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The Dangers of Modern Anaesthetics.

Introduction.

.During the past fifty years there have been many
changes in the practice of anaesthesia, some many years
ago, others more recently. Patients used to be starved
before operation and drastically purged. Premedication
consisted of a small dose of atropine, and morphine, if
the patient was in pain. The snaesthetic agents in use
were nitrous oxide, ether, chloroform, and ethyl shloride.
Local analgesia was used extensively on the Continent, but
rarely in Britain. Spinal snalgesia was used, but only
hypobasic solutions, and 1little was known of the control-
lability of the analgesis.

The changes have been many. Pre-operative care
has now become extensive, covering many fields. If necess-
ary, sn attempt is made to restore the patient's general
sondition as near to normal by intravenous infusions of saline,
glucose solution, plasme or blood. Adequate food and drink
are given, and a mild laxative or bland enema to ensure that
the patient's bowel is empty when he goes to the operating
theatre. Premedication is calculated for each psatient, an
opium derivative or barbiturate with scopolamine or atropine

being the usual choice. In certain cases a basal narcotic



drug may be substituted for the opiate or barbiturate.

Induction of anaesthesia may be by the intravenous
injection of one of the barbiturate drugs, and irrespective
of the type of anaesthetic, oxygen is asdministered through-
out the operation. Cyelopropane di-vinyl ether gnd tri-
chlorethylene, the new inhalational ansesthetic agents, are
in everyday use. The use of curare in anaesthesis is
likely to mark the greatest advance in that specialty in
recent years. Apparatus has developed, with mechanisation
and complexity the maih features. Endotrachaﬂ,and endo-
bronchisl asnaesthesia require dexterity in the use of the
laryngoscope and bronchoscope. "Controlled™ or "artifiecial"
respiration has become a recognised technique in anaesthesia,
not merely s means of resuscitation.

Advances have also been made in local, regional and
8pinal snalgzesia. New drugs, "Nupercaine"™ and Amethocaine,
giving greater duration of effect than proéaine, allow most
operations to be performed under local or regionsl analgesia.
Spinal anslgesia hags developed with drugs lighter, heavier
eand of the same specific gravity as cerebro-spinal fluid.

The risk involved in the technique of sub-arachnoid snalgesia
has stimulated interest in the production of anslgesia by the

injection of similar drugs into the peridural space.



Since the advent of curare the use of regional and
spinal analgesig has decreased, sas sub-srachnoid block is
now no longer required for the absolute relaxation of the
abdominal musculature, and few are the patients too ill to
tolerate curare and a "light" general snaesthesia, requiring
the use of regional snalgesia alone. '

I'he status of the angesthetist has also changed,
with bhis chare in the pre-operative and post-operative treat-
ment of the patient graduslly increasing and the care of the
patient during the operstion being left more and more to him.

The change has been brought gbout by the necessity
for ansesthesia to keep pace with developments in surgery.
During the two wars there have been many advances in surgical
technique to cope with problems previously never encountered
or thought to be insoluble. Accompanying these, thére.have
been developments in resuscitation and blood transfusion,
the supervision of which has been delegated largely by the
surgeon to the ansesthetist, who, with the patient's blood-
pressure, pulse and respiratory rates charted throughout the
operation, is in the position of making the most accurate
estimation of the patient's condition and the change likely
to occur. With this information he is thus the most suitable
person for the controlling of any infusions or transfusions

that may be required.
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The scope of the anaesthetist has increased con-
siderably. The availsble drugs used to be few, and the
adninistrators tended to concentrate their experience on the
use of these drugs. It is only comparatively recently that
a staff sppointment at a teaching hospital was sdvertised
as "Chloroformist to -- Hospital" (1). He is now expected
to Eave a knowledge of'the basic“sciences; anstony, in
order to carry out regional snalgesia; physiology, especi-
ally of the circulatory and respiratory systems; pathology,
of the condition requiring the surgical operation and of
any concommittant condition; pharmacology of anaesthetic,
sedative and snsleptic drugs, and of resuscitation. He
might well be termed 'physicien-snaesthetist' in contrast
to the 'chloroformist' or 'etherist' of days gone by.

With better pre-operative and post-dperative care,
and modern methods of snsesthesia, which depend less and
less on the more toxic agents, especially since the advent
of the relasxant drugs, there should be fewer post-operative
complications and sn improvement in the immediate post-
operative condition of the patient.

Unfortunately, there would not appear to be the
decrease in mortality and morbidity associated with anses-
thesia that one would expect when statistics published at

the beginning of the twentieth century are compared with thoss

of today. In certgin cases there is apparently a



deterioration.

This investigation has been carried out in an
attempt to determine whether the results of modern methods
of anaesthesia are worse than those of the older and more
simple technigues. One must bear in mind that the opera-
tions in many cases are much nmore extengive, and that wmany
of the patients are much poorer operstion and anaesthetic
risks than those quoted in the earlier figures. A most
important factor is the more accurate keeping of records,
with the noting of minor complicetions which would have
been regarded as the normal occurrence, or not diagnosed in
the past. It is from the records of five hundred cases
that it is hoped to determine the "Dangers of Modern
Angesthetics™.

These cases have been recorded during the past three
years at Stobhill Hospitsl, Glasgow, while holding the
sppointments of Trainee Anaesthetist, and later, Anaesthetist.
Both appointments were "full-time", allowing time to be spent
with the patients in the wards during the pre-operative and
post-operative periods. The cases have been drawn from the
surgicsl, paediatric, obstetrical and gynaecological wards,
with a few from the unit specialising in diseases of the
ear, throat and nose.

The principal reason for the investigation is dis-

satisfaction with the results of anasesthesia as now



practised. An attempt has been made to discover the faults
in the modern technique, whether the error lies in the
premedic&tion of the patient, the anaesthesia itself, or
the post-operative care of the patient, and to offer
suggestions for their correction.

i'ive hundred cases undergoing anaesthesia in Stob-
hill Hospital, Grlasgow have been recorded on Copeland-
Ghatterton Paramount Anaesthetic Record Cards. Adequate
time for lfollow-upT was the sole factor in the choice of

each case.



The details on the front of the card are filled in
during the pre-operative and post-operative visits to the
petient, and those on the back during the operation.(2).

One of the criticisms of modern anaesthesia is
that although the patient's condition is excellent through-
out the actual administration of the anaesthetic, a
deterioration sets in during the immediate post-operative
period. In an attempt to evaluate this criticism, the
blood-pressure has been recorded in some cases four hours
after the patient has returned to the ward, and this figure
ocompared with the pre-operative recording and that taken
at the end of the operation.

It has been said that any revolutionary discovery
changing the course of anassthesia is unlikely, but that
progress will be achieved by a series of comparatively small
improvements in technique (3).

In this thesis it is intended to discuss the defects
in ansesthesia as 1t is practised today as shown by the

study of five hundred cases.



History.

The history of ansesthesia during the past thirty
years might be described as the development of a specialised
branch of medicine and the addition of a science to an art.
With the descoription of Guedel of the signs of anaesthesia
in 1920, the principles first lsid down by John Snow in
1858 were reproduced in more detail.

‘Before this period anaesthesis had been used almost
entirely for operative procedures. Some anaesthetists did
eaploy their art in obstetric analgesia, but on the whole
this was left to the obstetrician who might administer some
form of 'twilight sleep’ and supervise the administration
of a short, light chloroform snaesthesia for the actual
birth. The report of Gwathmey in 1920 oconcerning the ad-
ministration of 20,000 anaesthetics to women in labour
stimulated the interest of ansesthetists not only in America,
but throughout the world in the problem of easing the pain
of lsbour. In 1933, Minnitt developed his 'gas-and-sir’
analgesic apparatus for the use of midwives in domestic as
well as hogpital practioce. In Americsa there are many who
favour a form of regiomnal snalgesia rather than that pro-
duced by inhalation of gases and vapours. In 1942 Edwards
and Hingsen developed the techinigque of continuous caudal

anglgesia. This has come to be used 8lso in the treatment



of eclampsis and, in certain cases, to prevent the onset
of labour. Spinal analgesia has also entered the field
of therapeutics, in eclampsia, and in those conditions
thought to be due to an imbalance of the autonomic nervous
system such as congenitsal megsacolon. It has 8lso been
recognised as a diagnostic agent in thrombo-angiitis
oblitterans.

Angesthesia for operative preocedures has made many
advances with new apparatus, drugs and technigues. The
apparatus has become more complicated. The Boyle anaesthetic
apnaratus has always been one of the most commonly used in
this country. Its development, from the first model to the
latest, illustrates very well the changes in anaesthesias,
the greater sccuracy snd the greater complexity. The
original 'Bubble-type' flowmeter has been superceded by the
more sccurate 'Bobbin-type' which has in turn given way to
the 'Rotameter’'. Reducing valves have replaced the original
fine-adjustment valves, and some form of circle-type ab-
sorption apparatus added to allow the use of cyclopropans.
The result is a complicated, expensive apparatus, in coum-
plete contrast to the simplicity and cheapness of the 'rag
and bottle' method. The problem arises regarding the
teaching of students to use a machine so dangerous in un-

skilled hands and so expensive to buy that they are unlikely
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to use it in the future unless they join the ranks of the
specialist anaesthetists.

Several new genergl angesthetic agents have been
added to the ansgesthetists' pharmacopoea, several inhala-
tional, and for the first time, an efficient intravenous
general anaesthetic.

In 1928 the anasesthetic properties of cyclopropane
were observed by Henderson and Lucas, who noted it as an
impurity of propyleme, in which they were primarily
interested. They found it more efficacious than propylene
and investigated its properties experimentally in animsals.
The drug was introdnced into clinicsl ansesthesia by
Waters and his associates in 1932 (4). The gas was investi-
gated in Great Britain by Rowbotham and the anaesthetic
staff of The Cancer Hospital, London (5). The association
0f the names Waters and cyclopropane might well be expected
when one considers that cyclopropane requires to be ad-
ministered in a closed circuit spparatus, in the development
of which Waters was one of the pioneers.

Two years after the original work on cyclopropane,
Leake and Chen discovered the anaesthetic properties of
di-vinyl ether or "Vinesthene" (6). Three years later it
was introduced into oclinicsl ansesthesia by welfan snd Bell,

using one another as subject (7). The Medical Research
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Council have reported it as "an ansesthetic of undoubted
velue", and it was approved Ey the Council on Pharmacy

and Chemistry of the American Medical Association. One

of the disadvantages of this drug is its extreme volatility.
To avoid waste, Bourne and others recommended mixing di-
vinyl ether gnd di-ethyl ether in the proportions of one to
three (8).

The third inhglational sgent, which is now genersally
recognised to have g definite place in anaesthesia and was
introduced in the past thirty years, is trichlorethylene,
or "Trilene™. In 1935 Stricker and his associsztes (9)
described a series of three hundred short administrations
for minor operations. The results were inoonclusive, and
in the following year the Council on Pharmacy and Chemistry
of the American Medical Association considered that "the
case had not been completely made out™ for the usefulness
of the drug. In 1939 the joint Anaeéthetie Committese of
the Medical Research Council and the Royal Society of
Medicine asked C. Langton Hewsr to investigate the properties
of trichlorethylens. The investigation was carried out
in the department of snsesthesia of Saint Bartholomew's
Hospital and the results embodied in thres papers (10,11,12),,
when trichlorethylene was shown to be an excellent inhalant
drug for producing general analgesia, and useful for light

angsesthesia (13).
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During this ersa there were outstanding developments
in intravenous ansesthesis. Prior to this, many agents
had been tried to produce anaesthesis by this method with
no great success. During the years 1920-1930 many deri-
vatives of barbituric scid were investigated, among them
Pernostan in 1927 by Bumm in Germany, Amytal in 1929 by
Serfas and his associates in America, and Nembutal in 1931
by Lundy, also in America. Intravenous anaesthesia, how-
ever, really began with the introduction of Evipan in 1932 by
two Germans, Weese asnd Schaff. In 1933 the Medical Resesrch
Council decided that the encourasging reports from German
surgeons snd snsesthetists warranted the clinical trial of
Evipan in this country, end accordingly a panel of anaes-
thetists was formed to carry ont the investigation. In
America, & similar trial was carried out by John S. Lundy,
and in the following year he introduced "Pentothal", which
was even more efficacious than Evipan. R“Pentothai“ was
first used in Britain by Jarman who had béen one of the
pioneers in the use of Evipan. Since then "Pentothal", or
as it is now officially named, thiopentone sodium, has be-
come one of the ansesthetic agents most commonly used.

Po match the developments in surgery, anaesthetic
apparatus and drugs, there have been many developments in
angesthetic technique. For example, it is now customary,

where possible, to induce genersl anacsthesia with one
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of the ultra~short-scting barbiturates given by intravenous
injection thus sparing the patient the feeling of the face-
piece over the face.

Endotracheal anaesthesia is not a new development.
The first time endotracheal anaesthetic was adﬁinistered was
by Sir William Mscewen in 1880. In 1912 Kelly introduced
into England insufflation endotracheal ansgsesthesia which
was pioneered in America by Meltzer, Auer and Elsberg. As
a result of their experiences in the 1914-18 war Magill and
Rowbotham used, first insufflstion, and lster inhalational,
endotracheal methods, using soft-wide-bore rubber tubes.
In 1928 Magill described his method of blind, 'nasal’
intubation, snd Guedsl and Waters re-introduced the fitting
of inflateble cuffs to endotracheal tubes. In 1932 uale
and Waters demonstrated closed endobronchial anaesthesia
by passing a similar cuffed tube into either main bronchus.
This technique may be taken as a further example of the in-
ereasing complexity of anaesthesia. Chevalier Jackson's
work on direct laryngoscopy stimulated interest in intuba-
tion. Ansesthetists gradually becsme laryngoscopists, and
now, to be gble to anaesthetise for thoracic surgery and be
able to deal competently with post-operative complications,

must be bronchoscopists also.

As long ago as 1850 John Snow discovered the principle
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of carbon dioxide absorption snd closed-circuit anaesthesia.
It was rediscovered by Jackson in America in 1915 and used
in ansesthesis involving animals. Until the work of lLese,
it used to be thought that exhaled air contained a poison-
ous substance, "Anthropotoxin" (14). In the same year
Waters developeé the techniqué for clinical anaesthesia
using "Soda-lime" to sbsorb the carbon dioxide. The simple
apparaéus beariné Waters' name has certain disadvantages,
and in an effort to overcome these, the "circle" type of
absorption unit was introduced five yearé 1aterAby Brian
Sword. Since then, the number of "circle" units has in-
creased till they are now legion.

In 1913 Crile of Cleveland published his Kinetic
Theory of Shock (15), and seven years later with Lower he
pioneered the technique of combined local anslgesis and
general anaesthesis in the prevention of shock from surgical
operations (16). ©This theory of the cansation of shock has
been shown to be only one of the many factors involved, but
Crile's Anoci Association Theory was so effective in practice
that most anaesthetists made use of the theory to a greater
or lesser extent until the following technigue came into
being and almost completely displaced the combination of

'local' gnd general anaesthesia.
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During the past ten years a discovery has been made
that has been described as "A Milestone in Anaesthesia" (17).
In Jannary 1942 Griffith of Montresl first used curare‘as
an aid to ansesthesis. Two years later, Halton in England
used tubo-curarine chloride in thorsacic surgery, but it was
not till the following year that he reslised its possibilities
as a means of producing muscular relaxstion in genersl
sargery. By 1946 curare was in genersal use in Britain.

Its advantage is the profound relaxation of spingl znalgesia
or deep general snsesthesia at a light plane of anaesthesia.
Its undesirsble action on respirastion led to the intro-
duction of "Mysnesin"™ in 1947. In composition this is s
substitution product‘of one of the ethers of glycerol. Like
curare, this drug is given by intravenous injection. It
has, however, the disadvantage of causing venous thrombosis
and haemolysis of the red blood cells.

The ngme of Lgbat is outstanding in the recent
history of regional snalgesia. In 1920 in America he
demonstrated local, regional or spinsl analgesic technigues
for almost gll surgical operations, and two years later he
published his book "Regional Anslgesia" which was to prove
the standard textbook dn this subject.. Also in 1920 a
Spanish surgeon, Fedel Pages agpplied to the human subject

the technique of epddursl sanalgesia, but it has always been



16.

considered less reliable than subarachnoid block. However,
the glternative method of entering the pertdursl space
through the sacral canal has become more populasr especially
in America since Edwards and Hingson developed the technique
of continuous caudal analgesia for the relief of pain in
childbirth in an attempt to produce perfect analgesia for
the mother without causing foetal upset or disturbance of
the normal uterine contractions. In the same year Allen
and others (18) rediscovered the technique of amputating
limbs under refrigeration snalgesia. Although the de-
creased metgbolism due to refrigeration is made use of in
the treatment of gangrene of the lower limbs, it is not now
used so extensively to provide the analgesia for the actual
amputation. In 1943 a technique of posterior intercostal
and splanchnic blocks to provide analgesia for abdominal
surgery was described by James (19).

During the immediate pre-curare chapter in the
history of anaesthesia there was a period of increased
popularity of regionsl snalgesia. Anasesthetists were becon-
ing more and more expert at, and surgeons more and more
inclined to delegate, regional analgesia. But with the
advent of curare, the decline in popularity set in, and
regional snelgesia became confined to those cases who must

not have a general anaesthesia, no matter how "light" it

might be.
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Kegional anslgesig was not alone in wone deciine
in popularity due to the relaxant drugs. Spinsal analgesia
had been mgking grest progress, and with the technique of
'fractional' or'continuous' spinsl, sub-srachnoid block hsad
been placed on g retionsl, if not completely safe, basis.

Prior to the work of Lsbat (1921) and Pitkin (1927)
when the former dissolved novocain in cerébro-spinal fluid
and injected the solution, and the latter introduced
"Spinocain", popularising spinsl anslgesia, the technique
was not safe and was infrequently used. Also in 1927,
Ockerblad and Dillon in America used ephedrine to maintsin
the level of the blood-pressure during spinal analgesia énd
a further step was mede in the direction of safety in sub-
arachnoid sanalgesia. Three and four years later Howard
Jones and BEtherington Wilson described their respective
methods for the use of the first true hypobaric drug, "Light
Nupercgine™. Hyperbasic "Nupercaine" was introduced By
Frankis Evéns in 1934. Iﬁ 1940 Lemmén introduced 'fraction-
al' or 'continuous' spinsal.

During this period various vasopressor drugs were
used to maintain the blood-pressure at a level as near to
the patient's normal as possible. To allow fine adjustment
0f this level Frankis Evans introduced the method of using a

continuous intravenous drip infusion of an extremely dilute

solution of adrenalin. In complete contrast to thuis,
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Griffith and Gillies in 1948 published a description of

the technique for "total spinal™ for use in thoracico-
lumbar splanchnic éctomy and syﬁpathectomy (20) . In order
to prevent bleeding no vasopressor agent is given, and the
blood-pressure is allowed to fall to levels which cannot be
recorded, effective oxygenation of the patient's blood
being maintained by assisted respiration.

In this chapter in the history of anaesthesisa
there has been an increase in the complexity of the apparatus,
an increase in the number of drugs at the disposal of the
snaesthetist, a tendency to discsrd the more toxic drugs,
end an attempt not only to give the surgeon maximum relaxa-
tion, but, as shown by the 'totsl spinal’, an attempt has
been made to facilitate his task still further by minimising
haemorrhage.

