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In taking up the subject of the relative values of
“chloroform and éther for general anaesthesia, I am fully aware
of the fact thatvit is one which has already received very
thorough discussion. At the same time, when one studies the
recent literature on the subject it is seen that very consider-
able differences of opinion sfill exist.

For some years past there has boen a marked swing
of ﬁhe pendulum of medical opinion in favour of ether, particu-
larly since its administration by an open method, and without
re-breathing, has been proved to be practicable as a means of
maintaining anaesthesia for a major surgical operation. This
method first found favour in America, and to-day comparatively
little use is made in that country of any other anaesthetic.
In England ether has become more and more the routine anaesth-
etic, While in Scotland and on the Continent of Burope there
has been a tendency in the same direction, although to a less
extent,.

The reéson for this is undoubtedly to be found in
the fact that during anaesthesia chloroform is more dangerous
than ether, that deaths under chloroform are of more frequent
occurrence than deaths under ether. Sir Frederic Hewitt has
collected statistics in this connection and on analysing them
comes to the conclusion that ether is about six times as safe

as chloroform. He says:t- "With the above statistics before

"us/
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"us we shall probably not be far wrong in assuming that
"under the circumstances mentionea, ether is about six times
®"oq gafe as chloroform; in other words, with a heterogeneous
" assortment of anaesthetists, patients, and operations, and
".ith ether and chloroform as the anaesthetics, the risk to
#life is abouﬁ one-sixth as great with the former as with the
"iatter agentt (1)

The statistics on which his conclusion is based
are taken from a very mixed assortment of cases and with no
reforence to whether the administrations were conducted by a
practised anaesthetist or not. I am sure that, as Sir
Frederic Hewitt suggests, the preponderance in favour of

other would not be nearly as great in statistics of administr-

e b e 1 e

ations in skilled hands. Purther, those statistics ignore

altogether the relative incidence of serious after effects and
of deaths subsequent to anaesthesia with the two anaesthetics.
It would indeed be exceedingly difficult to prepare reliable
figures beafing on this aspect, =0 many factors, apart alto-
_gether from the effect of the anaesthetic, come into play in
the causation of death soon after operation.

Then the question as to which is the more efficlent
anaesthetic must be considered. Whether does ethlier or
chloroform produce the more satisfactory anaesthesia® In this
connection Prof. A.DeWaller has done very valuable work. In
comparing the relative molocular toxicity of alcohol, ether,

and chloroform, on nuscle he gives the following figures:-



Chloroform 6
Ether 0.72
Alcohol 0.06

Alcohol as an anaesthetic in modern surgery he,
of course, rules out of count; but in discussing the other
two substances he says :-

"4 drachm of chloroform is physiologically equivalent
1"t0115 drachms of ether. Experience proves that ether is
" ®gbove all the safe anaesthetic, chloroform the powerful
"anaesthetic®.

“The margin between anaesthesia and death is relatively
"narrow for chloroform, because chloroform is a most powerful
“"3rug, with which it is easy to overcharge the blood.

| YThe margin between anaesthesia and death is relatively
"proad for ether, because ether is a less powerful drug, with
"which therefore it is difficult to overcharge the blood.

#This is not to say that we should reject chloroform
"anaesthesia in favour of ether anaesthesia'.

"What are we to think, and what shall we do? Should we
" take chloroform or ether for ourselves and for our children?..
"My answer to the questioﬁ, couched in this its most search-
"ing form, is as follows:-

"If I had to uhdergo anaesthesia unexpectedly at the
"hands of an unknown administrator, I should take ether. If
"I had to undergo anaesthesia after due warning, I should take

"chloroform/



" chloroform, but only at the hand. of an administrator of known

n (2)

- Mgkill and experience” .

' The implication from those gentences of Professor
waller's is, that, although he considers chloroform the more
dangerous agent, at the game time he admits that it is the
more efficient. /

The object of this thesis is to ghow that, while
other has a field of undoubted value as a general anaesthetic
in surgery, chloroform, as well és being more efficient is
"par excellence” the anaesthetic for those operations where
surgical shock is likely to be severe, while its exhibition
is less fraught with the danger of serious after effects.

Most iﬁportant in proof of this conclusion are the
obgervations of the behaviour of the blood.-pressure with
respect to the two anaesthetics but a number of other consider-
ations seem to me to be of value and I propose to deal briefly

with them before taking up the subject of the blood-pressure.

