylinder
to the other even if their pressures are unequal. The regulator
of the “running” cylinder 1s, however, set to deliver nitrous oxide
at a very shghtly higher pressure than the “reserve™ regulator.
Consequently as long as gas is delivered from the running cylinder
the pressure from 1ts regulator keeps the regulator of the reserve
cylinder closed, and gas 1s drawn only from the running side.
When this fails the secondary pressure drops below the cut-off
pressure of the reserve regulator, and this cylinder now takes over the
supply. This arrangement means that in effect the cybinders are used
consecutively and two cylinders’ supply will ensure that the nitrous
oxide does not fail during an anaesthetic. The running cylinder will
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become covered with frost, since it is cooled by taking up the latent
heat of evaporation of the liquid from the cylinder and surrounding
air, and so fong as the reserve cylinder remains at room temperature
it can be taken that it is not being used. When it too becomes coated
with ice 3t s fime to remove the running cylinder, which will be
empty, to change the reserve cylinder to the running yoke, and to
place an unused eyhinder in the reserve position,

In all maclunes the low pressure gases are led to a further regulator
device consisting usually of a rubber bag or a metal betlows. When
the pressure in the bag rises to about 40 mm. Hgits expansion moves
a lever which works a simple pinchcock and shuts off the suj?ply
from entering the bag. These rubber bags are mounted in the machines
close to one another and are mechanically inked by rods or a series
of levers so that the pressure so the two is identical. The precise
linkage varies in different machines. 5

The posttion now is that relatively large volunes of nitrous oqdc
and oxygen ateavaifable at pressures approaching those of thephysio-
Jogical range, and absolutely equal. From each bag a w'xd:_—bore
outlet runs via a non-return valve to a8 mixing chamber, The stze of
the respective orifices from the bags to the chamber is controlied by
a2 simple siot device. As the pressures are equal the adjustment
of relative sizes of orifices provides an accurate and constant method
of selecting the i delivered from the machil
and the muxing chamber slot s connected to a handle working over
a dial calibrated directly sn percent niteous oxide and oxygen.

The method of turning on the machine also varics, but the pfincip’e
is to overnide the mechamsm admitting gases to the bags, raising
the pressures thereim, and causing gases to flow to the mixing chamber
and on to the patient.

Some tachunes have an additional range to which the mixture
may be set, allowing nitrous oxide to be given with air jnstead of with
oxygen. This muxture 1s obtamned by passing the nitrous oxide through
a Venturi tube, and pernutting the entrainment of ajr. This mixture
has fittle application nowadays except for the production of analgesis,
and 18 often omutted from the more modern machines. The device is
not suitable for giving *“ gas and awr’”” anaesthesia, since this 1s best
done by lifting the mask from the patent’s face.

Some of the McKesson machines have a rebreathing attachment
n which rebreathing up to o pre-set and adjustable maximum volume
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is permitted, against the pressure of a firm spring. Whatever the
merits of this device it has no place in dental anaesthesia and should
belocked closed when the machine is used for this purpose.

Cylinders

The pressure in nitrous oxide and oxygen cylinders rises with in-
creasing temperature, so they should not be kept in a hot place
or near a fire, Previously it was necessary to keep nitrous oxide
cylinders warm because the gas contained water as an impurity
and this froze in the outlet valves, but the gas now is perfectly dry
and heating has not been necessary for many years.

When fitting a new cylinder to a machine the valve should be loos-
ened slightly before it is attached, to blow out dust from the nozzle.
If this is not done, the dust may eventually choke the fine orifices
in the regulators, and there is a risk of fire should the dust be inflam-
mable, since it will meet oxygen or nitrous oxide at high pressure,
and spontaneous combustion is possible in certain circumstances.

Be respectfully wary of the high cylinder pressures involved, and
take care when opening cylinders not to have the nozzle pointing
towards the body. A sudden rush of gas may escape from a defective
valve, and can disrupt a finger inadvertently held over the nozzle,

or cause eye or facial injuries at some distance from the site of
escape.

Other Apparatus

Beside the gas machine and cylinders, certain other apparatus is
required for the administration of dental anaesthetics.

1. Reservoir bag. This is not essential but is a convenient accessory
Wwlich is plugged into the machine’s outlet. It can be compressed by
hand during nspiration to increase inspiratory pressure in mouth-
breathers, and this manceuvre is also the only effective means of
gwing artificial respiration, by compressing the bag with the machine
supplying oxygen.

2. Wide-bore Corrugated Rubber Tubing. This should be fitted
with the standard tapered metal ends so that it can easily be connected
to the machine and at its distal end to nasal inhalers or a face mask.
It should be 3 or 4 feet long. The anaesthetic machine connections
are being made the subject of standardisation, and a new British
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Standard is in preparation which will involve some <hange in existing
connectors,

3. Nasel Inhaler, A standard oro-nasal inhaler is suitable, The nose
and mouth-pieces are of moulded subber, and the expiratory valve is
attached to the nosepiece. The tubing mount has a swivel vale 5
that when the mouth cover is fifted a flow of gases is delivered to it.
By droppi ng the mouth cover jts gas supply Is shut off,

4. A sez of angestheric Jace masks, with mount, connectors, end
expiratory valve, These are used when nasal gas is not pmch'cabk,
as for example in young children, or for giving efficient artificial
Tespiration with Oxygen.

S. A closed vaporiser for administering Vinyl ether. The Oxford
modification of Goldman’s inhaler is suitable. It consists of a face
mask mounted on 5 wide-bore tube connected diect to a l'g_-‘iUOﬂ
rubber bag. Between the mask and bag is a chamber containing a
prece of manne Spange, with a control lever and a series of porisso
that the chamber can be cut out of the eireuit,

This inhaler has no provision for the admission of fresh gases
{except air) to the bag, nor for a carbon dioxide absorber 1o be used.
Its use in cansequently restricted to short anaesthetics.

6. The Sekimmelbuseh Mask. This 1s constructed of a wire !'mm.:-
work designed so that it can be covered with gauze, and is made in

should be covered witt; at Ieast eight layers of surgical gauze, smee
lesser thicknesses Jot hquid anaesthetics {all through onto the face
and even into the €¥¢, and do not retain the air well enough to givea
suffictent concentration of the snhaled vapour,

7. Syringes. These should be of surtable sizes for the drugs 1o be
injected; 20¢ ¢, win beneeded for thiopentons, 5 ¢.c, for diluted pethi-
dine for intravenous work, and 2 e c. or § c.c. for atropne. They can
be sterhsed i any way deswred but dry syninges are the most
conventent

8. Aunays. These are 90t normally needed in dental work in the
chair, but they may be necessary to establish an airway should a

Guedel's rubber arways are best tolerated, and sizes three, two, and
one will suit men, women, and children fespectively,

9. A4 laryngoscope and endatracheal tubes should be available for
emergencies, if the anaesthetist s able and accustomed 1o intubate the
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larynx. The Macintosh laryngoscope is the casier for a beginner to
use, and Magill endotracheal tubes, sizes seven, five, and one, will
cover most emergency situations.

10. A sterile emergency scalpel should be kept in any place where
anaesthetics are given, since it may be required to open the chest for
cardiac massage, or for use in emergency tracheotomy.
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CHAPTER FOUR

Induction of Anaesthesia with Nitrous Oxide

largely on the realisation by the anaesthetist of the fact that he

is using an agent barely potent enough for his needs. Nitrous
oxide is the normal agent used every day in this country for dental
work because of 1ts cheapness, its comparative safety, its freedom
from unpleasant sequelae, its rapid recovery, its pleasantness, and
the simplicity of the method of its administration. It is, however, 3
weak anaesthetic agent, and, as the oxygen with which it has to be
administered to maintain life renders it more dilute, it is important
that the patient’s oxygen demand is kept as Jow as possible. One of
the most effective ways of doing this is to keep him calm and quiet;
a few seconds spent in friendly reassurance and chat as the patient
enters the room are well repard by easy smoothness of the subsequent
anaesthetic. Most people not unnaturally regard general anaesthesia
asafrightening procedure, and a rough induction without reassurance
can easily turn fright into panic. The student who is himself worried
about hts ability to admunster the anaesthetic may find it difficult
to assume the calm confidence which means so much to the patient,
but 1f he can succeed 1n so doing, he will find the results gratifying.

THE art of gving successful nitrous oxide anaesthetics depends

Preparations

Before arriving in the dental surgery the paticnt must have the
opportunity to empty his bladder. Neglect of this simple precaution
1s sometimes followed by its involuntary emptying during anaesthesia,
particularly 1n children This 1s an embarrassing incident for all
concerned, espectally the patient who has the journey home to face.
It must not be allowed to arise.

The patient should be questioned about his last meal, The stomach
must be empty before anaesthesia and the anaesthetist must not allow
himself to be persuaded into giving a general anaesthetic if this



Induction of Anaesthesia with Nitrous Oxide 27

proviso is not satisfied. A full stomach renders the patient liable to
vomit during and after the anaesthetic, and this places him in serious
risk to life from inhalation of the vomit. Seated in a chair he is poorly
positioned for immediate clearance of the vomit from the mouth,
and this is a most dangerous accident. It is dealt with in detail in
Chapter 9.

The average emptying time of the stomach after a full meal is 4
hours. It is lengthened by pain, fear, or excitement, and may be much
longer in children. Any or all of the above factors are likely to be
present in patients about to have a tooth extracted, so at least 4
hours must elapse after a full meal before the patient is anaesthetised.
Do not be lulled into a false sense of security by the relative rarity of
vomiting under nitrous oxide.

Many patients do not appreciate the vital necessity of their giving
a correct answer to questioning about when they last ate. Parents
particularly do not seem to regard as food, cakes, chocolate, buns,
icecream, etc., eaten by their children, and close questioning some-
tumes reveals an enormous food intake continuing right up to the
moment of visiting the dentist, all dismissed airily as, *Oh no, he has
had nothing since his breakfast”!

A light easily digested meal, not less than 4 hours before the
extraction, 1s the ideal. Prolonged starvation produces no good
effects and the patient 1s more likely to feel faint after the
operation.

Discretion may be used 1n respect of fluids taken before operation
as they are normally retained in the stomach for shorter periods than
solids. Beware, however, of milk which clots in the stomach and must
be treated for practical purposes as a solid.

The patient should be asked to loosen any tight clothing which
15 hikely to cause respiratory embarrassment. The commonest offen-
ders 1n this respect are tight collars and corsets and belts.

The anaesthetist must satisfy himself that the patient is fit for
operation and anaesthesia. This is discussed fully in Chapter 8.

The anaesthetic machine must be checked before use, particularly
to ensure that the cylinders are full and connected to their correct
yokes Do not test or connect the machine 1n the presence of the
patient, the sudden blast of gas from a faulty valve is not conducive
to calm and repose. Remember that while a failure of the nitrous
oxide 1s embarrassing, failure of the oxygen supply, or wrong
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connection of cylinders has been in the past, and may still be, the
cause of patients’ deaths, Take no chances!

1t is essential that another woman be present when female patients
are being anaesthetised. Some patients have crotic dreams under
anaesthesia, particularly under “gas™’, and may magine that they
have been lted while i They may later make
accusations against the operator or the anaesthetist, and the only
sure way of averting an unpleasant situation is to have another
woman present during the whole tume the patient is unconsaOus.

Yosition

The patient should sit comfortably in the chair with the head and
neck shghtly extended, and the hands clasped lightly together i the
1ap. When the dental 1on has been pleted and the operd-
tor has mserted the prop, lose no time in starting the anaesthetic. 1S
uncomfortable to sit for minutes with the mouth propped wide open
while the machine is being assembled. Some patients find the insertion
of the prop the most unpleasant part of extraction under gener?l
anaesthesia, and this can be mitigated by reasonable speed once 113
in place.

Absolute quict must remgn durmng the induction; for @ sudden
loud nosse yust as hie is going to sleep may be misinterpreted by the
patient and cause pamc and a turbulent operation. Remember 2150
that the sense of heaning 1s the fast to be lost. Many anacsthetists and
surgeons have had the embarrassment of having repeated to themt
an myudicious remark made whie they thought the patient was
asleep

Fhe operator must not stand over the patient with forceps poised,
as many patients close therr eyes early in mduction and open them
later. The sudden sight of the extractor apparently about to start
work not unnaturaity causes alarm For similar seasons no one
should be allowed to touch the patient durmg the induction.

The Induction

Set the machine to dehver pure N,O Turn on the gases to about
the halfway mark on the pedal on the early Walton machnes, of
about 15 em. of water on those with measured pressure Stand behind
the patient and hold the anaesthetic nose piece the right way, with the
yalve upwards—just above and about § mch away from his nose. At
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the same time tell him to breathe normally and quietly through his
nose. After three to four breaths the patient will have become accus-
tomed to the flow of gas and its odour, and the mask should be gently
but firmly lowered on to the nose to make a gas-tight fit. It must
not be so high up on the face as to block up the nostrils and perhaps
press on the eye, nor so low as to press on the nose and permit
air leaks. The student should himself try breathing oxygen through
a mask: this is the most effective way of showing him how to hold
it and how to maintain a gas-tight fit.

At this stage the expiratory valve must be fully open. Nothing
gives a greater sense of suffocation than to attempt to expire against
pressure. Doubters should try for themselves.

Onee firmly in place, the mask should be kept quite still and held
with one hand only. To reassure the patient, explain that the hiss
of the expiratory valve is just what is wanted. Throughout the in-
duction the anaesthetist should maintain a line of patter which tells
the patient what is expected of him and what is about to happen.
The subjective sensations of induction are strange and may be
frightening and the feeling that the anaesthetist is in contact with the
patient and is looking after him makes a great difference to the latter’s
peace of mind.

After a few breaths of anaesthetic a calm patient will pass into a
dreamy state where he loses touch with reality and becomes very
suggestible. The skilful anaesthetist will realise this and use the
opportunity to suggest repose and sleep with such words as, “You
are just about to go to sleep—breathe through your nose and let
yourself relax.” Many patients are at first tense and frightened and
can be seen to relax 1n response to such a suggestion.

Early in induction there 15 also a compulsive sense of irritation,
making the patient fidget 1n the chair and attempt to sattle himself
more comfortably This 15 probably the result of early cerebral
hypoxia. Later on he may make purposeful movements, such as
raising an arm or shaking the head. These are usually intended to show
the operator that the patient 1s not yet asleep, and if the anaesthetist
realises this, he should further talk to the patient with remarks such
as, “1 know you are not yet aslecp and we wil not start until you are
quite ready. Just put down your arm and breath the gas.” A few such
words at an appropriate time may avert struggling which could
otherwise ensue
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connection of eylinders has been in the past, and may still be, the
cause of patients’ deaths. Take no chances!

Itis essentiat that another woman be present when female patients
are bemg anaesthetised. Some patients have erotic dreams under
anaesthesta, particularly under “gas”, and may imagine that they
have been lted whife unconscious, They may later make
accusations against the operator or the anaesthetist, and the only
Sure way of averting an unpleasant situation is to have :{nalhﬂ
woman present during the whole time the patient is unconscious.

Position

The patient should sit comfortably in the chair with the head and
neck slightly extended, and the hands clasped Hghtly together in the
lap. When the dentaj examination has been completed and the opera-
tor has inserted 1o prop, lose no time in starting the anaesthetic. It is
uncomfortable to sit for minutes with the mouth propped wide open
while the machine is being assembled. Some patients find the insertion
of the prop the most unpleasant part of extraction under general
anaesthesta, and this can be mitigated by reasonable speed once it is
1 place.

surgeons have hag the embarrassment of having sepeated to them
an mjudicious remark made while they thought the patient was
asleep

The operator MUst not stand over the patent with forceps poised,
a8 many pauents cloge thew eyes early in mduction and open them
later The sudden $1ght of the exiractor apparently about to start
work not unnaturafly capseg alarm For similar reasons no one
should be allowed 1o touch the patient during the induction,

The Induction

Set the machine to deliver pure NyO. Turn on the gases to about
the halfway mark on the pedal on the early Walton machines, or
about ISem of water on those with measured pressure. Stand behind
the patient and hold the anaesthetic nose picce the right way, with the
valve upwards—just above and about 1 el away from his noss. At
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the same time tell him to breathe normally and quietly through his
nose. After three to four breaths the patient will have become accus-
tomed to the flow of gas and its odour, and the mask should be gently
but firmly lowered on to the nose to make a gas-tight fit. It must
not be so high up on the face as to block up the nostrils and perhaps
press on the eye, nor so low as to press on the nose and permit
air leaks. The student should himself try breathing oxygen through
a mask: this is the most effective way of showing him how to hold
it and how to maintain a gas-tight fit.

At this stage the expiratory valve must be fully open. Nothing
gives a greater sense of suffocation than to attempt to expire against
pressure. Doubters should try for themselves.

Once firmly in place, the mask should be kept quite still and held
with one hand only. To reassure the patient, explain that the hiss
of the expiratory valve is just what 1s wanted. Throughout the in-
duction the anaesthetist should maintain a line of patter which tells
the patient what is expected of him and what is about to happen.
The subjective sensations of induction are strange and may be
frightening and the feeling that the anaesthetist is in contact with the
patient and is looking after him makes a great difference to the latter’s
Ppeace of mind.

After a few breaths of anaesthetic a calm patient will pass into a
dreamy state where he loses touch with reality and becomes very
suggestible. The skilful anaesthetist will realise this and use the
Opportunity to suggest repose and sleep with such words as, * You
are just about to go to sleep—breathe through your nose and let
yourself relax.” Many patients are at first tense and frightened and
can be seen to relax in response to such a suggestion.

Early 1n induction there 1s also a compulsive sense of irritation,
making the patient fidget 1n the chair and attempt to settle himself
more comfortably. This 1s probably the result of early cerebral
hypoxia Later on he may make purposeful movements, such as
raising an arm or shaking the head. These are usuallyintended to show
the operator that the patient 1s not yet asleep, and if the anaesthetist
realises this, he should further talk to the patient with remarks such
as, *I know you are not yet asleep and we will not start unul you are
quite ready. Just put down your arm and breath the gas.” A few such
words at an appropriate time may avert struggling which could
otherwise ensue.
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Many patients have unpleasant memories of being he1‘d down while
a child, and *smothered with gas ™", This is almost cermmly'theresul!
of Jack of care or interest by the anacsthetist during induction. _

Some patients under the stress of the moment are unable to think
clearly enough to bring thoughts and actions into line aqd to breathe
through their nose. Particularly so s this true of Jess intelligent peoplt,
and often much explanation and exhortation must be gscd to secure
nasal breathing. Any breath taken through the mouth will weaken the
gas and prolong induction. Induction with “ gas™ should be entirely
pleasant, and as long as there is no resistance to breathing, there 1 n¢
feeling of suffocation.

Mouth-breathing is perhaps the most difficult bzlm‘er. to good anats
thesia, as they are mutnally incompatible. The patient cannot be
allowed to mouth-breathe and if exhortation and encouragement art
insufficient, two devices remain to be used. )

Firstly, cover the mouth with a pack held in the hand st‘xﬂicxenﬂy
firmly to stop air Jeaks. This will be tolerated by the patient after
a few breaths of gas, pacticularly if it is explained that it to help
hsm breathe through his nose.