A change in the status of the anaesthetist has tsken
place as the result of these discoveries and changes in
snaesthesia. Specialists in ensesthesis made their appesar-
ance in increasing numbers. In 1922 the British Medical
Associgtion formed s section devoted to the study and further-
ance of knowledge of snaesthesia. In 1935, as a result of
negotiations between the Association of Anaesthetists of
Great Britain snd Ireland and the Royzl Colleges of Physicians

and Surgeons, a Diploma in Ansesthetics was instituted by
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these two bodies. By 1948 it had become sapparent that the
standard of the diploma had not kept pace with the rapid
increase in the scope of anasesthesia (21) and it was decided
to revise the regulations and syllsbus for the examination
in order to raise the highest grade of specialist anaes-
thetist to the same academic standing as that of other
specialists. In the same year a Faculty of Anaesthesia
was formed by the Roysl College of Surgeons of Englsand.

It is no longer sufficient for the anaesthetist
to keep his patient quiet and relaxed on the operating
table. With the drugs and equipment now at his disposal
he is able to give the surgeon optimum operating conditions
with the minimum of upset to the patient. To do so means
careful assessment of the patient in the period before
operation, the choice of drugs and method of their use at
the actusal operation, the ability to carry out the proposed
technique and the opportunity to assess the results in the
post-operstive period. These conditions msy only be ob-
tained by devoting one's time solely to the practice of
anaesthegia.

These improvements in anaesthesia are not reflected
in the mortality and morbidity statistics associated with
angesthesia in this period. In England and Wales in 1901

there were ninety one deaths, and in 1941 there were eight
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hundred and thirty five deaths associated with anaesthesia
(22,23). In one American hospital pulmonary complications
following gbdominal surgery rose from 2.0 per cent in 1927

to 5.3 per cent in 1939 (24).
It 4s therefore proposed to discuss the dangers of

modern snaesthetic agents and teschniques in the following

section.
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The Specific Dangers of Modern Ansesthetic Agents.

Although many changes have taken place in anges-
thesia during the twentieth century and many sdvesnces have
been made, the drug giving idesl operating conditions with
no untoward side-effects has yet to be discovered. Much
has been achieved in mgking the ordesl of anaesthesia
easier for the patient. The use of thiopentamne has made
the induction easy and pleasant, and the maintenance by
nitrous oxide or cyclopropane spares the patient the dis-
tressing post-angesthetic vomiting liable to follow ether
and chloroform. Muscle relaxation required in abdominal
and thoracic operations may be provided by curare. If
the patient elects to remain awaske during the operation
most surgical procedures may now be performed under some
form of regional anslgesia.

Unfortunately with these new drugs and techniques
new complications occur which did not accompany or follow
the older methods.

Cyclopropane is capable of carrying anaesthesia
through the four stages and has consequently been accorded
a potency of 100 per cent by Guedel (25). It has been
described as standing midway between ether and chloroform
for safety and potency (26). The extreme power of the

agent and the extreme rapidity with which a high concentration
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of the gas may be built up in the blood and brain cells of
the patient make the danger of over-dosage very real (27).
The time for the anaesthesia to progress from induction to
respiratory paralysis may be as short as from one half to
three minutes. This rapid sbolition of consciousness
will allow the operation to begin before the anaesthesia
has been stabilised (25,28).

Many asuthorities consider that cyclopropane de-
presses respiration. With this Waters does not sgree.

He considsrs the gas to be neither a respiratory depressant
nor stimulant, and in his opinion the apparent depression
of respiration results from couparison with other anaes-
thetic agents, all of which are active respiratory stimul-
ants. He admits, however, that respiration is quiet and
that paralysis of the intercostal muscles is apt to be
complete before it is noticed (29,30,25).

As the drug does not stimulate respiration, the
margin between the degree of partial paralysis of the muscles
of respiration which ogours with relaxation of the muscles
of the upper abdomen and complete respiratory arrest is
narrow. Respiratory arrest may even supervene before
complete relaxation has been obtained (27,31).

Cyclopropane may reduce the tidal respiration below

the level required for the adeguate exposure of the expired
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gases to the soda-lime of the sbsorber unit (32).

With this agent, the nature and amount of the drugs
used as premedication are especially important. Morphine
is a powerful respiratory depressant and with cyclopropene
a far greater degree of depression results than is generally
apprecigted. If cyclopropane is the anaesthetic of choice,
then the dose of wmorphine employed should be much smaller
than usual (30).

Cyclopropane may csause bronchoconstriction by
stimulating the parasympathetic nervous systeu. But it
also directly depresses the bronchial muscle. When the
anasesthesia has been in progress for a sufficient period
the broncisl muscle becomes relaxed, but if the initisgl
concentration of the gas in the inhaled mixture has been too
strong or if stimulation has occurred from the operetion
being begun while the anaesthesia is still incomplete, then
this gsetion will be overshadowed by the bronchial con-
strietion (53, 27, 28).

On account of the extreme potency of the gas, anaes-
thesia mey be maintained with a high percentage of oxygen in
the inhgled mixture. Oxygen and cyclopropane are both gb-
sorbed rapidly frow the pulmonary alveoli, and, owing to the
quiet respiration of cyclopropane anaesthesia, a massive pul-

monary collapse may occur unnoticed on the operating table

(25).
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The use of cyclopropane is not without ill-effects
on the cardiovascular system.

It is suggested that the level of the blood-pressure
remains unchanged if the respiratory efficiency is not
diminished (34). But frequently the reduced tidal respirsa-
tion canses an accumulatlon of carbon dioxide in the blood
and a fall 1n the hydrogen 1on concentration of the plasma
due f;~an inadequate exposure of the expired gases to the
soda-lime.v As a result the systolic and diastolic blood
pressures rise (30,32). When the respiratory depressing
oyclopropane is withdrawn at the end of anaesthesia or
couplete rebreathing is suddenly stopped, the plasma hydrogen

ion concentration and Oarbon diox1de content fall and the

blood pressure “does likewise (35)

Waters in 1937 in discussing the toxic effects of
carbon dioxide, described a syndrome simulating collapse
which occurred in hypersensitive individuals exposed to an
excess of carbon dioxide as follows: "A somewhat similar
picture msy appear directly following a period during which
an individual has been subjected to an atmosphere too rich
in garbon dioxide. It is then probably due to the sudden
withdrawal of the excess carbon dioxide for which adjustwment
0of the buffer mechanism of the blood and tissues has been

made, perhaps the excess carbon dioxide has been blown off
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more rapidly than it is possible for the buffer mechanism
to keep pace". (36)- This failure of the buffer mechanism
may be the cause of "Cyelopropane Shock". During the
ansesthesia the blood pressure has been sbove the pre-
operative level and the patient's general condition has been
satisfactory. When the mask is removed, the condition of
the patient deteriorates, the systolic and diastolic blood
pressures fall to a variable extent and at a varisble rate.
In some cases the hypotension oscurs at once. Within three
to five minutes the systolic blood pressure has fallen to
50-60 millimetres of mercury or lower. The hypotension,
however, may take place over a period of time and may not
roeach such slarming proportions. Associated with a rapid
fall in the blood pressure, the patient may develop a
elammy skin, a pulse of poor volume, and beocome delirious
during his emergense from the anaesthesia. The difference
between this condition and surgical shock is that in the
former the patient has a bradycardisa. In some ocases, the
patients appear to be better tham they are, and the level of
the blood pressure suggests. They are warm, the skin is
dry, the pulse slow, and the patlents are orientated and
alexrt. This hypotension may persist for several hours

despite the intravenous administration of plasma (30,37).
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Although tacchycardia has been described in dogs,
bradycardia is more freguent during clinical cyclopropane
snaesthesia. This is even more frequent after morphine
premedicetion than after cyclopropane salone. The slowing
of the heart-rate offers more time for diastollic filling
of the heart and consequently an increase in the stroke
volume (38,29,33,30,34,31).

There is a direct relationship between the concen-
tration of the drug in the inhaled mixture and the effects
on the ciroculatory systeun. When this concentration exceeds
thirty per cent or the temsion of the gas in the tissue
0ells has been raised to an unduly high level by the cumu-
luetive effect of the prolonged sdministration of even a
woak mixture, cardiac arrhythmiass may arise. The cyclo-~
propane excites the ¥entricular musgele of the heart into
the production of ectopic contractions. When this concen-
tration of cyclopropane falls, the cardiac rhythm returns
to normsal (51,27).

Arrhythmias are common, and, according to Adriani,
include displscement of the pacemeker, vagus e&smape, auriculo-
ventriocular block and ventricular tachycardia, the latter
ocourring at all times during the anasesthesia, but more
oommonly in the lower planes (33). The arrhythmias
oocurring early in the anaesthesia may be of vagal origin

as they may be abolished by the administration of atropine,
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and they are not indicative of permanent damage to the
heart (39).

Ten per cent of the cases of one series of patients
under cyclopropane angesthesia showed "multiple focus
ventricular tachycardia™ which invarisbly preceded ventri-
cular fibrillation in the oats Levy experimented upon with
chloroform. Clinically, this csuses an irregular irregular-
ity in the pulse with a pulse deficit of 30-100 beats per
minute (39).

Cyclopropane reflexly sensitises the heart of the
dog to injected adrenaline. The receptor nerve-endings
are distributed for the most part throughout the peripheral
three centimetres of the mesentery. Impulses travel by
the visceral afferent fibres through the coeliac and
superior mesenteric plexuses, splanchnic nerves and spinal
cord to & centre in the brain above the pomns. Efferent
impulses then pass to the heart by way of the cardiac
branches of the sympatheticﬂnervous system and increase the
irritaebility of the heart (40).

The administration of adrenalin to a patient under
eyclopropane snaesthesia leads to marked disturbance of the
oardiac rhythm particularly of the ventricular type and may
result in fatal ventricular fibrillation. For this reason

induction of ansesthesia by cyclopropane is not advised in
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the apprehensive patient because of this risk of ventri-
oular fibrillation (41,55,42).

In one series of 1000 cases of cyclopropane anses-
thesia, two developed auricular fibrillation and two others
died on the table (43).

Although the increased 0oze at the skin wound does
not have any serious effect by itself, the prolongation of
the actusl operation due to this haemorrhage may be detri-
mental to the patient and therefore must be included in the
list of undésirable side actions of cyclopropane. The ooze
may be due fo en increase in the diasmeter of the capillaries,
due to g depression of the vasomotor centre or an increase
~ in the venous pressure (30,43,42).

The maintenance of a smooth level of angsesthesia
with cyclopropsne is not easy. Sudden slterations in the
depth of the ansesthesia are liable to occur. Although
cycloprbpane is one hundred per cent potent, it produces
little pupillary dilatation. With ordinary premedication
as employed for other agents (Morphine gr. § and Atropine
gr.k}[loo) the fourth stage of anaesthesia is often entered
without pupillary dilatation until the reserve oxygen
supply of the tissues is used up, when dilatation occurs

from oxygen want. fhe anaesthetist may be given a further
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false sense of security by the inadequate pulmonary venti-
lation being obscured by an oxygen concentration in the
inhaled mixture greater than twenty per cent (43,25,27,44).

Cyclopropane has been extensively used as the
anaesthetic sgent for the operation of Csesarian Sectionm.
"Pituitrin shock" appears to be accentuasted when it occurs
with cycloprOpané (45} .

This gas has been described as one of the most
dangerous anaesthetic agents. ‘'he death rate is high even
when the gas is used by those thought to be competent.
Prolonged asdministration is dsngerous because it concesgls
the true clinical condition of the patient, temding to
elevate the blood pressure asnd reduce the pulse rate. Soon
after the gsdministration is discontinued, the patient may
develop "eyclopropsne shock™, which may be combatted with
difficulty (46). ’

Intravenous enaesthesia is the most pleasant for
the patient, aend the most time-saving for the surgeon and
the angsesthetist. The latter is therefore frequently
tempted or requested to administer this type of ansesthesis
when it is relatively or completely contra-indicated. The
danger lies in the simplicity of the apparatus required snd
the ease with which the induction and maintenance may be

carried out as oompared with inhalational anaesthesia.
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One of the difficulties of intravenous anasesthesia
is the estimetion of the dose of the agent. The control-
lability of the anaesthesia is in proportion to a great
extent to the rate of detoxzication of the drug in the body
tissues. This is subject to a number of varigble influences,
such as age, weight, sex, and metsbolic rate of the patient.
But the dose cannot be judged on these factors slome. Con-
giderable control of the anaesthegsia may be exercised by
assessing hepatic and renal efficiency, metabolic rate and
circulation time and the rate of sdministration judged in
such & way as to prevent overdosage and cumulstive effect.
Deaths have occurred due to relative overdossasge in cases
suffering from shock and haemorrhage. After the Japanese
attack on Pearl Harbour many of the casualties were anaes-
thetised with "Pentothal™ for s variety of operations by
men not familiér with the limitations and dangers of intra-
venous snaesthesis with the result that the mortality rate
was one in four hundred asnd fifty. One has been impressed
many times by the minute dose required for the induction
of snaesthesia in women sufferinglfrom shock and haemorrhage
due to incomplete sbortions (47,31,48).

The continuous administration of thiopentone in
long operstions requires even greater caution on the part of

the ansesthetist. A fit, healthy adult is able to detoxi-

cate half a gram of the drug quickly, but the succeeding
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doses must be given slowly because in prolonged deep
enasesthesia the process of detoxication is retarded and
a cumulative effect results, leading to overdossge. It
has been suggested that the dose of two grams should not
be exceeded in such cases (31,49).

Intravenous snsesthesia has a profound effect on
respiration end consequently on the chemistry of the blood.
The respiratory minute-volume exchange is decressed, and
this respirstory depression may csuse embarrassment if the
Intravenous snsesthesia is being used as an inducing sgent
for an inhalational ansesthesia (33,50).

In the human subject and the experimentsal animsal,
if premedication has been given, moderately deep anaesthesis
with "Pentothal™ does not cause s significant decrease in
the lével of ox&gen in the blood. If pure oxygen is ad-
minigstered with the "Pentothal", there is a significant rise
in this level (51). But in a series of animals deeply
anaesthetised with "Pentothal™ there was a decrease in the
degree of response %o oxygen lsek and the period of time
between the cessation of respiration snd the fall of arterial
blood pressure to zero was shorter than with "1light" ether,
"Vinesthene", chloroform, nitrous oxide and oiygen énaes-
thesias, but longer than with "deep"™ ether. The concentra-

tion of earbon dioxide in the blood is incressed after
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thiopentone anaesthesia (52). = The failure of the patient
to exhibit a rise in the arterisl blood pressure due to
this increased carbon dioxide tension has been attributed
to the depression of the vasomotor centre by the drug (30).

Consequently it has been advised that "Pentothal"
should be given only by competent physicians with facilities
at hand to combat the respiratory depression and the im-
balsnce of the oxygen and carbon dioxide in the blood (47).

Unfortunately the laryngeal and trachesal reflexes
are not obtunded by this form of anaesthesia. Hyper-
activity may rather result, and any stimulation lead to
spasm, especiglly if the stimulus be an attempt to pass an
endotracheal tube (50,33).

Hypersctivity of the mucous glands ol vhe res-
piravory vract may glso oceur. A case has been described
in which the patient secreted such enormous quantities of
mucus as to simulate acute panlmonary oedema (53).

Should a patient under thiopentone ansaesthesia
suffer from anoxia due to any ceuse such as limited lung
expansion from pleural effusion, or respirstory obstruction
due to swellings in the neck, or within the pharynx or
chronic lung diseases such as tuberculosis, tumour or
empyema, then that anoxis will be dangerously eggravated by

the anoxia caused by the depression of the medullary and
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hypothalmic centres due to the drug (31). If the resulting
anoxia is sufficiently great, the patient may be in great
danger.

Similarly if the patient vomits during induction
the resulting laryngeal spasm from the hypersctive laryngeal
reflex may cause severe respirstory obstruction. This may
precipitate cardiasc failure or cerebrsl haemorrhsge in
patients ligble to those conditions.

The cardiovasculer system may be adversely affected
during intravenous anaesthesia. The vasomotor centre is
depressed with each injection causing s temporary fall in
the blood pressure, most marked in patients suffering from
hypertension and arteriosclerosis. This fall may smount
to as much as forty millimetres of mercury. THe decrease
in blood pressure is accompanied by a sustained increase
in the diameter of the arterioles and capillaries, predis-
posing to increased oozing at the operation site (50,33,42).

The pulse-rate is increased, and, although the
cardiac rhythm is not ususally disturbed if the patient is
maintained free of oxygen lack, it occurs in the experimental
animgl if premedicated with morphine and in the human subject
if elderly asnd arteriosclerotic with ischaemic myocardisl

degeneration (50,33).
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Intravenous snaesthesia is not free from risk to
the liver. Toxic hepatitis has ooccurred. In prolonged
anaesthesia the liver fumction is severely taxed and thers
is an interruption of the normal glycogenic-glycogenolytic
activity (54,55).

| Although this form of anaesthesia is generslly
advocated in the treatment of convulsions occurring under
other forms of anaesthesia or analgesia, cases of con-
vulsions occurring during thiopentone ansesthesia have been
reported (56,57).

The position of the patient under anaesthesisa is
important and it has been observed that respirsgtory diffi-
culty is eommon in the prone position and that these
patients are more liable to vomit (49).

This form of anaesthesia is especislly indicated
for minor surgical operations. Many such cases are tresgted
as "out-patients"™, the patient being allowed to return to
his‘home after his recovery. This practice is not without
risk to the unaccompanied patient as he may fall asleep
again sbout one hour after wakening from the snaesthesia (58).

The actual injection of the drug may provoke un-
desirgble local reactions. The vein into which the in-
jection is made may become thrombosed. The freguency of

this complication depends on the strength of the solution of
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the drug. It occurs in one case in a thoussnd with five
per cent solutions and one in three thousand with a two and
a half per cent solution. If the ten per cent solution is
used, then the complication is freguent. No casé; of
embolus arising in the thrombosed vein has been reported
(50,42,59). If the injection should be made into an artery,
a definite risk, the paetient complains at once 6f g burning
pain shooting down the arm, which flushes scarlet and
urticarial wheals may sgppear. Gsngrene of the fingers has
been recorded as s complication of intra-arterial injection.
In one series of eight such cases, four developed gangrene.
Another series quoted four cases in twenty-five thousand
with no cases of gangrene, althodgh in one 1n which an over-
dose was given into the artery, the excessive dose was
masked by the injection not having been made into a vein,
and death resulted (58,60,42). If the injection should be
made extravascularly, the skin may slough, the solution
Causing tissue necrosis by virtue of its alkalinity, the PH
of the solutions normally used being in the region of nine
or ten.

A peripheral nerve may be injured by the needle
through which the injection is made into the vein (42).

There is thus ample evidence to support the view

that intravenous sanaesthesia must not be embarked upon
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without consideration. The simplicity of administration

is confined solely to the simplicity of the apparatus re-
quired. The patient may lose his hand through a faulty
technique, or his 1life through faulty assessment of his
condition by the anaesthetist. In deaths directly attri-
buteble to anaesthesia in the principsl hospitals of South
Africa during 1931-1935, Evipan renks next to chloroform as
the most dangerous anaesthetic with a mortality rate of

0.14 per cent. In one series of six thousand, five hundred
cases there wers eight deaths (61).

In few types of gnaesthesia must the decision for
its employment be more carefully considered than in spinsl
enalgesia. The gnsesthetist may be tempted to use the
method in the mistaken idea that once the 'block' has been
administered he is free to anaesthetise another case. Some
surgeons may even administer the snalgesia themselves and
then proceed with the operation leaving the supervision of
the patient to a nurse. Since the introduction of the
relsxant drugs, the indications for the technique have
diminished. It is still indicated where muscle relaxation
is specially required where it is undesirable to have the
patient asleep and where regional snalgesia is contra-
indicated. The contra-indications of the technicue veary

with the degree with which the anaesthetist favours the
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method, but those listed by Hewer may be tsken as reasongble
(3). He states that the method should not be used in
patients suffering from severe shock, sdvanced myocardial
degeneration and an sbnormsglly low blood pressure. Hyper-
tension, only if sccompanied by arteriosclerosis, contra-
indicates the technique. It should not be used in patients
with disease of\the central nervous systenm. Respiratory
obstruction from any cause is a bar to high spinal block.
Extensive lesions of the vertebral column, local sepsis and
blood-stream infections also make the method inadvisable.