The general observations to which I am firast going to
refer a?e taken from a series of 1,400 cases, 850 of which are
chloroform cases, and B50 ether.

Before going further it will be well if I make a few

preliminary observations on two points:- firstly, the methods

of administering the two anaesthetics which I have employed;

ahd/



and, secondly, the stages of anagsthesia.

By so doing I hope to avoid unnecessary repetition.

METHODS OF ADMINISTRATION ADOPTED.

Chloroform has in all cases been used elither by the drop-

method with a Skimnmer's lint mask or by means of the Vernon-
Harcourt inhaler which gives a definite percentage (up to 2% )
of chloroform vapour in air.

The latter method is after all only a refinement,
though a very valuable one, of the former, and the effects

produced are identical in both cases.

Ether has been administégied either by means of
Clover's inhaler, or by the open method, as with chloroform;
on a Skinner's lint mask, with the slight difference that steps
have been taken witﬁ ether to prevent unduly rapid evaporation
of the agent by covering the lint, after the administration
of each dose, with eight or ten layers of gauze.

In this case therc is a distinction between the two
methods. Administration by means of Olover's inhaler, which
is a closed method, involves the repeated rebreathing of alr; or
in other words, the patient, in addition to the ether vapour
breathes air with a relatively high carbon-dioxide percentage.
However, in using Clover's inhaler, the great art is to have
this carbon-dioxide percentage as low as possible, as indicated

by/
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by absence of cyanosis, and if this point be carefully
watched, the effects of ether adﬁinistered in this way are
practically identical with those produced when the open
method is employed.

In many of the cases ether administered . by means
@f Olover's inhaler has been preceded by nitrous oxlde gas,
the object béing to induce unconsciéusness by means of this
non-irritating and easily respirable gas and thus to avoid
the unpleasantness caused by the inhalation of ether wvapour
during consciousness. But this in no way affects the action
of ether,as nitrous-oxide is only used during the first two

or three mimutes of anaesthesiae.

STAGES OF ANAESTHESIA.

I shall have occasion to refer many times to the
different stages of anaesthesia, and, as different definit-
ions of these stages are in use, it would be better for mé to
clear the way by indicating the definitions I employ. Al-
though'there are a number of signs of value in ascertaining
in what stage of anaesthesia a patient is, the best guides
are the eye reflexes and it will be sufficient if I base my

definitions on them. Any such division must be to some extent

arbitiwy as one stage merges gradually inio another.

I make a division into four stages -

(1) stage/
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(1) stage of Excitement.
Gonjuncﬁival reflex brisk.
Pypil dilated, active to light.

(2) state of Light anaesthesia.
Conjunctival reflex present but less agtive,
Pupil smaller, active to lighte.

(3) Stage of Deep anaesthesia.
Conjunctival reflex absent.
Pupil small, inactive to light.

(4) stage of Paralysis.
Conjunctival reflex absent.

Pupil dilated, inactive to light.

As illustrations of the preliminary series of
observations I shall make use of copies of the charts on
which I take notes during anaesthesia’} and,for the blood-
pressure observﬁtions,of Lewia's blood—pfessure charts.

The preliminary observations deal with
(1)’The pulse; (2) the respiration; (3) the muscles; and

(4) some of the after-effectse

(1) PULSE.
(a)'Chloroform.

In the first stage the pulse rate becomes more

rapid/



rapid and this is accompanied by'an increase in volume, while
along with this circuiatbry stimulation the face is flushed.

In the second stage the beat slows down to about
the patient's normal or below it, the pulse remaining of
good.volume; the flushing of the face dilsappears.

In the third stage further slowing down occurs
usu;lly with diminution in volume, and,as this stage merges
into the fourth,irregular rythyn may commence. Very often
there is a slight degree of pallor.

In the fourth stage the rate usually slows down;
but sometimes there is acceleration. The volume is diminished
and there is irregularity both in force and rythym. There is
marked pallor.

After the administration is discontinued the pulse
rate increases along with an improvement in the volume.

The character of the pulse is, of course, very much
affected by the degree of surgical shock. Where this is &
prominent factor the volume of the ?ulse is diminished and
this'often; though not always, accompanied by acceleration,
and in extreme cases by irregularity.

