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REPORT OF THE SECOND HYDERABAD CHLOROFORM
COMMISSION.

Part I—THE ORIGIN OF THE COMMISSION.

IN presenting the report of the second Hyderabad Chloroform Com-
mission to His Highness the Nizam, the Commission desires to express through
His Excellency the Prime Minister, Sir Asman Jah, its grateful sense of the
extraordinary and unprecedented liberality and public spirit displayed by His
Highness's Government in carrying out a work which is not only of scientific
intevest, but of the greatest practical importance to the whole human race.

2. The Commission was greatly encouraged in this work by the personal
interest shown in it by His Highness the Nizam, who, accompanied by his Staff,
visited the laboratory on two special and memerable ocecasions.

8. The Nawab Munir-ul-Mulk, son of the late Sir Salar Jung, the Maharajah
the Peshkar, and the Nawab Fakhr-ul-Mulk also paid visits to the laboratory
and witnessed several of the experiments.

4, The same interest which was displayed in originating the Commission
was mainfained throughout by the principal officers of His Highness the Nizam’s
Government, especially the Nawabs Mohsin-ul-Mulk, Vikar-ul-Mulk, Imad-ul-
Mulk His Highness's Private Secretary, Fatteh Nawaz Jung, and Mr. Furdonji
Jamshedji, Private Secretary to Sir Asman Jah,

5. Two Commissions to examine into the alleged dangers of chloroform
have been appointed by His Highness the Nizam’s Government. The first
Commigsion, which was appointed in 1888, consisted of Surgeon Hehir, LM.D.,
President, and two Members, Messrs. J. A. Kelly, LR.C.P. & 8. (Ed.), and
A. Chamarette, L.M.S. This Commission was applied for by Surgeon-Major
E. Lawrie, Residency Surgeon, Hyderabad, because, having always believed in
the truth of Syme’s teaching that chloroform can be used judiciously so as to do
good without the risk of evil, he desired to show by experiments upon dogs that
in death from chloroform the respiration always stops before the heart. This
point having been proved, the second Commission was applied for, because it
was felt that Syme’s principles, which both experience and experiment had

shown to be practically sound, must he founded upon a firm physiological basis.
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6. The following letter explains the action of His Highness's Government
with regard to the first Commission and the lines on which the experiments
they performed were conducted :—

From Surgeon-Major E, LAWRIE, #.B., Residency Surgeon, Hyderabad, to Surgeon P, HEHIR, M.D.,
dated Hyderabad, 18th Janunary 1888,

In accordance with instructions from His Highness's Government, conveyed in Major Gough's
letter of the 15th instant, & copy of which is forwarded herewith, I have the honour to inform youn
that a Committee is appointed, consisting of yourself as President and Messrs, A, Chamarette, L.M.S,,
and J. Kelly, as members, to carry out a series of experiments to test the effects of poisonons doses
of chloroform on dogs.

These experiments should have an important bearing on the way in which the administration of
the anmsthetic ought to be conducted in the human subject.

I would suggest that the esperiments of the Commission be conducted on the following lines :—

I. The attention of the Commission should be specially devoted to the effects of chloroform on
the circulation and respiration.

II. The chloroform should be administered generally in the same way as it is ordinarily given
to patients in the Afznl Gunj and Residency Hospitals.

III. Thedose and rapidity of administration should be varied in every possible way, and the
admixture of air with the chloroform should also be varied. .

IV. At least 100 full-grown dogs should be killed with chloroform, and the points to be specially.

noted should be—

(@) The time taken to bring the dog fully under the influence of the angsthetic.

(5) The interval between this and the stoppage of respiration and cessation of the pulse and
heart’s action.

(6) Whether the heart is directly affected by chloroform, and whether it ever ceases to beab
either in slow or rapid poisoning before the respiration stops.

(@) The effects of artificial respiration commenced directly the vespiration stops, and ab
varying intervals afterwards.

V. The details of procedure will be left to the Commission, and you are mquea-t.efl tt::aullmit- a
report of the work of the Commission at any time convenient to yourself before the termination of the

official year.

7. 'The report of the work of the firt Commission, +whif3h 18 re:publia]_:leti
as Appendix A, was embodied in the annual report of His Highness's Medical
Department for 1888, The experiments of the Commisgion led them to conclude
¢ that chloroform may be given to dogs by inhalation with perfect safety, and
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and occurs in a late stage of the administration. The primary syncope is rarvely, if ever, possible
to induce in dogs, althongh, unfortunately, it is this form of chloroform heart failure which does
ocenr in human beings, and which it is almost impossible to remedy. While weleoming the attention
paid to the subject by the Hyderabad Commisgion, we cannot but feel that, should the Commission
inculeate a disregard of the heart as a factor in ehloroform dangers, it will do harm and provoke a
slipshod carelessness in the use of that valuable anmsthetic which must in the long run do damage to
the cause the Commission has esponsed, :

[ The Lancet,” May 11, 1889.]

BY SURGEON-MAJOR E. LAWRIE, RESIDENCY SURGEON, HYDERABAD, AND
PRINCIPAL, HY DERABAD MEDICAL SCHOOL.