It should not be used in young children or nervous sdults.
In his opinion the technigue should not be employed in cases
of intestingl obstruction dus to mechanical csauses.

O0f great importance is the area involved in the
englgesisa and the 'height' of the 'hlock'. It has been
shown that sacral and lumbar block is relatively safe, even
to the handicapped patient. But where the block extends
into the thoracic region the result is different. It may
not be harmful to the robust patient, but it may prove so to
the handicapped. There is little evidence that spinal
analgesia carries a higher mortality in 'good risk' patients,
but it does so in the 'poor risk' (62).

It would be reasonable therefore to restrict the use
of spinal anaslgesia, with the possible exception of 'saddle-

block', to the fit subject.
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The danger of gepsis is not to be ignored: ome
writer describes eleven cases of meningitis following
ninety-six 'spinals', one of the cases proving fatal (63).
The infection may come from the anaesthetist's hands, from
the skin in the lumbar region of the patient or from im-
perfectly sterilised syringes and needles. The needles
and syringes may be contaminated by infection froum im-
perfectly sterilised towels, from the so-called sterile
water or sterile distilled water, from the local anaesthetic
solution or from the spinal drug. Repeated attempts at
lumbar puncture may result in the formation of haematomata
which may relasy infection to the meninges (64). It has
been suggested that irritation of the meninges by the
angesthetic drug allows organisms to gain a hold (65), but
the supposition that spinal anaesthetics in the concentra-
tions used e¢linically will produce inflammatory changes in
the meninges is unsupported by experimental evidence (66).

The clinical picture may be headache with menin-
gismus, or at the other extreme, acute septic meningitis.
The illness, however, may be chronic in character, with s
tendency to relapse due to the formation of adhesions con-
taining infected cerebro-spinal fluid which is liberated
from time to time. These adhesions may eventually pro-

duce spinal block or even hydrocephalus. One case of
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sub-grachnoid abcess has been described in a petient with
a septic area in the lumbar skin who was given a spinsl
analgesia by the fractionsl technique of Lemmon (65,67).

Cranisl nerve paralysis is a not unknown complica-
tion, palsies affecting all the nerves but the first, ninth
end tenth have been described, with the sixth most commonly
affected. Squint develops in the third day and usually
disappears within s few weeks, although permanent diplopia
has been recorded (3,68). The exact cause of the condition
is unknown. It has been suggested that increase or decreass
in the pressure of the cerebro-spinal fluid may be a factor.
Alterations in the blood pressure during the spinal block
have been incriminated, and also, a direct toxic effect
from the spinal drug. Inflammatory changes, either a low-
grade meningitis or meningismus, and pre-existing diseases,
such as syphilis, have also been considered as possible
setiological factors. 1Increased intracranial pressure with
straining, forcing the drug into the wmedullary area, has
also been proposed as a factor (69,33).

Various theories have béen sdvanced for the peculiar
susceptibility of the sixth cranial nerve, that the long
course of the nerve exposes it to injury, that it may be
demaged between the pens and the occipital bone where it is

rogsed by the anterior inferior cerebellar artery, and that
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the nerve may be injured as it bends over the angular apex

of the petrous bone. A recent suggestion is "that the
highest and most recently acquired fasculties and attributes
of the humsn being are the first to be lost or disturbed
under stress. The varying stability of the binocular

vision function makes it possible that any cerebral pathology,
even slight in degree, would tend to cause s breskdown of

the binocular system with resulting diplopis" (70).

Although paralysis of the sixth cranial nerve may
inconvenience the patient for a short period, the occeurrence
0f spinal nerve palsy, or the entire "Cauda Equins Syndrome"
is a tragedy. In the latter, the patient fails to gain the
use of his legs after the anslgesia passes off. He
develops loss of motor and sensory functions in the lumbo-
sacral distribution, and loss of bladder asnd bowel function
(71,72). Minor degrees of upset of nerve function in the
lumbo-sacral distribution are more cowmon, for example,
foot-drop, bilateral weakness of leg muscles, paraesthesise
in the leg, scistic nerve pain, retention of urine, incon-
tinence or retention of faeces, sensory loss in the sacral
region, snd loss of gexual function (73,42,74). Retention
of urine is usually transient and yields to drugs of the
acetyl choline group. But in some cases the retention is

gevere and permsnent, leaving the patient with the risk of
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an ascending infection of his urinary tract. The lesion
is damage to the sacral nerve roots with conseguent
spasticity of the iﬁternal sphincter of the bladder (75).

There are two schools of thought in the aetiology
of this condition. There are those who claim that it is
due to the spinsl agent. 1In support of this view they
state that the nerves of animals exposed to the highest
concentration of the drug are the most affected, that trauma
is unlikely, and that the rapid onset of the symptoms and
the failure to cultivate organisms from the cerebro-spinal
fluid seem to preclude'infection (71). It may be that the
patient is‘unduly sensitive to the drug, or that the ana-
tomical configurstions prevent the prompt distribution end
dilution of the injected drug and that such concentrstions
of the drug may give rise to neurologicsl sequelsge (67).
Other anaesthetists claim that these sequelae are due to
trauma, as one may develop weakness of the leg after lumbar-
puncture in which no drug has been injected, but traums
caused to a merve (42).

Headache is probsbly the most common complication
of spinal analgesia, but its origin is still anknown. The
incidenoe in one series of cases was highest when s con-
centrated solution 0of the drug was used as in block of the

sacral segments and it is suggested that concentrated



solutions, hyperbaric in character may predispose to head-
ache (62). A very high incidence is recorded sfter con-
tinuous spinel snalgesis with the catheter technique (76).
The ssme caussl fsetor may be involved where headache is
produced by excessive attempts at 1ambarbpuncture with no
drug injected. This also produces a 'spinal' headache and
leucocytosis, but no pyrexia and the symptoms are attributed
to meningeal irritation from trauma and sub-erachnoid
bleeding. These two theories are compatible with the less
definite suggestion thet the headache is due to disturbance
of the intra-cranial pressure. In other cases the headache
is associated with nuchal rigidity, a 'septic' type of tem-
perature, and a positive Kernig sign. Lumbar puncture
reveals blood in the cerebro-spinal fluid, but cultures of
the fluid are sterile (42). Other factors, the importence
of which is difficult to assess, have been suggested. There
is a greater incidence in women and pagtients under the age
of forty years. The complication is encountered twice as
frequently in parturient as non-parturient women. It has
been suggested that the headache is gastro-intestinal in
origin (77,78,79,80).

Headaches most commonly come on between the first
end fifth day sfter the operation. Three types have been

described. There is s rare type which is defined as
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'splitting'. 4 more coumon variety is & band-like oppressive
ache round the head which is aggravated by movement snd may
be associated with vertigo (77). The headache, in a few
cases, may be associgted with nuchel rigidity, pyrexia, a
positive Kerning sign snd lumbar puncture reveals blood in

the cerebro-spinal fluid. Some of these may be associated
with diplopia, nausea, tinnitus, hemisnopisa, snd difficulty
in sccoumodation when resding. The associated diplopis

may last two months or more (42).

The headache most commonly lasts about twelve days,
but two cases have been recorded in which the duration was
two years (42). In s further series of two hundred sand
thirty-one thousand, one hundred znd seventy four this
complication occurred in two cases and lasted more than two
weeks (73). In contrast, in & series of five hundred cases,
thirty per cent developed headache and in 13.4 per cent it
was severe (81).

Spinal anslgesia may be followed by unusual effects.
After a 'spinal' headache has worn off the patient may com-
plain of hyperaesthesis of the scalp, which may be due to
irritation of the trigeminsal nerve. In other cases the
patient may be left with hyoeraesthesia or paraesthesiae in
the leg (42). The analgesia may persist in some parts of
the body long after it has disappeared in others (82).



Occasionglly in the post-operative period the function of
the nerve supply to the arm is upset, although there is

no such upset in the legs. Irritation of the spinal cord
as the analgesia wears off may lead to clonic movements in
the legs (42).

While under the influence of s spinal analgesia the
patient may lapse into coma. This may resemble syncope
with rapid recovery of consciousness. The natient may
remgin unconscious for a period up to twenty-four or thirty-
six hours but recover without sequelae. Other cases may
recover consciousness and live but show signs of permanent
brein damage. In the most severe grade of coma, the patient
dies on the table or remains comatose in the post operative
period and dies in a few days. Coma during spinal ansal-
gosia is indicative of severe anoxia of the cerebral centres
and if untreated for a few minutes, death ensues (83).

Changes take place in the cerebro-spinal fluid
after spinal analgesia. The protein content increases
slightly during the first three weeks, the greater increase
being in the albumin content which is almost doubled by the
eighteenth day. Thereafter there is a significant rise
in the protein indicating a mild and trensient irritation
of the meninges. In some cases, there ig still evidence of

this rise ten years after the enalgesia. There is a slight

increase in the polymorpho-nuclear leucocytes and the



sugar content (84,85,33).

It has been shown that the concentration of the drugs
used for sub-arachnoid snalgesia is a large factor in the
production of neurologicel injuries (86,87). If a toxic
dose of a 'spinal' drug is injected into the subsrachnoid
space of a dog, ganglion cells from the site of injection
show chromatolysis, dissolution of the Nissl substance, and
swelling of the cell membrane. The arachnoid becomes
thickened and infiltrated with plasma cells (33). Cases
of ascending myelitis have been described. In a fatal
case after "Spinocaine"™, where the whole substance of the
cord in the lumbar region was found to be necrotic, there
was no evidence of direct trasums to the cord, nor of the
introduction of infection at the time of the lumbar
puncture (88).

The effect of spinal snalgesia on the respirstory
system may be discussed as the effect on respiration during
the analgesisa, and the influence of this technique on post-
operative complications.

During spinal ensalgesia the respiratory centre may
be depressed by circulstory depression (33). 'here is s
glight increase in the rate of respiration, and the inter-
costal muscles may be parslysed. The minute-volume exchange

in the lungs is decreased. Respiration is normslly shallow



and regular but must be watched for the onset of respiratory
paralysis. If the patient is heavily premedicated with
morphine, the respiratory depression so produced, in addition
to that due to the asnsesthesia, is lisble to produce
respiratory arrest (33,3,82).

Respiratory failure may occur from anoxia of the
respiratory centre due to the 'spinal' ascending so high
that 211 the intercostsl muscles, and, less likely, the
diaphragm, sre paralysed, or from snoxis due to the failure
of the ecirculstion (3,33,39). Diffusion of the drug into
the medullas and a direct toxic effect from absorption of
the drug have slso been incriminated (33,67).

Desth occurring immediately in spinal snsesthesia
is due to respiratory failure, but when delayed, it is
associated with permanent motor paralysis due to cerebral
enoxia casused by respiratory and circulatory failure (39,42).

Respirastory complications occurring post-operative-
1y are in the main those occurring sfter general anaesthesia,
although lobar pneumonia is relatively uncommon. there is
a sigpificant increase in respiratory infection with
snaesthesia extending into the upper dorssal segments (62,79,
80) .

The outstending effect of subarachnoid bHbck on the

circulatory system is the fall in the systollic blood



pressure. Many causes of this hypotension have been
suggested, among them, the parelysis of the vasoconstrictor
fibres in the anterior nerve roots, paralysis of the supra-
renal glands, absorption of the drug causing the fell in
blood pressure from depression of the vasomotor centre,

the shallow respiration of 'high spinels' diminishing the
pump-effect of respiration, haemorrhage, and reflexes from
traction on the mesentery (89,90,91,3,33,83). This hypo-
tension is less marked in 'continuous spinals' and may
resemble that ocourring after prolonged general ansesthesia
(92). the most pronounced falls occur in high snaesthesia
and in patients with hypertension or hypotension (33).

This hypotension may result in severe anoxia of
the cerebral centres. Normally the body compensates for
blood loss or diminished blood volume by cowmpensatory vaso-
constriction in less vital organs and the blood pressure is
maintained despite s decreased cardiac output. In pstients
under 'spinal', the power of vesoconstriction is lost in o
large part of the body and a comparatively smzll loss of
blood may be fatal (83,39).

The disstolic blood pressure, on the other hand,
falls only slightly due to the decreased cardiac output and
decreased stroke-volume from failure of the venous cir-

culgtion (33).



The effect on the heart is one of depression.
Bradycardia is prominent, caused by depression of the cardio-
accelerator nerves. The cardiac output is decreased by ten
per cent or more and the stroke-volume is also decreased.

The circulation time is increased by one hundred per cent (33).

While the patient is on the operating table nauses
and vomiting may be troublesome. They are not uncommon even
if there is no surgical operation snd the 'block' has been
carried out for disgnostic purposes. Any gresgt, sudden
altersation in the blood pressure may be a factor in their
production. In some cases they may be due to hypoxis (42).
During the operstion undue traction on the stomach may |
cause impulses to be referred via the vagi to the vomiting
centre with resulting emesis. Direct stimulation,of the
vomiting centre has been described as causing these effects
(3,93,94). It has been claimed that the centre may be
stimulated by the drug diffusing into the cisterna (33).

During the snaesthesia the patient may complain of
feeling stifled or suffocated due to the head-down position
in the hot operating thestre. He may also complain of
feeling parched or faint for the same reason and the effect
of the drugs used in premedication (3).

Nausea and vomiting follow operations under sub-

arachnoid block more frequently than is supposed. In onse
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series of five hundred cases, vomiting occurred in over one
third of the patients (95).

Abdominalvdistension has been observed after spinsl
enaesthesia even where no sbdominal operation has been per-
formed. However, if pyrexia ascompanies the distension, it
is doubtful whether the cause is not something other than
the analgesia. In some cases, complaint has been made of
muscular cramps in the gbdomen when the 'spingl' was wearing
off, but the condition is not encountered frequently. Ileus
due to the operation is of short duration. If it persists
for more than two days it is probseble that the ansesthesis
was not the cause, or the sole cange (42).

The action of subarachnoid block on the pregnant
uterus snd on pregnant women is highly contraversial. It
is said that it interferes with the normsl sequence of con-
traction and relsxation of the uterus. During the first
stage of lgbour contraction of the lower segment it hampers
further dilatetion, but if dilatation is comolete, the
hypertonus will speed up delivery (39). Macintosh, in giv-
ing his opinion on the use of this form of anaesthesia for
Caesarian Section operations, observes that spinsl analgesia
for moderately high sbdominal operations causes paralysis
of the nerve supply to the lower intercoétal nuscles, so

that the lower and mobile part of the chest-wgall is



50.

temporarily put out of action. A full-term uterus splints

the diaphregm, end the effect of this is increased by the
Trendelenburg position snd surgical packs. "A1l that

remains is for the surgeon's assistant to lean on the patient's
ehest to complete the insult to her respiratory mechenism."
Even without this last, there is a probability of collapse
from anoxia if the patient is breathing air only (96).

The procedure of lumbar puncture is not without
rigsk to the patient's vertebral column. Dsmage caused by
the needle may cause soreness of the back which may persist
for a considerable time (42). Cases have been reported of
persistent pain in the back and radiological changes in one
intervertebral disc and arthritis limited to one inter-
vertebral joint (97). The nucleus pulposus may become in-
fected after a lumbar puncture (98), and so may the skin
over the sacrum with resulting ¢ellulitis and more or less
extensive gangrene (99).

There is the danger that s patient who has been
given one of the long-acting, hyperbaric spinal drugs may
be put in the Trendelenburg position before the drug has
beoome fixed, or the wrong solution may be injected intra-
thecally. Breakage of the lumbar-puncture needle in the
patient's back is not a rare oocurrence (42). Cases of

rigors and hyperpyrexia are sometimes seen. It may be that

boiling the syringes and needles in alkaline or tap-water
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may have been the eause (100).

The mortslity, as with any form of ansesthesia,
is variable. In one series it was as high as one in two
hundred, another writer quotes one in four hundred, and s
third series, thirty deaths in thirty-three thousand, eight
hundred and eleven (101,102,103).

The technique of caudal block, which has been greatly
publicised in America for analgesia in lsgbour, is not with-
out serious complications to the mother.

The pripyeipal couplication affecting the circula-
tory system, as in spinal analgesia, is hypotension which
oscurs secondarily to the involvement of the lumbar sym-
pathetic nervous system (104,105). This hypotension may be
essociated with severe headache, faintness and dizziness (106).

Continuous caudal snalgesia seriously interferss
with normal lsbour, which may be prolonged from the administrs-
tion of the block before lgbour is sufficiently estsblished.
The uterine contractions become less powerful and the patient
is unable to make use of her abdomingl musoles. The in-
oidence of persistent occipito-posterior positions is in-

oreassad to the extent of one hundred per aent. The number
of deliverises, in which operative measures are required, is

inoreased (107,105).
It is not without risk to the chilad. Primary intra-

uterine foetal anoxia may oceur from the maternsl hypotension
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and occasionally the foetus has developed sensitivity through
the plecenta to the local anaesthetic solution {105).

The ocentral nervous system of the mother is liable
to complications. Severe headachs, poulding in character,
and frontal in distribution, is quite comﬁon (106,108, .
Meningitis may ocgur due to infection, and the sub-arachnoid
space may be entered by mistake (108,109).

The respiratory system may be involved if the block
is carried too high, as may oeocur when it is used for
Caesarian section, with the paralysis of the intercostal
muscles (108).

Nanseg and vomiting sre frequent both before amnd
after delivery of the child (108).

The insertion and fixation of a needle or catheter
into the caudal canal is not without danger. The needle
or catheter may break inside the canal. The skin over
the hiatus is liable to infection. Pogt-partum pain in
the saoral region is very common. Chilly sensations are
complained of by between two and three per cent of cases.
When episistomy is performed, the wound tends to bleed more
than is usual (108).

The teohniqgue is not suitable for all cases, its
strongest advocates admit that it 4is suitable for only five

per cent of parturient women, and the anaesthetist or
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obstetrician requires special training for its performsance
(110).

Di-vinyl ether has been described as occupying a
place between chloroform and di-ethyl ether. It has a lower
toxicity than the former and is more powerful than the
latter. The depth of anaesthesia is difficult to estimate
and signs such as eye-movements are unrelisble. "Vinesthene"
has ocaused burning of the patient's face. Although it is
generally believed to have little or no effect on the cardio-
vascular system, tachycardia has been described with
Vinesthene Anaesthetic Mixture (121,33,112,113).

Convulsions are apparently more frequent than with
di-ethyl ether. Most of the cases occurred in children
under the age of five years when a Goldman Inhaler has been
in use, slthough one case occurred with Vinesthene Anaes-
thetic Mixture in a "eircle-absorber", and two have been
described in adults when the induction of the anaesthesisa
was by intravenous thiopentone. In one series of cases
aberrant twitches occurred in sll the patients and it is
suggested that these were due to stimunlation of the central
nervous system below the level of the corpora quadragenina
(114,115,116,117,118).

| The i1l effects on the liver are the most serious

complications of di-vinyl ether ansesthesia. Although

liver funotion, in one series of experiments, was not



changed =sccording to the dye-test, central necrosis and
decreased liver function occurred with anoxia. Like chloro-
form this drug may cause liver necrosis, which is largely
preventable by administering the anaesthetic with & high
concentration of oxygen. A diet rick in carbohydrate is

an even better prophylaxis. Hepatorenal syndrome has been
described as a complication of Vinesthene snsesthesia (119,
33,120,111).