This element of shock plays such an important part
in anaesthesia in general and on the circulatory system in
particular, that it is almost impossible to generalize about

it. Where shock occurs, a smaller amount of chloroform is

'required/
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required to maintain the necessary depth of anaesthesia.
.There are three other factors which very materially’compli—
cate chloroform anaesthesia and give rise to difficulty,
(1) violent struggling in the first stage; (2) initial

nervéusness on the part of the patient, and (3) false

anaesthesia. |
In the first of these danger arises towards the ]
cessation of struggling when the patient may take several 1
deep breaths then suddenly goes into an advanced third or |
even into the fourth stage, with a small, rapid, and irregu-
lar pulse. ZThis complication can only be overcome by care
during and immediately after the oxcitement stage. It is
most troublesome in muscular men and in alcoholic subjects.
The second difficulty, however, is one which may
very seriously complicate an entire chloroform anaesthesiae.
The patient at the commencement does not give him-or hér—self
properly into the control of the anaesthetist; 1.e. ﬁhere is
an attempt to maintain voluntary control. The result of this
is that the breathing is shallow and irregular and the pulse
usually small and rapid. 1t is with great difficulty that a
good anaesthesia in the second or third stages can be
induced. Those stages are inclined to be very transitory,
| the patient going suddenly into the fourth stage. Throughout
the entire operation there are quick changes from too light to

too/
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too deep anaesthesia, and the pulse always unsatigfactory.
¥requent accompaniments are a tendency to vomiting and
incfeasea secretion of saliva and mucus, which cause further
complicatione.

Women are particularly prone to give trouble in
this waye

The third difficulty ariges from some operative
menipulation during too light anaesthesia, it may be the
akin incision before anaesthesia 1is properly established.
This is specially liable to ocour in children who often go
early into a state of false anaesthesia, a condition resemb-
ling sleep, which so simulates the third stage that thé dis=-
tinction is oftén impossible until some such stirmulus as the
incision is gmven. The patient then wakes up and very fre-
'quently a degree of syncope ensues with a small rapid pulse.
The difficulty may also arise during some guch process as
manipulation 6f the abdominal viscera while the anaesthesia
is insufficient. |

The following charts will illustrate these remarks.
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Case 1.

In the}first case the pulse rate, before the
administration was commenced, was 92. A count during the
firat stage showed acceleration to 112. From that time
onward, during the anaesthesia;' the pulse gradually slowed

down, the paﬁient’s condition remaining good.
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Case 1l.

| Also illustrates the typical behaviour of the pulse
in an operation where the element of shock is trivial. An
acceleration again_tobk place in the first stgge which was
aqcompanied by struggling. Then a gradual slowing down in
the}second and third stages, the pulse remaining of good

yolume.
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Case 111.

A muscular well-built man who.drank heavily.
Probably owing to the presenoe‘of chronic bronchitis, chloro-
form caused coughing. The patient struggled violently, then
very soon after its cessation went into the fourth stage with
momentary stoppage of respiration. His head was lowered and
his tongue pulled forward with immediate benefit. The pulsse,
at first rapid then irregular and slow, began to improve soon
~ after breathing was re-established and remained satisfactory
during the rest of the opseration.

As well as ah illustration of the pulse in the fourth
stage this case shows the difficulty which is very liable to

occur immediately after the struggling of alcoholic subjects.
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Case 1V.
The gradual slowing of ‘the pulse is again observed.
With the shock produced by the intra-abdominal manipulation
the pulse volume was diminished. During the latter half
of the opefation a tendency to acceleration aécompanied this.
The pulse readings taken after the operation show
a pulse, at first rapid, gradually slowing down and improv-

ing in volume.
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Case Ve

In this case the initial slowing down of the pulse.
“was slight. During the intra-abdominal manipulation, and
the shock caused thereby, the patient was for a brief

period in the fourth stage. On withdrawal of the chloroform
vapour he at once improved and anaesthesia in the second
stage was maintained. The bghaviour of the pulse after
operation was very similar to that obBserved in the previous

casge.
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Case VI. ‘

| The pulse rate when the patient was brought into
the theatre wag 100. With the induction of the second stage
it fell to 72, and with the third to 64. Twenty minutes
after the commencement of anaesthesia the percentage of
chloroform vapour was reduced to 1.6% but this proved to
be insufficient, with the result that five minutes later
the anaesthesia became too light and, along with this,the
pulse became quicker and smaller. On increasing the dose
of chloroform improvement soon showed itself - a slower and

| fuller pulse.
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Chart VII.

Although the complication 1s commoner in women, the
above chart shows very well the behaviour of the pulse as
jnfluenced by nervousness, but in a male patient, Tt might
be said that the ansesthesia in this case was never satigfactory.