Secondly, tightly cover the mouth with a rubber mouth-piece
deltvering a supply of gas. This must be applied firmly to step allair
teaks. Some models incorporate an expiratory valve which is intended
10 add to the patient’s comfort, but in practice both typesaré tolerated
equally well,

The vicsous cirele of mouth-breathing leading to lightening of the
anaesthetic leading to further mouth-breathing must be brokeq:
once surgical anaesthesia has been established the normal airway 15
nasal, and at ths level the patient will nearly always breathe throvgh
his nose without further ado.

Signs of Anaesthesia

It has been said in jest that there are only three stages of andes
thesia: awake, asleep, dead. More prosatcally in nitrous oxide
anaesthesia the patient js exther too light, in surgical anaesthesia, 0f
too deep and jactitating, The well-known and *classical” stages and
planes of anaesthesia were described in relation to open ether anaes-
thesia and have little application to nitrous oxide-~oxygen.

Stage 1 is theinduction with the patient awake but witha diminished
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Prepanng 10 insert the mouth pack Note the position of the right hand
holding the mask 1n place, while the left hand 15 about to msert the pack.
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pain sense—the state of analgesia—which can be made use of clinic-
ally as described in Chapter 11.

Stage 2 is delirium. The patient is unconscious but delirious and
may be struggling. This should be passed through so quickly with
nitrous oxide that it is not noticed, and the patient goes directly to
surgical anaesthesia. If the induction is mismanaged or prolonged, as
by allowing mouth-breathing to persist, this stage of excitement may
be encountered.

Stage 3 is that of surgical anaesthesia, in which all operations
should be performed. It is classically divided into four planes, which
do not concern us here, as with nitrous oxide alone without premedi-
cation it is impossible to proceed deeper than Plane 1.

Further administration of gas leads to Stage 4, that of respiratory
and circulatory paralysis—an undesirable and dangerous state of
affairs which is further complicated by anoxia and leads rapidly to
death.

The approach of surgical anaesthesia is heralded by three cardinal
signs with which the student must become entirely familiar.

Signs of Nitrous Oxide Anaesthesia
Automatic Respiration

This is the most reliable guide to the depth of anaesthesia, and
though it is not the most prominent sign, it is the one on which the
student will rely almost exclusively when he acquires experience.

Itisheralded by a subtle change in respiratory rhythm and accentu-
ation, from the purposeful and sometimes irregular breathing of
induction to regular, stertorous respiration in which heavy forceful
expiration predominates, making a characteristic sound in the
expiratory valve. It 15 often accompanied by snoring which may
be felt more easily than heard.

Do not be musled by the rapid panting which some patients make
during induction, often accompamed by shrugging the shoulders.
Although regular and forceful, this is a conscious attempt to co-
operate and has not the stertorous quality of automatic respiration.
Jactitation

This phenomenon is muscular twitching, starting in the facial
muscles, especially the orbicularis orbi, and spreading rapidly to the
muscles of the hands and fingers, and thence to all muscles of the



Preparing to imnsert the mouth pack Note the position of the right hand
holding the mask n place, while the left hand 1s about to msert the pack.
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‘When surgical anaesthesia is attained the eyelash reflex disap.pears,
the eyes which may have been voluntarily closed often open slngh}ly,
and the lid can be pulled upwards without resistance. The direc!mn
in which the eyes look is inconstant. They may be aimlessly roving,
or, more commonly, are strongly deviated in one direction or another.
This deviation is usually not conjugate and the eyes are clearly not
those of a wakeful patient.

The size of the pupil is also inconstant in induction, but at the cor-
rect level of anaesthesia it will be small or only moderately dilated,
while 2 widely dilated pupil is a danger sign of extreme anoxia.

The student must be warned against examining the eyes except as
a final confirmatory measure when other signs suggest that the cor-
rect level has been reached. It is extremely irritating to the conscious
patient to have his eyelid pulled back every few seconds; it is not only
unpleasant to one doing his best to go to sleep, but it also plants the
probably justified fear 1n his mind that the anaesthetist does not
know whether or not he is asleep, and that the extraction may start
at any moment. For the resulting commotion the anaesthetist has
only himself to blame.

The more proficient the anaesthetist, the less does he concern
himself with the eye signs.

The student may be perplexed by the patient who 15 apparently
being correctly induced, but who remains awake and shows none of
the signs of anaesthesia long after they could reasonably be expected.
The explanation 15 invariably one or more of the following:

(a) After the previous case the machine has not been reset to

deltver 1009 nitrous oxide.

(b} There are air leaks around the mask or in the apparatus.

(c) There 1s a measure of mouth-breathing taking place undetected.

When these faults are eliminated, the induction will proceed in the
normal way.
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body. It is also found early on in the muscles of respiration, where it
gives a jerky hesitant interruption to the automatic respiration
described above Its cause is anoxic stimulation of the central nesvous
systern and it is thus an indication of asphyxia and of too pro-
found hypoxia. Detected early, that is when it has not spread
beyond the face or hands, it is a useful sign of surgical anaesthesiatoa
beginner who has been misled over the onset of automatic respiration,
but it must not be allowed to persist. Firstly, because in spreading over
the skeletal musculature it results in violent clonic movements of the
whole body which render the operation impossible, and, secondly,
because it is a warning sign that permanent anoxic damage to the
central nervous system is not far away. The remedy is to increase the
oxygen n the inspired mixture.

Children jactitate early and violently and it often first appears as
opisthotonus, or archmg of the back, which makes the child arise
from the chair and slip to the floor,

The beginner may have difficulty in distinguishing jactitation from
the movements of those too lightly anaesthetised. The following
table helps to differentiate between the two phenomena:

Jactitation Inadeguate Anaesthesia
Patient too deep and probably  Colour good.
cyanosed. Movements purposeful as to re-
Twitching and purposeless move the mask or pull the

movements.

Not related to the surgical
stimuli.

Usually no phonation, but may
snore.

operator away.

Movements related to and int-
tiated by the painful stimuli.
Often accompanied by phona-

tion.

The Eye Signs

During the mnduction while the patient remains conscious, the
eyes may look in any direction. They are conjugate, that is their
visual axes are nearly paraflel, and focusing and accommodation are
normal. The patient appears to be aware of and looking at his sur-
roundings.

At the same time the eyelash reflex 1s bnisk, i e. the patient blinks
if the lashes are touched and the orbicularis muscle contracts and
resists 1f the upper eyebd 1s pulled back. Many patients close therr
eyes during induction
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waits until frank signs of undue lightness or depth have developed,
he will tend to overcorrect the mixture too late and the anaesthesia
will “swing” alternately too deep and too light, and it may become
out of control.

The Pack

‘When the anaesthetic is stabilised the mouth pack is inserted. This
packis an essential to dental anaesthesia and can in no circumstances
be omitted, because its purpose is to safeguard the airway from foreign
matter, particularly teeth and their fragments, blood, and saliva
which may otherwise fall into the pharynx. It is quite insufficient to
rely upon the operator holding the tooth in his hand—it may ship
from the forceps, it may shatter with considerable force, or its removal
may be attended by unexpected severe haemorrhage. The inhalation
of a foreign body is a serious and usually avoidable accident which
is discussed in detail in Chapter 9, and should it happenin the absence
of a mouth pack there could be little defence against a charge of
negligence.

The pack can be inserted by either the operator or the anaesthetist
according to their preference. The operator is usually 1n the better
position to do so from in front of the patient, but some anaesthetists
prefer to place thus vital safeguard themselves. The pack should be
made of a piece of surgical gauze of single thickness, about 12 inches
by 6 inches, and should be inserted by feeding 1t into the mouth with
the fingers, and not previously rolled wp in the hand into a ball.
Its site is important, the best position being opposite the posterior
part of the hard palate. If it is further forward it will impede the
operator, and if further back will cause retching by touching the
soft palate. It should be arranged as a complete barrier between
mouth and pharynx.

Tl}e pack may indirectly help to obliterate the oral airway of a
persistent mouth breather by approximating the posterior part of
the tongue to the soft palate, which happens when the anterior
portion of the tongue is pushed downwards by the pack, but it has
1ts own particular dangers, including:

Obstruction of the airway by the pack itself slipping into
the pharynx.

A pack too large, or wrongly placed, pushing the tongue back-
wards and causing obstruction.



CHAPTER FIVE

Maintenance of Anaesthesia with Nitrous Oxide
and Oxygen

MEN the induction is complete and surgieal hesia has
‘ ; ‘ / arrived, oxygen will have to be added to the inspired gases
in proportions which must be gauged within fine Timits of
aceuracy. Too low a concentration will cause undesuab]e anom, and
too high witl lighten the hetic and make
1t is mot prossible to be dogmatic about the precise concemratzon o
be added, which vaties in mdividual patients and with the way the
nduction has been handled, but the anaesthetist must assess his
patient and act accordingly. As a general rule the admission of 72¢
oxygen three or four breaths after automatic respiration has become
established will be correet at the start of the operation, but if’ the
signs of anaesthesia have been missed and the patient is showing
widespread jactitation at the time of administering the oxygen these
wiit have been established a considerable oxygen debt, and 774 of the
gas will neither stop the jactitation nor relieve the anoxia. Such
cases are best dealt with by adjusting the control to the desired set-
ting, say 734, and then giving a direct blast of oxygen from the emer-
gency button for two seconds. This apparently unprecise and vague
method gives good results in practice

The calibration between individual machines 15 barely accurate
enough within the imits required and varies shghtty from day to day,
particularly in the older machines. The correct setting for any given
patent will thus vary by a few per cent from one machine to another,
and the precise optimum must be determined by the anaesthetist
himself.

18 1s important to remember that there is a time lag of four to five
breaths between setting the percentage dial on the machine and the
new mixture bemng carried to the patient’s braun by his bloed stream.
The hetist must therefore try to pate his patient’s require-
ments by at least this interval, an art which comes with practice. I he
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at once loses “contact™ with the patient, and loses touch with the
progress of the anaesthetic.

The thumbs of both hands should be slid backwards along the gas
tubing attached to the nasal mask until they grip the tubes between
the thumbs and the zygomatic arches. Traction backwards on the
tubes will then ensure that the mask sits tightly on the nose. By
simply rolling the thumbs it can in fact be made to assume any de-
sired position on the face, and can for example be momentarily
Iifted, as is required if “gas and air” anaesthesia is being given. At
the same time this drawing back of the hands brings the fingers
into the correct position behind the angle of the jaw to support the
latter when lower teeth are being extracted, and to push forward
the jaw to carry forward the tongue should this be pressed back by
the operator, obstructing the airway.

1t is important not to dig the fingernails into the neck, nor to
press upon the carotid sinus Very considerable support and steadying
may be required in a difficult lower molar extraction, and better
purchase on the jaw can be given if the knuckles of the index fingers
are bent. When upper teeth are being extracted the anaesthetist
should apply counter pressure to the head with his chest or shoulder
to oppose the dentist’s imtial upward pressure on applying the
forceps. It may be necessary to stand on a stool to do this properly.
The Airway

It is essential that a clear airway be maintained during all the opera-
twe procedures. Tt may be obstructed in one or more of the following
ways:

The mask may slip or be pushed up to cover and obstruct the
nostrils.

The pack may fall into and obstruct the pharynx.

The tongue may fall or be pushed back to touch the posterior
pharyngeal wall and obstruct the pharynx.

The larynx, glottis, or even trachea and bronchi may be blocked
lt)’ly adforeign body such as a tooth fragment, part of the pack, or

ood.

The vocal cords may become tightly adducted 1n spasm.

Obstruction to the airway must be detected and diagnosed at
once as it 1s dangerous and undesirable for a number of reasons.

The supply of oxygen to the lung and hence to the body is reduced,
with consequent hypoxia, and simlarly the removal of carbon
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Failure to remove the pack or packs at the end of operation
The late removal of a forgotten pack from a patient whose jaws
are tightly clenched and who is obstructed may be onerous and
difficult.

The pack may become soaked with blood and fail in its purpose.
If this happens it must be changed for a fresh one, taking care that
there is no pharyngeal soiling while this is being done.

‘The following precautions are advisable:

The person who inserts the pack should make it his particular
responsibility to remove it, though no one is absolved from respons-
bility in this respect.

Not more than one pack should be in the mouth at any one time. If
it becomes soaked it 15 to be changed and not merely another added.

Not to use marine sponges, particularly small ones, in lieu of
gauze. They can easily become separated from the tape to which
they must always be attached, and fatalities are recorded from time
to time from their mnhalation causing total obstruction of the airway.

That careful search be made in the mouth for tooth fragments at
the time the pack is removed, and also for any extra gauze swabs
which the operator may have used.

The mouth pack can be removed soon after the anaesthetic is
stopped, and befare consciousness returns. If there is much blood in
the mouth, the patient’s head must be held forward so that blood
does not run 1nto the pharynx.

The Operation

The operator can now begin his extraction, and the anaesthetist
must take his hands away from the mask to allow him access to the
mouth. Close retention of the mask on the nose 1s one of the maxims
of dental anaesthesta, and one which many students find difficult.
Accurate approximation to the face and an air-tight fit are quite
essential for two reasons. Firstly, a loose mask permits air breathing
which drlutes the gas and lightens the anaesthetic to a degree much
greater than the apparent small size of the leak would suggest, and
secondly the regular sound of the expiratory valve 1s the anaesthetist’s
main wndication of the patient’s depth and rate of breathing, and
1ndeed, that he is breathing at all. If the mask is not held on sufficiently
tightly for the expired gases 10 move the valve, the anaesthetist
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dioxide is hindered. The supply of anaesthetic to the body is impeded
and that which is already in the brain is redistributed to the body
fat and the anaesthetic becomes lighter, though the signs of this ace
hidden by the hypoxia.

The ineffectual respiratory movements cause venous congestion
and bleeding, which are exacerbated by the accumulation of carbon
dioxide.

In practice, 1n nitrous oxide anaesthesia the result of obstruction
to the airway is hypoxia, often of dangerous severity, accompanied
by poor operating condstions.

The usual signs of obstruction to the airway include the following:

1. Cessation or sudden diminution of the noise of the expiratory
valve, providing the mask is tightly applied. Every breath must be
heard and cessation of respiratory noise must be investigated at once.

2. Stridor, crowing, or similar noisy respiration indicates 2 partial
obstruction.

3. “See-saw"” movements of the chest and abdomen. The dia~
phragm is 2 more powerful muscle than the intercostals when they
are working in opposition, hence weffectual efforts at breathing
produce this type of movement, in which the chest recedes as the
abdomen is pushed out by the diaphragm and vice versa. It 18 vital
that these movements are not mistaken for normal respiration.

4 Rapidly increasing cyanosis.

The treatrnent of the obstruction naturally depends upon #5
cause,

1. Adjust the mask correctly.

2. Check or ask the operator to check the position of the pack.

3. Pull the jaw forward.

4. If the pack has obviously fatled in its duty and there is a foreign
bedy inthelarynx it must be d using wh is most suitabl
the fingers, a swab, suction, forceps, and a laryngoscope if the anaes-
thewst 1s proficient with this snstrement. A child can be held upside
down and thumped on the back, when the foreign body may fall
clear of the awway.

5. Spasm of the glottis 15 rare with mitrous oxide, and is always due
to a foreign body, usually salva or blood m the larynx. So long as
there is no sohd obect 1n contact with the cords the spasm will pass
of its own accord, afthough if necessary oxygen should be given as
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Showing the panent prepared for extraction  The anasthetist's hands are
well clear of the mouth and the extractor's field is clear,

-orrect positon for the anesthetsst’s hands  The pack and
5’:3: ':rget:: ;hce snpd the an@sthetrst is able to apply counter pressure
v with his shouhder to the head of upper teeth ace €0 be removed
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described in Chapter 9. Laryngeal spasm may become troublesome
when intravenous barbiturates are used.

Some confusion may be caused by the patients who, though
apparently correctly anaesthetised, stop breathing soon after induc-
tion is complete although there is no obstruction. This happens in the
nervous or in the over-cooperative patient who overbreathes in
induction either from fright or in a misdirected effort to be helpful.
Overbreathing washes out the carbon dioxide from the alveoli and
blood, and this, the normal stimulus to the respiratory centres, then
ceases to have effect. After consciousness js lost the stimulus to the
centre is provided by hypoxia alone. When this is relieved by the
addition of oxygen to the mixture there remains nothing to excite
the respiratory centres and breathing stops until sufficient carbon
dioxide is accumulated, or oxygen lack again becomes sufficient to
restart the respiration. Provided a clear airway 1s maintained these
patients start breathing again in a few seconds, and their condition
remains good throughout.

Mouthbreathing

Persistent mouthbreathing after induction is usually the result
of too light anaesthesia, and 1f the mouthpiece is re-applied and
proper anaesthesia re-established, a wholly nasal airway will usually
result. Occasionally a patient will mouthbreathe throughout the

operation and this must be dealt with at once or the anaesthetic will
be wrecked.

Three measures are available:

l.. Applying the mouthpiece between the extraction of each tooth.
This tends to become unpopular with the extractor.

2. Closing the expiratory vaive and forcing the gas at least as far
as the pharynx. This may press down the soft palate into contact
with the tongue and make the mouthbreathing cease.

%. S_praying ethyl chloride on to the pack, about 3 mi. at a time.
This is a safe procedure and 15 usually effective in maintaining
anaesthesia,

IS will be necessary to alter the setting of the oxygen control if the
?au_ent. does not remain at the correct depth of anaesthesia. If
Jactitation persists, or cyanosis becomes too deep, the inspired
Oxygen must be increased, say to 9% and 1f necessary a further short
blasf of_ oxygen administered from the emergency button. If anaes-
thesia lightens the control should be placed to 100% nitrous oxide
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for five breaths and then returned to a lower setting than previously.
The ¢c cause of lightening of anaesthesia is not a defect in
the gas mixture but the result of inspiration of air, either from a
loose mask or from mouthbreathing, and steps should be duwected
to remedying these faults.

Increasing the Oxygen

During the course of anaesthesia it is essential to increase steadily
the percentage of oxygen given, After a very short time, I or 2
minutes, the patient will require 103 of oxygen, and if the anaesthetic
is at all prolonged he will need 12, 15, or even 20%; in the mixture.
This involves Tesetting the mixture control at frequent intervals
during the anaesthetic.

It is instructive to compare the inhalation of gas mixtures of low
concentration of oxygen, and the breathing of air at high altrtudes.
A muxture of 90% N,0, 105 O, has the same partial pressure of
oxygen as the air has at an altitude of 18,000 feet (Haldane and
Priestley). Aviation experience suggests that short periods at similar
altitudes (or partial pressures) are not harmful to fit people

Duration of Anaesthesia

It should be posstble with mitrous oxide-oxygen alone to maintain
adequate anacsthesta 1n the average patient for 5-10 minutes, but
1 the resistant or the unfit this may have to be reduced to much
shorter pertods. The critical factor 1s the degree of hypoxta which
has to be produced to accompany the anaesthesia, and the body’s
reaction to this hypoxtc stress The longer the anaesthetic the less
well will the patient feel afterwards, and since rapid recovery 15
one of the main advantages of mitrous oxide it is generally better
to restrict anaesthesia to 4 or 5 minutes If a longer trme is required
and the procedure cannot be spread over two or more sessions it is
better to accept the limutations of nitrous oxide and use one of the
supplements discussed in chapter seven which will enable adequate
oxygen to be given through the anaesthetic and to avoid the dangers
of hypoxia.