Trichlorethylene, or "Trilene" is the last of the
new volatile anaesthetic agents. Indﬁction of ansesthecia
with the combination of nitrous oxide, oxygen and 'Trilene’
is smooth, but prolonged. Its effect on respiration causes
difficulties in evaluating the depth of ansesthesia (122).

Cranesal nerve palsies have been described in patients
anaesthetised by spparatus in which "Trileme! has been, or is
being used with soda-lime in closed-circuit. The palsies
are disaﬁling and mey be permesnent, involvement of the fifth,
geventh, third, fourth, sixth, tenth and twelfth cranisal
nerves have occurred. Labial herpes have been described as
accompanying the cranial nerve parslysis. All degrees of
damage have been reported, from gsimple trigeminal nerve
paralysis to enscephalitis. The cerebro-spinal fluid in the
latter cases showed a small increase in polymorphonuclesr

leucocyte cells and protein content. Autopsy in a fatal
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case pf encephalitis revealed oedema of the brain snd brain-
stem, with occasional localised peri-vascular collections of
lymphocytes. The palsies and encephalitis are due to the
inhalation of di-chloracetylene, & toxic product formed by
the inter-action of soda-lime and trichlorethylense. This
reaction is speeded by the heat generated in the sods-lime
(123,124,125,126) .

Cases of convulsions have been recorded. These
began in the legs and became generalised. The tsmpérsture
of these psatients remained normal and spontaneous recoveries
occurred in all cases. Twitchings were observed by Hewer,
but these ceased when the oxygen concentration in the
snaesthetic mixture was increased, and he therefore suggested
that they were due to anoxia (127,128,129,130,132).

An incregse in the rate of respiration is common
especially in the absence of premedication. This may be due
to the action of the drug in the pulmonary streteh receptors,
the sensitivity of the Hering-Breuer reflex being incressed.
Culbert, however, suggests that when the concentration of
'Prilene' in the blood and tissues reaches a certain level,
a warying degree of histotoxic anoxia ensues leading to the
rapid, shallow respiration of oxygen lack due to anoxia of -
the 6ells of the respiratory centre (131,122,132). If an

attempt is made to deepen the anaesthesia below the upper
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half of the second plene of the third stage, the breathing
nay stop suddenly or tachypnoea develops (124,131). The
lung bases become filled with the heavy and relatively non-
volatile vapour of trichlorethylene, thus reducing the
availaeble lung capacity and leading to anoxic anoxaemia (132).

Trichlorethylene contains three chlorine satous,
therefore upset of cardisc rhythm is to be expected. The
pulse in eighty per cent of cases shows a change after ten
minutes of gngssthesis. Bradycardia is more common than
tachycardia. The relsgtionship between the bradycardis and
the increasing respiratory rate suggests that part of the
action on the cardio-vascular system may be central in the
central nervous system (134,131,122).

The blood pressure is raised between ten and thirty
millimetres of mercury and when the change is made from the
sequence nitrous oxide, oxygen, 'Trilene' to nitrous oxide,
oxygen, ether, one writer reported that the blood pressure
rose between five and eighty-eight millimetres of mercury
(131).

Undesirsble effects may be produced on cgrdiac
automgticity. On the whole, the grrhythmias oscur esrly in
the anaesthesia, in gbout five or six per cent of cases, and
generally tske the form of extrasystoles. One common

sequence of events is a gross irregular irregularity which
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lasts some minutes, followed by pulsus bigeminus of sbout
five minutes' duration, which reverts to normal rhythm.

In contrast it has been recorded that arrhythmias occurred
in sixteen per cent of cases, but none during the first ten
minutes of anaesthesis (135,124,136,131). The sudden
development of auricular fibrillation under 'Trilene’
angesthesia has been described (134,137).

Barnes and Ives have studied the electrocardio-
graphic changes occurring under trichlorethylene anaesthesis.
They found that arrhythmiass were frequent and could be
divided into groups. The first occurred early, during the
first ten or twelve minutes, often during induction, were
transient and not significant. They suggested that they
might be due to an increase in vagal tone. The second group
occurred later, in the first or upper second plane of the
third stsge of ansesthesia. They found that ectopic fooi
initiating premature contractions develop sometimes in the
auricles, but more often in the ventricles. At first,
ectopic beats occur hgphazardly and from a single focus, but
as anaesthesia proceeds, they tend to give way to glternat-
ing ventricular premature contractions eauwsing pulsus bige-
minus. They may be followed in about fifteen per cent by
maltiple ventricular contractions arising from several

different foci and a few of these progress to multiple
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ventricular tacchycardia, giving s pulse indistinguishable
from auriculgr fibrillation.

Both types of changes may occur in the same case.
Ventricular premature contractions have been noted during
induetion. No significant chsanges in the R-T interval or
T waves, and no late changes, for which the anaesthetic
could be held responsible, have been seen in electro-
cardiogrammes taken at the end of operations or in those
recorded several days later.

Multifocal ventricular tacchycardia has been
described in ten per cent of one series. This is only seen
with chloroform, cyclopropsne asnd 'Trilene'. If this
occurs when the heart rate is rapid, it is much more likely
to be associated with myocerdial damage. It is potentially
dangerous, as adrensglin has the power of converting this
rhythm into ventricular fibrillation. In industry, sudden
death has occurred in workers with pure trichlorethylene
and at eautopsy no significant cause for death was found (138).
Desgth has been recorded during 'Trilene' ansgesthesia and
been attributed to 'vagel inmhibition' (139).

Hepatic impairment is caused by 'Trilene' anses-
thesia in the majority of patients subjected to it. This
is slight in degree and is less than that due to di-ethyl

ether. Fatal cases of liver necrosis, however, have been

recorded (140,141,142).
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Recent experimental work in snimals has shown that
'Trilene' may not bé as safe an analgesic agent in ob-
stetrics as was first supposed. In sheep, trichlorethylene
appears in the foetal circulation almost immediately after
it is administered to the mother. The concentration in the
foetal circulation becomes higher than in the maternsl
arterial circulation. In goats, the drug sappeared in the
foetal circulation equselly quickly, but in this species the
higher concentration in the foefal b}ood did not tske place
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(143).

Other undesirgble side-effects of 'Trilene' anses-
thesia are the development of giant urticaris and generslised
sweating (131).

Trichlorethylene is a good example of further in-
vestigation proving that the drug is not as safe as originslly
supposed. Seversl deaths occurred before it was reslised
that the drug should not be used in closed-circuit. The
risk of the cessation of respiration at a relatively high
level of ansesthesis mskes the drug relatively unsafe in
unskilled hands. The recent experimental work on blood
concentrations in pregnant animals shows that the pharma-
cology of the drug is not yet fully understood.

Although the introduction of Curare into ansges-

thetic practice has been of great benefit to the patient,
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surgeon and snaesthetist, its use is not without danger and
difficulties.

The effect on the blood pressure may be to cause a
rise or a fall. A slight rise may occur which msay be due to
a quixotic action on the antonomic nervous system or to the
inadequeate ventilation of the lungs with the subsequent
accumulation of earbon dioxide in the blood (144). This
hypertension may increase any tendency to haemorrhage (145).

An immediate and transient fall in the blood
pressure may occur following the rgpid injection of a large
dose of curarse. This may be due to a loss of vasomotor
tone caused by interference with the transmission between
preganglionic and postganglionic fibres of the sympathetic
nervous system, or merely to the widespread and complefe
peripheral muscle relaxation with resulting lack of tonsl
aid to the venous return (144,146,147).

Death has been known to occur from circulatory
failure due to the curare and an effect on the heart has been
postulated (148,149).

The danger in the use of curare is the parslysis of
the muscles of respiration. This paralysis may be complets,
or, when present to a lesser extent, result in the dangers
of incomplete pulmonary ventilation with oxygen lack and the

building up of carbon dioxide in the blood. This depression
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is increassed with the patient in the frendelenburg position
because the weight of the liver snd sbdominsl viséera press
on the partially paralysed disphragm (150,145;.

In certain cases, the injection of curare may re-
sult in sbronchospasm, which may be due to a histemine-like
action by the drug (151).

Hiceups, which may prove embarrassing during ab-
dominel and thoracie surgery, may occur in gbout five per
cent of cases (152).

In doses sufficient to produce psaresis of the
intercostal muscles, curare causes a reduction in the tone
and peristalsis of the intestine and the dilatation of the
bowel may inconvenience the surgeon in abdominal surgery
(153,147) .

The relaxation of the cardia produced by curare
may be accompanied by regurgitation of stomach contents in
the unprepared patient, especially if that organ be chroni-
cally distended, or pressed on by the surgeon, with the risk
of en aspiration pneumonis (154,145,155).

Bloody diarrhoes has been produced in dogs with
large doses of the drug and it has been suggested that cursre
in large doses is contrg-indicated in diseases of the in-
testinal tract (156).

Experimentsl work on patients receiving large doses
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of curare has shown that the liver function may be impaired
(146) .

The margin between the effective and over-doses of
the drug is small, and cases of idiosyncracy have been
described (144,157).

With curare, the anaesthetist is deprived of the
ordinary, classical signs for estimating the depth of
angsesthesisa, and consequently, while siding the snaesthetist
in the production of muscular relaxation, the maintenance of
engesthesia is made more difficult (144).

Relaxation with "Myanesin" is less predictable than
wifh curare. Although it has been stated that respiratory
depression occurs as commonly as with curare, the concensus
of opinion is that "Mysnesin” has little effect on respirs-
tion. But in g few cases there is a temporary depression
of respiration following the injection of the drug, and the
respiratory depression caused by a given dose of thiopentone
appears to be incressed when mixed with "Myanesin" (158,159,
160) . |

The prinecipal complication affecting the cardio-
vagscular system is thrombophlebitis of the vein used for the
injection. Locsl venous thrombosis has been recorded as
occurring in five per cent of cases, inflsmmatory reaction

in fourteen per cent, and in a third series, thrombophlebitis
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occurred in three per cent of cases (158,161,160).

Surgical shock has been produced by the administra-
tion of "Myanesin" to the unansesthetised patient (158).

‘Many casés have been described of transient haemo-
globinuria and elbuminuris. These usuglly dissppear
spontaneously within forty-eight hours. But, more serious
effects on the kidney may result, as death has occurred from
renal gnoxia (158,161,162).

"Myanesin™ appears to cause s definite haemolysis
end increése the fragility of the erythrocytes, slthough in
some cases the haemolysis does not evidence itself as
haemoglobinaria (163) .

An suthoritaetive American comment on "Myanesin"
states that: "the complicating factors of venéus irritétion
and haemoglobiﬁuria are sufficiently serious to bring us to
the conclusion that "Myanesin™ in its present form is not a
satisfactory substitute for cursre." (158).

The prolonged respirstory depression as a result of
the administrstion of the muscle-relaxant drugs may predis-
pose to post-operative respiratory complications. The re-
duced expansion of the lungs during the anaesthesia may
result in areass of lobular etelectasis or even collapse of a
lobe of a lung. The impaired pulmonary ventilation may re-

sult in the biochemical changes associated with carbon

dioxide retention in the blood. Pinkerton is of the



opinion that the maintenance of muscle tome will prevent the
incidence of the post-operative shook, and Hewer includas
surgical shock smong the causes of post-operative pulmonary
complications. It is reasonable to suppose that prolonged
reduction in muscle tone may be a factor in the causation
of respiratory complications (164,3).

Explosions form a relatively frequent and often
fatal danger in modern ansesthesia. At lesast one hundred
cases of burns of eysbrows, lips, and pharynx occur in
Great Britain every year from ether explosions (165). In
a recent American series, compiled from the records of eighty
seven snasesthetists, the explosion rates for ether, ethylene,
and cyclopropane were all in the neighbourhood of two to
four per hundred thousand snaesthesias and the explosion
mortaelity was one in one million, one hundred and fifty
thoussnd cases (166).

Ansesthetic explosions may be discussed as anaes-
thetic explosions proper, oxygen fires, explosions in body
cavities and bursting of reducing valves.

Angesthetic explosions occur because most drugs
ugsed in inhelational anaesthesia burn readily. The sgnaes-
thetic drugs in use in Briftain which are explosive are di-
ethyl ether, di-vinyl ether, cyclopropane, and ethyl ehloride.

Hglogens tend to decrease inflammability, chloroform is non-



explosive, and trichlorethylene almost so. In the case of
the former group, the concentration of each in the inspired
mixture required for snaesthesia falls within their explosive
limits. Dilatioﬁ of the ansesthetic agent with inert
gases, such as carbon dioxide as nitrogen, lowers the limits
of inflammability (33).

The practice of snaesthetising deeply with ether
for laryngoscopy, bronchoscopy and aesophagoscopy, the
source of the ansesthetic being removed when the patient is
at an adequate depth of snaesthesia, raises the guestion of
the time that must pass after the withdrawal of the anaes-
thetic before the patient's exhszslations are no longer liable
to ignite or explode. It has been determined that ten or
fifteen minutes are sufficient for the reduction of the
tension of the inflamumable enaesthetic vapour in the exhala-
tions to a sub-inflammsble level (25).

In as much as cyclopropane is administered in
closed circuit, there is slmost never an explosive concentrs-
tion outside the breathing bag. Divinyl ether and ethyl
.chloride may be considered to behave in a similar manner to
di—ethyl ether (25).

Before the universal use of oxygen in anaesthesisa
any fires which occurred were usually not fatal, as fatalities

depend mainly on the pronagetion of the flame into the lungs.
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Ether in alr burns so slowly that the flsme is not likely
to be propagated into the lungs. But the flame sbout the
mouth and nose will be drawn into the upper air passages or
lungs with inspiration. "Open ether"™ is relatively safe.
Samples of air have been taken at a distance of two inches
from the mask after the operation has been in progress for
an hour and ten ounces of ether used. It was found that
the percentage of ether vapour in the samples was too- small
to ignite (25,167).

The introduction of oxygen increases the dangers
of explosion. The~limits of oxygen concentration required
for combustion with the ansesthetic agent are less than the
physiologicel requirement of the patient. If an explosion
occurs when .ether snd oxygen are being administered, the
flame will travel along the tube of the apparatus snd blow
up the ether bottle. If the ether is administered with
oxygen alone or with nitrous oxide and oxygen, the rgpidity
of propasgation of the flame is so greet that it will pass
down the patient's trachea and burst the lungs (33,167,25).

The ignition temperature of an anaesthetic mixture
varies with the mixture and some mixtures require a longer

period of contact with the source of ignition to self-

sustain combustion than others. The higher the 'flash-point!'

of an agent, the safer it is. The source of ignition in
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anaesthesia may be provided by flames, electricity or statie
electricity (33). Open flgmes, such as pipes, cigarettes,
g8as and spirit lamps, and open fires, are not often the
cause of explosions because they are usually evident and
therefore avoided (25).

Electric sparks may be cansed by stopping and
starting an electric motor, and from electric heaters. Al-
though modern X-ray spparatus is said to be spark-proof, it
is unwise to use an inflammgble vgpour while the plant is
in operation. The lowest temperature at which a cautery
is effective is sufficient to flash the mixture. One of the
most recently reported cases of explosion in England occurred
when diathermy was used in a case undergoing pneumonectomy
under oyclopropane anaesthesia with fatal results. Faulty
electrical switches in the operating theatre or imperfect
connections in laryngoscopes, bronchoscopes or eesophago-
scopes are other electrical sources of ignition (168,25,169,33)

Until recently no explosions due to static sparks
had been reported in Britain, but there are now several
incidents which seem to have been due to this cause. In dry
climates such as is found in certain parts of Americas there
igs g definite risk and an eleborate system of earthing has
been adopted. The static spark is not obvious. It may

originate between the mask and the patient's face, from the
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opening and closing of valves in the apparatus, from friection
between the inner surfaces of the rubber rebresthing bag,
from the friction caused by the passage of dry gases through
the apparatus and the hose, from blankets, operating tables,
and the removal of sdhesive. The modern tendency to use
dry flowmetres instead of the 0ld water sight-feed bottle,
which provided a certain amount of water vapour for the in-
side of the anassthetic machine, constitutes a danger es-
pecially if air-conditioning of operating theatres increases
(170,171, 33,25,167) .

The source of ignition causing an explosion may not
be determined. In a recent incident a legk between the
rebreathing bag and the bagmount was found, but what ignited
the escaping gases was not discovered (169).

The effect on the lungs depends on whether an ex-
plosion takes place, or whether flaeme is inhaled. If an
explosion takes place the lung is ruptured, if the explosion
is less powerful or a flame sbout the mouth and nose is
inhaled, the alneolar membrane is so burned that it cannot
maintain its function. In the first instance desth occurs
at once, but in the latter it may be slightly delayed (25).

If oil or grease comes into contact with highly

oompressed oxygen, as is used in ansesthesia, a spontaneous

fire may start which is difficult to extinguish. This fire
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may act as the source of ignition for a true ansesthetic
explosion (25,3).

There is the risk of an explosive concentration
of such an anasesthetic sgent forming in body cavities other
than the lungs. After an hour's snaesthesia with ether,
the vapour is present in explosive concentrations in body
cavities. 'he same danger is present with cyclopropane,
'Vinesthene' snd ethyl chloride. It may hagppen in an opera-
tion such as gastr@ctomy, where the surgeon makes use of
diathermy to excise the stomach and incise the intestinal
wall, that an explosive agent has been safely used in a rigiad
closed circuit with completé safety until the vapour sasccum-
ulates in the stomach and intestine with disastrous results
when the diathermy knife is used (25).

Disintegration of reduciyg values, although not
true ansesthetic explosions, may have similar through less
violent effects. If the main cylinder pressure is turned
on suddenly, especially with en outlet valve on the reducing-
valve closed, the sudden strain may rupture the valve
diaphragm or otherwise cause a leak from the high pressure to
the low pressure side with disastrous consequences (3).

The prevention of anaesthetic explosions is simple
in the majority of cases. If an anaesthetic is to be ad-

ministered where there is a potentizal ignition source, there



is now no reason why & non-explosive agent should not be
used. 7ith a relative atmospheric humidity greater than
sixty per cent, an explosion due to static electricity is
unlikely, if not impossible. With complete rebreathing,

the humidity within the apparatus becomes so high that the
production of a static spark is impossible under ordinary
circumstances. Where atwmospheric conditions predispose

to the formation of static eléctricity, an efficient coupling
system will provide almost complete gafety.

The inhalation of vomitus or foreign bodies is one
of the dangers of ansesthesia still to be overcomne. The
modern tendency to use intravenous ansesthesia and muscle-
relaxant drugs has increased this danger in certain cases,
for example, the use of thiopentone in dentistry and curare
in intestinal obstructions.

The patient may vowmit during the induction of
angesthesia, because the induction is difficult or prolonged
on account of improper premedication, incorrect selection of
ansgesthetic sgent, or the wrong technigue. If the patient
comes to theatre with a full stomach, or a pharyngeal airway
is inserted too soon, vomiting may occur. In certain cases
the use of morphine in premedication may increase the
lighbility of the patient to vonit. Vomiting wmay also occur

during the maintensnce of snasesthesia. If the depth of
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anaesthesia becomes insufficient, mucus or an artificisl
eirway may initiate emesis (44).

Certain cases are more prone to vomit than others.
In patients who are about to have the operation of Caesarian
Section there is an increase in the basal metabolic rate,
eand nervousness which cauges hyperactivity of the mucous
glands in the respiratory tract. This results in an out-
pouring of mucus during induction which seriously interferes
with the anaesthesia. Deep anasesthesia is not required sgnd
therefore the anaesthesias may become too light, with result-
ing vomiting, if the stomach is full, as is likely when
such cases have to be treated as emergencies. Pre-operative
gastric lavaege is not a complete answer to the problem.
It may give a false sense of security to the anaesthetist
as large portions of food may be left in the stomach. These
mey be vomited and block the larynx or s main bronchus (25).