The patient, a muscular man, was Very nervous on
entering the theatre. Before the adninistration was commenced
the pulse rate was 120 per minute. After induction, the
,énaesthesia varying from a light second to an advanced third
stage, the pulse rate was from 96 to 88 per ninute. Immediate-
1y after the incision it was irregular and theeady, and through-

out the operation of small volume.
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Case VIII.

A Rachitic child. Five minutes after the commence-
ment of administration he went into what appeared to be a good
third stage. However, when the incision was made four minutes
later, it was evident that anaesthesia had not been induced,
the patieht "coming out" to the first stage. During the next
ten minutes the anaesthesia was slightly irregular; and the
pulse,v which had become more rapid and smaller immediately
after the incision, began to steady down. From twenty minutes
till the end of the operation the anaesthesia was satisfactory
and the pulse good. The apparent”third stagé early in this

anaesthesia is an illustration of false anaesthesiae.
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(b) Ether.

The effect produced by ether on the pulse varies
to some extent with the method of administration adopted,
~ whether the closed or the open method. If the former method
be employed, however, with precaution against causing much
_ limiﬁation of aif, there is very little difference from the

open method.

In the first stage of anaesthesia the pulse is
greatly accelerated and of a full bounding character. Where
“there is limitation of air this acceleration is accentuated,
while the face is cyanosed. In presence of free air supply
the face is flushed.

| In the second stage the pulse slows down slightly
but remains quicker than the normal. It is of full volume.
The face is somewhat flushed, and cut arteries bleed very
freelye. |

In the third stage there may be further slowing
down but still not to the normal, the volume remaining good.
There is usually slight flushing of the face at first.

- Any degree of air limitatioh. supervening at any
gtage of operation is accompanied by acceleration of the pulse
and by cyanosis. In the early stages of ether anaesthesia

- circulatory trouble is of exceedingly rare occurrence, the
pulse therefore remains good until a very deep anaesthesia is

produced.

The /
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The fourth stage never occurs under ether while the
air passages are kept free, unless one pushes the anaesthesia
with the object of producing it.

The effect of surgical shock during ether anaesthesia
is very similar to that observed with chloroform; a pulse of

diminished volume, usually slower and sometimes irregular.

Although it is exgeedingly uncommon to have trouble
from circulatory failure early in an ether anaesthesla, very
much more so than with chloroform, towards the end of a pro-
longed ether administration, especially if there has been a
congiderable degree of shock, the pulse fails very decidedly
in volume, may become irregular, and, after the operation,
does not exhibit the same rapidity in recovery which is ob-
served in a chloroform case.

| The difficulties produced by nervousness and by the
condition of false anassthesla are rarely very troublesome.
There may be considerable trouble, however, from operative
manipulation during too.light anaesthesia, the pulse then
becoming small, rapid, and perhaps irregular. It is often
only with very great difficulty that a sufficient anaesthesgisa
can be maintained by means of ether in alcoholic and in very

muscular subjects, and in some cases altogether impossible.
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Case IX.

_Is intended to show the ether pulse in a short
anaesthésia and one in which there 1is 1ittle complication by
surgical shock. The pulse rate taken two days before opera=-
tion was 84 per minute.

‘ During the first stage there was marked acceleration
to 120 per minute, then in the second and third stages a
slight slowing occurred. The pulse remained about 100 per
minute until the patient began to"come out", when the rate
again went up to 120. It remained of good volume and rogular

throughout the anaesthesia.
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Case Xe.

The pulse again exhibits the acceleration and
improvement in volume which ether causes in the early stages
of administration. In this case although the operation Wa.s
not one involving much shock there is evidence of circulatory
failure during the latter part of the operation, commencing

at 30 minutese.
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Case XI¥.

Although the patient was very nervous,induotion of
anaesthesia with nitrous oxide and ether was easy and a
gobd lével anaesthesia easily maintained. Under nitrous
oxide the pulse was greatly accelerated but after its
withdrawal gradually slowed down from 148 per minute to
112. It againvbecame quicker at 20 minutes showing no
marked slowing till the finish of the operation. The
volume diminished ffom 20 minutes onwards.

After the operation the pulse continued of small

volume and began to improve decidedly at twenty four hours.
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Case XLI4.-

The induction was troublesome owing to cyanosis and
accompanyihg micus secretion and coughing. The pulse which,
during the nitrous-o#ide administration beatllsz por minute,
during the ether anaesthesia remained from 108 to 112 per
minute, the volume diminishing slightly. As the excesgive
mucus secretion persiéted, and later began to be accompanied
by a smaller pulse and slight lividity, a change was made to
chlaroform. After the change improvement set in and along
with4slowing of the pulse the volume increased, while the
micus secretion was soon stopped. Eleven minutes after the
change to chloroform the pulse rate fell from 108 to 64 per
minute.