1t is wise ta cease the anaesthetic should the patient start to sweat
profusely, to develop a gasping respiration, or to lose colour
without obvious cause, particularly if his colour becomes grey or the
pulse irregular. These are all signs that the body is not tolerating the
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hypoxia. There is little purpose in routincly giving oxygen at the
end of a “gas”, but should the patient’s condition give cause for
alarm the first action is to clear the airway, and the sccond is l.o
administer pure oxygen to the exclusion of all other gases. This is
best done through a full face mask, though a nasal inhaler is better
than nothing.

When the operation has finished the mask should be removed and
the pack, and if possible the prop removed as well. If the prop cannot
be removed because of muscular spasm at the end of the operation,
it must be left until the patient has recovered consciousness. Attempts
to remove it by pulling before he is fully awake can have two results:
teeth will be damaged or displaced, and the patient will mistake the
removal of the prop for the extraction, and will afterwards claim
that he felt the tooth coming out.

The patient's head must be held forward until he is awake, to
prevent blood gravitating to the pharynx. Do not assume that once
the anaesthetic is over the patient can be left to recover on his own.
It will be necessary to maintain his airway, to talk to him and if
necessary to restrain him until he becomes fully orientated. The
longest dental nitrous oxide-oxygen anaesthetic should not require
the patient to remain in the chair for more than about 2 minutes if
all is well and no supplements have been used. The patient should
be assisted from the chair and allowed to sit quietly until fully
recovered, and it is important not to leave him alone for this period
as he may feel faint and fall, or remain disorientated and injure
himself. An adult patient should be neither nauseated nor dizzy,
and should be ready to walk from the surgery within 10 mmutes.
Oceasionally a patient will require longer, and children are more
often nauseated than adults, but 1f an anaesthetist’s patients are
frequently prostrated after nitrous oxide anaesthesia he should re-
examine his technique!

No patient who has had an anaesthetic should drive a motor
vehicle that day.

Reference
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CHAPTER SIX

Children

dental extractions, but by virtue of their mental and physio-

logical immaturity the technique used for adults has to be
modified 1n some details. They are a challenge to the anaesthetist
because they can be frightened much more easily than adults and
they have less self-control. On the other hand they can be the most
rewarding of patients 1f sufficient trouble is taken. They may need
a great deal of reassurance, and this should be started by a friendly
approach from the moment they enter the room.

In general it is preferable that their mothers do not accompany
them to the chairside; the anaesthetist can meet them at the door and
explain that their mother will be waiting for them in the next room
This arrangement is desirable both for the cluld, who usually behaves
better if tactfully and kindly handled by strangers, and for the mother
Most mothers undergo great stramn when their children are having
treatment and some become tense and emotional. If they are allowed
to be present during the anaesthetic and operation they may distract
the anaesthetist or operator, and their anxicty is only too easily trans-
mutted to the child It 1s an unfair burden to expect any mother to
witness an extraction on her own child. In rare instances the only
method of persuading the child to enter the surgery may be to let the
mother come too, but she must agree 1n advance to Jeave at once on
the anaesthetist’s instructions as soon as the child 1s asleep. If the
father or a relation can bring the child to the surgery so much the
better.

In private practice the chuld will usually know the operator, and
often the anaesthetist too. What is about to be done should be ex-
plained to the child in Janguage suited to his years. Most children
make wonderful patients and do their best to be co-operative—far
better, 1n fact, than many adults A short enquiry into previous
anaesthetic experience will elicit any particular dislikes the patient

THERE is no unusual difficulty in anaesthetising children for



In ths coloured (Lascar) patient 1s seen the correct posttion for
supporting the jaw during a lower extraction. Note the pack
behind the tooth, protecting the air passages

Extraction of lower teeth on the nght side  The anmsthetist

holds the mask n place by the thumbs pressing on the tubes,

while supporting the chm with his hands  The dewiation of the
patients® eyes 1s typical of correct mitrous oxide anesthesia,
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vet been mserted imask has been used

The patient 1s anxsthetised for a maor dental surgical procedure  The
anxsthetist ts nserting the pack which 1s being held above the patient’s mouth
by an assistant  The nasal endotracheal tube ts 1n posiion ~ See p 67
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has acquired. He may for example have had a rough induction the
time before, and if he can be reassured that he will be gently handled
this time he may be satisfied and happier. It is not uncommon for
older children to volunteer that they have had * gas" before and liked
the experience. This is a tribute to theic first anaesthetist, and he who
first anaesthetises a child has great responsibility to ensure that the
experience is not unpleasant. First impressions count for much, not
only in children, and as it is unlikely that the first will be the only
anaesthetic the child will ever have, it is of the utmost importance
that he views his return visits if not with pleasure, at least not with
dread.

From the anaesthetist’s point of view it is convenient to divide
children into those who can and those who caanot by virtue of their
age be anaesthetised with nitrous oxide and oxygen. The beginner
will find that five years is about the critical age for deciding this,
but with increasing expenence he will be able 1o give nitrous oxide
to children of half this age, or less. There are difficulties. Firstly the
child’s co-operation may be lacking, and thus nasal induction is made
difficult; and secondly, the margin between anaesthesia and over-
dosage, with hypoxia, is very small, the result of the instability of the
nervous system of the young, and their small blood volume and rapid
?irculation which make a child awake one moment, and violently
jacutating and hypoxic a few seconds later.

For the older child the procedure is precisely as for adults, with
some modifications:

L. Talk to the child the whole time, explaining every step in ad-
vance. An easy line of patter can be developed, and makes all the
difference in securing the child’s acceptance of induction. Explain
that the prop is 1o keep his mouth open so that he will not bite the
dentist. If he objects to it, do not persist as it can be inserted later.
Pretend that the nosepiece is a pilot’s oxygen mask, or any fancy that
comes to mind—that the gas is a magic wind to send him to sleep,
etc. Some anaesthetists who have the knack or the practice tefl the
child a story during the induction, and he is asleep before he realises
1t The successful anaesthetist will be he who develops a line of patter
for children and 15 not embarrassed to use it. There is an element of
hypnosis about this.

2. Do not let anyone else talk to or touch the child. Some nurses
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will try from the best motives to chatter to the child, or to restram
him, but the resuits which ensue are contradiction and muddle.

3. Do not rush to put the nosepiece on the face. Nitrous oxide is
heavier than air, and with a good flow of gas, anaesthesia can be in-
duced without the mask touching the face at all. Children questioned
after anaesthesia will say that what they resent most are the mask
pulled on to their face and the rush of gas up their nose. Neither are
necessary.

4, Anaesthesia supervenes rapidly—children ate asleep in five
breaths, anaesthetised in ten, and violently jactitating in fifteen, so
itis most important to be very generous with oxygen. In proportionto
their size the metabolic rate of children is higher than in adults, and
10%; oxygen is not too high for the beginning of maintenance in 2
five-year-old The jactitation of a child usually starts with opis-
thotonus, the child rises from the chair on his heels and head, and
operating 15 impossible.

5. Err on the side of lightness, and do not regard phonation initsell
as indicating inadequate anaesthesia. Children are more deeply
anaesthetised by nitrous oxide than is at first apparent.

6. Tt is advisable to add 5%, oxygen from the start of induction.
This slows induction a little, but prevents the rush to profound
anoxia which the very young show when induced with pure nitrous
oxide, and makes for smoother anaesthesia. To avoid the shightly
prolonged induction which this causes somc anaesthetists give
nitrous oxide alone for the first three breaths, and then add 5%
oxygen whether or not the patient 1s asleep, adding the full quota of
oxygen when the signs of anaesthesia develop.

7. After extraction is over remove the pack and prop at once if
possible. Use more reassurance during the recovery, and it helps to
give strong suggestion too, such as that he has had a pleasant dream
and enjoyed himself When the chuld is conscious it is kind to take
him straight to hus parent

Children who are 100 young for nitrous oxide present a shghtly
different problem. The two most suitable agents are vinyl ether, sold
commercially as Vinesthene, and ethyl chloride. Vinyl ether is 10
be preferred as 1t is safer, not having the cardiac depressant action of
ethy! chionde, but 1ts smelil1s horrible. Induction with either of these
agents 35 far from pleasant, and because of this it 1s better to use
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nitrous oxide as much as possible. Vinyl ether is best given by a
closed method such as the Oxford inhaler, using a face piece.

The inhaler is filled with the contents of a 3 ml. phial of vinyl ether,
and then turned to “off”. The mask is slowly but firmly applied to
the child’s face. He will at first inhale through the non-return valve
and exhale into the bag, and when this latter fills he will rebreathe
from the bag. Talk to the child all the time. Every three breaths the
inhaler dial is advanced half a division, waiting after every advance for
the respiration to become regular. When the maximum setting has
been attained keep the inhaler applied for not more than 15 seconds
of decp regular respiration. Next the mask is removed and the pack
and prop inserted. There will be full anaesthesia for about 1 minute.
If longer time 1s required apply the nose piece and adminuster nitrous
oxide and oxygen in 85:15 percentage.

The following details are important:

1. Once the mask is applied it should not be removed or air leaks
allowed. This s not a kindness to the child as it only prolongs
induction.

2. Do not continue for more than a quarter of a minute at most
with the mask in place after anaesthesia has arrived. There is only a
limited dose of drug in the apparatus and further delay after it has
all been absorbed will result in the brain concentration being lowered
by the blood redistributing 1t to the rest of the body.

Ethyl chloride is an agent as potent as vinyl ether but with the
disadvantage that overdose is much ecasier, and that it is 2 potent
heart toxin. Consequently care must be taken to ensure that too high
2 concentration is not inhaled by accident, It is best given on an
open mask. 2 or 3 ml. should be sprayed on the mask before this is
held near the patient’s face. The child’s hands must be held and
struggling averted as well as possible by patter and conversation.
When the child 15 breathing regularly further doses of the drug are
sprayed on the mask which is slowly brought to touch the face,
Pienty of air must be allowed to pass around as well as through the
mask, and it 1s imperative that 1f the child holds his breath, no more
be sprayed on to the mask until he breathes again. If more anaesthetic
is given throughout a breath-holding episode, the next breath taken
(which will certainly be a very deep one) will then contain a very
concentrated vapour, perhaps sufficient to cause immediate cardiac
arrest. The drug should be given with a circumspection similar to
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that when chloroform is admimstered. The mask must be removed
after a quarter of a minute’s deep regular respiration, and again
about ! minute’s anaesthesia will result. Delay in removal will give
too profound anaesthesia, as more will be absorbed from the mask
with each breath. Should overdosage arise the treatment is to remove
the mask, and to inflate the lungs rhythmically with pure oxygen,
using a face mask and bag. The signs of overdose are cessation of
respiration, wide dilation of the pupils, and grey pallor to the skin.
The last two are the result of its toxicity to the heart. Ethy! chloride
has no advantages over vinyl ether except that it is shghtly more
pleasant to inhale, and is cheaper.

The Difficult Child

Most children of an age amenable to reason can be persuaded to
accept anaesthesia peacefully by gaining their confidence, but the
occasional child is encountered who is not accessible to explanation
and talk, and who cries and screams from the moment he enters,
or refuses to enter the room. The cause of this behaviour usually
lies in spoiling by parents, or pain and loss of sleep, or previous
unpleasant experience of anaesthesta or dental treatment.

The best treatment for such children is to give premedication,
using drugs to calm them and make them drowsy so that they are
less aware of thewr surroundings when brought to the chair. The
advantages of this procedure are:

1. That they are more pleasant to handle for all concerned, and
there are no unseemly struggles.

2. Anaesthesia is brought nearer by the premedication, so 1t can
be achieved more easily with mtrous oxide, which can be given with
an adequate concentration of oxygen for long enough in most cases
for the whole mouth to be attended to at one sitting.

3. The cluldren are often amnesic of the whole procedure.

4. Other patients are not upset by screams, an important considera-
tion in a children’s clinc.

There are unfortunately disadvantages, which are chiefly:

(a) They are drowsy for some time afterwards, and need transport

home.
(5) The actton of oral premedicants 1s not constant, and some
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children are more or less affected than would be expected, so it is
not possible to guarantee any given degree of sleep or amnesia.

(¢) The drugs used sometimes cause postoperative restlessness, and
some supervision is required from the parents or nursing staff.

On the whole the advantages far transcend the drawbacks. The
best premedicants are the shorter-acting bacbiturates, and it is
recommended that the anaesthetist familiarises himself with not more
than two or three of the drugs available, and sticks to them. Among
the better drugs for this purpose are quinalbarbitone (Seconal), and
pentobarbitone (Nembutal).

Suitable doses for either of these drugs are:

Ages 3-8 years % grain | hour before operation
Over § years 13 grains 1 hour before operation

Do not use them for children under three years, and when in doubt
modify the dose to the weight of the chnld rather than its age in years,
ie. a well-grown seven-year-old might need 14 grains, while a puny
nine-year-old child would do better with $ grain.

The occasion will arise when the use of premedication will be
impossible, either because the child refuses to take the tablet, or
because he cannot be assured the postoperative care he needs. The
only solution is to admit him to hospital or nursing home for full
premedication and anaesthesia.
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CHAPTER SEVEN

The Resistant Patient

whom nitrous oxide-oxygen is not sufficiently potentan st
for him to use alope and secure satisfactory "‘"“s{h&me.

These patients can be classed as “resistant” and several types &
well known. .

Alcoholics and drug addicts. These persons are accustomed 10 1'37\‘1“5
large doses of analgesic drugs, or alcohol which 15 a very sinuist
agent, and their central nervous system is accustomed to 3 mOre O
less continuous blood “anaesthetic™ level. i

The very muscular or very fat. This habitus 1s not lflfl'Cq‘-‘e"‘:y
complicated by some measure of chronic alcoholism, as for exam? ¢
in the intemperate labourer or the fat publican. Any mOVeF‘cms
which they make under anaesthesia are correspondingly mote violent
than those made by normally built persons and arg more difficult to
control. Therr respirations are of greater excursion and give 0Pper”
tunity for asr leaks around the mask during induction, while the plood
volume which has to be saturated with gas during induction }$
greater than normal, making induction slower and the exoitement
stage prolonged. Finally, in the obese with their jaw hidden fat
and less accessible, 1t 13 more difficult to hold and maintan 2%
airway. .

The very frightened whose co-operation is more easily lost. Theit
nasal breathing is difficult or impossible to establish, their frght
raises thetr secretion of adrenaline, increases their metabolic rate
ang hence thewr oxygen demand, and prepares their body for fight—
an ion which b as soon as consciousness is lost.
Apart from this they may start movements during indnction to show
that they are still awake, movements which persist and become
exaggerated when unconscious.

The dental anaesthetist should quickly learn to identify probably
sesistant patients before rather than after starting the anaesthetic.

1 i 01
Tus anaesthetist will find that therc are classes of patients for
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Consciousness persists despite high concentrations of nitrous oxific,
and if the * gas™ is pressed it is superseded eventually by jactitation
and strugeling. They cannot be anaesthetised by nitrous oxide
alone. In this situation discretion is most surely the better part of
valour, and one of the methods to be described below should be
used to secure quiet and satisfactory anaesthesia.

Premedication

The administration of sedative drugs before operation will bring
the patient some of the way along the road to anaesthesia before the
anaesthetic proper is given. Less 1s required of the nitrous oxide and
a smooth anaesthetic results. Good premedication includes the
following:

Alcohol for those who are accustomed to take 1t to excess. The
patient should be instructed to take twice his normal “dose™ 1 hour
before entering the surgery. This must of course be consumed as an
undiluted short drink of spirits. It is most unwise to suggest or
permit a stomach full of beer, which would only be vormited and per-
haps inhaled. For similar reasons, never deprive an alcoholic of his
usual solace before any operation, dental or otherwise, unless there
are definite medical indications for doing so. It is not the time to
start a“cure™, particularly as he will naturally be nervous and require
more than ever the relief which he finds in hiquor!

Barbiturate drugs. As 1n the case of premedication for children,
the anaesthetist should familiarise himself with two or three only.
Suitable ones include Seconal and Nembutal 1n doses of 13-3 grains.
This will make the patient drowsy before and after the operation
and should only be given to patients who are accompanied by friends
and who can go home afterwards.

No patient who has received any premedication is fit to drive a
motor vehicle that day.

The Use of Additional Anaesthetic Drugs at the Time of Operation
Several are in common use.
1. Thiopentone Sodium (Pentothal)
Thus is an intravenous anaesthetic which is in widespread use 1n
the operating theatre, but needs some modification 1n technique when
gl:en m the chair. With the patient seated comfortably, place a
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The Resistant Patient

whom nitrous oxide-oxygen is not suffictently potent an agent

for him to use alone and secure satisfactory anaesthesia.
These patients can be classed as “resistant™ and several types are
well known.

Alcoholics and drug addicts. These persons are accustomed to taking
large doses of analgesic drugs, or alcohol which 1s 2 very similar
agent, and their central nervous system is accustomed to a more or
less continuous blood “anaesthetic™ level.

The very muscular or very fat. This habitus is not infrequently
complicated by some measure of chronic alcoholism, as for example
i the intemperate labourer or the fat pubhcan. Any movements
which they make under anaesthesia are correspondingly more violent
than those made by normally built persons and are more difficult to
control. Their respirations are of greater excurston and give oppor-
tunity for air leaks around the mask during induction, while the ‘blood
volume which has to be saturated with gas during induction is
greater than normal, making induction slower and the excitement
stage prolonged. Finally, 1n the obese with their jaw hidden 1n fat
and less accessible, 1t 15 more difficult to hold and maintain an
airway.

The very frightened whose co-operation 1s more easily lost. Their
nasal breathing 1s difficult or impossible to establish, their fright
raises their secretion of adrenaline, mcreases their metabolic rate
and hence their oxygen demand, and prepares their body for fight—
an emotion which becomes mamfest as soon as conscrousness is lost.
Apart from this they may start movements during mduction to show
that they are still awake, movements which persist and become
exaggerated when unconscious.

The dental anaesthetist should quickly learn to identify probably
resistant patients before rather than after starting the anaesthetic,

THE anaesthetist will find that there are classes of patients for
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It is not unknown for those who have received the drug to assure the
anaesthetist that they are alert and feel well enough to go home, but
later have no memory of the journey. They are in fact quite unsafe
to be allowed to be unaccompanied and the anaesthetist might be
held responsible at law for any acts committed by a patient in this
state if he has not taken adequate care to have him looked after.

(b) Thiopentone increases laryngeal irritability, and saliva or blood
in the larynx may provoke troublesome laryngeal spasm. The drug
must NEVER be given without the immediate availability of a cylinder
of oxygen and a tightly fitting face mask and reservoir bag, so that
oxygen can be administered under pressure should laryngeal spasm
or undue respiratory depression follow its use. It is 2 most dangerous
practice to give a large dose of thiopentone for dental extraction (or
any other operation), relying on the profound depression which it
can cause to mask its lack of analgesic qualities. The hazard is
increased if this is done by the single handed operator-cum-anaesthe-
tist without the means of oxygenation to hand.

(¢} There are some patients in whom it is contraindicated. (See
Chapters 2 and 8.)

Despite these disadvantages it is probably the best adjuvant for the
resistant case if the anaesthetst is skilled and 1f adequate postopera-
tive care is possible. It has, however, been truly said that it is “fatally
easy to give™,

2 Pethidine

This should also be given intravenously, though oral or intra-
muscular routes are possible. A suitable intravenous dose is 25 mgm.
n 2:5 ml. of distilled water, given 5 or 10 minutes before the anaes-
thetic The drug produces a pleasant euphoria, and should be
followed by a conventional nitrous oxide anaesthetic. Some patients
are d, postoperative dro is common, and 1t may cause
syncope. It has few ad over th

3. Trichloroethylene

This drug 15 marketed in this country under the trade name of
“Trilene™, and 1s added to the gases from a standard anaesthetic
machime by including a vaponser such as Rowbotham’s between
the machine and the reservoir bag.