In “Ths Lancet ™ of March 2nd, 1889, page 438, there is an annotation criticising certain remarks
of mine on the subject of chloroform in which the writer states that* “all those who are familiar
with chloroform are well aware that syncope, when primary, as a rule supervenes in the initial stages
of inhalation, while secondary syncope due to respiratory embarrassment is the result of accumulation
of chloroform in the blood leading to paralysis of the medullary centres, and occurs in a late stage of
the administration,” and that unfortunately it is the primary form of chloroform heart failure which
ocenrs in hunman beings, and which it is almost impossible to remedy. I have no wish to say any-
thing to give offence to those who hold the same views as the writer of the annotation, but I hold that
those views are wrong, and that there iz no such thing as chloroform syncope,

Tt is conceivable that syncope may occur in the initial stages of inhalation of chloroform, but in
the conrse of a very large experience I have never met with a single instance of such an accident,
and if it ever does ocenr it cannot be due to chloroform poisoning, thongh it might be caused by
fright or shock. Owing to the numerous accidents that have happened with chloroform, to the
discnssions prevalent in the profession, and to the mistaken notion that the risk of heart failure is
inseparable from its use, the public dread its administration much more than they dread surgical
operations, and fainting from mere fright in the early stages of inhalation is no less intelligible than
it is easy to prevent, in cases where it is likely to occur, by a preliminary dose of alcohol. On the
other hand, it is equally intelligible that syncope may be induced if an operation be commenced in
the initial stages of chloroform administration, before the patient is rendered insensible to shock by
being brought fully under its influence, With regard to secondary syncope, * Fhe Lancet” states
that it is due to respiratory embarrassment (through the respiratory centre #)—which is an indirect
canse, and, in the same sentence, that it is the result of paralysis of the medullary centres (eir-
culatory 7) from accumulation of chloroform in the blood,—which is a direct cause.f Both these
statements cannot be true. The truth is that sccondary syncope has no more real existence than
primary syncope. In poisoning by chloroform the heart fails when the respiration ceases, and never
before. With the cessation of respiration, the further accnmulation of the drug in the blood neces-
garily ceases, and the heart rapidly or gradually stops beating, as a direct result of the stoppage of
respiration, and as an indirect effect of the poisoning with chloroform.

« The Lancet » asserts that the statements made in my address are ubterly at variance with the
experience alike of experiment and practice as carriod out in Europe. They are nevertheless based

# This sentence should run :—* All those who are familiar with deaths from chloroform in Auman subjocts’ =K, L.
# I may have interpreted the writer's meaning wrongly, but it does not affect the argument,
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on the principle taught by Syme and Simpson, in Edinburgh, and long hefore the Hyderabad Com-
mission was formed, T had satisfied myself that they are entively true,®

The Hyderabad Commission was appointed by the Nizam's Government to verify or refute the
opinion that if chloroform is properly given it has no injurious or dangerous effect upon the heart.
The experiments of the Commission were performed publicly and with every precaution against
inaceuracy, and the conclusions they arrived at ave irresistible. The chloroform was given in every
possible way, and in no case did the heart become dangerously affected until after the breathing had
stopped. This is not, as “ The Lancet™ avers, a scanty statement of experiments performed upon
dogs : it is a summary of the results of more than two hundred complete experiments carried out by
the Commission, and it tallies exactly with my own experience. If direct heart failure were one of the
visks of chloroform, it must have occurred in some of the administrations which T have superintended ;
but I have never seen the heart directly affected by chloroform, nor have I ever seen the inhalation
carried so far in human beings as to affect it indirectly. Neither I nor the Hyderabad Commission
have any desire to “ inculeate a disregard of the heart as a factor in chloroform dangers, and so to
provoke a slipshod carelessness in the nse of that valuable anmsthebic ™. Ourobject is the very reverse
of this, as a consideration of the difference between the position we take npon this point and that of
those who hold the same views as © The Lancet” will show, * T%he Lancet” would trust to the heart
and cirenlation for signals of danger in chloroform administration, Our contention is that, if the ad-
ministration iz ever pushed far enough to canse the heart to show signs of danger, the limits of safety
have already been exceeded, and a fatal result must almost inevitably ensue. So far from disregard-
ing the heart as a factor in chloroform dangers, we say that any affection of the heart, either direct or
indirect, is the one danger to avoid. Bufb we say further that the respiration invariably gives warnings
when a dangerous point is approached, and consequently that it is possible to avert all risk to the heart
by devoting the entire attention to the respiration dnring chloroform administration.

I am well aware that these opinions appear to go in the very teeth of the conclusions at which
the Commission appointed by the Royal Medical and Chirnrgical Society and by the British Medical
Association arrived and “ arve opposed to the careful and painstaking experiments of sunch gcientific
observers as Snow, Clande Bernard, and McKendrick,”t as well as to the teaching of the great London
Bchools. But this opposition is more apparent than real. * Tie Lancet ™ states anthoritatively that
chloroform syncope is notorionsly difficult to prodnce in dogs. The Hyderabad Commission confirms
this statement, and says it is impessible to produce it at all, This difference may be fully accounted
for by the fact that the experiments of the Hyderabad Commission were numerons, while those quoted
by “ The Lancet” were not only not numerons, but many of them were performed under conditions
which impair their value. Moreover there are certain points connected with the effectz of chloroform
on dogs, which a careful perusal of all their reports has convinced me neither the Commissions nor
the distingunished physiologists appreciated. In any case I wonld ask whether anything ecan be more
discreditable or unsatisfactory to the whole profession than the present position of ehloroform.
During the last forty years, while enormous progress has been made in every branch of medicine and
surgery, the position of chloroform has decidedly deteriorated, and the prineiples necessary for its
safe administration have been lost gight of, From the date of its first introduction there was a
divergence of opinion between the Edinburgh and London Schools with regard to the way we should