The patlent made a good recovery without bronchial

complication.

The above charts are sufficient to illustrate the
effects of the two anaesthetics on the pﬁlse, Later, when
dealing with their effects on blood pressure, .the charts

used will show pulse readings as well as blood-pressure readings
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2. Respiratione

Very little requires to be said on the subject of
the effects on respiration of chloroform and ether as they
differ only in a few details. The charts used in illustration
of the pulse changes indicate also the effects on respiration.
In the first stage there is no regular course followed. Some
patients breathe quietly in their normal manner. With others
there is shallow breathing, holding of the breathyand
irregularity. Toward the end of this stage there is usually
acceleration.

In the second stage the respirations become quicker
and deeper and this continues into the early part of the third
stage.

| In an advanced thira stage and in the fourth stage
they become slower and shallower until finally ceasing. Air
limitation at first produces acceleration,

In this connection it may be pointed out that,
whereas ether may be given in presence of air-limitation,
chloroform should\nevar be so administered, i.e. no closed
method of administration is allowable with chloroform. A
very great proportion of chloroform difficulties arise through
want of attention to the free passage of air to and from
the lungs. If there be obstruction to this passage and if

this obstruction be allowed to continue,the blood not being

properly oxygenated, Lthe dose of chloroform necessary to
produce/
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produce é fatal result by circulétory depression is relative-
ly small. |

The recent Ghloroform Commission emphasises this
point. In its report it is stated that:- ®"As has Dbeen
"indicated again and again, the dangersof dhloroform seeses
"srise in part through direct overdbsage, and in part
" through intercurrent conditions often themselves determined
"pby the extended influence of the'chlorofbrm. 0f these
"aaphyxia is the most important eeesses.The grave danger of
"allowing any interference with respiration during inhalation
"of chloroform is too well known to need emphasisg" (3)

Ether has, in a much greater degree than chloroform,
an irritant action on the bronchial mucous membrane. This
action is emphasised by air limitation which of itself tends to
produce congestione.

In susceptible patients, particularly in those with
bronchial affections, there is excessive bronchial secretion,
which causes obstruction to respiration, sufficient some-
times to be dangerous, because in the later part of the second
stage, and in any anaesthesia deeper than this, the cough
reflex is abolished, so that mucus is allowed to collect in
the alr passages and is inhaled.

In Case XII" there is an illustration of this
excessive bronchial sscretion. In this case a change to

chloroform was productive of prompt relief.



38,

%, The Muscles.

(a) Chloroform causes very thorough relaxation of the muscles
if a sufficiently strong vapour is administered. In most
cases, after the first fifteen minutes of anasesthesia, the
two per.oent-maximum of the Vermon Harcourt apparatus is
sufficient to achieve this. In very muscular and in alcoholic

subjects, however, this percentage may not be sufficient.

(b) With ether there may be difficulty in obtaining thorough
relaxation, and if the operation be a laparotony this is a
serious drawback. But again this difficulty, like so many
of the others experienced in the administration of ether, may
be due to excessive air limitation. It is often found that

a change from the closed to the open method of administration
is productive of more satisfactory relaxation. At the sume
time there are cases in which ether, however adﬁinistered,
does not produce a sufficient relaxation of the Imscles. The
difficulty, just as with a weak chloroform vapour is most

liable.to ocour in muscular and alcoholic patients.
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4., Some After-effects.

There are only three of the sequelae of anaesthesia
with which I wish to deal at this point. They are:-

(i) Vomiting. (ii) Acidosis, and (iii) Lung complications.

(1) Post anaesthetic vomiting is unfortunately of frequent

occurrence both with chloroform and ether. In a number of
cases in which it occurs it is o trifling account, lasting
only during the two hours subsequent to anaesthesia; before
the patient has properly regained consciousness; but in
others id 1s a serious complication. The figures given in
illustration of the incidence of vomiting are divided into
three classes:~

(1) those in which no vomiting occurs.

() those in which there is only slight vomiting or at
infrequent intervals.

(3) those in which there is violent or prolonged vomiting.

(a) Chloroform.