Techmgue. The patient is induced with nitrous oxide in the usual
way, but when consciousness has been duiled, say after ten breaths
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loose tourniquet around the arm to obstruct the venous blood flow
and to render the veins prominent. Insert the needle into the chosen
vein, avoiding the medial side of the cubital fossa where anomalous
branches of the brachial and ulnar arteries may run superficially and
can be entered by mustake. It is best to use a 24% solutron, ie ¥
gramme 1n 20 c.c. of water. The dental prop is then put 1 place and
1mmedrately 6-8 ml. of the drug are rapidly injected, and the tournt-
quet released. This method will ensure that a small dose of the
barbiturate (0-15-0-2 grammes) will rapidly enter the general circu-
lation and 1n 10 seconds or thereabouts will reach the brain and in-
duce sleep. Thiopentone has little or no analgestc action, particularly
in these small doses, so it must at once be followed by nitrous oxide
in the usual way before the extraction is started, If the operator does
not wait for this, the patient although asleep will move and react
strongly to the painful stmulus. The technique described ensures the
maximum effect from a small dose, with the quickest recovery.
Slow injection will result in the brain concentration being lower for
given dose, so will require larger doses to be effective, and will
prolong the recovery tume.

The dose r ded above 15 iderably less than that com-
monly used for major surgery 1n the operating theatre, and it will be
noted that the strength recommended accords with modern practice.
24%; solution has the following advantages:

1. The intant nature of the solution 1s reduced, and the hazards
which follow 1ts accidental perivenous or intra-artenial mnjection are
much reduced

2. There 15 a lower d of thrombophlebitis with weaker
solutions.

3. Accidental overdosage 1s less easy as the bulk of the solution
limuts the rate at which 1t can be given,

Thiopentone provides a pleasant induction for those who fear the
mask, and will quell the most resistant pattent. It has unfortunately
certain dangers and disadvantages of 1ts own.

{a) The recovery time 1s prolonged. The patient may need to be
kept 1n a recovery room for an hour after the operation, as drowsiness
and disorientation are the rule rather than the exception. He will
often need transport home, he MUST be accompanied, and should not
drive a car that day. The disorientation should be regarded seriously.
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Itis not unknown for those who have received the drug to assure the
anaesthetist that they are alert and fecl well enough to go home, but
later have no memory of the journcy. They are in fact quite unsafe
10 be allowed to be unaccompanicd and the anaesthetist might be
held responsible at law for any acts committed by a patient in this
state if he has not taken adequate care to have him looked after.

(b) Thiopentone increases laryngeal irritability, and saliva or blood
in the larynx may provoke troublesome laryngeal spasm. The drug
must NEVER be given without the immediate availability of a cylinder
of oxygen and a tightly fitting face mask and reservoir bag, so that
ovygen can be administered under pressure should laryngeal spasm
or undue respiratory depression follow its use. It is a most dangerous
practice to give a large dose of thiopentone for dental extraction (or
any other operation), relying on the profound depression which it
can cause to mask its lack of analgesic qualities. The hazard is
increased if this is done by the single handed operator-cum-anaesthe-
tist without the means of oxygenation to hand.

(c) There are some patients in whom it is contraindicated. (See
Chapters 2 and 8.)

Despite these disadvantages it is probably the best adjuvant for the
resistant case 1f the anaesthetist 1s skilled and if adequate postopera-
tive care is possible. It has, however, been truly said that it 1s * fatally
easy to give™,

2. Pethidine

This should also be given intravenously, though oral or intra-
.muscular routes are possible A switable intravenous dose is 25 mgm.
in 2-5 ml. of distilled water, given 5 or 10 minutes before the anaes-
thetic. The drug produces a pleasant euphoria, and should be
followed by a conventional nitrous oxde anaesthetic. Some patients
are perative drowsi: 15 and it may cause
syncope. It has few advantages over thiopentone.

3. Trchloroethylene -

This drug is marketed in this country under the trade name of
“Trilene™, and ss added to the gases from a standard anaesthetic
machine by including a vaponser such as Rowbotham’s between
the machine and the reservoir bag.

Techmque. The patient is induced with nitrous oxide in the usual
way, but when consciousness has been dulled, say after ten breaths
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the control of the vaporiser is moved a Inttle at a time to the half-way
position, a manceuvre which should occupy the time of at l?ast ten
breaths. Too rapid increasc in vapour strength causes c.oughmg and
breathholding, and is unpleasant to the conscious patient. 1f these
oceur the control must be returned to *“off ', and then re-advanced
more slowly. Oxygen is added in the usual way, Most vaporsers
give too strong a vapour if turned more than half—fm, i

The signs of overdosage with this drug are raplfi brefathlng an
irregularities of the pulse, and with gross maladministration such :ss
bubbling the gases through the liquid, cardiac arrest has happent! '
When used as described trichloroethylene is a very safe, pleasant an
useful addttive to supplement nitrous oxide, and can be thoroughly
recommentded.

It 1s not only useful for the resistant, but it also allows the anaesthetic
to be prolonged, with adequate oxygenation in the normal Pancnt,
should unexpected operating difficulties arise, or more ‘ume be
required. Its use 1s far preferable to persisting with nitrous oxide alt{ne
and incurring undesirable hypoxsa. It has a few disadvamagcs,‘whlch
include slightly prolonged recovery and a little mcrease in the
ncidence of nausea Patients do not feel quite as fit afterwards as1f
plam mitrous oxide-oxygen had been used (although they are
much fitter if given trichloroethylene than if kept hypoxic), but in
any case escort home is rarely necessary Because of these draw
backs it is not generally advisable to use the drug in every case,
whether or not resistant or difficult, although many anacsthetist}S n
fact do this and find their patients well, their operating conditions
g00d, and the anaesthetic easier to manage.

4. Cyclopropane

Some specialists use this in lieu of, or In addition to, mtrous oxide
1n the resistant case. It 1s rapid acting, pleasant, and potent enough
to quell a resistant patient, while 1ts administration with up to 807,
oxygen 1s advantageous, but the disadvantages are legion and mclude
its expense and its explosive potentialities. Recent work has shown
that forceps shipping off a tooth may produce sparks of sufficient
ntensity to 1gnite cyclopropane, and there are other sources of
1gnition in the dental surgery such as gas or spirit flames, the switch
and contacts of the engine, the X-ray machine, and the friction of the
dnill 1n the tooth if this 1s used during the anaesthetic
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To reduce the explosion risk cyclopropane is now given with a
mixture of 50:50 nitrogen-oxygen, or helium-oxygen with which1t is
not inflammable because of dilution, but this again increases the
complexity of the apparatus, Finally the most compelling disadvan-
tage is that many patients suffer from prolonged nausea, vomiting
and malaise after its use, and it is really not suitable on this count
alone.

5. Ethyl chloride

This can be given either by spraying in 3-ml. doses on to the pack
in mouthbreathers—many resistant patients mouthbreathe—or by
spraying it direct in similar doses into the reservoir bag of the
machine. This requires a minor modification to the bag mount and
the drilling of a small hole to permit the introduction of the drug
without removing the bag.

If it is sprayed on to the pack this should be removed immediately
the operation is finished, or absorption will continue and overdosage
will be possible.

6. Vinyl ether

This is marketed commercially as “ Vinesthene”, and can be added
to the gases from a Goldman dnp vaporiser which is plugged into
the anaesthetic machne. Tt is effective, but the salivation and the
spasm of the jaw muscles may under the operator. The administra-

tion is not easy to control as vaporisation continues after the tap has
been turned off,

7. Halothane

This recently developed agent has great promise in dental anaes-
thesia, but its cost—£10 per 250 ml. at time of going to press—is a
disadvantage. It is pleasant to breathe, and should be added to the
gases from a machme in a simlar way to trichloroethylene. A
Vvaporiser which gives a known and constant vapour concentration
s ideal, and the “Fluotec™ 1s suitable in this respect. The maximum
concentration which should be given without atropine as premedica-
tion is 0-5%;. In this strength the drug causes neither hypotension nor
bradycardia,

R l.{alothane is effective and controls a resistant patient very well,
8iving rapid recovery, with httle hangover. Operating conditions
are good and jaw relaxation 1s excellent.
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the control of the vaponser 1s moved a hittle at a time to the half-way
position, a manceuvre which should occupy the time of at Jeast ten
breaths. Too rapid increase in vapour strength causes coughing and
breathholding, and is unpleasant to the conscious patient. If these
occur the control must be returned to ““off *, and then re-advanced
more slowly. Oxygen is added in the usual way. Most vaporisers
give too strong a vapour if turned more than half-on.

The signs of overdosage with this drug are rapid breathing and
irregularities of the pulse, and with gross maladministration such as
bubbling the gases through the liquid, cardiac arrest has happened.
‘When used as described trichloroethylene is a very safe, pleasant and
useful additive to supplement nitrous oxide, and can be thoroughly
recommended.

It 1s not only useful for the resistant, but it also allows theanaesthetic
to be prolonged, with adequate oxygenation in the normal patient,
should unexpected operating difficulties arise, or more time be
required. Its use 1s far preferable to persisting with nitrous oxide alone
and incursing undesirable hypoxia. It has a few disadvantages, which
mclude slightly prolonged recovery and a little increase in the
incidence of nausea. Patients do not feel guite as fit afterwards as if
plain nitrous oxide-oxygen had been used (although they are
much fitter 1f given trichloroethylene than if kept hypoxic), but in
any case escort home 15 rarely necessary. Because of these draw-
backs 1t is not generally advisable to use the drug in every case,
whether or not resistant or difficult, although many anaesthetists in
fact do this and find their patients well, their operating conditions
good, and the anaesthetic easier to manage.

4. Cyclopropane

Some specialists use this i lieu of, or in addition to, nitrous oxide
in the resistant case It 1s rapd acting, pleasant, and potent enough
to quell a resistant patient, while 1ts administration with up to 8034
oxygen is advantageous, but the disadvantages are Jegion and include
1ts expense and 1ts explosive potentialities. Recent work has shown
that forceps slippmg off a tooth may produce sparks of sufficient
tensity to ignite cyclopropane, and there are other sources of
ignition in the dental surgery such as gas or spirit flames, the switch
and contacts of the engine, the X-ray machine, and the frictzon of the
drill 1n the tooth 1f this 1s used durmg the anaesthetic.
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To raduce the explotion risk cyclopropans 1s now griea with 2
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2% infemmatls beczose of dilution, but this apin increases the
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the control of the vaponser 1s moved a little at a time to the half-way
position, a manceuvre which should occupy the time of at least ten
breaths. Too rapid increase 1 vapour strength causes coughing and
breathholding, and is unpleasant to the conscious patient. If these
occur the control must be returned to “off ”, and then re-advanced
more slowly. Oxygen 1s added in the usual way. Most vaporisers
give too strong a vapour 1f turned more than half-on.

The signs of overdosage with this drug are rapid breathing and
irregularities of the pulse, and with gross maladmmstration such as
bubbling the gases through the liqund, cardiac arrest has happened.
When used as described trichloroethylene is a very safe, pleasant and
useful additive to supplement mitrous oxide, and can be thoroughly
recommended.

Itis not only useful for the resistant, butit also allows the anaesthetic
to be prol d, with ad OXY ion in the normal patient,
should unexpected operating difficulties anse, or more time be
required. Its use 1s far preferable to persisting with nitrous oxide alone
and incurning undesirable hypoxia. It has a few disadvantages, which
mclude slightly prolonged recovery and a little increase in the
ineidence of nausea. Patients do not feel guite as fit afterwards as if
plain nitrous oxide-oxygen had been used (although they are
much fitter 1f given trichloroethylene than if kept hypoxic), but in
any case escort home is rarely necessary. Because of these draw-
backs it 1s not generally advisable to use the drug in every case,
whether or not resistant or difficult, although many anaesthetists in
fact do this and find their patients well, therr operating conditions
good, and the anaesthetic easier to manage.

4. Cyclopropane

Some specialists use this i Lieu of, or 1n addition to, mtrous oxide
in the resistant case. It is rapid acting, pleasant, and potent enough
to quell a resistant patient, while 1ts admnistration with up to 804
oxygen 1s advantageous, but the disadvantages are legion and include
1ts expense and 1ts explosive potentialittes. Recent work has shown
that forceps slipping off a tooth may produce sparks of sufficient
intensity to 1gnite cyclopropane, and there are other sources of
igmtion 1n the dental surgery such as gas or sprrit flames, the switch
and contacts of the engine, the X-ray machine, and the frictton of the
drill1n the tooth if this 1s used during the anaesthetic.
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Assessment of Fitness
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Its wider application awaits a simple and reliable vaporiser which
can eliminate the very real risk of overdosage—and a reduction in
price.
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CHATTIR LIGHT

Assessment of Fitness

Nlmous oxide and oxygen anaesthesia causes little or no

pharmacological upset, and gives no physiological insult to
the most frail of patients provided that it is given in suitable
proportions to avoid hypoxia. If these provisos are filled, there is
no contraindication to its use, and it is indeed well suited to major
surgery in the very ill—though of course with other agents to enhance
its potency. The conditions under which it is used in the dental chair
do not, however, measure up to this ideal, and, except in special
techniques described in Chapter 11, hypoxia of greater or less severity
accompanies every dental “gas®,
The more prominent of the changes in the body's* milics intéricur ™
brought about by hypoxia are:

Reduction in artersal oxygen tension—anoxic anoxia.

No.of patients
~
S

||
0

>3 35726 2516 15 6
Falt

Q
575 615 1625 2635 >33
Ise

Fi6. 2. Change in pulse rate after anaesthesia with N;0,-0; 1n 100 patients.



54 General Anaesthesia for Dental Surgery

Its wider application awaits a simple and reliable vaporiser which
can eliminate the very real risk of overdosage—and a reduction in
price.
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CHAPTER EIGHT

Assessment of Fitness

pharmacological upset, and gives no physiological insult to
k= most frail of patients provided that it is given in sujtable
proportions to avoid hypoxia. If these provisos are filled, there is
no contraindication to its use, and it is indzed well suited to major
strgery in the very ill—though of course with other agents to enhance
its potercy. The conditions under which it is used in the dzntal chair
¢o not, however, measure up to this idszl, and, except in special
techeiques described in Chapter 11, hypovia of greater or less severity
accompanies every dantal “gas™.
Tz more prominent of the changes in the body’s*™ milien intéricur™
brought about by hypotia are:

Reduction in arterial oxygen tension—anovic anoxia.
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Rise mn blood pressure, pulse rate, and cardiac output.

Secretion of adrenaline.

The changes in pulse rate and blood pressure in normal people
under nitrous oxide and oxygen are shown in the accompanying
graphs.
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It is these changes which place the strains on all the tissues of the
body and which are responsible for any ill effects of “gas™. Pre-
existing pathology, particularly in the C.V.S. and nervous systems,
will exacerbate the ill-effects of hypoxia and it is with such pathology,
and these physiological changes in mind that patients are assessed
when fitness for mitrous oxide anaesthesia is in question.

C.N.S. Disease

Cerebral artenal disease 1s the most important as it is a process in
which there are degenerative vascular changes which reduce cerebral
blood flow and oxygen supply. This may already be producing
symptoms of its awn, such as mental deterioration and decreased
powers of concentration, or there may be evidence of past acute
damage such as a “stroke”. Any further decrease in oxygen during
anaesthesta may push the patient aver the brink, and some of his
already ill nourished cerebral cells will be permanently destroyed.
The most highly orgamsed cclis, those of the cortex, are the most
susceptible to the reduction tn oxygen tension and the less specralised
tissues of the lower centres are more hardy in this respect. Vatious
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hiuts of time have been described under which deprivation of oxygen
s said to be safe, but these must not be misinterpreted as giving Jati-
tude for anoxia in anaesthesia; in any case they usually refer to the
previously it and well oxygenated brain. Cortical tissue can be
chronically sub-oxygenated to the point beyond which there is no
reserve, and the Jeast further hypoxia causes jrreparable damage.
There is ample evidence of paticnts having permanent cercbral
damage which can be directly traced to a hypoxic episode such as
dental anaesthesia, and is most frequently recorded in the old.
The damage varies from slight insidious deterioration in tempera-
ment to a complete dementia and a decorticate state; so cercbral
vascular disease must contraindicate any technigue involving hypoxia.
Further danger lurks in the rise in blood pressure following axygen
lack, which may provoke cerebral hacmorrhage from a weakened
vascular tree. One should be very wary, therefore, of hypoxia in the
old, and in those who have given unmistakable evidence of vascular
disease of the brain in the form of a “stroke™. These patients should
not be given a conventional nitrous oxide anaesthetic, but should
be anaesthetised with one of the technigues described in Chapter 11
which avoid hypoxia.

(_)lher diseases of the C.N.S. which may cause doubts about suita-
bility for anaesthesia include epifepsy of all types. Epileptics are
eastly and safely anaesthetised with nitrous oxide, but it is important
that they take their usual dose of anti-convulsants. There 15 a slight
sk that hypoxia may trigger off an attack during recovery and the
anaesthetist should be prepared for this, though it is rarely met with.
Should the patient's history suggest that this is probable, as for ex-
ample may be the case where the fits are frequent and poorly con-
trolled, anaesthesia should be induced with thiopentone and be
mamtained with mtrous oxide, the barbiturate being a potent anti-
convulsant as well 35 an anaesthetic.

Mental defectives, and those suffering from mental tliness present
no particular problem providing their attentton can be held during
induction, A h is d held ble by the laity,
should it caincrde with the anset of a psychosis such as schizophrenia
for causing the disease, and be blamed for the illness. There is no
evidence that properly conducted anaesthesia has any causal relation

to psychosis, and the idea is an snstance of * post hoc ergo propter
hoc™,
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Organic non-vascular disease of the C.N.S. is no bar to dental
anaesthesia though the stress of operation may cause an exacerbation
of multiple sclerosis. *“Spastic” children are easily anaesthetised by
o

gas”.

Cardiovascular Diseases

Coronary artery disease is the main pitfall. This is more of a
problem than many forms of vascular inadequacy as it may be silent,
and producing no symptoms. The patient who has had a mng
attack of coronary thrombosis or suffers from angina pectoris is
ABSOLUTELY UNFIT for nitrous oxide in the chair These diseases in-
volve already severe myocardial sub-oxygenation, sufficient to cause
infarction in the one and symptoms in the other. Further oxygen lack
places the patient 1n peril of cardiac arrest and death during even short
anaesthesia. Should such a patient require general anaesthesia he
must be admitted to hospital and anaesthetised by methods which do
not mnvolve hypoxa, alterations in blood pressure or cardiac output.

Hypertension which 15 severe enough to cause symptoms {but
not the mild symptom-fee hypertension often found in those over
middle age) also renders the patient unsuitable for “gas™. An
additional nise in pressure may precipitate failure of a cerebral
vessel, hypertensive encephalopathy, or myocardial failure.