The snaesthetist may have some warnipg that vomiting
ig sbout to occur during the maintenance of ansesthesia.
Its advent is indicated by shallow respirstion, pallor, s
'small' pulse, and an active pupil, the last showing that the
previous signs are not due to overdosage (31).

Regurgitation of stomach and intestingl contents
into the pharynx msy occur when the cardia relaxes and the

gtomach is full. 1Manipulation of bowel in cases of intesti-

nal obstruction wmay result in an obvious regurgitation, but
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in that condition there is also the risk of a slow drainage
of stomach and intestinal contents into the pharynx through-
out the operation with partial aspiration into the trachea
and lungs (25,44).

The acid gastric contents may irritate the laryngeal
mucous membrane and set up severe laryngeal spasm and ob-
struction. Solid particles inhsgled into the respirstory
tract may cause acute asphyxia snd desath, bronchopneumonis,
atelsctasis of one or more lobes, or perinheral circulatory
failure. Asphyxis due to aspiration is a frequent cause of
death on the operating table. If the stomach is empty when
the patient vomits, there may be mno ill effects, but he may
injure his tongue or lips in the great activity of the
nuscles of mastication which may accompany vomiting.

Vomiting or regurgitation may occur with little or no evidence
at the time that it has teken place, but the patient develops
a severe post-operative respiratory complication of the type
already described (44,25).

In the surgery of the nose, mouth and throat there
is a special risk of aspiration. In tonsillectomy there is
always some aspiration into the traches, the amount of blood
aspirated depends on the techniques of operator and ansges-
thetist. In addition there is the risk of a clot forming

in the posterior pharynx which may be aspirated and cause
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complete respiratory obstruction (25).

Sponges and packs used in ansesthesia for dental
surgery may cause a fatal obstruction in the larynx or
traches. The obstruction may be 'ball-valve', allowing
expiration, but not inspiration. Respiratory effort in-
creases as the level of carbon dioxide rises in the blood
and the oxygen reserve is consumed. The resultant in-
creased respiratory effort pulls the sponge into the larynx
or trachea.

During the insertion of laryngoscopes, airways,
or gags, or during extraction, teeth may be broken and as-
pirgted. This does not lead to immediate respiratory
difficulty, but it does lead to small or large areas of
atelectasis which may progress to a lung sbcess.(25)

Intubation is a procedure in everydey use and al-
though appsrently easy to perfomrm, is not without risks.
It has been suggested that the technique may be of value
in operations in which obstruction to the airway may be
expected either from the nature of the disease, the surgical
technique, the position of the patient, or the presence of
fluids in the sir-passages. Most operations on the head
and neck, except those for toxic goitre, should be carried
out under endotracheal anaesthesla. The procedure may be

an advantage in most prolonged upper abdominal operations



where ghallow respiration is desirsble and in which spinal,
splanchnic or other local blocks are not employed (3).

In some cases of acute infection of the upper part
of the respiratory tract, use of sn endotrachegl tube is
probably not advisable. There is the type of patient who
cannot tolerate any trsuma to the mucous meubranes. When
patients have foul lesions in the mouth or on the face, and
have difficulty in coughing and expectorsting to rid them-
selves of material from the respiratory passages, the use
of an endotracheal tube is likely to increase the incidence
of post-operative pneumonia, or if pneumonia would have
developed, to increase its severity (172).

Several factors influence the degree of damage to
the larynx. On the degree of proficiency in larymngoscopy
of the angesthetist not only depends the damage to the
larynx, but also the degree of damage to the other tissues
of the upper respiratory tract. The individual anatomicsal
characteristics of the patient, such as a short neck, affect
considersbly the ease or difficulty of intubation. The
degree of relaxation and the rgpidity with which the intuba-
tion must be attempted differentiate between an easy intuba-
tion with the patient at a reasonsble depth of anaesthesis
end an emergency intubation with the patient lightly

ansegthetised. The diameter, shepe and consistency of the
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endotrachesl tube, snd the time during which it is in
position affect the issue whether or not the patient will
suffer any after-effects. The age of the patient is also
important. A tube that fits tightly the glottis and trachea
0f an infant may cause oedema which msy prove fatal.

Epistexis or bleeding from the throat of a child or infant

is easily produced. Intubation is therefore usuglly contra-
indicated for young children, and a tube that can be inserted
into a tiny trachea does not have g large enough lumen to
provide the easy respiration necessary for an infant (173,42).

In the adult, complications of endotrachesl snaes-
thesia are due to compression of the tube during snaesthesia
and traums in introducing the tube. If the tube becomes
compressed or kinked during anaesthesia, the patient will
develop acute asphyxia if the compression is complete, but
if the obstruction is of a lesser degree, then oxygen lack
and carbon dioxide retention will develop. Similar effects
result from the presence of mucus in the endotracheal
tube (42).

Laryngoscopy in expert hands should be atraumsatiec,
but in the hands of a novice, or where the laryngoscope must
be introduced in unfavoursble circumstances, considerable
damage may be done. The lips and gums may be lacerated.

The teeth may be loosened, fractured, or extracted. The
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hard and soft palates and the posterior wall of the pharynx
may be abraided or lacerated. The tongue may be injured
if caught between the teeth and the laryngoscope (173).

Granuloma of the larynx has been reported on several
occasions. The cause may be excoriation frow the laryn-
goscope or the endotrachesl tube. This becomes secondarily
infected and covered with granulations and exudate. The
wound edges become everted, healing is delsyed and a
granuloma is formed. It has been suggested that all the
cases reported had factors in common which may have a begr-
ing on the aetiology. They were all intubated for long
periods. The almost invariable location of the tumour was
near the posterior commissure, very often attached to the
vocal procegss of the arytenoid cartilsge. The time of
onset of the outstanding symptom, hoarseness, varies from
the immediate post-operative period to one month after
intubation. In gll cases the granulomas were eventually
removed (173,175,176,177,188, 179, 180, 181, 182).

A series of five hundred and eighteen cases of
endotracheal ansesthesia was asnalysed for the frequency of
laryngeal sequelas. The findings were based solely on
post-anaesthetic ambjeetive complaints and not on objective
laryngeal examination. One case developed hoarseness with-

out pain, six patients manifested definite laryngitis or
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tracheitis, and four, pharyngesl ulcerations (183).

The pathology of these complications may be con-
sidered as soft-tissue injuries, cartilaginous and peri-
chondral injuries.

The most common reactions observed in the first
twenty four to seventy two hours are a loss of lustre, and
a pinkish infiltration of the vocal cords which lack their
flat appearance snd sharpness. This is attributed to con-
tact with the tube, and depends on the calibre of the tube,
its chemical composition, pre-operative preparations, and
the duration of the intubation. Recovery is usually prompt
efter minor injuries to the mucous membrane, but more severe
traums msy cause lacerations, tears and avulsions, and these,
or minor injuries which have become infected, may lead to
laryngeal obstruction and require tracheotomy. Oedems of
the larynx is not rare, and benign papillomata of the vocal
cords have been described (174, 184, 185, 173).

Injuries to the cartilage and perichondrium tend to
be more serious. Repair is poor, and perichondritis, pro-
longed suppuration and cartilage necrosis may result. The
resultant scar tissue formation cauges deformity and laryn-
geal stenosis (173).

Intubation by the nasal route has its own additionsal

complicetions, most commonly nasal mucosa abraisions and
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lacerations, but a tube has been passed into the sub-nmucosa
of the nasopharynx (173, 186). A case has been reported
in which a blood-cast of a bronmchus was coughed up. This
had been formed following the intermittent epistaxis during
a previous nasal intubation (187).

Death may occur from tracheitis due to the anti-
septic used for sterilising the tube and from the rupture
of an inflstable cuff on the tube (188, 189).

One cannot, therefore, but sgree with Hewer that
the routine use of endotracheal anaesthesis for every type

of operation and patient cannot be too strongly deprecated

(3).
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Discussion of Mortality snd Morbidity Statistics.

A oomparison of the statistics of mortslity
a3socliated with ansesthesia shows that a greet inerease
has occurred in the number of these desths during the
twentieth century. In Scotland the inorease haa been from
48 guch deaths in 1913 to 106 in 1921 sznd 112 in 1945 {190,
191, 192). In Englend the increase has been from 91 deaths
in 1901 to 296 in 1913, 337 in 1921 and 843 in 1939 (193,
194, 195). \

Many factors may be suggested as having influenced
this inoresse. The scops of surgical treatuent has been
greatly enlarged, the treatument of many dissases previougly
thought to be purely medical has become surgical, for eXample
in the case of bronchisctasis. Patients vho would pre-
viously not have been considered fit to survive the necessary
sargiocal operstion are now gble fto benefit from such treat-
ment. There has been an inercase in the number of road
agcidents and similar casos requiring trsatment. The use
of anaesthesia in childbirth has becoms more common, more
examinations, inductions of labour, and perineal repairs
are being performed under anaesthesia, and the operation of
Cassarian Seotion is being oarrié& out with muoch greaﬁér-

frequency. The use of anaesthesis as an sid in disgnosis



end as s method of trestment has also ingcreased.

~In order to coumpare the saope of surgical treatment
of fifty yéars ago with that of the present day, an exsmina-
tion of the records of the Western Infirmary of Glasgow was
garried out and the types of operation performed during the
year 1899-1900 are shown in Teble 1 (196).

Teble 1. _Operations performed in the Western

Infirmary of Glssgow in the year 1899-1900.

Operation Humber of Cases.
Abdominal Section o 108
Caesarian Section “ | | ' 1
Removal of Overian Cyst | I 3%
Opening of sbaese 100
smputations B 115
sspiration or Tepping 8
Gastration | e o 6
Gathetaerisation [ R S 5
Cauterisation | S aes
Choleoyatotony A 8
Giroumeision T 15
Colotomy I

Colporrhaphy ’7 T | : - o i
Caretting " | | )

Craniectomy 1
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Cystetony 1
Dilatation B
Bmmett's Operation . 5
Bxeisions of bones, Joints snd varicose veins 77
Bxoiston of tumeurs , 360
Poreidle movements 3
Gastro-onterestony

Gastrostomy 4
Hernioteoay | 10
Radieel oure of hernia 78
Eystoreotony ]
Incisions ki
Indaation of labour 1
Lemineotony 2
Lithetony 4
Iithotrity 1
Hastoideotony | 1y
Nephreoting 1
Kephrorrhaphy 4
Nephrotouy b
Herve 3tretohing 3
Beusorrhaphy 6
Operatton fer Hydrocele 13
Ostestouy 13

Pexinapl Seotion é



Perineorrhaphy

Plastio Qperations
Radical Care of Bubonocele
'Reduotion of Disleeation
Removal of Disease by Soxaping or Gouging
Removal ef foreign body or piece of bone
Removal of hasmorrhoids
Reuoval of tonsils
Removsl of tumour
Regection of rid
Searificeatien
Sequnestrotony

Skin grafting
Staphylerrhaphy

Saturing

Tarseatony

ZTeoth Extraotion

Tendon Grafting

Tenotony

hyroldectony

2racheotonmy

frephining
Tarbineotomy
Urethrotony
Wirimg or Pinning
Wounds dressed

8z.

19
67

iRz
20
27
114
g5
15

20

20
74

42



0 these caeses, 25 per sent might be said to have
undergons major operations. 1056 of the casos died in
hoapital, that is, the mortality rate was 5 per cent.

Ths operations performed on the cases investiga-
ted for this thesias are olassified in Table 2. The ocases
wore selected solely by the eriterion of time available
for adequate follow-up, and are representative of medera
SUYgery.

Tghble 2. (QOperations performed on 500 patients in

oapital.

Operation Numberx Cages.
Partial Gestreatony 21
Hernia, Repair of

Ingninal and Femoral 26

Yentral é

Lumber 1
Gm:ro-»mtorestw 9
Partial Golectomy 8
Thyroidectony )
Rephreotonmy : 6
Chelecynteutony 8
Protatectonmy

"Punoh" 2

Suprapehio 16

Miseellameous Urologioal 15



Mastectony

Lumbar Sympatheotomy

Orthopaedio
Insection of Smith-Peterson Nail
Other

Eey+<hole Operation for

- Rermated Nucleus Fulpesus

Bay, Nose and Threoat Operations

Appendiceetony

Laparotony

Coloatonmy

Choleoystontony

Clesure of Gastrie or Ducdenal Perferation

Psrinoil Repair

Ospherectony

Hystexeotony

3teriligation

Guurian’ Section and Sterilisation

Hysterotony amd Sterilisation

Kyomeotony

Hyetorstomy

Caesarian Beotion-

Operation Canoelled

Dilatation and Curettage

24
18

¥3

15
12

AR

49

84,
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Salphingo-Oophoreetomy 4
Unclassified 61
Diagnoatio and Therspeutio insestheties 1.

175 of the operations were regarded as "minors"
and 83 per cent major in severity. 37 of the patiemts
4ied 4n hospital, the mortality rete being 7.4 per ocent.
21 per aent of the patients were classified as poor opera-
tive risks, and the pre-operative condition of 3 per eent
wag serious, that is, almoat 25 per oemt of the ocases were
not good surgioal risks. 36 per cent of the patients were
between the ages of 40 and 60 years, and 17 per cent were
6lder than 61 years.

The nunber of deaths associated with anaesthesia in
England snd Wales during this centary haes inoreaaed ninefeld.
Yarious caiaes have Deon suggested and this series of cases
has been sompared with the eperatiems perfermed in one of
the large teashing hespitals Auring the lest year of the
last oentary to show that the severity of operations has
inoreased. In many of the operations in the earlier series
deseribed as "Rewoval of tumour”; the tumonur was desoribed
83 & parcoma. Nany of these patients must have died shortly
after returning to their homes, bat they were met inclauded

in the numberas of the patieats who had died.
It is reasonable to suggest that the resnlts eof the



two meries sompare favonrably. |

Meny pleas have heon made that anaesthetists record
their failures and seoidents as well as thelr successes, and
it would appoar that some are responding, with the resualt
that the soiemeo ¢f snaesthesia has progressed. The im-
provement in the reporting of deaths associated with snaes-
thesia 48 ovidenced by the faot that deaths have been
notified where the patient had been given morphine snd
'_.mmno without sny astual ansesthetic having been admin-
igtered.

Although figurea for deathe asseciated with anaes-
thesia show such an inoroase over the past ferty years,
these Pigures may, im themselves, be misleading: The number
of fatalities depends on the extent te whieh varioas sgents
have besen used as well as on the risk attaching to them.

The deaths assocoiated with each type of anassthetic cannot
be s0llated with the numder ¢f administrations. 1t is im-
possible to say whether, or t0 what extent, the inorease in
the nnmber of deaths iuplies indreasing mortality ander
slnesthesia. The namber of adminiatrations is known to be
ingreasing, but it osmmot be eatimated, and the figures for
the number of deaths ean enly be these associated with and
not thoss saused ¥y snsesthesias It is Lmpessidble from
sertification to distinguish between doaths from operation

snder snassthesia snd deatha due to the anassthesia itselr.
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There is no &efinite legislation regarding ihe
notification of deaths under ansesthesia in Bnglemd or
3qotland. It is etated that an anamesthetic may net
negessarily render s death urmmatursl and therefore netifi-
able. As there is only a loegal daty to report a death
whioh is unmatural to the Coroner or Procurator-Fisoal,
there might be differences 0f opinton a3 to whether or mot
e dertalin 4eath need de notified and whether the fast that
the degth under anmonthesia be ingluded in the dsath certi-
fiocate (197, 198, 199).,

A study of statiotios of mortality asseciated with
ansesthesia a3 reported in published artieles gives s more
exaot, bat not complete pistuore, as the total number ef cases
in sesh geries may be ascertained as well as the number of
dsaths and oonsequently comparisons may be masde. Dauring
the ysars 18841901 one writer guotes 22 deaths from ohlero-
form amaesthesia in 35,612 cases, eqnal to a pereentags of
0.089, and 5¢ deaths 4n 20,012 cases 6L spinal mnslgesia in
1932, a mertslity rate of 0426 por sant. 7Two recent
figures for deaths ander spinal analgesia were 3.3 per aent
and 1.04 per cemt. BRegionsl shalgesia for abdominal surgery
and curere in 1946 and 1947 respeotively have resulted in
nortality rates of 6 per oent and 5.8 por oenmt (200, 201,
202, 803, 204).
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A staldy of the statistios for morbidity assooiated
with anaesthesis revesls an imorease similar to that of
mortality. Im 1918 Whipple reperted that respiratory com-
plications sssurred in 2.8 per gent of hig cases. In 1946
the weapiratoxy ocomplication rate with ourare, nitrous
oxids and oxygen was 18 per gent, snd with other types of
snsssthoesia, 19 per cent. The reported incidence of post-
operative vouiting has imoreased fyom 5 por gent in 1935
to 9.3 per esnt for non-sbdominsl operations, end 19.5 per
oent for asbddominal eperations {205, 208, 207, 208).

This inorease may de dus to the same faotors as
suggeated for the apparent insrease in the morsslity rate.
In sdition thers is the very important fester that as enaee-
thesis has beooms o spesiclised drameh of wedicine 80 bhas
the intereat of the snassthatists in their patiente inireased.
The result is that miner post-operative complications are
diagnesed whone inoidenes would have been unknewn without
special inguiry. This is well demonstrated by Xing whe
showed that the incidence of post-opeyative pulmonery com-
plications dnring the twe years that he investigated the
predien was dosble that of the years before and after (209).

' 38 the present investigation 37 (7.4 per cens)
patients dicd fellewing ¥peration. - In 2 duses {04 per gent)
death was dne te the offeots o2 anassthesia. In order to
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substantiate the statement that death was dne to the amaes-
thesia in two aases only, a aynopsis of the cases which ended
fatally 49 inocluded.

1. D2erforsted peptic uloer:; female, asged 43 years: opera-
tion - repair of perforation: snassthesia - Pentothal,
suarare, ges, Oxygen and Trileme of 35 minutes' duration:
induotion snd maintenance of snaesthesis were satisfastory
and patient had revovered reflexes before leaving theatre:
doveloped severs ohest complication and oliguria: died on
3rd day: eatopay revealed sub«phrenie sbooss.

2. 1Inoperable ocareinoma of stomash: male, aged Bl years:
operation « jejunostomy: anassthesia -~ Pentothal, ocurare,
nitrous oxide, oxygen snld Trileme ¢f 75 minstes' auration:
induation and masintenance ¢f snassthesia were satiefactory
and the patient had recovered reflexes in theatre: died on
3rd day of haematemenis.

3. Inteatinal obstroetion: male, aged 37 years: eperation -
diviaion of band of omentam: snaesthesis « spinal « Light
Bupercsaine 12 @o. {Btherinmgton Wilsom) asmd remtothsl,
nitrons oxide, oxygen and Trilone of 85 minutes' duration:
indngtion and maintensnce ¢f anassthesia wore satisfaetery,
i yefiexes were recoversd in theatre: died on 8th day

of exioting diceass: he had been given £0od and drink by

s mentally deficient patient in the next ded.
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4., Pylorio stenosis: male, aged 55 years: operation -
gastro-enterestomy: enaesthesia -~ fraotional spinal with

1 per gent procaine by Lemmon feohnigue: oase misjudged by
surgeon and enassthetist: induction of anaesthesia followed
by severe respiratory depression and hypetension, neither
reapoﬁ&ins to trestment: patient died on second day.

Death due to anaesthesia.

8. Colostomy for éloanro: male, aged 64 years: operation -
laparotomy and olosure of oolostomy: anaosthesias - Light
Bupercpeine {Etherington-Wilson Spinal Teohnique)} of 50
minutes' duration; imduotion and maintenance of anaes-
thegia were uatiitaateryc developed psra:!.ytic ileus: ddied
on 10th day: antopsy - perforation of coion proximal to
colostony.