'

(1) No vomiting 50%

(2) slight vomiting, 36%

(5) Violent or prolonged vomiting. 15%.
(b) Ether.

(1) Yo vomiting. 42.5%

(2) slight " 47.5%.

(3) Violent or prolonged vomiting,  10%.
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S0 that as regards the percentage of vomiting in
all cases thers is a balance in favour of chloroform;

whereas, as regards serious vomiting the balance is against it.

(11) Acidosis. ) |

| This condition is very commonly called delayed
chloroform poisonihg and is attributed by almost all who have
written on the subject to the effects of chloroform. Although
of very rare occurrence its existence is undoubted and it has
been reported on by several careful observers. Leonard
Gurhrie was the first in Great Britain to call particular
attention to it.(4) ‘Since then many writers have reported
the condition. Of particular interest is an article by Stiles
& Macdonald (5) and a sories of articles which appeared in
one number of "The Lancet“.(s)

The condition ensues about forty eight hours after
chloroform anaesthesia and is ushered in by violent and con-
tinued vomiting with progressive asthenia, followed almost
invariably by de&th, which usually_occurs about the fifth day.

The chief post-mortem change is fatty degeneration,
particularly of the liver. |

The condition is most oftem observed to occur after
anaesthesia in septic conditions and especially in children.

In my own experience no case has occurred, but those

who write on the subject all attribute it to chloroform,with

the exception of Low & Stone, tWwo American writers, who

observed/
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observed the symptoms after ether anaesthesia and found post-

(7)

mortem fatty degeration of liver and musclese.

Professor Noel Paton (8) found, in experimenting on
rabbits, that extensive fatty degeneration of the liver cells
could be produced by large doees of chloroform given by

respiration, PRy the mouth,or by hypodermic injection,.

(iii) Lung Complicationse.

The most important of these is bronchitis. In a
small percentage of cases pleurisy and pneumonia occure.

In my experience they follow ether moré frequently
than chloroform anaesthesia. In giving figures I am comparing
chloroform with ether as administered by the open method,
because I think that the irritant action of ether on the
respiratory mucous membrane is emphasised, if in addition to
ether vapour. the patient rebreathes for a long period by a
closed inhaler, the same air, gradually becoming charged with
bacteria, carbon-dioxide,and other waste products.

Some writers are now stating that ether as given by
the open method is not more productive of respiratory affectious
than is chloroform. Dr. W. Pasteur in a paper on "Post-Opera= -

tive Lung Complications"‘g) says:- "By way of summing up the
share of the anaesthetic we may, I think, conclude that ether
fper se," is probably not a direct cause of pulmonary inflamm-
ation®.

The/
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The figures showing the incidence of lumg complicat-

ions after operation in my cages are:-

Bronchitis, OChloroform, 1.3%.
Ether’ 5.2%0

Pleurisy accompanied two of the bronchitis cases
after ether. Pneumonia occurred once, after chloroform
administration, in a girl of 18, for appendectomy in an
ébscess caso.

Those figures are taken from cases in which no lung
complication existed before operation.

In those cases in which an anaesthetic has been
given to a patient suffering from bronchitls I have almost
inveriably given chloroform, because, in the few cases in
which 1 have used ether, it has occasioned decided aggravae-
tion of the trouble, whereas chloroform, of itself, does not
seem to have had this effact.

Before going further I shall briefly sum up the
relative advantages and disadvantages of the two anaesthetics

as regards the points ao far dealt with,

Chloroform,

in favour of chloroform:- During anaesthesia it
establishes a thorough anaesthesia with complete muscular

relaxation/
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relaxation in the great majority of cases. It acts to a very
slight extent il at all as a respiratory irritant.

While immediately subsoquent to anaesthesia it tends
less to ﬁhe production of vomiting and of lung complicatiouns,
and causes less aggravation of the latter where they already

existe.

Against chloroform:- During anaesthesia it pro-

duces circulatory depression which, to some extent an
advantage in so far as it diminishes haemorrhage, is very
liable to be of danger, particularly in nervous patients.
Immediately subgequent to anaesthesia in a very
small number of cases it produces delayed poisoning which

when it does occur is often fatale.

Ether.

In favour of ether:- During anaesthesia. It acts

a8 a circulatory stimulant at any rate during the first
thirty minutes of its administration and rarely with it does
serious circulatory failure occur - it is relatively safe.

Immediately subsequent to anaesthesia. It very
rarely if ever causes delayed poisoning,.

Ageinast Ether.