Valvular disease of the heart, a relatively frequently encountered
condition, 1s of as much importance per se as the underlying myo-
carditis and imparred cardiac reserve which may accompany 1t. The
cardiac reserve, which 1s the capacity of the heart to perform extra
work 1n response to stress 1s the most rehable guide of all to fitness for
anaesthesia. The reserve 1s reduced 1n myocardial degeneration, mn
valvular disease where compensation 1s failling, and in ischaemic
heart disease amongst others The state of the cardiac reserve can
best be found by the patent’s answers to a few simple questions.
The adult patient who can perform the amount of physical work
reasonably expected from one of his age, who can walk up two flights
of stairs without stopping for breath, and who can run for a bus, is
fit for mtrous oxide anaesthesta whatever the murmurs in his heart.
His fellow who has to live on the ground floor because of shortness of
breath, who cannot walk up a short hull or do a full day’s work has
a heart muscle which will not respond to the least call for extra
work and 1s probably unfit for **gas™ in the chair. These criteria are
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valuable for their simplicity, as a few questions will enable the anacs-
thetist to elicit the relevant facts about the fitness of the patient’s
cardiovascular and respiratory sy Physical ination of the
patient is unlikely to add to the knowledge gained from this history,
and can normally be omitted, unless the symptoms described above
suggest otherwise. The soom in the Royal Dental Hospital where
extractions are carried out under general anaesthesia is on the third
floor, and the ability of a patient to walk up to it is strong prima
facie evidence that there is little wrong with his circulation.

Children, and sometimes adults, will be found who have had
operations on the heart, or who are known to have congenital heart
disease. They are not suitable subjects for outpatient general anaes-
thesia and should be admitted for full general anaesthesiain the opera-
ting theatre. The disease may cause cyanosis, or may be potentially
cyanotic at rest, and such patients tolerate hypoxia very badly.
The rise in pressure may cause extra-circulatory shunts to appear
and the circulatory dynamics to be upset and perhaps put the heart
into fadure. Those who have had operative treatment for heart
disease should also be admitted since it is often impossible to
Testore the heart’s anatomy entirely to normal by surgery and the
operationmay indeed have been designed to produce further shunts as
palliative measures, as for example 1n Blalock’s operation.

It is appropriate here to remember the need for providing anti-
brotic cover before extracting teeth from anyone who has valvular or
congenital heart disease. The danger is of course that the transient
bacteraemia which follows extraction may be sufficient to start

b ende itis in such p Suitable cover is one mllion
umits of crystalline pemciliin 1 hour before operation. Despite nega-
tive chinical signs any patient who gives a history of rheumatic fever
should be given the same treatment.

Anaemic patients are on the whole fit for nitrous oxide, but need
8reat care as 1t 1s very easy to make them dangerously hypoxic
without there being any cyanosis to give warning, and such patients

may mysteriously collapse from just this cause if the possibility is
not borne 1n mind.

Respiratory Discases

There are relatvely few respiratory contraindications to dental
gas”. Dental treatment 1s unlikely to be required in the acute
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Organic non-vascular disease of the C.N.S. 13 no bar to dental
anaesthesia though the stress of operation may cause an exacerbation
of multiple sclerosis. “Spastic” children are easily anaesthetised by
“onc?

gas”.

Cardiovascular Diseases

Coronary artery disease 1s the main pitfall. This is more of a
problem than many forms of vascular inadequacy as 1t may be silent,
and producing no symptoms. The patient who has had a frank
attack of coronary thrombosis or suffers from angina pectoris is
ABSOLUTELY UNFIT for nitrous oxide in the chair. These diseases in-
volve already severe myocardial sub-oxygenation, sufficient to cause
1nfarction in the one and symptoms in the other. Further oxygen lack
places the patient 1n per1l of cardiac arrest and death during even short
anaesthesia Should such a patient require general anaesthesia he
must be admitted to hospital and anaesthetised by methods which do
not involve hypoxia, alterations in blood pressure or cardiac output

Hypertension which 1s severe enough to cause symptoms (but
not the mild symptom-fee hypertension often found in those over
middle age) also renders the patient unsuitable for “gas”. An
additional rise in pressure may precipitate farlure of a cerebral
vessel, hypertensive encephalopathy, or myocardial failure.

Valvular disease of the heart, a relatively frequently encountered
condition, 1s of as much importance per se as the underlying myo-
carditis and impaired cardiac reserve which may accompany it. The
cardiac reserve, which 1s the capacity of the heart to perform extra
work in response to stress 1s the most reliable gmde of all to fitness for
anaesthesia. The reserve 1s reduced 1n myocardial degeneration, in
valvular disease where compensation 1s failing, and 1n schaemic
heart disease amongst others The state of the cardiac reserve can
best be found by the patient’s answers to a few simple questions
The adult patient who can perform the amount of physical work
reasonably expected from one of his age, who can walk up two flights
of stairs without stopping for breath, and who can run for a bus, 15
fit for nitrous oxide anaesthesia whatever the murmurs in us heart.
His fellow who has to live on the ground floor because of shortness of
breath, who cannot walk up a short hill or do a full day’s work has
a heart muscle which will not respond to the least call for extra
work and 1s probably unfit for “gas™ in the chair. These critersa are
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after recovery, The same regime is to be followed when anaesthe-
fisng patients under treatment with the newer sulphonamide
drugs such as tolbutamide. The major problem of anaesthesia in
diabetes is the avoidance of hypoglycacmia, but with the short
duration of dental anaesthesia this is of less importance than in
prolonged surgery in the operating theatre. Should a diabetic require
nitrous oxide to be supplemented as described in Chapter 7, almost
any of the additives are suitable but cyclopropane and pethidine
should be avoided as they may be followed by malaise and nausea,
and upset the food intake afterwards. Diethyl ether is contraindicated
as it causes a marked rise in blood sugar, but thiopentone, trichloro-
cthylene, or halothane are very suitable.

Thyrotoxicosis

The severe thyrotoxic is not suitable for straight “gas”, for her
nervousness makes her a very difficult patient, her high B.M.R.
causes increased demand and needs raised oxygen content in the
Bas mixture, and at the same time she requires larger doses of all
anaesthetics than the normal patient—these are 1ncompatible
demands from nitrous oxide, The toxic myocarditis of the disease is
another reason for discretion when hypoxic techniques are contem-
plated. Fortunately the widespread use of anti-thyroid drugs of
ﬂ}e thiouracil and carbimazole type has totally changed the
picture and the untreated severely toxic case is practically unknown
nowadays, Even in them dental extraction can usually be postponed
ror_the short time necessary for control of the disease Mild thyro-
toxics can be safely anaesthetised 1n the chair but should receive
heayy premedication such as 3 gramns of Nembutal. Euthyroid
patients controlled by drugs, those who have had surgical treatment,

and thase who are myxoedematons present no problem and can be
treated as normal.

Cortisone

b{ow that Cortisone, Predmisone and allied substances are widely
available, patients will be encountered who are taking these drugs,
or who have had them 1n the past. Admimstration of these drugs
makes the patient unable to respond to the stress of operation and
anaesthesia, however trivial, by the increased adreno-cortical activity
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infections such as the pneumonias. Bronchitis s no bar, nor is
bronchiectasis providing it is not sufficiently severe to produce
cyanosis and dyspnoea and that the patient is previously tipped to
empty his chest of sputum over the short period of the anaesthetic.
The chronic bronchitic and emphysematous man who is near heart
failure or whose respiratory reserve is reduced so far to give dyspnoea
at rest, 1s unsuitable. The anaesthetist should be wary of using 1?110'
pentone 1n asthmatics, though nitrous oxide is normally safe provided
the patient 1s not in an acute attack. Thiopentone has a parasym-
pathomumetic action which can exacerbate the spasm, and pethdine,
a bronchodilator, is far preferable to use as an adjuvant in these cases

Healed and non-active tuberculosis presents no difficulty s0 Iong
as1t is not presenting symptoms simply from the destruction of much
lung tissue. Active tuberculosts is also often no contraindication to
“gas™ though some physicians advise against it and the ndividual
circumstances of the patient must be considered If cases of actve
tuberculosts are anaesthetised the apparatus must be thoroughly dis-
infected by boiling after use. Past treatment of phrenic nerve crush,

P horax or pneumoper tal or lobar resection,
do NoT contraindicate nitrous oxide, though patients with 3 m—gc
d orp horax should not have this

p P
gas, because 1t diffuses very quicklynto such air filled spaces, quicker,
infact, than the mtrogen diffuses out. In a short time the volume of gas
1n the space will increase and 1t may cause respiratory embarrassment.

Diabetes Mellitus

This should not worry the anaesthetist who plans to administer
mitrous oxide alone The patient who 1s controlled by diet without
msultn needs no spectal precautions except that 1t must be remembered
that he will have the degenerative arterial changes common to all
diabetic patients. The prescribed peniod of starvation before anacs-
thesia will improve rather than worsen his diabetes.

The patient taking insulin should not miss a meal but should have
the extraction timed just before the next one is due, and he should
take his normal diet and Ius usual dose of insulin. He should be
given the advantage of a smoothly adminsstered anaesthetic so that
he does not vomit and can take his normal meal straight afterwards,
or 1f this 1s not posstble, the appropriate dose of carbohydrate in
the form of a drink containing 25 grammes glucose or sucrose



CHAPTER NINE

Anaesthetic Emergencies

ATIENTS under anaesthesia sometimes show unexpected and
Palarming deviations from the normal smooth and safe path of

unconsciousness, and require prompt and correct action to be
taken to restore conditions to normal. The action to be taken is no
different from that in any other branch of medicine when the un-
expected happens-—make the diagnosis and carry out the appropriate
treatment, but there is the difference that the diagnosis has to be
made at once on the spot, and there is no time to summon help or
advice about treatment if the patient’s lifc is not 1o be placed in grave
.lefipardy. There are nevertheless certain emergencies which are met
with more frequently than others and it is important to be able to
recognise them and treat them correctly.

Faults in the Apparatus

These will almost certainly anse because the machine has not been
checked before use. Although this should be unalterable routing
before every case, the very fact that 1t is a routine may lead to some
check betng omitted, or memory sncorrectly relied on that some part
or other 15 1n order when in fact 1t 1s not. Typical errors are to find
the oxygen cylinder empty or not turned on or the valve key missing,
Just when 1t 1s urgently required to deal with unexpected hypoxia.
If this 1s accompanied by cessation of respiration the only measure
possible if the oxygen supply cannot be restored within seconds is
mouth to mouth breathing A facepiece 1s held securely over the
patient’s face, the airway 1s cleared, and the lungs nflated by the
anaesthetist rhythmically blowing into the open orifice of the mask.
This inelegant procedure will cause the patient to be ““aerated” witha
Tuxture contaning about 15%, oxygen, but this 1s a great deal better
than none at all and may tide over the emergency until the oxygen
supply can be restored.

The breathing of a very high concentration of a volatile additive
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normally found at such times. The result may be cardiovascular
collapse during or shortly after operation.

If a patient is taking cortisone or a like drug, or has received it
during the last year in full doses he requires a booster dose of 100
mgm. hydrocortisone by injection just before operation, even under
out-patient anaesthesia. If extensive in-patient procedures are
contemplated he must receive a full course of pre- and post-opcrative
treatment with cortisone,

Surgical Conditions

Important are those mvolving hazard to the airway, and chef
among them is Ludwig’s Angina. This causes oedema of the larynx,
glottis and tongue, and a severe case will be very toxic, hypoxic and
cyanosed, and existing only on laboured respiration with the accessory
muscles of respiration being used. Such patients are in fmmediate
danger both from the disease and from misgnded anaesthesia
Thiopentone and plain “gas” are contraindicated. The latter adds
a further and fatal element of anoxia and kills quickly—though thio-
pentone s fatal even quicker. This drugis a depressant of the respira-
tory centre and a direct depressant of the already toxic heart muscle.
Unconsciousness causes loss of the voluntary muscles which have
been used to make the respiration adequate, and hence almost
stmultaneous cessation of respiratory efforts and cardiac stand-
still, It 15 necessary to ensure an airway by mtubatton of the larynx
under topical anaesthesia before consciousness is lost, and to
oxygenate the patient thoroughly before anaesthesia 1s mduced
—for which cyclopropane 1s often used. The discase is one for the
expertenced anaesthetist alone, and s one of the most difficult t0
anaesthetise 1n the whole field of surgery.

Ths 15 dealt with more fully in Chapter 10.

Reference

BeDFORD, P D (1955) Lancet 2, 259, “The Adverse Cerebral Effects of
Anaesthesia i Old People™.



Anaesthetic Emergencies 65

the available oxygen to the brain and the respiratory and vasomotor
centres fail. The respiration ceases and blood pressure falls further
with worsening cardiac output and further de-oxygenation of arterial
blood. The onset is surprisingly rapid, and the patient’s condition
becomes alarming over the space of a few seconds. Almost the only
other cause for the condition in dental chair anaesthesia is over-
dosage with ethyl chloride or thiopentone, which are directly toxic
to the heart and produce primary cardiac failure.

Treatment. In the following order:

1. Stop the operation and discontinue the anaesthetic.

2. Clear the airway and remove the mouth pack and fragments
from the mouth. There will be little bleeding.

3. Lay the patient flat on the floor or lower the back of the dental
chair. This helps gravity to direct what circulation there is to the
brain.

4. Change the nosepiece to a full face mask, close the expiratory
valve, apply the mask tightly to the face, set the machuwe to deliver
100 oxygen either from the emergency control or via the usual
€2s valves, and rhythmically inflate the lungs by squeezing the
reservoir bag 16 to 20 times per minute. It is essential that the chest
be seen to move during this procedure, as 1t is easy to lose all the
oxygen from leaks around the mask if this is not held correctly, or to
distend the stomach and not the lungs. To ensure inflation it may be
necessary to insert an oropharyngeal airway—a size two or three
Waters or Guedel type 15 suitable.

This artificial respiration must be continued until the patient
revives. Usually the colour returns after a few seconds successful
inflation, followed almost at once by spontaneous respiration, Full
Trecovery of consciousness may be slow, and the patient will require
to be kept lying down for an hour or more, and must have transport
home. This is the sort of accident which is hable to produce adverse
permanent cerebral sequelae. It is a grave event even if all is appa-
rently well afterwards, as hypoxia may produce brain damage
which is only noticed 1n those who rely on their intellectual pro-
cesses in their everyday life. This 1s particularly hikely to happen
In more elderly patients. Fortunately the body’s recuperative
powers are so good that permanent damage is rare, but recent

work has suggested that permanent brain damage 15 commoner than
Wz;s at one time thought.
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due to the control being incorrectly set may Pmd“‘*;n; i::]c:i
bout of coughing, and collapse if the agent has b?":h‘ achive
appreciable dose. Correct setting angl inspection of . °r omeling
will prevent this, and some anaesthetists make'a point o s has
the gasts being delivered before cach anaesthetic to c'n;u:}c‘e adheat
not happened. A happily rarer accident nowa(}zsys wit! o of
of non-interchangeable cylinders and valves is thc' con P
cylinders to the wrong yoke, but a sim?]ar hazard lies in i
inspect machines after they have been dismantled of sz:rvx;:ct ey
way, since the iternal piping, or snap-on rubber tube ccnn} -
have been incorrectly replaced. It is prob_ably as w.ell ©w ; i and
touch the gas machine except the anaesthetist, the trained orde |e’:;’nil\g
the maker's engineers, The devastating effect of well meant ;e pnt]
and tidying by inexperienced nurses has to be seen 10 bch g
1f any other gas emerges when the oxygen is turned on e o ad

quences may very well be disaster. The natural reaction 1% ‘Oh ot
more “oxygen™ If the patient’s condition deteriorates, and iy
vicious crrels of maladministration is set up. The only path fos2 na
in such an cvent is for the anaesthetst to have realised fhat sucmo
possibility may arise, as the patient’s condition deteriorates .
quckly for the machine to be checked once things have smrtedf" i
wrong The correet achon i§ to abandon the machine if thete is the
least suspicion that this may have occurred, and Jet the patient breatht
the atmosphere, the composition of which can be guaranteed t0 be
sufficiently rieh i oxygen,

Collapse

The panent who collapses under anaesthesia shows the fotlowing
signs.

1. Cessation of respiration, or mfreguent gasps.

2 Colowr change to groy,

3. Widely ilated pupis.

4. Farnt and 1rreguiar pulse.

These are symptomatc of circulatory and respiratory faiture, and
if not rapidly treated proceed to cardiac arvest and death, The condi-
tion is almost wicariably the reswlt of too profound and teo pro-
Tonged hypoxia. A wircle of events 1s set up-—the heart's action is
weakened and cardie ontput 18 reduged; this still further reduces
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the available oxygen to the brain and the respiratory and vasomotor
centres fail. The respiration ceases and blood pressure falls further
with worsening cardiac output and further de-oxygenation of arterial
blood. The onset is surprisingly rapid, and the patient’s condition
becomes alarming over the space of a few seconds. Almost the only
other cause for the condition in dental chair anacsthesia is over-
dosage with ethyl chloride or thiopentone, which are directly toxic
to the heart and produce primary cardiac failure.

Treatment, In the following order:

1. Stop the operation and discontinue the anaesthetic.

2. Clear the airway and remove the mouth pack and fragments
from the mouth. There will be little bleeding.

3. Lay the patient flat on the floor or lower the back of the dental
chair. This helps gravity to direct what circulation there is to the
brain.

4. Change the nosepiece to a full face mask, close the expiratory
vaive, apply the mask tightly to the face, set the machine to deliver
1005, oxygen either from the emergency control or via the usual
2as valves, and rhythmcally inflate the lungs by squeezing the
Teservoir bag 16 to 20 times per minute. It is essential that the chest
be seen to move during this procedure, as it is easy to lose all the
oxygen from leaks around the mask if this 1s not held correctly, or to
distend the stomach and not the Iungs. To ensure inflation 1t may be
fecessary to insert an oropharyngeal airway—a size two or three
Waters or Guedel type 1s sutable.

This aruficial respiration must be continued until the patient
revives. Usually the colour returns after a few seconds successful
wnflation, followed almost at once by spontaneous respiration. Full
Tecovery of consciousness may be slow, and the patient will require
1o be kept lying down for an hour or more, and must have transport
home. This 1s the sort of accident which 1s Liable to produce adverse
Permanent cerebral sequelae It 1s a grave event even if all is appa-
rently well afterwards, as hypoxia may produce brain damage
which 15 only noticed in those who rely on their intellectual pro-
cesses 1n their everyday hife, This 1s particularly likely to happen
in more elderly patients. Fortunately the body's recuperative
powers are so good that permanent damage is rare, but recent

wark has suggested that permanent brain damage is commoner than
was at one ume thought.
5
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due to the control being incorrectly set may produce a severe
bout of coughing, and colapse if the agent has been inhaled in
appreciable dose. Correct setting and inspection of the machine
will prevent this, and some anaesthetists make a point of smelling
the gases being delivered before each anaesthetic to ensure this has
not happened A happily rarer accident nowadays with the advent
of non-i ble cylinders and valves is the connection of
cylinders to the wrong yoke, but a similar hazard lies in failing to
inspect machines after they have been dismantled or serviced in any
way, since the internal piping, or snap-on rubber tube connectors may
have been incorrectly replaced. It is probably as well to let no one
touch the gas hine except the hetist, the trained orderly, and
the maker’s engineers. The devastating effect of well meant cleaning
and tidying by inexperienced nurses has to be seen to be believed.
If any other gas emerges when the oxygen is turned on the conse-
quences may very well be disaster. The natural reaction is to add
more “oxygen” if the patient’s condition deteriorates, and thus a
victous circle of maladmunistration is set up. The only path to safety
1n such an event is for the anaesthetist to have realised that such 2
possibility may arise, as the patient’s condition deteriorates too
quickly for the machine to be checked once things have started to g0
wrong. The correct action is to abandon the machine if there is the
least suspicion that this may have occurred, and let the patient breathe
the atmosphere, the composition of which can be guaranteed to be
sufficiently rich 1n oxygen.