* Vide Lecture reprinted from Iadian Medical @Gazette for March 1889, Appendix D,
T Vide page 19 of this Report,
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be guided as to its effects, Upto the time of his death Syme tanght,* “ we are guided as to the effect
of chloroform mnot by the circulation, but entively by the respiration.” At the same time Erichsen
was teaching, and still teaches, thatt ©when fully anwesthetised the patient requires the most careful
watching by the person who administers the chloroform; his finger shonld never be off the pulse, nor
his eyes taken away from the countenance of the patient,” These are the opinions of two of the most
eminent Surgeons that have ever lived, and they are absolutely irreconcilable. FErichsen’s opinion
has undoubtedly been fortified by the misleading conclusions of the Chloroform Commissions, and of
the scientific observers above alluded to, but the Hyderabad Commission has proved that Syme was
right ; and T have no doubt whatever that, if his principles were acted on universally, all surgeons
would find, as he did, that chloroform may be used judiciously so as to do good without exposing
patients to the risk of evil. Chloroform administration constitutes, in my humble opinion, the most
pressing and important ¢uestion in the whole range of practical surgery ; and if % The Lancet™ will
not accept the conclusions of the Hyderabad Commission, it is incumbent on it to urge the appoint-
ment of a European or joint European and American Cummi&.siqn, composed of men of wide experience
in ¢hloroform, to confirm or disprove them.

[“The Lancet,” July 18, 1889,]

We have received a telegram from Burgeon-Major Lawrie to the effect that His Highness the
Nizam of Hyderabad offers to place the sum of £1,000 from his private purse at our disposal, that
we may send one or two representatives of * T%he Lancet™ to Hyderabad to repeat the experiments
made by the Hyderabad Chloroform Commission (vide * The Lancef,” Feb, 28rd and March 2nd, 1880)
and to make any others which we may suggest. We await further details of the offer which, we are
informed, will be sent by mail,

[* The Lancet,” September 21, 1889,]

The Besidency, Hyderabad, 18th August 1889,
Tug Eprrons, ¢ The Lancel . >

Srme,—I am directed by His Highness the Nizam’s Government to offer * T%e Lancet ", ag the
leading medical journal, £1,000 to send out a representative to repeat the experiments of the
Hyderabad Chloroform Commission and make any others with the Commission, that you may
suggest.

9. The Hyderabad Committee performed a series of experiments of a clinical nature on the
effects of chloroform on dogs in 1888, and their conclusions were embodied in a report which was
submitted to Government early this year.

8. The experiments of the Commission tend to prove that chloroform has no direct action
npon the heart, and though it is hardly to be expected that their conclusions will be accepted as final
by the whole of the medical profession, their work may be safely said to constitute an interesting
addition to what is already known about chloroform,

4, The Nizam's Government has been advised that if the experiments are continued and
amplified by the Hyderabad Commission, asgociated with a trained scientist whose position and

* Vide ®Lanest,” Vol. L, page 55, for 1855. Syme's original lecture from * The Laneed" in which this a
is republished in the appendix. ppears
+ ¥ide Erichsen’s Surgery, Vol. L, page 14.
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solution the lives of thousands of people and the happiness of thousands of families may depend.
Both in Europe and America clinical experience and physiological experiments have led to the con-
clusion that it has a paralysing action on the heart, while ether exerts such an action in a very minor
degree, if at all. In consequence of this ether is now largely used in this country as well as in America
for producing anesthesia in surgical operations, in spite of the greater pleasantness and convenience
of chloroform. It is almost impossible to believe that the conclusion at which European and Ameri-
can surgeons and scientists have arrived is, after all, destitute of foundation, and little better than an
idle dream. When we find, then, that Dr. Lawrie and the Nizam’s Commission have arrived at an
entirely opposite conclusion, it is natural that we should hesitate to accept it. A consideration of
the report of the Commission appears to show that the number of experiments performed was not
only large, but the results were so uniform that the conclusion arrived at, iz, that chloroform does
not paralyse the heart, hut kills by stopping the respiration, may fairly be taken as correct for the
animals experimented on and for the conditions under which the experiments were performed. Bub
if we grant this, we are at once confronted by the next problem : Why do the results of the Nizam's
Commission differ from those of European and American investigators? Is it because the experi-
ments in India were carried on in a warmer climate ? Or is it because the animals experimented on
were peculiarly resistant to the action of chloroform ? These questions can only be answered by
further experiments, which can hardly fail to be of practical utility, even if they afford only a partial
solution of the problem. For Surgeon-Major Lawrie states in his letter, which appeared in our issne
of May 11th, that the results of the experiments carried out by the Commission tallied exactly with
his own experience. In the correspondence which occurred on the subject in “ The Lancet” some
writers agreed with Dr. Lawrie, while others supported the opposite view. We may perhaps fairly
call these two views those of the Edinburgh and London schools. In the Scotch capital failure of
respiration is regarded as the chief or only danger, while in the metropolis failure of the heart is more
feared. It is quite possible that the surgeons in both cities ave right, and that the habits or mode of
living of the people may lead to differences in the resisting power of the cardiac or respiratory appa-
ratus respectively. The proportion of gouty patients is much larger in London than in Edinburgh,
and when we consider that the natives of India appear to resemble the Scotch in their comparative
immunity from cardiac paralysis by chloroform, it will be advisable for the (lommission to ascertain, if
possible, what the conditions are which enable the heart either in dogs or men fo resist the power of
chloroform or which lead to its stoppage during the administration of the drug. Tt may not be
possible to work out completely all the questions which may arise, but if the Hyderabad Commission,
with the aid of Dr. Lauder Brunton, can settle definitely the question whether chloroform does or does
not affect the heart directly, a most important practical object will have been attained by means of the

Nizam’s generous offer.