6. Carsinoma ¢f gall-bladder: male, aged 47 yeara: operas
tion - laparotomy: ansesthesis - Light Nuperosine (Howara-
Jdones Spinal Technique) and nityons oxide, oxygen and Tri-
lene of 45 minates' dmration: induetion end maintenance of
anaesthesia were sstisfaetory and the reflexes were recoversd
in theatre: oendition greinally deteriorated: died on Gth
day of malignent cachexia.

Y. Prostatic enlargement: male, aged 77 years: operation -
myrubabia prostateotomy: snaesthesis ~ spinal Planocaine
of 40 minxtes' dnration: indmstion and maintenamce of
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snassthesia satiafestory: oondition detoriorated post-
operatively: died on 2nd day from cardias failare, old

age and insbllity to stand ap to strain of operation.

8. Hultiple urethral strietures an pemnesl fistula, amé
stone in arethra: wmale, aged 56 yearss operation -
transplantation 6f uretera: anassthesia - spinal Nupers
gaine, of 120 minatesd duration: indmnotion end maintenansce
0f angeathesia were satisfactory: d4ield on 26th day from
ursemis. |

9. Prostatio Enlargement: male, aged 62 yoars: operation «
supra-pubic prostatectony: amaesthesia - 1light Napereaine
Spinal of 60 minates’ dnration: imdnotion of anaesthesia
wag satisfagtory dut emroleation of the prestate was followed
by sudden and severe fall in the bleod pressurve: hasmory-
bage ocourred after wetarn to the ward, followed by gradual
sardies failure: died of urseumia oxn 20th day.

10. Gangrene of 1eg: female, aged 52 yesrs: operation -
mid-thigh amputation: smasathesia » umilateral spinsl with
Heavy Nupereaine and nitrous oxide, oxygen snd Trilene of

AP minntes' duration: inAnstion of aneesthesis was satis-
factory dut there was & marked fall in the blood pressure
bsZore the operation was bogun: reflexss were resovered in
theatre: developed rigors 8 houra later, Decame ayanosed
and dded: oatopsy revealed militiple resent infarots in brain,

1iver and kidneys.



98.

11« Small bdowel obatmoetion of 3 days' duration: fLemale
aged BO yeers:; operation ~ laperotony and resection of
large portion of =mall bowel: anacsthesia - Pentothal,
ourare, nitrous oxide, oxygen, Trilene and ether of 90
ninates’ daration: indaotion snd maintenance of ancesthesia
ware satiasfaotory and reflexos were recovered in theatre;
8%¢d two days later.

18. Caroinoma of Ovary (Carcinomatesis): female, aged 46
yoars: eperation ~ removal of evarisn oyst and salpingo-
oophorectony: sanasathesia « Pentothal, ourare, nitrouws
oxide, oxygen amd Trilene of 25 minates’ duration: in-
donetion of snassthesis was satisfsstery and reflexes wers
regovered in theatre: develeped bBrady osrdia followed by
tathycardis during smssstheasia: 4ied on 12th day frem
malignant esfhexia.

18. Popliteal Embolimm: female, aged 54 years: eperation -
exploration of pepliteal artery: ansesthesia ~ sciatio nerve
Bloak of 95 mimutea’ duratiom: fmdneiion and maintenanse of
smaostheaia were satisfostory: patient died of effeots of
maltiple embeoli on 19th day.

14. Pylerie stenesis: male, aged 44 years, eoperation -
gastro~enterestony: ansesthesia « pésterior intercostal
nervs blook of 100 minntes' dnration: indaction ¢f anaes-
thesie was satisfastery bat savers fall in bleod pressure
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took plofe during weintenamce, &ied on 2rd day from effeets
of pyloric stenesia.

16. COarcinoma of stomaoh: female, aged Y0 years: eperation
« gastro-enterestomy: amnaesthesia - sud-oostal dleck of

60 minntes' duration: imduotion and maintenance of anaes-
themia were satisfactery: developed bromcho-pneamonia end
d4ed om 2nd day.

16. Careinoma of stomash: wmals, aged 44 years: operation -
Jejuneatomy: amaesthesia « posterior intercostal and ane
terior aplsmohnio nerve bleoks of 90 minutes' duration:
indnotion of ansesthesia was satisfastory: maintenance was
marred by severe fall im dlood pressare: 4&ied oxn 3xd day

of malignant caschexis. , o

1Y. Carcinoma of rectum: ZLemale, aged T4 years: epergtion -
perinesal exgision of rectum:; mmaesthesis - Light Nupereaine
apmal and Pentothal, nitrous oxide, oxygen and Trilene of
110 minutos’ Qurstion) Iindmetion mmd maintenance of anses-
thesia were satinfotstoyy and reflexes were Yesovered in
theatra: 4develepsid broncho-pusamondis and 4ied om 2nd day.
18. OCavoinoms of Colon: mnele, aged &1 yoars: opemation -
transverse-cigneid colestony: anaesthesia « Pentothal,
nitroas oxide, oxysen, Trileme and ethor of 95 wimntes’
duration: indnotion and waintenanee of ansesthesia were
satisfaotory snd vreflexes were Feooversd in theatre;
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developed massive pulmonary gollapse whigh did not respond
to suction under direct vision with bronmchoscepe; patient
died on 3rd dsay.

19. Primary Garcinoma of Head of Panorees with Hepatie
motastases: Zfemale, sged 63 years: operation - laparotomy:
angesthesia ~ Pentothal, ourare, nitrous oxide, oxygen and
other of 20 minates' dnration: d4ndnotion of ansesthesia
marred by respiratery depression on injection of ourare:
roefloexes were not recevered in theatre: developed in-
traotable vomiting and died on 3rd day. |

20, Prostatic hypertrophy: male, aged 80 yearse:s operation
supra-pabic prostateetony: anaesthesia - Pentothal and
oyolopropane and oxygen of 20 minutes' daration: imdaction
and maintenamnee of asnacathesia wexe satisfaetory: reflexes
were recovered in theatre: develaped severe oliguria and
died of uraemia on 3xd day.

2l. Oaroinoma of Colens female, aged 5O years: operation -
reseotion of tugeur: anaesthesia - Cyclopropane, ether
oxygen of 45 minutes' Aduration: induction of amaesthesis
was unsatisfagtory owing to diffionlty in imtabation:
maintenagnce of anseothesia was satisfastory and the reflexes
were recevered in theatre: developed broinchopneumonis:

died on 2£nd day.

22, Gengrene of leg: male, aged 77 yeara: operation -
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lumbar sympatheetomy: ansesthesis = Pentothal, curare,
nitroas oxide, oxygzen and Trilene of 60 minutes' duration,
induetion and maintensnce of snscsthesia were satisfactery:
reflexes were recovered in theatre: beeame oonfused, in-
sontinent and died of cardiac failure on 12th day.

23. Strangulated femoral hernis: male, aged 44 years:
operation - relief of obstruotion snd repair of hernia,
anasathesis - Pentothal, curare, nitrons oxide, oxygen and
Trilene of 105 minutes' daration:; 4nduction and maintenace
of anaesthesis satisfactory: recovered reflexes in theatre:
died of peritonitis on 1llth day. .

84, QCarcinoms 0f bile-duet: male, aged 63 years: opera-
tion - gholeoyat-jejunostony: snassthesis - Yentothal,
sarare, nitrous oxide, oxygen and Trilens of 105 minutes'
duration: induotion of anaesthesis unsatisfactory due to
d1ffionlty in intubation: reflexes were recovered in
theatre: was well for first 36 hoeurs, oondition them de-
teriorated and patient died from existing disease snd
sardiao failure on 3rd day.

25. Pyloris stenosis: ZIfemale, aged 74 years: operation -
partial gastrectomy: snassthesia ~ Pentethal, curare,
nitrons oxide, oxygen and Trilenme of 100 minntes' duration,
indnetion snd maintenance ¢f anaesthesis satisfaotory, amd
reflexes wers recovered im theatre: developed broncho-
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paemmonia and died on 3rd day.

26. PRensl tumour: female, aged 73 years: operation ~
laparotony and removal of tumour: aensesthesia - Pentothal,
nitrous oxide, oxygen and Trilene: induotion of anaes-
thesia was satisfactory, during maintensnge, the inferior
vYous oava was dsmaged dy the surgeon and the patient died
one hour sfter leaving theatre.

27. Intestinal obstruction of 5 days' duration: msle,
aged 65 years: operation - laparotony and reduotion of
‘intornal hernia: anaesthesis -~ nitrous oxide, oxygen,
Y.A.l. and ourare; induotion of anaesthesia was satis-
factory but maintenansoe was aunsatiafsotory and the reflexes
were not recovered in theatre: patient vomited, when
peritoneum opened, to such en extent that pack round endo-
tryscheal tube was moved and mouth f£illed with vomitus;

pock wazs removed and mouth and pharynx aspirated; endo-
tracheal tube with inflateble cuff was inserted and anaes-
thesia and operation continmed; brenchoscopy was performed
at end of operation and main dronchi aspirated unlder direot
vision: patient vomited eontinmonsly on retarn to ward and
died suddenly 3 hours after the end of the operation: deasth
prodably was due to the ansesthesis.

28. Ovarian oyst: femele, aged 62 years: operation - re-
noval of oyst: snassthesia -~ Pentothal, oyelopropane,
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oxygen and ourare of 40 minates' durstion: induction amd
maintenance of ansesthesia wore satiefactory and the re-
flexss wore reaoversd in thestre: died one month later
from intestinal obstruotion.

29, Caroinoma of Reotum: <female, aged 67 yesrs: opera-
tion ~ laparotomy: ansesthesia « Pentothal, eyolopropane,
oxygen and curare of 30 minutes' Auration: induotion and
maintensnce of ansesthesis were matisfzotory, and the re-
flexes were recovered in theatre: d4ied on 16th day:
sutopsy revealed fatty degeneration of the heart and ocar-
einoma spresding throughout the peritoneal eavity.

30. HMalignent ovarisn oyst: female, aged 38 years:
operatiom ~ laparotomys anaesthesia ~ Pentethal, eyolo-
propane, ether and oxygen of 18 minates' duration: in-
duotion and maintenanse of ‘gnasethenia were satisfastory:
died 2 months later from malignant sachexia. '
31« Gangrens of leg: =nale, sgel 70 years: eoperastion -
ampatation: anaesthesias - Fentothal, nitrocs oxide and
oxygen of 40 minutes' duration: induetiom and maintenance
of ansesthesis were satisfaotery, and the reflexes were
resoveyred in theatre: developed wmsssive pulmonary collepse
and died on 10th day.

32. Rabolie gengrene of leg: female, aged 39 years:
operation » amputation: snaesthesis ~ Kemitbal, nitrous
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oxide, oxygen snd Irilene of 35 minutes' duration: indaction
and maintenance of snsesthesia were satisfactory and the
refloxes were reaovered in theatre: d4ied from gersbral
enbolism on 11th day.

33. Gangyens of leg: female, aged 73 years: operation -
re-smputation: anassthesia - Pentothal, nitrous oxide,
oxygen and Trilens of 15 minutes' duration: induotion and
naintenance of anssethesia were satisfasctory and the re-
flexes werse recovered in theatre: patient later lapsed
into coma snd died on the following day.

34. Irasture of negk of femur:s fLomale, sged B4 years:
operation » manipulation and insertion of Smith-Peterson
nail: asnaesthesis - Pentothsl, ndtrous exide, oxygen and
2rilens of 75 minutes' duration: indmotion and masintenance
of snsesthesia were satisfsotery and the reflexes were
regovered im theatre: patient usde satisfestory progress
until the 3rd day when she had a fatal hwmsmatemesia afterx
an injection of earbashol for retention of urine.

35. Gengrene of foot: malo, aged 78 years: operation -
smputation: anassthesis ~ Pentothal, nitrons oxide, oxygen
and Trileme of 35 mimates' durations indootion end main-
tenanse of mnasesthesia were satisfastery and the reflexes
wore recovered in theatre : died from cerebral thrombosis

on 10th day.
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36. Fracture of nesk of feuur:; female, sged 67 years:
operation - manipulation snd imsertion of mith-Peterson
nail: enaesthesia - nitrous oxide, oxygen, Trilene and
other of 70 minntes' Aduration: imdnotien and maintenance
of amucsthosis were natisfactory: reflexes were not re-
oovered in theatre: suddenly collapsed at end of operation;
patient recoversd sonseiousmess, bdbut 4ied 7 hours later:
antopsy rovealed a sub-stermal thyroid gland.
27+ fThyrotexigosis: female, sged 20 years: operation ~
subtotal thyroidsctony: aenacsthesis « Avertin, nitrous
oxide end oxygen of 195 minutes’ daration: 4ndmotion of
ananosthesia was unsatisfantery becanae of 41ffioulty of
ingerting endotrachesl tube due t0 trasheal deviation:
maintenanse of snseothesia was sstisfestery snd the re-
flexes wore recovered im theatre: death wes 4ne %o cardim
failare on second day.

The inaidence ¢f post-operative complications and
vomiting in the present series of cases is shown in Table 3.
This forms the basis #f the eomparison between the anses-
fhetio agents and teclniques which have been long estadlished
in general use, and those more recently intreduced. The
influenee of the site of eperation, the age and physiecal
atate of the patient en the mnmo of the post-operative
eomplioations snd vomiting, es shown in the susgeeding
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tables will be taken into consideration in the assessment
of the two groups. Ether nitrous oxide and regionsl
analgesia have beon taken as representative of the elder
drugs and teshniques, and spinal analgesia, intravenous
anaestheaia and thiopentone sodium oyolopropsne, Trilene,
Vinesthene Anassthetio Uixtare or "V.A.", imtravemous
anasesthesia with euarare, nitrous exide with ocurare, and
eyclopropane with eurare as represontative ¢f the more re-
oently introduced drugs and teshnigues.

The pest-operative somplications classified as
"Techniocal™, "burst" abdomen, wound sepsis, intestinal
obatruction and pylerio stencesis, leaksge of intestinal
contents into the peritomeal savity, recurrent laryngeal
nerve palsy follewing sub«totel thyroidectonmy, dyaphagis
after sxcieion of a thyroglossal syst, pain in the ashonlders
due to pressurs of the shonlder rests, haemorrhage, and
oedema of the stoma follewing gastro-enterastony, cannet de
said to influemce ¥he merits ¢f the anaesthetic agents in
grestion, and oconseguently reguire no further consideration.
Inoluded in the oclassifisation of majer respiratery aenm-
plications are conditions sach as bronoho-pneamonia, lodar
pReumonia,; 90llapse of one or more lebes of a lung, severe
attasks of assute dromohitis, and prlmonary embolism. Minor
respiratery gemplications inolnded sore throats, cough with
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no physioal signs t0 be made out om ¢linical examination,
exaserbations of bronohitis, snd were assumed to be present
in these with pre-operative minor respiratory compliocations
sach as ohronic bronqhitu, in vhom a slight exacerbation
was d4ffienlt to dlagnose. As a result the incidense was
probably less than the figure of twenty-one por‘aont. &‘ﬁe
most common oomplication affeoting the centrsl nerwous
system was heslache. One csse Jeveloped herpes following
trigeminal root seetion, one csse of faoial nerve palsy
following the same opsration. There were slso two oases
of mental confnsion, one of oerebral embolism, one fatal
cerebral snoxia, one median ﬁna radial nexrve palsy dne %o
the pressure of the shoulder ruta with the patient in s
steep Trendelenburg poasition. The rclatinly high ingis
dence of headachs may be due in part to the fmt that
almoat three per sant of all the ““,a gave histories of
boing sabjeot to headashes. The complioations olsssified
a3 "Other” were those whioch conld not be inoluid in sny of
the previous oategories, such as dysentery, cellulitis of
arw follewing intravenous infusion, loaal sepsis, dermatitis
due to "Hlastoplast”, snd dasok-pain follewing the operation
of 4ilatation end anrettage. 3Suoh gomplieations voonla not
be reiated to the anassthetie, and therefore no further

commant i@ roquired.
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porative Comolicationa

Oompliocations

o

Huamber of Cases Peroontag
Teohuical 17 I
 Respiratory Hajor 25 5.0
Respiratory Hinor 106 21.0
Cardio-Vasouzlar System
dnring lst 24 howrs ab 5.0
Cardio-Vesoular System
later 12 2.4
Contral Nervous Srutm 74 186
Genito-Urinary 8Y 11.4
Other 14 88
Hone 246 49
No Vomiting 330 66
Leas than 12 hours Vomiting 116 23
Less thean 24 hours Vemiting 22 4
More tham 24 hours Vomiting 32 Y




Ieble & Ihe Sites of Operetion.

108.

34te of Operation

ot

Eamber of Canes

Extrenitiean

Perineal
Genito-Urinary
Ingainal

Lower Laparotomy
Upper Laparotomy
Body Wall

Other Head and Heok
Thyroid

¥outh, Nese and Throsat
Brain and 3pinal Cerd
o operation

a7
142
37
26
139
74
i9

10
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Isble 5. Ihe ige Digtridbatiom.
Age in Yesrs Number of Cases Percentage
0-10 9
10 - 20 2y 5
80 » 40 £00 40
40 » 60 178 36
61 and over 86 17
T 6.

Thysiocsl 3tate Kumbor of Casos Peroontage
Good 146 29
Faly asy 49
Poor 104 21
Ssrious 13 3
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Table 7, The Distridution ¢f the Primoipsl snsesthetie

Agents.

Agents Bumbor of Cases Pereventage
Regional 11 .2
Bpinal 12v £4.2
Intravenoas 12 2.4
Intravenons + Curare 28 5.6
Nisroas Oxide 181 30.2
Eitrous Oxide + Curare 43 8.6
cynlopré pane 36 7.2
Gyelopropane + Curare B 1.4
Ether " 12.8
Ether + Gurare e 0.4
Trilene 11 8.2
Trilene + Ourare 3 0.6
A SRR 10 2.0
"V.AsH." & Curare p § 0.2
411 Curare Cases 84 16.8
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Teble 8. The Distribution of Drugs used in Tremedication.

Drug Bumbor of Cagen ] Percentage |
Oplate 349 | 70
Opiate + Oral Barbiturate (1) 19 4
Opiate + Avertin 11 2
Oral barbditarate (2) | 48 9
Reotal Parsldenye 4 1
Atropine or Kyomn enly 48 9
Pethedine 23 b
Hone | 1l 0

, |

(1) Hembutal, Seconal or Carbrital.
(2) Nembutal, Seconal, 3ediaum 3Joneryl or Carbrital.