Collapse

The patient who collapses under anaesthesia shows the following
signs.

1. Cessation of respiration, or infrequent gasps.

2. Colour change to grey.

3. Widely dilated pupils.

4, Faint and irregular pulse.

These are symptomatic of circulatory and respiratory failure, and
if not rapidly treated proceed to cardiac arrest and death. The condi-
tion is almost nvarably the result of too profound and too pro-
longed hypoxia A cicle of events 15 set up—the heart’s action 15
weakened and cardiac output 1s reduced; this still further reduces
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of twenty was anaesthetiscd while blood pressure records were kc?l
for purposes unconnected with the individual anaesthetic. Early in
induction he showed signs of collapse before he would be expected to
be unconscious, and when he was not appreciably hypoxic. His
systolic blood pressure fell to 60 mm. Hg, and his pulse slowed to
40 per minute, but on being laid flat he recovered within scconds.
It is probable this was a faint. He was later anaesthetised in a re-
cumbent position without incident, and the extractions completed.

Cardiac Arrest

This is the direst of all emergencies. It is extremely rare during out-
patient dental anaesthesia, and those concerned are all the less pre-
pared to take effective action when it happens. The cause is again
almost always unwise hypoxia, though ethyl chloride or thiopentone
overdose may be responsible. The initial symptoms are those of
collapse, and a practical difficulty lies in determining whether the
heart has in fact stopped. It is reasonable to assume that a case of
collapse which does not respond within 30 seconds to the above

treatment, and which has no carotid pulse after that period, has
cardiac arrest.

Treatment. Only one thing 1s rational—cardiac massage. If the
Patent 15 to survive and retain his mental faculties his cerebral
circulation must be restored by massage 1n the shortest possible time.
The survival of cortical cells during total circulatory arrest depends
on a number of factors, including their oxygenation immediately
before the standstill, but 1t 15 unlikely to exceed 2 mnutes, within
which time the chest must be open, massage started and a circulation
Te-established. The intracardiac or intravenous injection of drugs
tsunlikely to succeed and the time spent domgthis only delays effective
treatment.

Techmique Sterility 15 of no importance and an icision 15 made 1n
the fourth or fifth left thoracic interspace, 8 inches long and stopping
L inch from the sternum to avoid the internal mammary artery.
There will be no bleeding The hand is insinuated through the ribs
and the heart grasped and rhythmucally squeezed 40 or 50 times a
minute. The squeezing should produce a palpable carotid pulse,
but care 15 needed not to perforate the heart with the fingers. If the
other hand can be introduced to the chest and the heart compressed
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(@) Do not leave the patient to summon help. To be successful
treatment must be done by those on the spot.

(®) Do not delay inflation of the lungs for a moment for any
reason whatsoever. Particularly not while looking for so-called
analeptic or reviving drugs to inject. These drugs, of which niketha-
mide (Coramine) is perhaps the best known, are indeed powerful
respiratory stimulants to the conscious patient They act indirectly on
the resprratory centres of the brain by stimulating the carotid body
chemoreceptors, and depend for their action on an intact reflex arc,
and a respiratory centre which is able to respond to reflex stimulation
Consequently their effect decreases as the central nervous depression
increases, and they are without effect in the “collapse” under
discussion  The lesion is a simple lack of oxygen, and it is but
sound physiology that this should be the first to be remedied, when
1f there 1s any circulatton at all the heart and brain will at once
respond. The njection of these drugs and their finding, preparation
of syringes, seeking a vein, and sterlising the skm only delay,
perhaps irrevocably, the oxygenation of the patient [t must be
restated that they have no place i the treatment of emergencies in
dental anaesthesia

A specialist anaesthetist may find 1t advantageous to intubate these
cases, but will not do so 1f 1t 1n any way delays nflation with oxygen.

(¢) Do not use other methods of artificial respiration if oxygen and
amask are avatlable, as they should be, since the respiratory exchange
they produce 1s small.

Collapse under gas 1s a serious event which should never be allowed
to happen The anaesthetrst shonld regard 1t as a grave indictment
of his technique.

Fainting

Recent reports indicate that there may be a further cause for
“collapse”—a simple faint or vaso-vagal attack under anaesthesia,
or even arising from fright while still conscious during the induction,
The use of the erect position mn the dental chair exacerbates this.
Such patients, who may be young and fit, present similar signs to the
above, though with pallor rather than cyanosss, and a slow pulse.
The condition 15 as potentially dangerous if untreated as collapse
from any other cause, but as 1t 1s circulatory in origin and not prim-
arily anoxic it responds to lowering the patient flat. A young man
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between the two hands, so much the better, but this is not cssential.

A mouth gag such as Mason's makes a good emergency rib
spreader, and the squeezing must be maintained until the heart beats
steadily on its own. During this procedure the chest and lungs
must be thythmically inflated with oxygen by squeczing the bag of the
anzesthetic machine, and thereis no need to be concerned about open-
ing the chest when oxygen under pressure is available. Once the heart
has started it must be watched to ensure that it does not fail again, in
which case the massage must be restarted. The closure of the chest
may be delayed until surgical aid is available.

A dental surgery is improbable surroundings to perform thoraco-
fomy, but it may be possible to save a life in this way, while failure
fo pfrform cardiac massage will indubitably be followed by death,
anditis denying a reasonable chance to the patient to refuse to do it.
A scalpel 1s all that is required and one should be kept available in
any place where anaesthetics are administered. Cardiac massage isa
Well-recognised procedure, and providing it is carried out at once
bas 2 go0d chance of success. Cases are even recorded where single-
l}anded practitioners have revived patients without the benefits of
inflation of the lungs with oxygen. The immediate dangers are few,
and neghigible compared with the possible benefits, and the remote
problems, mainly of infection, can be dealt with later.

Following cardiac arrest or any other prolonged period of cerebral
2noxia 1t is wise to take immediate steps to prevent cerebral oedema
adding to and exacerbating the brain injury. The intravenous injection
of 40 ml. of 50°, o sucrose is advisable at the earliest possible moment,
andif Rnecessary repeated. This may mndeed be followed by the sudden
Teturn of consciousness, which 1s usually delayed after such episodes.

Vomiting

Vommng 1s uncommon under nitrous oxide anaesthesia, and if 1t
does happen it 1s usually carly in induction, or late 1n recovery when
the laryngeal reflexes are active and there 1s no danger of inhalation.

omiting can also be provoked by pushing the pack too far back-
wards and thus irritating the soft palate, but usually this produces
only a retch or two and the patient will then settle down. If true
vomiting occurs the anaesthetic must be stopped, the head held well
forwards or to one side and the airway at once cleared by swabbing
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that the suction machine is a powerful device such as a water or
oxygen operated type. Some machincs are incapable of producing
enough vacuum to suck up semi-solid matter through the necessarily
rather small tube, and may give a sensc of false sccurity—how
false is shown only when they are most needed to perform.

If intubation is not possible the patient must be given postural
drainage, lying with his head low and buttocks raised on a pillow,
on his right and left side alternately for half-hour periods, and en-
coraged to cough. If he is cyanosed he must have oxygen to breathe.

A few drugs are of help once the above measures are proceeding.
Aminophylline intravenously in doses of 0-25 grammes will reduce
the bronchospasm associated with the inhalation of a forcign body,
and digoxin 0-25 milligrams intra ly may be y if
heart failure and pulmonary oedema occur. Atropine 1s uscless, as
the oedema fluid is a transudate and not an exudate.

The inhalation of a tooth fragment is usually less dramatic than
the above, but it 15 extremely important that it is detected at the time,
50 in any case where a tooth fr t cannot be d for a
careful search must be made. Often it will be found adhering to the
mouth pack—and 1ndeed inhalation should not arise if the pack
has been correctly placed. If any solid matter cannot be traced the
patient must be told what has happened and a plain X-ray of his
chest and stomach arranged forthwith.

The commonest site for ingested foreign bodies is the stomach,
and provided they are reasonably small no further action 1s necessary
ifthey are found there. Fragments in the bronchial tree are an entirely
different proposition, Usually their inhalation will have been heralded
by a violent bout of coughing, which may expel them again, but the
coughing wears off and a silent period follows. Occasionally there 1s
no fit of coughing to mark the inhalation. Fragments of tooth or
stopping in the lungs mean that the patient must be sent at once to 2
thoracic surgeon for their removal. Delay in doing so makes their
subsequent removal throngh a bronc¥ pe difficult or impossible,
2s ocdema of the bronchial mucosa soon follows inhalation. This
causes the mucous membrane to swell so much as to obscure the
object from view, or make its removal with forceps impossible,

The object must be removed, since its retention is followed by
collapse of the lobe or segment whose bronchus it blocks, followed
by infection, bronchiectasis, and lung abscess in the untreated case,
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out the pharynx with a swab held in the fingers. During a properly
given “gas” the reflexes should still be active, but 1if the vomit is
the result of too profound hypoxia the reflexes may be depressed
and danger of inhalation is real Great care must be takenin allcases
of vomiting to clear the airway by positioning the head so that
gravity will take the debris away from the airway passages. The pro-
perly prepared patient should of course have no food in his stomach
but some patients may, by mistake or even by intent, conceal the
fact that they have had food, while even the fasting stomach will
contain a small quantity of resting gastric juice.

Inhalation of foreign body

Foreign bodies most likely to be inhaled are: vomit; tooth frag-
ment or stopping; blood or saliva. The inhalation of vomut is serious
and can cause sudden death either by total blockage of the airway
by solids, causing death from asphyxa; or by reflex vagal cardiac
inhibition resulting from the stimulation of the laryngeal and tracheal
mucosa byirritant acid stomach contents If these hazards are survived,
aninhalational p and acute pul ry oedema can develop,

licated by areas of pul ry collapse Unless actively treated
they progress to bronchopneumoma and possibly lung abscess, with
bronchiectasis as a late sequel Clearly, prevention is better than cure.

The treatment depends to some extent on circumstances. If solid
debris blocks the upper air passages as far down as the larynx it must
at once be removed either “blind” by swabbing with the fingers, or
under vision using a laryngoscope, forceps and suction. The anaes-
thetic will of course have been discontinued and when the upper
airway has been cleared the patient should be given pure oxygen to
breathe until his colour 1s as good as possible. When this has been
done the airway below the glottis must be cleared of vomut. If the
anaesthetist 1s expert and a bronchoscope 1s available this should be
passed at the earliest opportunity—but 1t is most unlikely to be
practicable 1n the dental surgery—and the vomit removed by suction.
It is more probable that the anaesthetist will be able to pass an endo-
tracheal tube of which one or more of suitable size should always be
available when anaesthetics are being given, as should be a laryngo-

scope. Suction via a switable soft rubber or “portex” catheter blindly
down the tube willremove a great deal of the vomit, but it is essential
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that the suction machine is a powerful device such as a water of
oxygen operated type. Some machines are incapable of producing
enough vacuum to suck up semi-solid matter through the necessarily
rather small tube, and may give 3 sense of false sccurity—~how
false is shown only when they are most needed to perform.

If intubation is not possible the patient must be given po?luml
drainage, lying with his head Jow and buttocks raised on a pillow,
on his right and left side alternately for half-hour periods, and en-
couraged to cough. If he is cyanosed he must have oxygen to breathe.

A few drugs are of help once the above measures are proceeding.
Aminophylling intravenously in doses of 0-25 grammes will reduce
the bronchosp d with the inhalation of a forcign body,
and digoxin 0-25 milligrams intravenously may be necessary if
heart failure and pulmonary oedema occur. Atropine is uscless, as
the oedema fluid is a transudate and not an exudate.

The inhalation of a tooth fragment is usually less dramatic than
the above, but it is extremely important that it is detected at the time,
50 in any case where a tooth fragment cannot be accounted for a
careful search must be made. Often it will be found adhering to the
mouth pack—and indeed inhalation should not arise if the pack
has been correctly placed. If any solid matter cannot be traced the
patient must be told what has happened and a plain X-ray of his
chest and stomach arranged forthwith

The commonest site for ingested foreign bodies 1s the stomach,
and provided they are reasonably small no further action is necessary
ifthey are found there. Fragments in the bronchial tree are an entirely
different proposition. Usually their inhalation will have been heralded
by a violent bout of coughing, which may expel them again, but the
coughing wears off and a silent period follows. Occasionally there is
no fit of coughing to mark the inhalation. Fragments of tooth or
stopping in the lungs mean that the patient must be sentat once to a
thoracic surgeon for their removal, Delay in doing so makes their
subsequent removal through a bronct pe difficult or impossible.
s oedema of the bronchial mucosa soon follows inhalation, This
causes the mucous membrane to swell so much as to obscure the
object from view, or make its removal with forceps impossible.

The object must be removed, since its retention 1s followed by
collapse of the lobe or segment whose bronchus it blocks, followed
by infection, bronchiectasis, and lung abscess in the untreated case.
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ARy

I bronchoscopic removal is imp an open op and

bronchotomy may be necessary.

Obstruction of the Alrway

This 15 also dealt with under “administration of mtrous oxide”
since some degree of obstruction is a problem which has to be solved
in practically every anaesthetic and is usually due to some relatively
munor cause such as the surgeon pressing back the jaw, If the simple
procedures deseribed in Chapter § fail, and the obstruction is at or
above the cords and the patient’s condition deteriorating, a tracheo-
stomy must be made. Like cardiac massage, this procedure is only
very rarely required and Is all the worse prepaved for becanse of this.

Equipment. A permanently sterilised tracheotomy set js the ideal
but 55 rarely available and a scalpel is the only essential. No anaes-
thetic 15 needed and sterihity can be neglected since the patient will
be “in extrerms™.

Techmique

1. Well extend the head mthe chair, and :f possible have an assistant
to hold 1t steady.

2. Jdentify the thyroud and ericord cartilages, and hold them with
the left hand

3. Make a vertical incision 2 inches long strictly in the mid-line
and below the enicoid. Place the hook, if available, under the fower
border of the cricoid and draw 1t upwards to Stabilise the trachea.

4. Make a vertical wncision through the cartilaginous rings of the
{ront of the trachea and msert the tracheotoray tube, or if not avail-
able the handle of the kmfe, and turn thus through 90 degrees to hold
open the trachea and keep an awway.

Bleeding will be profuse but will subside to manageable propor-
nons when the respiratory obstruction 1s reheved and the great vesns
empty. There 1s hittle danger of tjunng vital structures so long as the
waston is kept 1n the rmd-line. Ths s also a herowc operation and
ot to be undertaken lightly, but when ail else faus it 1s life-saving.
The necessary action must be taken by those on the spot—there 1§
pot time 1o summon outside help. Once again there is no powt in
temporising by injecting drugs and stimulants when the lesion s
clearly one of respiratory obstruction The only useful course is to
remove or bypass the obstruction by whatever means are available.
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Finally, if any emergency has arisen during an anaesthetic it is
unwise to alarm the patient by telling him that he *cannot take gas”
or “must never have another anaesthetic,” if the crisis was really the
fault of the anaesthetist, for example failing to correct an obstructed
airway, or depriving the patient of oxygen for so long that his
circulation collapsed. These “warnings™ to the patient are seldom
based on fact, and whether partly justified or not they do nothing
to put him in a happy frame of mind when he requires a general
anaesthetic again at a later date.

If there is some valid reason for a patient being an unsuitable
subject for a nitrous oxide anaesthetic in the chair this should have
been discovered before, rather than after, embarking on such
anaesthesia.

It 15, however, reasonable to tell a patient who has been un-
expectedly resistant that this has been the case. He will then be able
to warn subsequent anaesthetists in time for them to arrange

premedication, or to )l their anaesthetic should they so
wish.
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CHAPTER TEN

Major Anaesthesia in the Operating Theatre

because they need more after-care than can reasonably be

given to an outpatient, or because the operative procedures
contemplated are more extensive than can readily be tolerated in the
chair or because they require more prolonged anaesthesia than can
be given as an outpatient. Other benefits which may influence the
deciston whether or not to admit the patient for hospital treatment
are the improved operating conditions which inpatient anaesthesia
can provide Some patients may be admitted for reasons more
connected with the anaesthetic than the operation, because they
present anaesthetic problems in the chair or because they are unfit
for the techniques normally used for outpatients

PAT]ENTS can be admutted to hospital for major dental surgery

Premedication

The standard drugs used are very suitable, although it is well to
bear 1n mind that 1t 15 undesirable for the patient to be unusually
drowsy in the immedrate postoperative period or to depress his
laryngeal reflexes more than necessary. He will undoubtedly
have blood 1n his mouth at the end of the operation and it is highly
undesirable that this should be mhaled Suitable premedicants for
adults include pethidine 1n doses of 50-100 milligrams together with
hyoscine tis gram, or papaveretum (Omnopon) $-} grain with the
same dose of hyoscine. Pethidine has advantages where the subject is
bronchitic or emphysematous, or gives a history of bronchospasm,
as 1t relaxes the bronchial muscles, rather than opiates which have a
bronchoconstrictor action The phenothiazines, of which the better
known inctude promethazine (Phenergan), and chlorpromazime
(Largactil), are best avoided, and so are the newer tranquillisers.
Though suitable for operations at other sites they leave the patient
too drowsy, and reduce laryngeal reflexes too much for use in dental
operations. Morphine and atropine are also suitable premedicants.
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These are not operations in which antisialogogues can be omitted,
since the manipulations inside the mouth provoke troublesome
salivation.

Dental inpatientsare often children, and their premedication should
be chosen with care. Omnopon and Scopolamine in the doses
recommended by Dr. Anderson are extemely effective. The amounts
given depend on the child’s weight.

Weight Omnopon Scopolamine
28 1b. } grain iz grain
421b. 3. .
56 1b. L s .
70 1b. 1, .

Children under five can receive rectal thiopentone in doses of 20
milligrams per pound weight, i.e. I gramme per 50 Ib. with a maxi-
mum dose of 1 gramme. This is given in 5% solution via a fine rectal
catheter, and must be injected slowly over a period of 10 minutes while
the child's attention is distracted by his being read to. He will fall
asleep withina quarter of an hour and then he can receive his atropine
without being aware of 1t (t¥5 grain over five years, vig grain for
two to five years, z3y grain under two). The maximum depression
1s reached in three-quarters of an hour, and at any time after this the
2naesthetic can be started. This is 2 good method but depends for
success upon having nurses tramned to the techmique, and an un-
hurried approach.

As an alternative, the child can be given an oral barbiturate such
as nembutal or seconal (0-6 grain per stone weight, with a maximum
of 3 grains). The drug may be disgnised 1n jam as its taste 1s un-
Pleasant, since 1t must either be removed from the capsule or the
capsule perforated to ensure umform absorption. The action of
oral barbiturates 1s less constant than premedication secured by other
routes and for general purposes they should be avoided. This method
has the additional disadvantage that restlessness and disorientation
after the operation are common.

Induction

Normally in adults ind is with thiopentone, and again the
use of 249 solution has advantages (see Chapter 7). Tt is also very
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suitable for children, and providing only “sleep” doses are admini-
stered it can safely be given to those who have received barbiturate
premedrcation. The drug must NOT be given in large doses to such
patients, because the premedication may not have had its full effect
by the time the anaesthetic is given, in which case some time later
the cumulative effects of both will be evident, with signs of over-
dosage.