10. The opinions held by the medical profession in Great Brita.in may be
fairly judged from the above quotations from “ The Lancet.” There is no doubt
they were and are largely influenced by the experimental results obtained _by
various observers, and more especially by the Committee of the Royal Medico-
Chirurgical Society and of the British Medical Association or Glaagaw’ﬂ?m-
mittee. Both these Committees arrived at the conclusion, from a very limited
number of experiments, that chloroform lowers the blood-pressure, while ether
does not, The Glasgow Committee went further, and not only stated that
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ether as well as of chloroform, and it is not the deaths during operations, but the
observations on blood-pressure and on the action of chloroform on the exposed
or excised heart which have led to the unfounded dread in the profession that it
may paralyse this organ when given as an anamsthetie.

13. But there is still another difficulty ;—however fair and impartial the
Hyderabad Commission may try to be, and even though those who differ from
them may credit them with care, honesty, and impartiality, its conclusions will
always be open to the objection that the Commission may be mistaken, and any
mistake on its part would be all the more fatal and disastrous, because its con-
clusions would be very difficult to disprove since they are founded on sucha
mass of experimental evidence as has never been collected before, and is hardly
likely to be collected again at least for many years. To avoid such a possibility
the Commission have tried, as far as possible, to give the experimental data from
which their conclusions are derived, so that at any future time and in any part
of the world these data will be as available to others as to themselves, and may be
used by them either for the purpose of criticising the Commission’s conclusions
or drawing conclusions of their own. The utility of such a course has been im-
pressed upon the Commission during the progress of this investigation by the
example of the Glasgow Committee which they have followed. The Glasgow
Committee drew from one experiment alone the sweeping conclusion that
chloroform has sometimes an unexpected and capricious effect on the heart’s
action, and that ‘‘the occurrence of the sudden and unlooked-for effects seems to
be a source of serious danger.”* This conclusion is obviously of the utmost im-
portance in regard to chloroform and, if correct, would justify the condemnation
of its use by the American author already quoted. If the Glasgow Committee
had only given their conclusions, it would have been very difficult indeed to
disprove them;but fortunately they have published a copy of the manometer trac-
ing on which these conclusions are founded, and an inspection of this leads in-
evitably to the belief that the sudden and unlooked-for effects on the heart'saction
which the Committee attributed to chloroform are not really due to 1t at all, but
are due to irritation of the vagi quite apart from the action of the anasthetic, and
are the results of accidental asphyxia. The Commission have followed the ex-
cellent example of the Glasgow Committee and reproduced by photography the
tracings on which their opinion is based, so that all those who look at them and
compare them with the tracings of the Glasgow Committee, which they have also
reproduced, may judge for themselves and form their own opinions on the subject

* Vide page 116, Experiment No, 1485, Observation Q,
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work of the first Commission. From No. 29 the Committee were employed
principally with blood-pressure experiments. The ordinary experiments, per-
formed without recording apparatus, were then made over to the Sub-Committee,

which continued to work in the same room under the supervision of the
Commission.

19. The experiments of the Sub-Committee are numbered continuously
with those of the Committee, so as to form a consecutive series and facilitate
reference,

Part IL.—GENERAL EXPERIMENTS WITHOUT
RECORDING APPARATUS.

20. The experiments of the Sub-Committee, together with the first 28
performed by the Uommittee, form a total number of 430, and are divided into
seven sections. These experiments are recorded in a tabular form at Appen-
dix B. 268 dogs and 31 monkeys were killed outright, and 86 dogs and 39
monkeys were subjected to artificial respiration at varying intervals after the
natural respiration had been arrested with chloroform, The animals which were
killed had chloroform administered to them in every possible way and under
every conceivable condition, A large number of dogs were killed just as they
were caught in the bazaars ; others at various intervals after having heavy meals
of meat or farinaceous food or fat ; others fasting ; others after the administra-
tion of Liebig’s extract of meat, coffee, rectified spirits of wine or ammonia.
Most of these animals were healthy, but some of them had cardiac disease and in
many the heart and other organs were rendered fatty by the previous adminis-
tration of phosphorus. In a large number of cases morphine, strychnine and
atropine, singly and in combination, were given by subcutaneous injection at in-
tervals before the inhalation was begun. Chloroform swas given with and
without inhalers in the vertical and recumbent positions; in glass and
wooden boxes ; in large and small doses ; by being pumped into the frachea
with bellows ; and in fact in every way that could suggest itself to the Commission.