Age {Years) Post~-Operative Complications
- Y R -y P
FESERLERE o g
Noe %pgg ¢ 2 ;#% ggfé,p’% 10 %
0-10 0 os-zseoaozuf@o;e 555
10-80 13.339300027.313.51543
20-40 9 |e.qa3i @ 21.0/4 8/36/18 nea oaxoa 52
40-60 9 | 5.d8429|10/ 5.4 5 2029 uf;asu'o? 85, 47
61e 6 v,qr 201316 zuj 4 4.6/1/27.0 ss‘%u
z LT




Feble 10. The Pistribution of the Principal Anssathetig

®
Age g §
(Years) ’é 4 g é 3 5* §
B | 3 g [ EeB) B3| Bsh| 3
] 3‘ \ 5 : g “g o
4 g5 © = =0 O &
Fo £ No & 5o ¢ ¥o £ o ¢ ¥o ¢ Ne ¢
% "

0-10 P 0 1 12.5/0 0 0 0 2 26.0] 0 © 0 0
10-20 P O 5 18 0 0 1 O ® 33 5 18 1 0
20-40 1.5 141 20.5|16 2 4 B 66 32.5 117 8§.6(16 8
4060 ‘2.8 |86 22 4 2.2112 6.7148 :2.7]14 7.8111 6.1

61+ 3.8 |18 20 £ 2.3111 12.3 |27 34.5 7 8 8 9.2

*To0 few oases to be of statistical signifioance
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?ab}o 1l. 7ihe Ocgarrenge of Poat-Operative Complicstions

in eaoh grade of Pre-Operative Physical 3tate.
sical] - 7] e £y 00-:0') oo 0y cog Q o o
o O 2
peete’ | & =5 |Bsecd[BEnS 8L (5% | 3
~ 4 mo= 0:>m>'§ obm'?:—l cg;a'? gé 5’ ;z,?
& |ie g % & ol % Ho| 4] Nol4
Pooa 714.8119113 |3 12.1]1 P.70510.2| 12 |6.2 94 [64.4
Fair 9|3.8(69[|285 (7 |3.0]| 6 R.5[43 18 32 13 107 |45.1
Poor 717 24|23 Q1 pO.6) 4 A.013 1L 12 11 42 |40.4
Sexriocus | 2 Pb 123 14 BOT|I I RO Y} 7 1{7 31{e3.1
|
;l'able 12. The (Osgcurrence of Fogt-Operative Complications

asoording to 3ite of Operation.

8¢

> -—ig Iu:a -~ 0 z.
Gite of . . o 92| on s38 |lokH
Gperetion | &8 & 8 |BEAA FeS| SE2 1952 | 3
[54]
cq |s 3 |(dBiz|ds5|8enr [8Ep | =
Ko ﬁo % ko TN [T Wo X ¥e| % [¥e
remities 1b.7!6l16.2]2 ho.8l2p.a]ep6.2| 3] 8.1]19 B2
eronesl 2 hoa 3 |16.4]a[3 [1o-7|e1ps [a8[a8 |82 be.5
enito-Urin. 1kB.6/9|23 |5he.el1z.5]8f7.6] ¢/10.8/19 ke
nguinal 0 vl2y |oflo |o 3 11.6] 3[11.5/15 b7.7
ow.Lap. 11 Ez 23.5 (2 |1.4|4 2116 11| 8 |65 ke.s
D -Lap. shy helss.2 0}4 45.5031 ho.3] 6| 8.3|28
ody Wall 15.2l3ls.2]0]0 OO 210.8] 1| 5.2/12 B3
Othoy Head &% N.!| O 4 - 010 00 1] - 1 - 0190
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Table 15. Ihe Principal Ansepthetic agcording to the

o
Site of b g é g
operation : = i 2 5
Xo 4 |Be % Ho 7 | Bo ¢
Extremities 1 1.5 }z6 |17 119 | 3|2
Perineal 22 |34 92 {6l 010 4 3.0
Genito-Urinary Q 0 ] 2 O 10 124 |20
Ingainal 2 |3 1 {o.7 ] oo {156 [i2
Lower Laparotomy 36 |57 2 |12} 0o |36 [30
Upper Laparotonmy 0 0 0 0 10 Bl |33 |27
Body Wall 0 o 9 |6 0o jo | 514
Other Head & Neok 2 |3 2 14 J0ojo |ojo
Thyroid 0 o 56 | 83 ] oo Jo}o
Mouth, Hose & Throat| 1 | 1.5 | 2 1.4 J oo | o]o
Brein & gpinal Corda | 0 | © 9 |6 0lo {o}o
No Operation 0 1o o o oo {1]1
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Table 16. Sex Incideme of Posgt-Operative Complicatiens.
!
sSex Oﬂpviadbr n“ﬁinimr CeV.3s C.¥.3., IC.H.3+« g.u. *0"
daring |{later
lst 24
“hoars
Leo % Bo. % -No ¢ % No. % L’°- ‘ﬁ 10.% *0 é}{e
{ ,
Male tz 8.0 43 |29 149.3 16 [¢ |21 hae 17 1.3 ia4
Pemele B3 | 3.7 62 |17.7 {113.1 |6 1.7 {51 ]n4.6 BO 1.4 162 46.3

Table 9, the age distribution of the post-operative

coupliostions, showed that with the exveption of miner res-

piratory complications, the inocidence of post-operative com-
plications inereased with the age of the patient, but between
the agea of twenty and sixty years, the only significant in-
orease was in the incidence of complications affecting the

oardio-vasoular system during the first twenty-four hours
after the operation and complioations affeeting the genito-

arinary system.

Pgble 10, the &istribution of the principal anaes-

thetis agents throughout the age-groups, showed that with the

sxoeption of intravenous emaesthesia, nitrous oxide, syeclo-

propane and Trilens, the greatest number of administrations

of sny of the drugs in any one age group was associated with
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the age-group forty to asixty years. In the case of the
exoeptions, the comparative age group was that of twenty
3o forty years. Consequently, for these drugs, the age of
the patients was a faotor in fevour of a low incidence of
post-operative eomplicoations, as it has been shown that the
ineidense of thease compliocations inoressed with the age of
the patient.

Table 11, the osourrenco of post-operative com-
plications in each grade of pre-operative physiocal state,
showed that major respiratory, sni complieations affesting
the gardio-vascular system imcoreased in frequency with the
Gecline in the pre-operative physioal state of the patient.
The imcidonce of somplications effesting the central nervous
end gsnito-arinary asystems tended to decresse with the
desline in the pre-eperative physiocal state.

Table 12, the oscurrence of oompliocations ascording
to the site of operation, shewed that major respirstory som-
plications oeourred most fregquently with lewer and upper
laparetomies, ond oporations om the body wall. Hiner res-
piratory eemplications were associsted most frequently with
upper and lower laparotemies, operations on the genito-
urinary aystem, and in the inguinal regiom. Compliocatioens
affeating the sardio-vesocular system daring the first twenty-
four hours after the epsration were most frequently assooi-

ated with apper laparotomies, operations on the genito-
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arinary syatem and on the extremities. complioations
affeoting the sardio-vascular system after the first twenty-
four hours were moat frequeat following upper laparotomies,
snd operstions on the extremities. Central nervous system
gomplications oscurred wost often after operations on the
brain and spinal oord, p'mnem. and after upper and lower
lapsrotomiea. Gemito-aringry complications were mest
fyequently ass09iated with operations on the brain, spinal
oord, and perineum.

Table 13, the inoidence of post-operative oompli-
¢ations with the principal ansesthetic agents, showed that
major respiratory eomplications were moat frequently
assooiated with regional snalgesia, "V.A.d." anaesthesia,
the gombination of intravenous ansesthesia and carare, asnd
oyelopropane and ourare; regpiratory winor oomplications
with eyalopropane and ourare, "V.A.M.", intravenous snaec-
thesia, nitrous oxide and ourasre; ocardio-vascular sompli-
oations during tﬁo firat twenty-four hours efter the
eperation with regional and spinal msalgesia, Irilene, intra-
venous smassthesia with, or without curare, snd oyclo-
propene snd curare; oardio-vasoulsr complications after
the first twenty-four hours with regional analgesia, oyclo-
propane, and intravenoas snsesthesia and curare; oenmtral
nerveas system eomplications with spinal analgesis, ether,
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and nitrous oxide ansesthesia; genito-arinary complications
with intravenous anaeathesis, oyclopropane, nitrous oxide,
intravencus anasesthesia and eurare, and oyclopropane snd
curare.

Table 14, the prinoipsl anassthetic sgents in each
grade 81 pre-sperative physioal state, showel that eighty-
nine per oent of the gases given ather, eighty-three per
eont of oaases given nitrous oxide, none of the ocases given
regional anslgesia, eighty-six per sent of those given
gpinal snalgeeis, sixty-seven per cemnt of those given intra-
vyenous anaesthesia, sixty-one per cent of those givem eyslo-
propans, aseventy-three psr cent of those given Trilene,
ninety per cent of those given "V.A..", sixty-one per ocent
of those given intrgvenous anaesthesia and eurare, sixty-
five par cent of those given nitrcus oxide and ocurare, and
forty~three per cent of those given oyslopropane and ocarare
wore clMﬁod a8 good or fair anaesthetio risks. It
night be suggested that this faotor favoured a decrease in
the inoidence of major respiratory eomplications, ocompliesn-
tions affecting the sardio-vaassular system, and an inorease
in the incidence eof cemplications affecting the sentral
neryous and genito-arinery systems with ether, nitrous
exide, epinal analgesis, Trilene, amd "V.A.H." anaesthesia,
and the opposite effect with regional analgeais, and the
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combination of syslopropame and onrare.

Table 15, the primcipal anasathetic agent ascord-
ing to the site of operation, showed that ether was most
frequently administered for operations on the perineum and
the extremities, nitrous oxilde for operations on the
perineun, regional analgesia for upper laparotowmies, apinal
anslgenis for operations on the genito-urinary syetem and
apper and lower lapsretomiegs, intravenous snaesthesia for
oparations om the perineum end extremities, oyelopropane for
operations on the perinemm and lower lsparotemies; Trilene
for operations on the perineum, "V.A.R." for operations en
the inguinal region ond for lower laparstomica, and the
combination of general anasgthesia and carsre for upper and
lower laparotomies.

fadle 16, the sex incidence of post-aperative oom~
p.ls.cats.ana, shows that in this series of eases poct-operative
somplications were more lishle to odour 1n( yomen, hen in men
Major snd minor respirstery and eireulatory ‘syoten post-"{f’ :(’, »
operative oomplications were more frequent in men tham in e
women.

Ethor was aseeciated with a relatively high incidence
of aompliostions affseting the eentral nervous aystem. It
wea employed in the majority of ceses for operations assooi-
ated with complications affeoting the serdiovaseular, oentral

nervous, and genito-urinary systems. The physical state of
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the patients favoured s dedrense in the inoidonce of major
respiratory, snd oireslatory complisations, and an imorease
in the inoidence of complications imvolving the oentral
nervons and genito-urinary systema. .

Hitrous oxide wans essociated with 2 relatively
high inoidence of complieations affeoting the contral nervous
snd genito-urinery asystems. It was employed in the majority
of oases for operations assoociated with oomplications in-
volving the same two systems. The physioal state of the
patienta favoured an inorease in these two groups of aonm-
plicstions and a dearesse in the incidense of mejor res-
piratory and sirveulstory aystem upsets.

Regionsl anzlgesis was associated with a relatively
high inoidence of eomplicetions affecting the yespiratory
systen to & msjor degree, and the sardio-~vasoular system
daring, and after, the first twenty-four hours following
the eperation. It wes employed slmoat entirely fer opera-
tions assseiated with majer respiratory, minoer respiratory,
and gentrsl nervous system complications, and upset of the
eardio-vasocular gyetem during, and after, the firat twenty
four hours following the operation. The physical atate
of the petients faveursd a rise in the incldemce of asom-
plieations affesting the eardio-vaseular system, and the
respiratery system to a major degree, and a fall in the
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insidence of those affecting the gentral nervous and
genito-urinary systems.

8pinal snslgesia was sssociated with a relatively
high inscidense of oomplicstions affecting the coentral
nervoue amd tmiowmuln systems during the firat twenty-
four hours following the operation. It was employed
largely for operations asscoiated with major snd minerx
reaspiratory, ocentral nervous system and cerdio-~vascular
gystem oomplications daring smd after the first twenty four
hours following the operation. The physical astate of the
patient favoared a 863rease in major respiratory emd all
sardio-vogoular systom complications, and an inerease in
those affesting the central nervons amd gwito-arinary
systems,

Intravencus ancesthesia was assooiated with s
relatively high imcidence of minor respiratory, gemite-
arinary and cardio-vasoular syotem esmplieations dmnxing the
first twenty foar hours following the eperation. It was
employed on the whele for eperations assooliated with cemtral
nerwvous, gemito-urinary, and all eardioevascular aystem
eomplieations. The physieal state ef the patients was not
a8 fagtoy of importance, but the sge of the patients favoured
s de0resse in the complications affecting the genito-arimary
system, snd the eardio-vaseular system during the first
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twenty four hours follewing the operation.

Cyslopropsane wag sssooiated with a relatively high
inoidense of aomplieations affecting the genito-urinary
systen and the eardio~vascular system after the first twenty
fLour hours follewing the operstion. It was employed in
operations associsted with msjor snd miner respirstory,
cantral nervous system, snld genito-urinary coumplications.
The physical state of the psatieants was not a faotor of
importange, but the sge of the patients favoured s dcerease
in genito-urinary eomplications and those affecting the
cardio~vaseular aystem during the first twenty four hours
following the operation.

Trilene was assocolated with a high incidence of
eomplioations sffecting the cardio«vasenlar aystem during
the first twenty four hours fellowing the speration. It
was administered for operations asaocisted with a high ine
cidence of oantral nervous and genito~urinary system eonm~
plicstions. The physieal state ¢of the patients faveured
a deorease in nsjor vespiratory and all e¢ardio«vascular
system ocomplications, and an inoresae in these affesting
the central nervous and genito-urinary system. The age
0f the pstients favoured a desresse in compliocations affect-
ing the genito urinary system, and the oardio-vasoular
system during the first twenty four bours following the

eperation.
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"Vedoils" was associsted with a relatively high
incidence of major and minor respiratory oomplioations. It
was given for operstions associated with a high incidence
o2 major and minor respiratory compliocations, and central
nervous system complications. The physical state of the
patients favoured a deorease in major respiratory smnd oardio-
vascular system aomplications, and an inorease in thoae
affeoting the centrsl nervous emd genito-nrinary systems.

The oombination of intravemous snassthesis and
curare was asseociated with a high inoidence of major
respiratory, genito-arinary, and sll ocardio-vasoular system
ocomplications. The combination was administered for
operations associated with a high inoidence of najer amd
minor respiratory, early and later eardio-vassculsr, and
centrasl nervous systom oomplications. The physical state
of the patients wes not a faoter of importance.

The combination of nitrous oxide anaesthesia and
surare was associated with a relatively high incidence of
major respiratory complications. It was employed for
operstions assoociated with a high incidence of major amd
minor respiratery, early and later cardio-vasoular, and
central nervous system compliocations. The physical state
of the patients was not a faotor of importance. The age

of the patients favoured a deorease in the incidense of
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complioations affecting the genito-urinary system, snd the
cardio-vasoular system during the firat twenty four hours
following the operation.

The cembination of eyslopropane snaesthesis and
cursare was associated with a relatively high inoidence of
major md minor respiratory, genito-urinsry, and early
cardio-vasoular system complications. It was sdministered
in the majority of casaes for operations associaoted with a
high inoidence of gomplioations affecting the respiratory
system to & major and minor degree, the central nervous
system, and the ¢ardio-vasoulsr syatem during and after,
the firat twenty four hours following the eperation. The
physical state of the patients favoared a rise in respira-
tory major and early and late eardio«vasoular syatem coum-
plications and a fz2ll in the incidence of central nervous
and genito-arinary system complications.

The incidence of mo post-operative eemplications
has not beon disoussed, as the absende of all post-operative
eomplioations would inolude the absence of compliocations
olessified aa 'Techniosl' and *Other' which have been showmn
to be uninfluenced dy the anassthetio agent or technique
in ase.

Having oomneidered the influence of the factors,
site of operation, pre-operative physical state and the age
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of the patient, on the incidence of post-operative complica-
tions assoolated with the anaesthetic agemts smd teohniques
employed in this series of casea, it is suggested that the
modern drugs and teohnignes were not more lisble to be
ansoolated with post-operative complications than the older
drugs and teshnigues.

The relationship bdetween the drugs used in pre-
med iocation and post-operative complicastions mast now de
disoussed. The astual 4drugs and the number of ocases to
which eaoh was adainistered has alresdy been noted (Table 8).
The ocombination of opiate and s d4rug administered per
rectum, and reetslly sdministered aruge were used alaogt
entirely for the premedication of cases requiring neuro-
surgioal operations, or operations on the thyroid gland.
The other druge and combinations of drugs wers administered
pgior to all types of operatioms with the exoeption of the
two wentioned mbove, and of these, pothedins would appear
to bes the most satisfzetory in respest of asscciation with

post-operative somplioations (Table 17).
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Poast-opexrstive womiting is importaent with regard
to the comfort of the patient, and mlse beoanse prolonged
vomiting may result im hermfaul biochemicsl changes.

Later, an sttempt will be made to demonstrate the benefits
of slight vomiting with regard to ocomplioations affeoting
the respiratory system.

The inoidencs of vomiting 1s shown in Teble 3.

In the following tables (Tsables 18-22; the relationaships
between vomiting and age, sex, and pre-operative physigal
state of the patient, the site of operstion and the princi-

pal ansesthetic agents are shewn.

Table 18. The Incidence of Vomiting in Each Ags Gromp.

Age Vomiting (Koaré)

(Years) Nonme |Less than 12 | Less than 24| More than 24

Bo | % Ho ¢ ¥o | ¢ Yo | 4

0 - 10 v |78 2| =2 o| o o

11 - 20 17 |63 6| ez 4 11

21 - &40 140 |70 41 20 7 4 12 6

41 -~ 60 105 | 60 48 27 13 4 12 6

6le 61 |71 19 g2 1 1 5 6
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Teble 19.
2ye-0Operative hysieal State.
Phg:i::l . Vomiting ( Eonrs)v
Hone Less then 12| Less then 24 |More than 24

Bo | % | Ho | 4 No | % No | %
Good 97 | 69 32 |23 8 4 9 4
Faiyr #51 63 62 | 26 10 4 14 7
FPoor 71 | 68 2l |20 4 4 8 8
Jeriouns 11 | 84 1 8 o 0 1 8
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Table 20. The Incidencs of Vomiting for each 3Jite of
gperation.
34te of Yomiting (Hoursa)
Operation
Honoe |Less than 12| Less than 24 | lore than 24
He| % | Bo | % Bo | ¢ ¥o | ¢

Extromitioes | 28 (78 6 16 £ 1l 2
Perineal 90 |62 43 30 (4 5 2 £
Genito~

arinary 26 |70 -] 14 1 2 5 | 14
Inguinal 20 |77 6 23 0 0 0 0
Lower
Lepasrotomy |80 |81 33 28 10 4 1 | 8
Upper
Laparotomy |61 |70 10 13 1l 1l 12 | 16
Body Wall 16 |84 3 16 0 ¢] 0 0
Other Head

and Neok 4 |66 2 33 0 0 0
Thyrxoid 4 166 1 17 0 Q 1|17
Mouth, HNose

end Throat 1 |33 2 66 0 0 0 0
Brain and

Spinal Cord | 4 |40 B 50 1 ]10 Q 0
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Iable 21. gex Incidence of Vomiting.

Sex Vomiting (Hoars)

Hone | Less than 1Z| Less than 24 | iiore than 24

Ho | % ¥o | £ No | & ¥o | £

Male 137 |76 29 16 & 2 13
Femnle |193 |60 87 a7 20 4 19 6
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Zable 22. The ;;nquonag of Vomiting with each Prineipal
Ansesthetio sgent.