Children who are asleep when they reach the anaesthetic room are
best induced with nitrous oxide, which can usually be done without
waking the child. By no means do all children fear “gas” or prefer
an intravenous induction. Many, perhaps two-thirds of those under
twelve, have strong objections to injections in any form and much
prefer to have “gas,” and a few find it definitely enjoyable. If they
have been wisely premedicated they can be sent to sleep very plea-
santly with nitrous oxide run from a mask held a few inches from
the face. Children who have had previous anaesthetics will be able
to tell the anaesthetist their preferences and should be given the
induction of their chowce. The personality of the anaesthetist is
of the utmost importance (see also Chapter 6).

Maintenance

All cases should be intubated, and the masal route is preferred
because it leaves the mouth free for the operator. In the occasional
patient who has nasal obstruction from a deflected septum or from
any other cause, and who cannot, therefore, have a nasal tube
passed without undue trauma or compression of the tube, the oral
route must be used. Provided 1t 1s placed to one side of the mouth
and can be moved duning the operation 1t will not greatly inconveni-
ence the operator. It 1s usual to pass the tube under the influence of
a short acting relaxant such as suxamethonium (Scoline), which
affords the best conditions for atraumatic intubation. Practised
anaesthetists may prefer to use the “blind” intubation technique, and
young chuldren may have the tube passed without a relaxant when the
anaesthetic has been deepened by ether or halothane,

The use of nasal tubes restricts the size which can be employed, but
it is seldom necessary and is always undesirable, because of resistance
to respiration, to use a tube smaller than No. 7 in a man and No. 6 in
a woman. Spraying the nares with erther 107 cocaine or 37 ephe-
drine in saline before the tube is passed will shrink and decongest the
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nasal mucosa and reduce the risk of trauma and bleeding. This is
particularly worthwhile in children who may have masses of friable
adenoid tissue. Trauma to the nasal mucosa may make it swell and
partially compress a thin-walled tube. This takes a few minutes to
happen and may be the cause of otherwise unexplained respiratory
obstruction arising during the course of the operation. It rarely
happens if a decongestant is used.

The Pack

The pharynx must be well packed off, since the operation is in-
variably accompanied by bleeding which must be kept from the larynx
and air passages. A cuffed tube is not a suitable safeguard. If it is
passed through the nose, it will either reduce the size of tube which
can be passed on account of the room taken by the pilot inflation
tube; or if it is of the “*streamline™ type, the available free air passage
will be smaller than in the corresponding uncuffed tube. A cuffed
tube will do nothing to keep blood from the pharynx and from the
larynx above the cuff, and it will be difficult to avoid tracheal soiling
at the end of the operation if no pack is used. Also the cuff may burst.

The pack should be placed behind the tongue and surrounding the
tube, well out of the surgeon’s way. It may be made of the conven-
tional gauze, which should be of full width and 18 inches long, and
should be soaked in water, wrung out, and moistened with water-
soluble lubricant It can be positioned either under vision with
2 laryngoscope and Magill’s forceps, or “blind” with an assistant
holding the pack and feeding it into the mouth, whence the anaesthe-
tist, standing to the patient’s side, will put 1t 1n place using his two
foreﬁngers. Whatever method is used 1t 1s important not to scratch
the palate or pharynx since this causes postoperative discomfort out
of all proporuon to the trauma.

A simple and effective device, used at the Royal Dental Hospital, is
made of two Tampax absorbent packs, tied together and inserted
under vision nto the pharynx where they are placed on either side of
the tube. Since they swell when wet they provide a perfect barrier
guarding the larynx, and they are easily removed. Whenever a pack is
inserted the anaesthetsst must be very certain that it is not forgotten,
and some device such as an adhesive label on the patient’s neck
should be used as a reminder.
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The anaesthetic agent can be whatever the anaesthetist prefers.
No local analgesic should be used on the cords or tube, in view of the
need to retain laryngeal reflexes at the end of the operation, so the
anaesthetic must be sufficiently deep to prevent the patient coughing
on the tube. Nitrous oxide and oxygen supplemented by ether,
trilene or halothane is very suitable. Pethidine is not so good as it
depresses laryngeal sensitivity, but in small doses it is frequently used.

At the end of the operation the pack must be removed, the pharynx
sucked clear under vision, and the tube removed, by which time the
patient should be sufficiently awake to cough He will probably
need an oral airway, and he must be turned on his side, and re-
main in this position, until conscious, to let blood run out of
the mouth rather than collect 1n a pool in the pharynx and
air passages. Heavy postoperative sedation is rarely needed and is
unwise. Opiates or pethidine are seldom required, and tabs. codein.
co. will suffice.

Inpatient Conservative Treatment

Patients are occasionally adnutted to hospital so that they may
have full anaesthesia for conservative dental treatment which would
normally be carried out 1n the chair, either with no anaesthetic or
with local analgesia. They are usually older children who will not
co-operate, or patients suffering from mental illness.

1t is usual for the whole mouth to be treated at one session, which
may be prolonged over some hours They present no anaesthetic
problems except that premedication should err on the heavy side,
and the anaesthetic should be conducted as described above.

Special Operations

As well as extractions, the dental anaesthetist wall be required to
deal with maxillo-facial injuries and other oral surgery, all of which
can present f ormudable anaesthetic problems. There are certain opera-
tions in particular which have the reputation of difficulty.
Fractured jaw

This may be a relatively “cold” operation, undertaken some days
or weeks after the mnjury, or it may be a part of a grave emergency
complicated by facial trauma, unconsctousness, intra-oral haemor-
rhage and an obstructed airway.
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The clective treatment of a fractured jaw usually presents few
difficultics. The patient is prepared for operation in the usual way
and anacsthetised as described. The intubation should again be
nasal and, while a pack can be used if any intra-oral work is to be
done at the same time, it is more customary for no pack to be used
and for the fixation of the jaw to take place at the outset, The lower
Jaw is fixed by wires passed around the remaining teeth so that the
“bite” and apposition of the jaw fragments arc as close to normal
aspossible. The wires are Jeft in sim for some weeks while bony union
is taking place,

The main anaesthetic problem is the risk of vomiting after the
operation, since it will be difficult to remove vomit from the mouth.
The matter is best dealt with from the preventative angle, and it is
advisable to administer some anti-vomiting drug with the premedi-
catl?n. Suitable drugs are promethazine (Phenergan), and chlorpro-
mazine (Largactil), in oral doscs of 50 milligrams on the morning of
operation, or an intramuscular or intravenous dose of 25 milligrams
13 hours before the operation. Both these drugs potentiate the narco-
tics in the premedication, which should be reduced to half the
f’ose that would otherwise be used. Largactil has other side actions,
including reducing the blood pressure, and it is recommended that
Phenergan be used unless these side effects are required for other
reasons. Pethidine is preferable to opiates 1n the premedication as
these provoke vomiting in some subjects.

At the end of the operation the mouth should be inspected to
ascertain whether there are gaps left between tecth which can be
used to drain vomit, or through which it would be possible to insert
a sucker, Usually there are one or more gaps but sometimes patients
have a full dentition, even after the trauma of fracturing the jaw,
The inspection will also reveal which wires it will be necessary to
sever should it be necessary to open the mouth in a hurry.

It is more than ever necessary to keep the planc of anacsthesia as
ight as possible during these operations, so that at the end of
operation the patient can be placed on his side and the tube with-
drawn with him only just unconscious. Once the tube has been with.
drawn the contrel of the airway may be difficult since an oro-
Pharyngeal airway cannot be used, and it may be wisc to leave the
tube partly withdrawn in the nose toact as a nasopharyngeal airway,

The anacsthetist should not leave the paticnt until consciousness
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The anaesthetic agent can be whatever the anaesthetist prefers.
No local analgesic should be used on the cords or tube, in view of the
need to retain laryngeal reflexes at the end of the operation, so the
anaesthetic must be sufficiently deep to prevent the patient coughing
on the tube. Nitrous oxide and oxygen supplemented by ether,
trilene or halothane is very suitable. Pethidme 1s not so good as it
depresses laryngeal sensitivity, but in small doses it 1s frequently used

At the end of the operation the pack must be removed, the pharynx
sucked clear under viston, and the tube removed, by which time the
patient should be sufficiently awake to cough. He wall probably
need an oral airway, and he must be turned on his side, and re-
main in this position, until conscrous, to let blood run out of
the mouth rather than collect m a pool m the pharynx and
air passages. Heavy postoperative sedation is rarely needed and 1s
unwise. Opiates or pethidine are seldom required, and tabs. codein.
co. will suffice.

Inpatient Conservative Treatment

Patients are occasionally admitted to hospital so that they may
have full anaesthesia for conservative dental treatment which would
normally be carried out in the chair, either with no anaesthetic or
with local analgesia They are usually older children who will not
co-operate, or patients suffering from mental illness,

It 1s usual for the whole mouth to be treated at one sesston, which
may be prolonged over some hours. They present no anaesthetic
problems except that premedication should err on the heavy side,
and the anaesthetic should be conducted as described above.

Special Operations

As well as extractions, the dental anaesthetist will be required to
deal with maxillo-facial injuries and other oral surgery, all of which
can present formudable anaesthetic problems. There are certain opera-
tions in particular which have the reputation of difficulty.
Fractured jaw

This may be a relatively “cold” operation, undertaken some days
or weeks after the myury, or 1t may be a part of a grave emergency
comp]icated by facsal tr:u{ma, unconsciousness, ntra-oral haemor-
rhage and an obstructed airway.
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patient whose mouth will be filled with blood clot and perhaps fresh
bleeding as he is turned over for intubation. He will have to be
assured that he can intubate the patient without delay in far from
ideal surroundings when the usual landmarks have been obscured
or displaced. Fortunately, intubation is usually easy once the
Jarynx has been seen, since the shattered tissues do not resist the
laryngoscope. A bronchoscope should also be ready in case there
has been gross tracheal soiling, and if necessary bronchoscopy should
be performed at this stage.

The question of the siting of the tube must be decided in co-
operation with the surgeon in the light of the individual circum-
stances, but with intra-oral bleeding a cuffed tube is essential.

Some anaesthetists may prefer an inhalational induction because
of the shocked state of the patient and the respiratory obstruction,
and they may use cyclopropane or halothane to give unconsciousness
and relaxation.

Onge the endotracheal tube has been passed the immediate danger
15 over, but the problem of the full stomach remains and a large
bore stomach tube should now be passed to empty the stomach of its
contents.

The postoperative care js very important and constant skilled
supervision is essential.

If there 1s a complicating head injury with depressed levels of
consciousness the level of anaesthesia should be very light so that
recovery from the anaesthetic is rapid, and the postoperative observa-
tion of levels of consciousness is not hampered by prolonged anaes-
thetic coma. In the case of a severely shattered jaw jt may very
occasionally be necessary to perform a preliminary tracheotomy and
to safeguard the airway by wsing a cuffed rubber tracheotomy tube.
Once this has been done the anaesthetic problems are much lightened.

Submandibular swellings, and other
conditions wiich inpinge on the airway

Ludwig’s Angina is perhaps the best known of these conditions,
being one 1n which there is cellulitis and oedema of all the tissue
planes of the neck, but usually without frank pus, The cedema in-
volves the mucous membrane of the pharynx and glottis, except that
of the true cords which 1s bound tightly to the cord itself, and this is
thz only part of the Jarynx not involved in Jaryngeal oedema. The
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has returned. At all times a pair of wire cutters must remain with the
patient and there must be someone constantly with him who knows
how to use them in an emergency to free the jaws. Cutting the wires
is not a popular move with the surgeon and is very seldom needed,
but on occasions 1t may be necessary.

The emergency treatment of fractured jaws and maxillo-facial
injury is a most difficult anaesthetic problem, and not one to be
attempted by the novice or the occasional anaesthetist. At worst one
may be confronted by an unconscious patient, for head injury often
accompanies maxillo-facial trauma; one who has a precarious airway
which may be partly obstructed, and with bleeding in the mouth which
may or may not have ceased by the time the patient is seen; one who
will certainly have swallowed quantities of blood and who may also
have inhaled blood and vomt. His condition may be complicated
by other injuries and he will probably be suffering from oligaemic
shock. Each anaesthetist will have his own method of dealing with
these cases, but he may well proceed along the following general
lines:

1. Attend to the amrway. The patient is usually best carried and
nursed senuprone before operation, and a head-down positton will
help remove fluids from the mouth. The gentle msertion of a Guedel
arrway or a nasopharyngeal tube may help, depending on the site
and scope of the mnjury. Gentleness 1s essential because any movement
may restart bleeding. The insertion of a soft rubber suction catheter
up a nostrl or the nasopharyngeal tube may clear the airway of blood
and vomit,

2 Once the aurway has been improved before operation, and
blood transfusion and resuscitation are started, the premedication
will be given (thss 1s normally only atropine). It is best to try to raise
the systolic pressure above 100 mm, Hg before starting the operation,
but if bleeding 15 uncontrollable 1t may occastonally be necessary to
proceed at once.

3. The needs of the induction are to provide unconsciousness and
relaxation so that a cuffed endotracheal tube may be mserted at the
carliest possible moment The best way of doing this depends on the
circumstances, but as sutable a method as any is the use of a fraction-
ally small dose of thiop followed i diately by suxa-
methonium. It1s again Js d that this is not a procedure for the
novice, as the anaesthetist will then have to contend with an apnoerc
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procedure, which will most probably spread the infection. For the
same reason local analgesia is not practicable.

Technique. The way the anaesthetic problem is tackled will depend
on the individual patient and anaesthetist, but will be along the fol-
lowing lines:

1. A sterile tracheotomy set must be ready AND OPEN for use in case
irremediable obstruction to the airway develops.

2. Premedication by atropine alone.

3. Topical analgesia of the mouth and fauces with a lozenge
containing 30 milligrams of amethocaine.

4. Thorough spraying of the nares with a local analgesic and de-
congestant, such as 103 cocaine.

5. The introduction of a thin-walled nasal Magill endotracheal
tube as far as the pharynx.

6. The passage of the malleable end of a Macintosh spray down the
tube, and further spraying of the larynx with cocaine. The curve of the
tube will direct the nozzle of the spray towards the cords.

7. The advancing “blind” of the tube with its “blind” passage
through the cords into the trachea. It may be impossible {o pass the
usyal size of tube through the cords, and once it has been used for the
laryngeal spraying it can be withdrawn in favour of a smaller one—
size 4 or 5 may be the largest which can be passed in an adult.

8. Theinhalation of oxygen to relieve any cyanosis, followed by the
induction using any method preferred, once the airway has been
made safe. Remember that the patient will be very toxic, and intra-
ventous drugs must be given in small doses.

The salient features are that the airway must be secured before
any anaesthetic s given, and that the injection of thiopentone, whether
or not with refaxants, before this has been done will result in the
death of the patient.

After the operation the tube can be left in place until consciousness
has returned, when it may beremoved. If the airwayis still inadequate,
it may be replaced and left in situ for some hours provided the patient
is sedated, by which time the operation will have relieved the tension
and the swelling wil} have abated.

Many patients with trismus will not be in the extreme position of
Ludwig's Angina. Dental causes of trismus include infected mal-
erupted molars and infection around the lower jaw and submandibylar
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condition is complicated by trismus which is partly due to muscular
spasm, and is partly mechanical since the swollen stiff tissues of the
neck restrict jaw movements. The oedema causes respiratory ob-
struction, and operation with wide incision to release the tension in
the neck becomes urgently necessary. These pattents can be critically
ill, and again the anaesthetics are not for the beginner. There are in
fact probably few more difficult or fraught with danger.

The main anaesthetic problems are as follows:

1. There is obstruction to respiration, which is overcome by acon-
cious effort to breathe, and by the use of the accessory muscles of
respiration. The production of unconsctousness by any method
means that these voluntary efforts to breathe are abolished, and the
patient becomes anoxic. This danger 15 heightened if the anaesthetic
used is one which is an early respiratory depressant such as thio-
pentone.

2. The patient is in a highly toxic state in these nfections, and
there 15 usually 2 dangerous degree of myocardttis. Any additional
toxaemia or hypoxia may cause cardac arrest.

3. There is the possibility that the toxaemia and inflammation in
the neck sensitises the carotid body and the chemo- and pressure
receptors in the area, so that there is undue liabihty to cardrac arrest
from vagal inhibition 1f operation 1s undertaken without adequate
anaesthesta Some writers deny this factor is operative, but the
possibility must be borne 1n mind.

4. The precarious patency of the arrway may be maintamned only
with the help of the muscular tone of the pharynx. Once anaesthesia
15 induced, manual inflation of the lungs may be impossible.

5. The trsmus and swelling prevent the mouth being opened and
the larynx visualised for mtubation. Relaxants will not alter the
mechanical element of the trismus nor the swelling of the larynx,
though they wall of course abolish the muscular spasm. For these
reasons and No 4 above the admimstration of intravenous anaes-
thetics followed by a relaxant, in the hope that an airway can at once
be provided by ntubation, leads only to disaster.

6. The cellulitis of the neck makes elective preoperative trache-

otomy to relieve the respiratory obstructiona hazardous (and difficult)
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thetic mask to ensure (a) that the nitrogen in the lungs is replaced by
oxygen, (b) that the plasma is in equilibrium with a high partial pres-
sure of the gas, and (c) that the heemoglobin is 1007 oxygenated, a
condition which may not have existed beforehand if the cardiac
disease is accompanied by any pulmonary pathology, or the pre-
medication has caused respiratory depression. All these factors
provide a reserve, in case the induction is complicated by events
which might otherwise cause hypoxia—such as laryngeal spasm or
difficulty in intubation.

The pre-oxygenation can be followed by whatever induction is
desired, but it must go smoothly without a hitch. Thiopentone is
very suitable in expert hands, but it is essential that the very pro-
longed circulation time found in these diseases is remembered, and
that the patient is not thought to be requiring a large dose of the drug
when all that has happened is that the injected dose has not yet
reached the heart and brain. The arm-to-brain circulation time may
be prolonged to 1 minute or more in these cases, which means
that this length of time elapses before the effect of the injection
starts,

The use of 23%; solution will help to reduce the risk of overdosage
and 1t is important to wait as long as necessary for the effect of a
very small dose such as 2 ml. of 23%; solution (50 mulligrams) to be
seen before it is decided whether more will be required It should be
foll?wed by a short acting relaxant such as suxamethonium, then by a
rapid and skilful intubation, and by respiring the patient with a mix-
ture containing at least 40% oxygen until he is breathing well on his
own. He should continue to breathe at least this concentration of
oxygen throughout operation

Some anaesthetists prefer to avoid intravenous barbiturates in these
cases, and induce sleep with cyclopropane, giving a relaxant as soon
as unconsciousness is reached. This has the advantage that the uptake
of the anaesthetic is limsted by the efficiency of the circulatory and
respiratory systems, and overdose cannot be given inadvertently,
while the presence of about 80%, oxygen is helpful. The excitement
stage may be troublesome wath this technique.