91, The results in one respect are uniform. In every case where chloro-
form was pushed the respiration stopped before the heart. The following
table shows the interval of time between the cessation of respiration and of the
heart’s action in dogs and monkeys in uncomplicated cases, and in cases com-

L
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| 22, The movement of the heart was in the first 66 cases of the Sub-Com-
mittee tested by auscultation, but afterwards by a needle inserted through the
chest-wall into the organand the thoracic cavity waslaid open when doubt existed,

23. In the majority of the uncomplicated cases, which include those fed in
different ways before inhalation, the heart ceased to act in from two to six
minutes qfter stoppage of the respiration. In one uncomplicated case the heart’s
action ceased within one minute after the breathing stopped. The heart ceased
within one minute after the respiration stopped in two cases where the inhala-
tion was very slow and prolonged, in four cases complicated by asphyxia, and in
one where the subcutaneous injection of morphine gr. 4 and strychnine gr. +&;
was administered beforehand. The maximum time the heart continued to
beat after the respiration ceased, in the experiments of the Sub-Committee, was
eleven minutes in a dog and twelve in a monkey.

24, The effects of chloroform do not appear to be interfered with or much
influenced by any of the variations in the method of preparation of the animal
for or of the administration of, the anmsthetic. There are four general excep-
tions to this statement. In very slow and prolonged administration, and in
cases complicated with partial asphyxia, as well as in one case where one-third
of a grain of atropine was administered before the inhalation, the heart stopped
very soon after the respiration ceased ; and in all cases where the inhalation was
accompanied by struggling the animals became insensible with unusual rapidity.
In these cases also the interval between the cessation of respiration and the
time of possible restoration by artificial respiration was shortened. (Vide

tables in Appendix B.)

925. As regards the restorative effects of artificial regpiration the Sub-Com-
mittee found it was nearly always successful if commenced within thirty seconds
after the respiration ceased, very seldom successful if commenced between thirty
and gixty seconds after, and always unsuccessful if not begun till after sixty
seconds. In forty-four cases, in which artificial respiration proved successful, it
was commenced on an average 28:2 seconds after natural respiration ceased.
In thirty-eight unsuccessful cases the average was 31°5 seconds.

96. The Sub-Committee formed the opinion that artificial respiration was
less successful in restoring the respiration after it had been stopped by chloro-
form in cases where a subcutaneous injection of morphia was administered before
the inhalation was commenced. There were eighteen cases inwhich this was tried.
In the first six artificial respiration was commenced eight seconds after cessation
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of natural respiration. Of these five died. In three cases artificial respiration
was begun fifteen seconds after the natural respiration ceased, and of these two
recovered and one died. In three cases in which artificial respiration was eom-
menced twenty seconds after the respiration stopped, two out of the three died ;
and, lastly, in six cases where artificial respiration was not commenced till thirty
seconds afterwards five died and one was revived, The average of those cases
that were revived was 17°6 seconds and of those that died in this series, 264
seconds. This opinion was tested by blood-pressure experiments Nos. 162 and
178, the results of which did not support their conclusion. |
Part III.—_EXPERIMENTS WITH RECORDING
APPARATUS.

27. The experiments carried out by the Committee with self-recording
apparatus consist of Nos. 25 and 29 to No. 185 inclusive. In a certain number
of cases the animal died accidentally before it was ready to be attached to the
manometer, and in others for various reasons the experiment was not completed;
but for the sake of convenience they have all been left in the order in which they
oceurred, and are described seratim in the explanatory notes, A full desecrip-
tion of the kymographs, with the aid of which the blood-pressure experiments
were carried on, is given in page: ; and all these experiments are
illustrated by photographs of the kymographic records. A few of these plates
illustrate experiments in which the movements of the heart only were recorded
by a simple apparatus, which is also deseribed in Appendix A. TIn every case
in which a tracing was obtained it has been without exception preserved, and is
reproduced in this report by photography. In this way the whole of the work
of the Committee recorded by the manometer has been rendered available for
study at any time by any one who is interested in the subject. The photographs
are on a reduced scale, but with the aid of a 2 or 3-inch lens and perusal of the
explanatory notes, on the page opposite to them, the reader will have no difficulty
in deciphering and understanding the remarks recorded on the tracings. The
expl.a,na.tnr:,r notes which were written partly at the time of, and partly im-
mediately after, each experiment, were made from the remarks which were
Eﬂcurded nnhthe manometer during the course of the experiments. Tt is impossible

0 arr ‘ . i . : :
. ﬂlua:;ii ; Pﬁa_::;;iteml' exper 1ment.$' 80 aal to g1 ?HP tﬁgi:é’:t]lel‘ ﬂfnse which appear
points, because almost every experiment includes a variety
of procedures which suggested themselves at the time ag
something in the action of the different ansmsthetic
at the end of the plates, in which the an
animals, the operations performed upon t

likely to elucidate
semployed. An index is printed
®sthetics or drugs given to the different
hem, theactions of interest taken in them,
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and the changes of every kind which occurred in their condition, are referred
to the number of the experiments in which they took place.

28. The majority of the experiments were made upon dogs or monkeys,
and a few upon horses, goats, cats and rabbits,

29. The experiments of the Committee were designed to show the effect
upon the blood-pressure, heart, and respiration of the inhalation of chloroform,
ether, and the A. C. E, mixture, administered in various ways and under vary-
ing conditions. The objects of the Commission were five in number :—

I. To test the suitability and safety of chloroform as an anwsthetic.
The experiments with ether and the A.C.E. mixture were instituted
principally for the sake of comparison with chloroform on certain
points, and it is not pretended that they afford a complete exposi-
tion of the action of those agents on the system.