During anaesthesia. In many cases it fails. to
produce thorough muscular relaxation. It acts as a respirat-
ory irritant sometimes causing troublesome secretion of

mucus/



mucus . Immediately subsequent to anaesthesia it causes
vomiting and lung complications more frequently than chloroform.
Where lung trouble is already‘present it frequently aggravates
it. |

Those remarks conclude what I have called the
preliminary part of my paper and I now come to the subject
of ¢=

The Blood-Pressure.

In taking it up I shall first deal briefly with some
of the experimental work which has been done.

It is a rather singular fact that, since soon after
its discovery as a general anaesthetic, ether seems to have
received little attention in experiment; whereas the effects
of chloroform have been carefully studied by trial on the
lower animals, and frequently written about. 1t is exceeding-
ly difficult to find any literature referring to ether in this

conmnectione.

Based on this experimental work there is complete
unanimity of opinion as to the action of chloroform on the
blood-pressufe. It produces a fall. Bﬁt;when one examines
the opinions as to the cause of thisy considerable differences
are discovered. The following quotations taken from some of

the best known literature on the subject give some indication

of this .
Among/
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Among the first to do experimental work in this
direction were the members of the Hyderabad Oommisslon.
Although discredit has fallen on them on account of the
prejudiced attitude they took in favour of chloroform, much
6f their work 1is very valuable.

The following conclusions were based on thils experi-
menial work -
4Chloroform when given continuously by any means which ensures
"its free dilution with air, causes a gradual fall in thev
"nean blood-pressure, provided the animalls respiration is not
"impeded in any way, and it continues to breathe quietly
"without struggling or involuntary holding of the breath. As
*"this fall continues the animal becomes insensible, the
"respiration gradually ceases, and, lastly, the heaft stops
”beating".(lo)

In summing up they say:-

"I.A general fall of blood~-pressure, whether sudden or gradual
”is?ﬁs itself dangerous".

"II. The fall of blood-pressure which occurs in chloroformisa«-—
"don with regular breathing-is due solely to narcosis of the vaw
"~-motor system, and is, if not a séfe-guard, absolutely
"harmless.

"III. The fall of blood-pressure u;der chloroform is not due

" "to weakening of the heart. .The heart has nothing to do with
"producing it, unless the vagus is stimulated, or unless its

"nutrition/
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"nutrition falls from imperfoect oxygenation of the blood
¥ que to abnormal breathing, or from stoppage of the

" regpiration from over-dosing" (11)

MoWilliam, whose excellent work on the subject has oftah
been quoted, took a somewhat different view, holding that
the fall in blood-pressure caused by chloroform while, in
great part due to the action on the vaso-motor centre, was
to some extent also caused by direct action on the heart.
fThe fall of blood-pressure caused by ohloroform‘is due
"orimarily to the depressing influence of the drug on the
"vaso-motor centre, leading to arterial relaxatioNee...
"ot the same time to a more or less marked dilatation of
"the heart".

“mther can abolish the conjunctival reflex and
"induce profound anaesthesia with no appreciable direct
"oPfect on the heart; while chloroform in causing less deep
" anaesthesia - in which the conjunctival reflex is not
"gbolished == may directly cause marked dilatation of the

"shole heart? (12)

Gaskell and Shore adopted a more extreme attitude
attributing the fall in blood-pressure which chloroform
causes priﬁarily to dilatation of the heart and only in a
gsecondary degree, 1f at &1l1l, to its action on the vaso-

nmotor centre (13)
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But the theory which finds most general accept=-
ance today, backed by the careful experiments of McWilliam,
and later of Leonard Hill (14) is that the fall of blood-
pressure caused by chloroform is partly due to the action
of the vaso-motor éentre and partly to dilatation of the

heart.

Ag regards the action of ether on the blood
pressure different opinions prevail. MoWilllam's experi-
ments led him to the view that it causes a very slight fall.
Kemp, on the other hand states that ether causes a slight

(18)

rise in the general blood-pressure. But neither

claims any large variation from the normal.

So much for the experimental side of the question,
I shall now turn to the clinical aspect illustrating my
vremarka with observations I have made on the behaviour of
the blood-pressure during anaesthesia in surgical operations.
It is necessary to preface those remarks by pointing out
that causes other than the anaesthetic employed are at work
as influences on the blood-pressure. The principal of these
are shock and collapse.