Other 111 patients are treated along the same lines, the precise
dr_ugs used being less important than the skill of the anaesthetist.
His aim should always be to give a smooth anaesthetic, avoiding
any untoward incidents, particularly hypoxic ones, which might
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region. The criterion of hazard is the presence or otherwise of respira-
tory obstruction. An inhalational induction such as cyclopropane
and oxygen is advised, which should be preceded by inhalatton of
oxygen for 3 minutes for the reasons elaborated below. Once the
patient is unconscious 1t may be possible to open the mouth suffic-
ently to see the cords, but the relaxant may not be given until it is
certain that there will be no barrier to inflating the patient with
oxygen. The old-fashioned manceuvre of blind intubation 1s of
great help in all such cases as well as those described earlier,
and will enable tubes to be passed when direct laryngoscopy is
mmpossible.

For a patient who has a localised submandibular swelling of
dental origin which it is proposed to ncise from outside the mouth
and which 1s not causing respiratory obstruction, anaesthesia may be
given using a non-rritant inhalational agent such as cyclopropane
via a facepiece for induction, followed by the passage of a short
nasopharyngeal airway and continuing administration through this
without tracheal intubation.

To recapitulate. If there 1s any degree of respiratory obstruction the
patient must be mntubated before anaesthesia is begun. Thiopentone
18 lethal

The unfit patient who 1s adnutted to hospital because
he 1s not suitable for * gas™ n the dental chair.

1t has been described 1n Chapter 8 how the main cause of unfitness
for mitrous oxide as an outpatient 15 pre-existing pathology which
makes the patient unduly susceptible to the effects of hypoxia, such
as myocardial ischaerma. A patient who has had coronary throm-
bous within the last six months should not be submitted to general
anaesthesta for any condrtion except an emergency which cannot for
technical reasons be dealt with under local analgesia, since the
anaesthetic tn such cases presents a small but definite risk to life.
If general anaesthesia 1s imperative it must be conducted in such a
way, and using such agents, as to avoid any degree of hypoxia, in
fact to give an oxygen rich mixture and to avoid any gross alteration
1 blood pressure 1n ether direction.

Premedication should be liberal to bring the metabolic demands
as far to the basal level as possible. Induction should be preceded
by a 3-munute period of breathing 1004 oxygen through the anacs-
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thetic mask to ensure () that the nitrogen in the lungs is replaced by
oxygen, (b) that the plasma is in equilibrium with a high partial pres-
sure of the gas, and (c) that the haemoglobin is 1009, oxygenated, a
condition which may not have existed beforehand if the cardiac
disease is panied by any pul y pathology, or the pre-
medication has caused respiratory depression. All these factors
provide a reserve, in case the induction is complicated by events
which might otherwise cause hypoxia—such as laryngeal spasm or
difficulty in intubation. X

The pre-oxygenation can be followed by whatever induction is
desired, but it must go smoothly without a hitch. Thiopentone is
very suitable in expert hands, but it is essential that the very pro-
longed circulation time found in these diseases is remembered, and
that the patient 1s not thought to be requiring a large dose of the drug
when all that has happened 1s that the injected dose has not yet
reached the heart and brain. The arm-to-brain circulation time may
be prolonged to 1 minute or more 1n these cases, which means
that this length of time elapses before the effect of the injection
starts. R

The use of 24%; solution will help to reduce the risk of overdosage
and it is important to wait as long as necessary for the effect of a
very small dose such as 2 ml of 24% solution (50 milligrams) to be
seen before it is decided whether more will be required. It should be
followed by a short acting relaxant such as suxamethonium, then by a
rapid and skilful intubation, and by respiring the patient with a mix-
ture containing at keast 40°% oxygen until he is breathing well on his
own, He should continue to breathe at least this concentration of
oxygen throughout operation

Some anaesthetists prefer to avoid intravenous barbiturates in these
cases, and induce sleep with cyclopropane, giving a relaxant as soon
as unconsciousness is reached. This has the advantage that the uptake
of the anaesthetsc 1s limited by the efficiency of the circulatory and
Tespiratory systems, and overdose cannot be given inadvertently,

while the presence of about 80%; oxygen 1s helpful. The excitement
stage may be troubl with this techniq

QOther 1ll patients are treated along the same hines, the precise
drugs used being less important than the skill of the anaesthetist,
His aim should always be to give a smooth anaesthetic, avoiding

any untoward incidents, particularly hypoxic ones, which might




84 Genzral Anaesthesia for Dental Surgery

region. The criterion of hazard is the presence or otherwise of respira-
tory obstruction. An inhalational induction such as cycloprop:
and oxygen 1s advised, which should be preceded by inhalation of
oxygen for 3 minutes for the reasons elaborated below. Once the
patient is unconseious it may be possible to epen the mouth suffici-
cntly to see the cords, but the relaxant may not be given untilat is
certain that there will be no batner to inflating the patient with
oxygen. The old-fashioned mancuvre of blind intubation is of
great help in all such cases as well as those described earher,
and will enable tubes to be passed when direct laryngescopy is
mmpossible

For a patient who has a lecahsed submandibular swefling of
dental origm which it 1s proposed to incise from outside the mouth
and which 15 not causing respiratory obstruction, anaesthesia may be
grven using 9. non-irrtant shalational agent such as cyclopropane
via & facepiece for induction, followed by the passage of a short
nasopharyngeal airway and contimuing admimstration through this
without tracheal intubation.

To recapitulate. ¥f there 1s any degree of respiratory obstruction the
patient must be intubated before anaesthesia is begun. Thiopentone
15 lethal

The unfrt patient who 1s adimitted 1o hospual becouse
he 15 not smitable for “gas™ i the demal chair,

It has been described 1 Chapter 8 how the main cause of unfitness
fot mitrous ovde as an outpatient 18 pre-existing pathology which
makes the patient unduly susceptible to the effects of hypouia, such
as myocardsal 1sthaemia. A patient who has had coronary throm-
bosts within the a5t six months should not be submitted to general
anaesthesn for any condition except an emergency which cannot for
techmcal reasons be deait with under local analgesa, since the
anaesthetic i such cases presents a small but definite risk to Hife.
If general anaesthesta 1s ymy it raust be ducted in such &
way, and using such agents, as to avoid any degree of hypoxia, in
fact to give an oxygen rich mixture and to avoid any gross alteration
11 blood pressure n exther direction.
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thetic mask to ensure (a) that the nitrogen in the lungs is replaced by
oxygen, (b) that the plasma is in equilibrium with a high partial pres-
sure of the gas, and (c) that the haemoglobin is 100% oxygenated, a
condition which may not have existed beforchand if the cardiac
disease is accompanied by any pulmonary pathology, or the pre-
medication has caused respiratory depression. All these factors
provide a reserve, in case the induction is complicated by events
which might otherwise cause hypoxia—such as laryngeal spasm or
difficulty in intubation.

The pre-oxygenation can be followed by whatever induction is
desired, but it must go smoothly without a hitch. Thiopentone is
very suitable in expert hands, but it is essential that the very pro-
longed circulation time found in these diseases is remembered, and
that the patient is not thought to be requiring a large dose of the drug
when all that has happened is that the injected dose has not yet
reached the heart and brain. The arm-to-brain circulation time may
be prolonged to 1 minute or more in these cases, which means
that this length of time elapses before the effect of the injection
starts.

The use of 21%; solution will help to reduce the risk of overdosage
and 1t is important to wait as long as necessary for the effect of a
very small dose such as 2 ml of 2}% solution (50 milligrams) to be
seen before it 15 decided whether more will be required It should be
follf)wed by a short acting relaxant such as suxamethonium, then by a
rapid and skilful intubation, and by respiring the patient with a mix-
ture contaning at least 40%; oxygen until he is breathing well on his
own. He should continue to breathe at least this concentration of
oxygen throughout operation.

Some anaesthetists prefer to avoid intravenous barbiturates in these
cases, and induce sleep with cyclopropane, giving a relaxant as soon
asunconsciousness 1s reached This has the advantage that the uptake
of ﬂ.\e anaesthetic is limited by the efficiency of the circulatory and
respiratory systems, and overdose cannot be given inadvertently,
while the presence of about 80%, oxygen 15 helpful. The excitement
stage may be troublesome with this technique.

Other 1ll patients are treated along the same lines, the precise
drugs used being Jess important than the skill of the anaesthetist.
His aim should always be to give a smooth anaesthetic, avoiding
any untoward incidents, particularly hypoxic ones, which might
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pass unnoticed in the fit but which can tip the scales against the
frail.
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CHAPTER ELEVEN

Other Techniques

Analgesia

HE inhalation of sub-anaesthetic concentrations of nitrous

I oxide causes reduction in appreciation of pain without much

impairment of consciousness or of the other senses. Thisis the
state of analgesia and it is possible to make usc of this in the prepara-~
tion of cavities, and other painful procedures in the dental chair
which do not justify the giving of a full general anaesthetic. Analgesia
15 not suitable for dealing with acutely painful procedures such as
the extraction of teeth or the incision of septic areas, and many
procedures where it might be of use are more expeditiously and appro-
priately performed under a local anaesthetic.

Technique. In all analgesic procedures it must be explained very
carefully beforehand to the patient that although he will not feel
pain he will be aware of all that is going on, and that in particular
he will appreciate touch. The analgesic state is pleasant and the
subjective feelings are of remoteness and warmth,

Analgesia may be ether self-administered by the patient, or given
by an anaesthetist. The former is rarely so successful but it is accom-
phshed by settling the patient in the chair, 1nserting a dental prop
and loosely packing the mouth, and adjusting the anaesthetic harness
and mask so that if the patient inspires through tis nose he will
mhale gases from the machine, and if through the mouth he will
breathe air. The machine 15 turned on and set at low pressure to
deliver a mixture of 50:50 mtrous oxide and air, or between 60:40
and 80:20 mtrous oxide and oxygen, and the patient is mnstructed to
inspire through his nose 1if he feels pam. The 50:50 gas and air mix-
ture is insufficient to produce unconsciousness in most people, but
will do so 1n those suscepuible. Stronger gas mixtures will give
stronger analgesia, but prolonged breathing of them will bring
unconsciousness. If that does happen, nasal breathing will usually
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pass unnoticed in the fit but which can tip the scales against the
frail.
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for which they are designed demand that the vapour strength they
give is on the low side, for safety. Other inhalers, not temperature
compensated, are on the market, and Freedman’s is one which is
sujtable for dental purposes. The nasal mask is placed on the patient
as before, but the proximal end of the tubing is connected to the
vaporiser instead of the gas machine. The procedure is identical to
*“gas and air” but while the analgesia produced is more profound,
recovery is slower and nausea more common.

Other devices have been produced in which the patient vaporiscs the
trilene by the action of a rubber bulb held in the hand, which he
can pump when he feels pain. If unconsciousness approaches he will
cease to pump the bulb and will no longer reccive anaesthetic. A
similar device has been marketed for turning on the gas machine by a
hand-operated bellows.

The analgesic state has its own rather wide limitations, but it has
its uses for the occasional patient who cannot for any reason tolerate
local anaesthesia. Just as strict precautions must be taken as under full
anaesthesia to have 2 chaperone present when treating women patients
—perhaps even more so since the prolonged maintenance of the
first stage is jdeal for the imaginative to dream up fancied assault,

It is still important for the stomach to be empty before the procedure
starts.

Gas and Air

Before the design of satisfactory intermittent-flow apparatus some
decades ago it was the widespread custom to use the atmosphere as
the source of oxygen during dental nitrous oxide anaesthesia. The
simplest apparatus is required—a cylinder of nitrous oxide, usually
with a foot key and without a regul . which is cc d by nar-
row tubing to a large reservoir bag of at least 2 gallons capacity, which
In turn 1s attached by tubing to a standard nasal mask. In use the gas
15 turned on to fill the bag comfortably and the mask applied as 1n
Chapter 4. When anaesthesia arnves, instead of adding oxygen to the
gases the mask 15 lifted from the face and the patient allowed one
breath of aur, following which the mask is re-applied for a further four
breaths of mtrous oxtde followed by one breath of ar, and so on,
Depth of anaesthesia is regulated by altering the relative numbers of
breaths of air and nitrous oxide.

Disadvantages. The inhaled gases comprise about 4 mtrous oxide,
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give place to oral, and the patient will cease to inhale the gas and
will awaken. The operator must keep a careful look-out for the
patient who continues nasal breathing while asleep, or who finds
the sensation so pleasant that he continues to inhale in the absence
of pain. The success of the maneuvre depends much upon the
selection of patients, for it demands a degree of co-operation
which many cannot provide, and the supervision of the job distracts
the operator from his work. Tt 1s very easy to pass from stage one of
analgesia to sudden violent and drunken-type behaviour of stage two.

Better results can be obtained if an anaesthetist is present through-
out He will then instruct the patient, administer the analgesia, and
relieve the operator from responsibility for the patient’s welfare.
The analgesic state should be induced before the painful stimulus
artives, and by co-operation and anticipation he can give analgesia
as and when it is required, letting the patient come round completely
between painful stages. He can enhance the analgesic content of the
mixture as he pleases, but will do well to avoid mixtures stronger than
80:20 nitrous oxide—oxygen stnce this will produce hypoxia and even-
tually nausea, and he will also find it advisable not to take the patient
nto unconsciousness. The trouble will not lie in inducing anaesthesta
but 1n avoiding some degree of excitement on recovery. Almost the
same care 1n selecting cases is necessary as when no anaesthetist is
present. The analgesia may be prolonged as long as necessary pro-
viding no hypoxia is permutted to develop, but after about half an
hour’s operating time with intermmttent analgesia, it becomes progres-
sively more difficult to mamtain the desired state, and a sesston which
1s unwisely prolonged is sometimes abruptly terrunated by the patient
vomuting,

Another agent which 1s popular n the U.S.A. but less so in this
country for dental work 1s trichloroethylene (Trilene). This 1s,
however, widely used here for analgesia mn labour, and 2 number of
British inhalers have been designed for the purpose, using air drawn
by the patient as a vehicle for the vapour of the drug. In particular
two types of inhaler, the Emotnl and the Tecota, are sufficrently
foolproof and compensated for changes in temperature to give
concentrations of trilene vapour which can be relied upon to remain
constant under all conditions of use. They have consequently been
officially approved for use by the patient 1n midwifery in the absence
of a doctor. They are very suitable for dental work but the conditions
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Some limb movements arc secen when cxtractions are made in t.his
state, but contrary to cxpectation the patients remember nothing
and though not truly unconscious are in a state of unawarencss.
Most of Tom’s cases have been children in school dental clinics, but
he finds the technique satisfactory in adults too. The method has
interesting possibilitics, particularly for patients in whom the slightest
degree of hypoxia is contraindicated.

Pre-Oxygenation

More recently Mostert has drawn attention again to the advantages
which can accrue from giving the patient pure oxygen to breathe
before starting induction with nitrous oxide. The principles involved
are that the inhalation of purc oxygen for two minutes will wash
out of the lungs over 959 of the nitrogen that they normally contain,
and will leave the alveoli filled only with oxygen, carbon dioxide
and water vapour, This will result in a small increase in oxygen
carried by the blood (about 2 volumes per cent)—0-5 ml. the result
of increasing the haemoglobin saturation from 97% to 1005, and
1-5 volumes more dissolved in the plasma. These figures apply to
the healthy lung, but not necessarily to one in which the distribution
and mixing of inhaled gases has been made abnormal by pulmonary
disease, and of course nitrogen is not removed from the blood in
appreciable quantities, a process which requires many hours to be
completed. When the mitrogen has been removed from the lungs and
the whole blood volume has had the opportunity to pass through the
Jungs, processes which should both be practically complete in about 2
minutes in the healthy adult, pure nitrous oxide is given. This will
reduce the alveolar oxygen to low levels, but much more slowly in
this technique where the fall starts from 95% than when N,O is
given undiluted from the start and the fall starts from 14%. After
about 1 minute the patient will be anaesthetised, but there will have
Been no hypoxia. The operation now starts and the inhaled oxygen is
simultaneously increased to 10-15%. After 30 seconds of this con-
centration 1t 1s again increased to 20%, where it remains for the
duration of the anaesthetic.

Durning this phase the anaesthetic will lighten, and if the operation
is to be further prolonged, a supplementary drug must be given in
most cases, for example trichloroethylene or halothane.
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% air, ie. 809 nitrous oxide, 1634 Ny, 4% O,. Not only is 4%, of
oxygen inadequate to maintain life over any but the shortest periods
but the concentration of nitrous oxide is reduced from about 93%;
in the gas and oxygen method to 80%; in this technique, losing much
of its potency. In effect true anaesthesia of nitrous oxide is being
lost and being compensated by even greater hypoxia than in the
standard method. Although adequate results can be obtained for the
few seconds required to extract one tooth it is not possible to main-
tain anaesthesia for anything approaching the time available with
oxygen instead of air in the mixture. Ill-advised attempts to do so
run the risk of profound anoxia, and it was because of this that the
present-day machines and technique were developed. It is claimed
for this method that it is easier to administer than nitrous oxide and
oxygen in the sense that a given error in admitting air results in only
1 that error in the oxygen. The patients are thus [ess likely to become
suddenly unmanageably light, but the use of an anoxic technique
cannot be justified nowadays The method is mentioned because the
practitioner may be presented with 2 “machine” consisting of only
this primitive apparatus and may then have to do the best he can
with 1t.

Amnalgesia

Recent work has re-aroused interest 1n methods for giving nitrous
oxide 1n the presence of sufficient oxygen to avoid hypoxia. Tom has
published a techmque which he and others describe as ““amnalgesia”,
the purpose of which 1s briefly to make use of the analgesic and
amnesic state provided by keeping the patient between the first and
second stages of anaesthesia, but not surgically anaesthetised mn the
accepted sense.

Method. Not more than six breaths of pure nitrous oxide are given
at the start to hasten an otherwise rather slow induction. After this
the patients are at once given 8024 nitrous oxide and 20%; oxygen
(85% and 15} in young cluldren who are expected to dilute the
mixture still further by mouthbreathing). After 40-50 seconds the
“amnalgesic™ state is reached, heralded by a slight hesitation in
breathing The patients are still able to comply with instructions and
will again breathe steadily if told to do so. The breathing is not of the
«automatic” type associated with the advent of surgical anaesthesia,
and the patient is still pink. The eyelids are soft and the eyes deviated.
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The advantages of this technique are that complete anaesthesta, as
opposed to amnalgesia, is produced by N,O and O, alone without
hypoxia for time enough for short procedures to be completed.
The patients feel well afterwards, and some prefer induction by this
method, which gives different subjective sensations to those accom-
panying the hypoxia of conventional inductions. The method is
suitable for the unfit patient,

The disadvantages are the prolonged pre-anaesthetic oxygenation
of the conscious patient, because some dislike having the mask
apphed to their face for two minutes before they are unconscious;
the exact and precise timing which must be adhered to for success;
and the increased need to supplement with other drugs.

For exact details the original paper should be consulted
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GRAY'S ANATOMY
Some press opinions continued

graphs, and it« excellent rndingﬂlp“*, which
could niot be hettered,

“ Although Gray’s Anatomy has always
been descriptive and applied, y et never before
has the work given more to the surgeon than
it does today.

“ We would like to congratulate Professor
Johnston and his co-editors on a magnificent
achievement."—THE BMTISH JOURNAL oOF
SURGERY.

* Looking at its beautiful coloured pictures
and excellent radiographs, noting the numer-
ous references 1o recent researches and the
surgical applications interspersed through the
text, the reviewer feels a little envious of the
modern student who has such a delightful and
helpful companion as his guide."—Zachary
Cope in THE DRITISH MEDICAL JOURNAL.

** There is a need for an accurate, well indexed
and authoritative account of human anato-
mical detail at the macroscapic level. Gray
protides this . . "~—THE MEDICAL PRESS.