II. The effect of pushing the above-named answsthetics, () to a dangerous
degree, and more especially until the respiration ceases, (&) until
death results.

11, The modifications in the effect of these anzsthetics which result from
(@) asphyxia in varying degrees and produced by various means (5)
from the use of drugs such as morphine, atropine, physostigmine
. and others.

IV. The reality or otherwise of the alleged liability during ordinary
chloroform administration to the occurrenceof primary or secondary
syncope or stoppage of the heart, brought about either by shock or
through fatty or weak heart, or by hemorrhage, or by changes in
the position of the body. To investigate these points, in the first
place, a large number of operations which are reported to be
especially dangerous in reference to shock were performed in
every stage of anaesthesia, and numerous experiments were also
made to show the effect of direct irritation of the vagus. Secondly,
a number of animals were dosed with phosphorus before they were
experimented on. This caused weakening of the heart by fatty

~ degeneration of its fibres, but at the same time other complicated
changes in the whole of the organs of the body not met with
in the condition known as fatty heart in human beings. On the
other hand, there are conditions often met with in the fatty
heart, such as changes of the coronary vessels, which were not
produced by the phosphorus.
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after-fall of the blood-pressure and begin again spontaneously, As a rule, if
the respiration has stopped, or even becomes glow and feeble at the time when
the inhalation is discontinued and artificial respiration is not resorted to, the fall
in blood-pressure will continue until death ensues,

(5) There are two conditions which frequently disturb the gradual fall of
the blood-pressure, viz., struggling and holding the breath, and it is only by
great care that they can be avoided in animals,

(6) Struggling, independently of any change in the respiratory rhythm,
appears generally to raise the blood-pressure.” In one case of a dog much
weakened from phosphorust the pressure fell every time he struggled.

(7) When struggling is accompanied, as it often is, by acceleration of the
respiration and pulse, especially if the respiration is deep and gasping, it leads

to a more rapid inhalation of chloroform, and consequently to a more rapid fall

of blood-pressure and a greater after-fall. In order to keep the chloroform cap or
inhaler in its place during the animal's struggles, the administrator is obliged to
hold it down more tightly over the nose and mouth, and this materially assists
in hastening the rapidity of the inhalation, and consequently of the fall in blood-
pressure.

(8) The effect of involuntarily holding the breath, which, as anybody
can prove by experiment upon himself, must happen when an inhaler saturated
with chloroform is first applied to the face, is much more remarkable, the pres-
sure often falling with great suddenness while the heart’s action 1s markedly
slowed.f As soon as the animal draws breath again the pressure rises as
suddenly as it fell, but the gasping regpiration which succeeds then causes very
rapid inhalation of chloroform with immediate insensibility and a rapid fall of
blood-pressure which quickly becomes dangerous.

(9) The combination of struggling with alternate holding the breath and
gasping, which results if chloroform is applied closely to the face without sufli-
cient dilution with air, causes violent fluctuations, and then a speedy fall of the
blood-pressure, which very soon leads to a dangerous depression with deep
insensibility and early stoppage of the respiration. The after-fall under these

circumstances is rapid and prolonged. It is this combination of events which

causes struggling animals to go under chloroform so quickly.

bt

* Vids Experiment No. 82.
Do, No. 161, Bee also Experiment No, 188, PR
¥ Da, Nos. 108, 119 Fick 2, 167 Fick 4, and many others, Bee Index under * Breath-holding™,
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tory movement rather than to irritation of the vagi, To test this point Experi-
ment No. 184 was instifuted. In this experiment the dog’s chest was forcibly
inflated with bellows connected by a tube with the trachea, and the effect of
this proceeding was to cause a fall of pressure and slowing of the heart exactly
the same as in involuntary holding of the breath. The dog was then poisoned
with atropine, after which inflation of the chest still caused a fall of pressure,
but without slowing of the heart (vide Fick Nos. 8 and 9). The fall of pressure
must be in some degree independent of vagus irritation, which however usunally
accompanies 1t.

(15) Tt only remains to be considered whether the slow action or tem-
porary stoppage of the heart with great fall of pressure produced by vagus
irritation is in itself an element of danger in chloroform administration, and if
it is not, wherein the danger actually lies.

(16) The experiments in which deliberate irritation of the vagi was
carried on during anwmsthesia show unmistakably that irritation of these nerves
diminishes rather than enhances the danger of ansesthetics. The effect upon
the heart is never continuous, and as the vagus becomes exhausted, or when
the irritation is taken off, the blood-pressure rises again, as it does when the
same result is produced by asphyxia. The slowing of the heart and circulation
which is produced by irritation of the vagus by any cause, such as holding the
breath in chloroform administration, retards the absorption and conyeyance of
chloroform to the nerve cenires just as holding the breath, whether voluntary
or involuntary, prevents chloroform from entering the lungs ; and of itself slow-
ing or temporary stoppage of the heart in chloroform administration is not
dangerous.

(17) To answer the second part of the last question in para. 15 is easy
enough, if it is kept in mind that the effect of vagus irritation upon the heart is
never continuous ; and in chloroform administration as the pressure rises again
after the slowing of the heart and temporary fall of pressure produced by any
form of asphyxia, violent respiratory efforts with bounding heart’s action lead,
as in the case of struggling, to a rapid and dangerous inhalation of chloroform
and consequent rapid and dangerous decline in blood-pressure. It is, in fact,
the temporary exhaustion of the vagi after stimulation that is to be feared, and
not the actual stimulation as long as it is continued.