Crile (16) in dealing with the subject defines
shock as "A condition resulting from a fall in general

"Mlood-pressure due to exhaustion of the vaso-motor centres".

and/



and collapse as "A condition resulting from a fall in
"general blood-pressure due to inhibition of the vaso-motor
"contres or a loss of the circulating fluids".
Lockhart‘Mummery(lv)in his Hunterian Lecture speaking on the
gubject of shock said that "shock may be produced in two
"main ways (1) by injury to important nerve paths; and
" (2) by exposure or injury of the abdominal viscera". He
further points out that the former of those two causes may
at first cause a rise in blood-pressure, due to stimulation
of the pressor fibres which sensory nerves contain, on those
becoming exhausted, but later a fall, due to gatimilation of
the depressor fibres; and also that no structural changes
accompany shocl ;% cvidents from the fact that no lesions are
found in persons dying from shock, and that when recovery
takes place, it is complete.

In writing on this eubject previously I stated that
in presence of gevere shock chloroform anaesthesie is pre-

ferable to ether (18)

gsince that contribution I hmave cone-
tinued to make observations of which, as well. as of those
made previously, I shall now make use.

The number of cases on which observations of the
blood-pressure have been made is 211, of which 120 are
chloroform anaesthesia, 9l in ether.

Wherever practicable I have made one or two

readings on the day previous to operation, one reading

on/
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on the patieﬁt's arrival in the operating theatre, and as
grequent readings as possible during the operation. It has
frequently been a difficulty to obtain readings in the
early part of the administration, because, ag well as the
disturbing effect on the patient, during struggling it was
not possible. | ‘

Lattorly in addition to those reading I have
continued observations for some time after operation -=
forty-eight hours or in some cases longer.

I have been greatly indebted for holp to several
students who have taken an interest in the work and who have
made it possible to make observations during anasesthesia.

The instrument which I have used in estimating the
blood-pressure is Martin's Modification of the Riva Rocci
sphygmomanone ter.

' I have divided the illustrations into three classes
showing:=-
(1) The early influence of the anaesthetic.
(2) Cases in which the operation involved a slight degree
of shock.
(3) Cases in which the operation involved a severe degree

-

of shock.
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(1) The early influence of the anaesthetice.

(a) Chloroform.

This drug causes a steady fall of blood-pressure.
" With the induction of the second étage this fall usually
amounts to ffom 10 to 20 mms. Beyond the second stage a
progressive fall continues and in deep anaesthesia it may

be extensive.
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Case 1.
The above chart is from a boy of 14 years of age
with healthy heart and lungs. |
The anaesthesia was uneventful and requires no
special comment. .
@n the day before operation his blood—pressufe was
124 mm. (as marked to the left of the chart) On coming into
the operating theatre a higher pressure was recorded, as is
80 often the case. This is probably due to the mental stage.
Janeway finds that "mental excitement is the most powerful
“cause of increased pressure in‘the normal man".éq}
With the arrival of the second stage a fall of 12
mms. was recorded, than immediately after the commencement

‘of the third stage a further fall of 5 mm's.
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Case 1l.

in this case the blood-pressure on the day before
operation was 118 mem. On arrival in the theatre the reading
was 120 mm's. BEarly in the second stage a fall of 11 mm's

was recorded and in a light third stage a further fall of

8 m’eo
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Case III.

A healthy man well developed, a heavy drinker,
The blood-pressure reading on the day beforé operation was
152 mm's. On being placed on the operating table the read-
ing was 8 mm's higher than this. The induction of anaesth-
esia took nine minutes to the beginning of the second stage
and was accompanied by very slight struggling. The third
stage commenced at ten minutes and the anaesthesia was
pushqd until a deep third stage was induced. Accompanying
this a marked fall in blood pressure took place to 105
mm's in the second stage, and to 90 miss in the deep third
stage. The patient was then allowed to "come out" to a
ylight gecond stage and a reading taken just after the sphin-

cter ani had been dilated, the pressure then stood at 115 mm's

(b) Ether.

With ether there is some variation in the behaviour
of the blood pressure but as a rule no marked difference
from the normal is caused. There may be a slight rise or a

slight fall.
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Oase IV.

A somewhat excitable Italian, aged 18. (Male).
On the day before operation the blood-pressure was 119 mm's .
Immediately before the anaesthetic was commenced it was
122 mm's. During the induction of the second stage, which
was accompanied by some excitement Withvtalking and slight
struggling, the pressure rose to 126 mk's. With the arrival
of the third stage it fell to 124;1.0. with full anaesthesia

there was a slight mean rise above the patient's normal,
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