Anaeathotiol Vomiting (Hours)

Agent

lone | Less than 12| Less than 24] iore than 24

¥o| £ Be| % Ee| ¢ Bo| ¢
Bther 311 48} 25 39 4 6 4 6
Fitrous |
Oxide 100f 66} 404§ 26 7 4 4 4
Regional 7| 64 2} 16 0 0 2 18
Spinal 86| 72 20 16 5] 4 10 8
Intra-
venous 11} 91 1l 9 0 o 0 0
Cyclo-
propane 22 61 11§ 30 2 6 1
Trilene 4 :j 3] a7 1} 10 0 0
Y.AH. J 81 850 0 4] 0 0
Intravenonsy
+ Carare 21 15 31 11 ) § -] 3 11
Hitrous
oxide »+
Carare 5 vd 8| ¥ 1| 3 8 | 18
Cyoloepro-
ane +
arare 4 BN 2] 29 1i 14 0 0
All Curare :
Casos 6 74 9 10 3 8 11 13
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In this serios of o0ases poat-operstive vomiting
bors no relationship to the age of the patient or the
pre-operative physical state. The abasnce of vomiting
was greatest in oases where the oparation was performed on
the body wall, extremities, or in the inguinal region, aond
exoessive vomiting ocgourred moat fregquently Mmllewing
operations on the thyroid gland, on the genito-arinary
syatem and following upper laparotomies. 1The modern un-
aegthetio agaonts were sssociated with less vomiting than
the older 4drugs and teschnigues. 3light .vomiting pocourred
wore 0ften with the modern, dut exsessive vomiting lesast
with these drugs and teohniqnes.

The inoidence of post-operative vomiting with the
various drugs used in premedisation was then investigated.
It would appoar from Table 23 that the absence of such
voniting was moat frequent after oral premedioation, that
i8, one of the following barbiturates administered by
mouth, "Nembutal”, “"Sesonal”, "Jedium Seneryl" or "Car-
bPrital®. VYomiting was mors frequent when pethedine was
ased .
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Table 23. e Incidsnse of Pogt-Jperative Vomiti
with the various Types of Premedioation.
Peroentage of auses having the
Drug with
Eo th- Under 12 hours Lnaer 24 hoursjMore than
Drug ing Yomiting Yoniting 24 hours
Vomiting
Opiate 68 19 4 9
Opiste +
Oral 58 32 b ]
Opiate +
Rectal 36 9 0
Oral 75 16 3
Orsl + Reotal Ho stajistiocal aigmifigcance
Atropine or
Hysagoine 63 23 2 2
Hone Ho statistioal significance
Pethedine 38 86 | 0

It has been suggested that one of the fzotors in

the inarease im pest-operative respiratory complications

with modern anaesthesia is the decrease in post-operative

vomiting.

Pable £4 shows that, in this series of ocases,

the statistical evidence was inoonoclusive.
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Table 24, The Imcidencs of ‘ost-Operative Hespiratery
Complioati gord to _the Durstion of
Vomiting im the Post-Operstive Period.
Respiratery (5o Vomiting {Less them 12 {12-14 hours { Qver 24 hours
Complioa~ Peroentage |Vomiting. Vomiting. Yomiting.
tion of Cases Percentage Peroentage | Percentage
. of Cames of Caoses of Casen,
Resgpiratory
dajor 8.2 5 9 19
Regpiratory
Hinor 21.2 18 i8 22
None 73.6 VA4 73 59

It@as been suggsested that one of the andosiraﬁlo

results of the modern technigue of light genersl anaesthesis

snd carare is the tendency for a fall 4in dlood-pressurs to

osour when the pationt haz returned teo bed.

In order to

test the veracity of this atatement, bdlood-pressure record-

ings were taken four hours after the end of the aoperation

in a series of cases who had undergone the operation of

partisl gastrectomy.

Thirty-six caces wers gtudied, twelve

were given light general enaesthesia and ourare, eleven were

given spinal annlgesia by the freotional technijue of

Lesmon, and thirteen were given spinsl analgesia by the dinglo

dose teohnigue of Howard Jones, and the blood-pressure altera-

tions neted in Tebles 25, 26 =znd 27.
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ihe Alterations in Blood-Pressare issociated with

the Operation of Partiasl Gastreotomy, ferformed under Light
General .inasesthesia and Curare, during the operation, at the

ond of the first four hours following the operation when ocom-

pared with the pre-operative level snd with the levsl at the
end of the operation.

Change in blood- Change in blood- Changs in blood-
pressure daring prossure at end of |precsurs at end of
operation. first four hours first four hours
(¥411imetres of oompared with pre- |eompared ~ith end
Mercury) - loperative. of operation.
3yst- Jias- i:lee syste Plas~- [Pulae Syst- [Diam- Fulse
olic tolic fress. |olic [tolio |iress. |olie |[tolic }reass.
Base 1 |410 +156 «5 «10 | =156 | +B «20 | =30 | +10
v 2 |+430 415 |+156 415 | -156 |+30 «25 | 45 | 420
* 3 |+30 +20 |+10 +10 | 410 0 -20 | <10 | =10
"4 0 +10 -10 ~30 «30 |[=10 +10 =15 +25
" B |+30 +20 |+410 -20 0 [=20 =20 | «10 | -10
"6 0 +10 |=39 -85 | -10 [-28 -36 | =20 |-18
" 71410 0 |[+10 0 0 0 +40Q | 426 | 415
"8 420 +10 0 +20 0 [+20 0 0 0
" 9 |+410 0 |+10 «30 | ~15 |-18 - 30 | =156 |-15
" 10 |-10 -5 -5 +10 | +20 |-10 0 -5 |+ 5
" 11 0 -10 (410 + 8 | 410 | -8 0 | 410 |-10
" 12 0 »¥10 |-10 =10 o [-10 =10 | =10 0
%.nsug_..__mng_iL_.
EVQI'B.S‘ +i° 4T +2.0 ‘60? v2sd =30 % ‘10041 +142
o |-10 to|-10®[-10 to| -25% -356| -256 to | -36% -45 to -15 to
+30 420 |+15B +20 | +20| +30 +40 | 428 +25
tana- I
De-| 12.9 | 9.27 9.23] 18.13 11.8 15.3 | 19.9| 16.624 13.2
ation
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The Alterations in Blood Pressure Associated with

the Operation of Partiasl Gastroctomy, Performed under Fraction-

inal

algenl

dari

the operation, st the end of the

first four hours after the operation when compared with the

pre-operative level, and after the first four hours post-

gperatively compsred with the level at the emd of the operation.

Change in blood- Change in dlood- Change in Blood-
pressuare daring pressure at the end {pressure at emd of
operation of the first four |first four hours oom-
(millimetres of hours compared with |pared with emd of
mercury) pre-opearative operation
fmillimetres of {(millimetres of
Jmeroaxy mnexoury +
3yat- Eias- lse Jyst-|Disst- Pulee |Syst- PDiast- 'Pnlsc
lia [polio Press. | oliec |olic [Press. olie pliec |[Press.
‘ |
Cage 1| O b +5B +3 #3230 116 35 1356 0
" 2| =60 |+30 |20 =10 |+10 -20 +10 30 =20
* 3] -20 0 |-20 -20 |+10 =30 -30 20 =10
" 4] -B0 |«15 |~3b 4156 418 0 +45 RO +25
" B =5 0 -5 =10 {-10 0 -2 18 -10
* 6| -6 |-15 |+10 +35 |+3bB 0 +485 140 +5
" %1 -20 0 | -20 +26 |+1b +10 +45 18 +30
" B8 -30 -5 | -8B -20 1415 -3 +10 (20 ~1C
"9 -10 0 |~10 0 |-10 +10 +20 =10 +30
" 10| -40 | <10 | ~30 +20 +5 +16 +40 26 +15
" 111! -40 | -10 |~230 +35 |+20 +18 +36 20 +15 ,
i
Avery-
age 42346 | =841 | ~16.3 [+9.5 $11.3 «1le8 $480.9 H14.5 [+6.3
suge |-50 tol -30 to| -35 o «200]|~10 to |-35 to|-30 to -20 to -20 to
0 0 +10 + 35| +3b +15 +45 +40 +30
tand. [18.89 | 8.9 | 14.1 | 20.07] 7.54 18 26.9 | 19.4] 16.9
on { 1
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Table 27. The Alterations in Blood Pressure Assooiated with
the Q‘QGIQtiOR of Partial Gastreotomy, Performed under Spinal
Analgesia, during the oeperation, at thé end of the first four
hours after the operatiom when compsred gth the pre-operative

level, and after the first foar bours post-opsratively coum-

od

with the leve

the end of the eperation.

Change in Blood-
preasure during
operation

(mms. of mercury).

hange in Blood-
ressure at end of
first fonr hours
ompared with pre-

-

hange in Blood-
ressure at end of
irat four hours com=-
ared with end of

ation

21.ﬂ6 12.96 19.77
]

operative. peration
(mms. of mercury). [mms. of mercury).
Jyst- |[Diast- |Pulse 8{31:2 Diast« |Pulse at- [Diaat- |Pulse
| ?hg o0lic IPress. lelie lolic iPress. piie plic |Press.
Case 1| +5 | +15 =10 456 | 440 +b 410 0 40
T8 4D | 4RO ~-15 Q" 0 +40 20 | -2b 435
" 3] 45 | +20 -15 +5 | +16 -10 0 0 0
" 41440 | 420 +20 «10 -5 -8 «20 | ~1b -5
" Bl+10 0 +10 +60 | +28 +28 +40 | +25 +15
" 6410 | +10 0 | +30 | +40 «10 +26 | +10 415
" 7|-10 0 -10 -15 | +18 =30 | ~b +d *10
" 8|-40 0 -40 -80 | 410 -30 +80 | 410 410
" 91410 | 418 =B -20 0 -20 -10 | -10 0
" 100|430 | 430 0 410 | 410 0 o | -15 186
" 11]-20 0 - 420 0 | -0 410 0 | -10 410
" 12/ +20 | 410 - 410 +25 | +20 +5 -5 +b -10
* 13 0 45 | -B Q | +80 | -20 =10 +5 -15
oYer- | 45.0 411.1| =2.07 | 4844 [+11.8 | -3.0 | 4.3 | -1.1 | +b.4
%‘go ~Z0 to O 0| ~40 to | -20® -10 €8 -30to| -20 % -20 to ~15 to
40| 430 +20 +80 | +40 | +40 +40, +25 | +35
Stand.
Devi- | 19.69 9.4 15.38 186. 12.88 13.22

|

v —
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The following comolusions are suggested as a resault
of study of Tables 25, 26 and 27. In this series of thirty-
8ix cases of partial gastrectomy, a 1light general ansesthesia
and ourare was assooisted with the least change in the
aystolic bleod presasure amd in the pulse pressure during the
operation, and at the end of the first four hours after the
operation when gompared with the respective levels before
operation. 1This combination was also associated with
lesat alteration in the pulase pressare at the end of the
first fouxr hours after the operation whem compared with the
palse pressure et the end of the operation. Frastional
spinal enalgeala was assogiated with the lesst alteration
in the diastolie blood pressure daring the operatiom, and
the least change when the diastolie blood pressure taken at
the and of the first four hours after the operation was asom-
pared with the diastolio bloed pressare before operation.
Single~d0se spinal anslgeaia wes esedolated with least change
in the systolic snd diastolio dlood pressurses and the pulse
pressure when the valnes at the amd of the firat four hours
after the operation wers compared with those at the end of
the operation.

It 48 comeluded that the statement that an undesir-
sble £211 in Dleod pressare is ligble to ecour in the first
foar hours affer the end of am operatiom which has been
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performed under 1light gensral snassthesia snd curare is
inoerreat in respect of this series 0f sases.

The statement, that the new snassthetio sgents and
techniquos have no appreciabdbly greater mortality and mer-
bidity rates assoolated with their nse than the 014 and more
aimple methodas, is mot without riak, as it may tempt the
unskiiloa or "oecasional” snaesthetist into their administre-
tion without his reslising the &anger involved in the nse of
these druga by such a person. These dangors are very resl
and may arise in s number of ways. There is the "ocoasional”
ansesthetist who receives samples and litersture concerning
now drugs, and who attempts their administration. There is
the honse-surgeon left by the specialist anaesthetist with a
patient ansesthetised by such drugs, or, wvho attempts their
nge whon the ansesthetiat is not present. There are the
dangers dne to the untoward side-effeots of theze drugse.:
Suoh dangers have been Qesoridbed im dotall. The unskilled
snaesthetiat is mot asquainted with these effects, the
oonditions 1iable te be followed by them, their premonitory
signs, and he is unsble to deal with the gondition whem it
has developed. He has not the expsrience negessary for
the selection of cases suitsble for these drugs, snd he may
be inflaenced dy the surgeon or the patient into asdminister-
ing an snaesthetio quite unsuited to the oase. Althoagh
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the use of the o0lder maessthetio agents is not free from
risk, for example, anoxia in nitroue oxide ansesthesia,
and primary oardies failare with ohloreform, the ohanges
in the anasesthesip develop more slowly, allewing the in-
experionced anaesthetist longer in which to appreciaste the
state of the kmenthesia and to take any sction that may
bas required.

It 1s suggested that the use of the modern anses-
thetio dwugs and teohnignes be restricted to those who
have been trained sdequately in their administration.
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Suggestions for Improving the Present Position.

As a result of this investigstion showing 1lit tle
difference between the mortality and morbidity associated
with the 01d and new methods of ansesthesis, to improve the
position search must be made for small faults in the present
technique. The scope and training of snaesthetists must be
widlaned especially with regard to clinicel medicine, and the
resident medical and nursing staffs must be educated to play
their parts. As all anaesthetics at present cannot be sgd-
ministered by speciglist ansesthetists, general practitioners
must be trained in simple and relatively safe snaesthetic
techniques for cases which they may be called upon to anaes-
thetiss. As a result of the present investigation, suggest-
ions will be given regarding the avoidance of certain
anaestheties for certain patients.

The previous section shows that it is impossible to
advocate the 0ld or the new methods of anaesthesia to the
exclusion of the other. If a patient has certain pre-
operative complications, it would be better to choose the
agent or method least likely to aggravate them. Similarly
with drugs used in premedication, the choice should be made
of those best suited for the patient's pre-operative state,
the operation, and &lso in an attempt to avoid post-operative

complications which are specially undesirable in this case.
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In as much as post-operative complications increase
in frequency when specially sought as shown by King, so do
pre-operative complications. A 1igbility to headaches on
the part of the patient may not interest the house-surgeon
when writing the case-record, but it does interest the
angesthetist considering asdministering a spinsl analgesis.
An early hesad-cold msy not be diagnosed by the resident
medical officer preparing a case for partisl gastrectomy
glthough the patient may have been fully investigated in sall
other ways. It is essential, therefore, for an ansesthetist \
to be able to see every case before and after operation (209).

It must be realised, however, that the anaesthetic
is not the sole factor in the causation of the post-operative
complications, but that the patient and the operation are at
least equally important. While snaesthetists attempt to
improve the position, surgeons are making it worse every day
by more and more extensive operations on less and less fit
patients.

As there is little difference between the results

of the 01ld and new anaesthetic agents and methods as a whole,

any improvement must come from improvement in the choise of
anaesthetic and the technique of the anasesthesia. For the

individusl snaesthetist the solution lies in experience snd

paying attention to deteail. For future anaesthetists, much
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depends on the teaching given to students, "residents", and
specialist anaesthetists in training. |

In the case of students, the question arises whether
they should be taught modern methods of anaesthesia, or the
simpler, older methods only. There are two schools of
thought in this mstter. The first believes that modern
angesthesia is not for undergraduates, because of the com-
plexity of the methods, and the scope of the basic sciences.
The second would teach the student everything about anasesthesia,
from "open" ether at one extremes, to curare at the other.
The ideal iies between the two, the production of general
practitioners capable of administering ressonable anses-
thesia, but who realise their own limitations. In future
fewer snaesthetics will be given by general practitioners.
But, for many reasons, a considerable time must elapse be-
fore a specialist anaesthetist will be available for every
case. If the student is taught nothing sbout anaesthesia,
he will go into practice unfitted to administer such anaes-
thetics as he may be called upon to give, such as in ob-
stetrics, for dentsl extrsctions, and minor surgical pro-
cedures.

If he is to be taught anaesthesia, it may he either
by watching the specialist anaesthetist use modern agents

and techniques as might be required for a transthoracic
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gastrectomy, or, certain cases have to be subjected to an
"open" ether or chloroform snsesthesia for the benefit of
the student. It might be srgued that the first alternative
is the correct choice because it is better for the patient
and easier for the surgeon, the anaesthesia may be conducted
by the specialist as though the student were not present,
an "open" induction of anaesthesia is more time-consuming
than the modern intravenous induction, there is less post-
operative upset, and consequently less nursing care required,
eand the patient may demand the easy induction of intravenous
thiopentons. The arguments ggainst this choice are four in
number. Modern snasesthesis is not the type the student
will be called upon to sdminister in practice as he will not
have the necessary apparatus, and it is unlikely that he will
be asked to anaesthetise for major surgery. He does not
have the necessary knowledge of the basic sciences and the
applied pharmacology of the drugs used. Accidents may occur
s0 quickly with the more rapidly scting modern agents that
the supervising specialist may not be able to act sufficient-
ly quickly to avoid disaster. In the short time at his dis-
posal, the student cannot assimilate sufficient kmowledge of
complicated techniques to be of any practical value.

If it is decided to teach only the 0ld "rag and bottle"

anaesthesia, the number of cases available for teaching pur-



poses is reduced, the case chosen has to suffer a less
pleasant induction of anasesthesia and post-operative period,
the speed of working in theatre is reduced, and the old
types of ansesthesia are not without risk, for example, the
primary cardiac failure liable to occur with chloroform.

It has been suggested that the student be taught
these simpler and more time-consuming ansesthetic technigues
in the out-patient departwment and fracture clinic. But
such patients have been incompletely investigated, the risk
of vomiting is greater than with "in-patients", and few have
received premedication. Out patients nmugst bé fit to return
to their homes after a shorter interval than is possible
after ether or chloroform anaesthesis. Such large numbers
of patients are trested in these departments that speed is
essential under the circumstances suggested. It may be
difficult to justify subjecting s patient with a small
sbcess to ether or chloroform, when a very short gas and
oxygen angesthesia is all that is required.

Therefore, it would appear reasonable to suggest
that the idesal cases would be in-patients having minor surgi-
cal operations, fully investigated, prepared and premedicated.
The asnsesthetist would choose those suitable for teaching
purposes. Such cases are usuglly dealt with gt the end of

the session when the theatre staff are tired amnd anxious to
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finish as soon as possible. In order to avoid undue delay
and at the same time incresase his experience, the student
should be taught intravenous asnsesthesia for induction pur-
poses and as the sole anaesthetic for minor operstions. In
meny smell hospitals staffed by general practitioner anaes-
thetists there are Boyle's ansesthetic apparatus, therefore
in order to gilve patients the benefit of an intravenous in-
duction and the safety of a gas, oxygen and ether anasesthesia,
the student should be taught this sequence, with the dangers
and limitetions of intravenous anaesthesia stressed, and the
methods of resuscitation explained. If this is combined
with a working kmowledge of "open" ether, chloroform and
ethyl chloride, he will have‘a knbwledge of ansgsesthesisa
sufficient to meet the requirements of general practice. If
there should be g dental unit in the hospital he might be
taught gas and oxygen anaesthesia for dental extractions.
The value of this is debatable as dental anaesthesia may be
very difficult, end is beyond the scope of the general
practitioner in the opinion of many, dentists and anaesthetists.
The student should receive instruction in the signs
and dengers of anaesthesia, and how to deal with these com-
plications as they arise. The value and use of the analeptic
drugs should be explained. He should accompany the anaes-

thetist to the wards to see the special examingtion of patients
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to determine fitness for anasesthesia, and be instructed in
pre-operative care, premedication. In visits to the patient
after the operation, the radiments of post-operative care
might be taught.

During major operations the student might assist
with the charting, and learn the elements of venipuncture
and blood transfusions. He should not be taught cyclopro-
pane, endotracheal or closed circuit anaesthesia. Although
spinal gnalgesia should not be included in the curriculum,
local enslgesia, which may be of great value in genersl
practice, should be demonstrated, and if possible, carried
out by the student. Students should live in hospitel during
their finsl surgical term and give snaesthetics to the
emergency cases admitted 