(18) TIn accordance with this fact it will be found that in chloroform S:Ld'
ministration neither holding the breath, even if involuntary, or vagus inhibition
can be kept up beyond a certain time ; and if the chloroform is not removed from
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the face, one or both of two things may happen : (1) when the animaﬂl breathes
again it takes deep and gasping inspirations, the lungs be‘m:jme filled with chloro-
form, and an over-dose is taken in with extreme rapidity ; or (2) wjvhfan 1::]113
restraining influence of the vagus is taken off the heart, thrnugh‘ the H‘]‘ltatlt.ﬂﬂ
ceasing or the nerve becoming exhausted, the heart bounds on again, and the cir-
culation is accelerated in proportion. The blood then becomes quickly saturated
with chloroform, and an over-dose is at once conveyed to the nerve centres. The
theory which has hitherto been accepted is that the danger in chloroform .-:.i.d:]:[:ﬂ]l-
istration consists in the slowing or stoppage of the heart by wvagus inhibition.
This is now shown to be absolutely incorrect. There is no doubt whatever that
the controlling influence of the vagus on the heart is a safeguard, and that it is
the exhaustion of the nerve which is dangerous.

(19) It can be readily understood how a condition in which the pulse is
rapid and bounding with high blood-pressure leads to more rapid absorption of
chloroform from the lungs, and a more rapid propulsion of the chloroformed blood
to the medulla oblongata, and consequently to a more rapid paralysis of the
respiratory and vaso motor centres and precipitous fall in the blood-pressure
Such a condition is produced in some cases by ether or by division of both vagi®
or by a full dose of atropine.t Not only is the poisoned blood carried more
swiftly to the vital centres in these cases, but added to this there is the fact that
as the heart is already doing its utmost before the chloroform is given, it is un-
able to stave off by increased work the fall in pressure that occurs when the vaso
motor centre is paralysed. On the other hand, it seems clear
No. 92 that the direct action of chloroform upon the heart’s su
cause of the fall of pressure that occurs when it is inhaled.

from Experiment
bstance is not the

(20) In Experiment No. 92 repeated injections of 20m. of chloroform were
made into the jugular vein, and its effect was not to paralyse the heart, but to
produce anesthesia and a gradual fall of blood-pressure exactly asif the chloro-
form had been inhaled. In Experiment No. 72, after
ether had been injected into the Jugular vein, and a bounding condition of pulse
had been produced, the effect of injecting chloroform into the jugulars was much
greater, and the fall of blood-pressure much more rapid and dangerous
the case when chloroform alone was mjected. Granting then the truth of
conclusions from experiments on the frog’s heart (which have not
and confirmed by the Commission) that chloroform has a gradu
effect upon the heart’s tissue, we must conclude th

a considerable amount of

than in
Ri]lger’s
been repeated
al patralyaing
at such an effect, in the degree
* Vide Nos, 151 and 156, t Vide No, 80. Brsr
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in which alone it could occur in the practical inhalation of chloroform
1

rather be a source of safety than of danger. TR

(21) The Committee discussed the advisability of cutting the vagi some
time previous to experimenting on the blood-pressure with chloroform. The
effect of this procedure is to cause continuous rapid action and tendency to
exhaustion of the heart, as well as to degeneration of the terminal branches of
the nerves in the heart if the animal live sufficiently long. Such experiments
might be of some interest theoretically, and also have had a practical bearing
upon the condition of the heart in certain cases of chronie alcoholism ; but the
Committee decided not to perform them as it considered the end to be gained did
not justify the pain they would have inflicted.

(22) In Experiment No. 178, the case of a dog that had had morphine,
remarkable slowing and even temporary cessation of the heart's action occurred
again and again at the same moment as the respiration stopped,” but the heart
invariably recovered itself, and began again to beat regularly before any steps
were taken to restore the animal, and without any respiration occurring.
We find in this case that it was possible to restore the animal even after un-
usually long intervals had been allowed to elapse between the cessation of the
natural, and the commencement of artificial, respiration. The failure of the
heart, if such it can be called, instead of being a danger to the animal, proved
to be a positive safeguard by preventing the absorption of the residual chloro-
form and its distribution through the system.,

(23) The effect of artificial respiration after the natural respiration has
ceased, is to cause an alternaterise and fall of small amount in the blood-pressure,
the trace thus formed upon the drum being a coarse imitation, altered some-
what by the shaking of the table, of the natural respiratory curve. The differ-
ence consists chiefly in the fact that the artificial rise and fall is more abrupt
than in natural breathing, and that the rise always coincides with expiration or
compression of the chest. After artificial respiration has been continued for a
certain time, the blood-pressure begins to rise again, and a little later natural
respiration returns,

(24) The effect of artificial respiration in restoring an animal after the
respiration had stopped was always marked. Ina few exceptional cases, such
as No. 159, a phosphorus dog, and No. 142, a horse which had an enormous

* Vide Mo, 178, Fick readings 2 and 3, 8, 18, 18, and 26, and compare No. 49, Fick reading 2 and 8,
and No 60, Fick reading 3, which are gimilar cases, but were not so carefully observed.
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to stimulation of the vagus through asphyxia. The animal was therefore easﬂy
restored as he was suffering more from asphyxia than from chloroform poisoning.®

(28) It corresponds to those cases, which are so often reported, in which
dangerous failure of the heart is said to have occurred some minutes after the
administration of chloroform had been discontinued, and which are sometimes
restored, and sometimes not, by artificial respiration. There is nothing at all
sudden about the failure of the heart in these cases, but the attention of the
chl?mfcrmist., which has been wandering, is suddenly called to the fact that the
patient is apparently dead. When the anmal was really dead, it was found in
some cases that artificial respiration still maintained a small amount of mean

pressure in the manometer. In others the pressure seemed to fall to the zero
line between each compression of the chest.

(29) The dangersof too vigorous artificial respiration were illustrated n
some of the accidental deaths. In one case the liver was badly ruptured, and in
another the pleural cavity was full of blood. In three cases, Nos. 80, 92 and
103, rhythmical movements of the diaphragm were noticed after the heart had
ceased beating, and after the chest had been opened. It is remarkable that in two
of these cases the splanchnic nerve had been divided. The third was a case in
which chloroform had been injected into the jugular,and in this case there wasa
synchronous movement of the jaw as well. In all, death and stoppage of the
heart had oceurred gradually, and in No. 103 the heart was still irritable, These
movements cannot be called respiration, though the last gasp of a dying animal,
that ineffective jerk of the diaphragm, which is such a fatal symptom, is very
likely in many cases a movement of the same character. Similar movements,
which were continued much longer, occurred in Experiment No. 104 after the
thorax was opened, while the heart was still beating. Still more remarkable con-
vulsions of the muscles of the jaws, ears, and fore-feet occurred in Experiment
No. 167 in the case of a dog that had been poisoned with nicotine. These move-
ments continued at regular intervals for more than ten minutes after death, and
were sufficiently forcible to jerk the handles of a pressure forceps fixed on the end
of the tongue off the table at each spasm. In a rabbit in Experiment No. 153 the
auricles of the heart continued to beat yhythmically for three hours after it was
supposed to be dead from chloroform and its thorax had been laid open. Irri-
tability of the heart after death was noticed in many cases, bub seemed to be
most marked in cases where ether had been used.

* There was a mistake in para. 27 as it originally stood. In the observation at Fick 12 chloroform was admin-
jstered for two minutes and not for a few seconds only. The error was caused by confusion in the tracing on account
of its having been carried twice round the draom at the end of the experiment.
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animal was merely stupefied by the chloroform and not fully insensible. In such
cases a slight variation in the blood-pressure would sometimes occur, such as one
would expect from the irritation of a sensory nerve or from the struggling that
ensued, but in no case in any stage of anwsthesia was there anything even sug-
gestive of syncope or failure of the heart's action, In thrusting a needle into the
‘heart, there was often a momentary, but well-marked, fall of blood-pressure ;
but even this was absent in all other injuries. If chloroform really had any
power to increase the tendency to shock in operations, it is impossible to believe
that it would not have been manifested to some degree at least in one or other
of these numerous experiments. The Commission was, however, not content
with this negative result, and determined to ascertain the effect of direct irrita-
tion of the vagi during continued chloroform administration. The result of such
experiments (Nos, 65,117, and others)proved that inhibition of the heart’s action
prevented, rather than assisted, the fatal effects of prolonged chloroform inhal-
ation. An animal that was put into a condition of extreme danger (from which
it could only be restored by means of artificial respiration) by inhalation of
chloroform for one minute, recovered spontaneously and readily after five minutes
of chloroform inhalation together with inhibition of the heart by electrical irri-
tation of the vagus carried on simultaneously. In one of these experiments, No.
117, chloroform was pushed for seven minutes ; and during continued irritation
of the vagus the animals repeatedly came round without artificial respiration.
The danger really begins when the irritation is discontinued or fails to inhibit
the heart, and thus enables the chloroform in the lungs to be rapidly absorbed and
thrown into thesystem. This danger is certainly increased by deliberately pump-
ing the chloroform into the lungs, by means of artificial respiration, for animals
in which this was done, although they showed a tendency to recover when the
chloroform and irritation of the vagus were discontinued, afterwards died rapidly.

(34) On another occasion, during Experiment No. 117, the animal was very
nearly killed by a comparatively short inhalation of chloroform, owing to the
oleotrodes becoming accidentally short-circuited and failing to keep up the
irritation of the vagus. Something similar ocourred in No. 177, the effect of
the irritation of the vagus passing off, while the chloroform was still being
pushed, and thus putting the animal into a condition of extreme and unexpected
jeopardy. Nothing could be more striking than these near approaches to
accidental death from failure to irritate the vagus efficiently.

(35) Other experiments were made to test the truth of the statement that
chloroform increases the action of electrical stimuli applied to the vagus, and
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state of blood-pressure in No, 163). Numerous attempts were made in these
animals to produce shock by operations in the recumbent and vertical posi-
tions, but without any more result than in those that were healthy.

(38) The truth about the fatty heart appears to be that chloroform per se
in no way endangers such a heart, but, on the contrary, by lowering the blood-
pressure, lessens the work that the heart has to perform, which is a positive
advantage. But the mere inhalation of chloroform is only a part of the process
of the administration in practice. A patient with an extremely fatty heart may
die from the mere exertion of getting upon the operating table, just as he may
die in mounting the steps in front of his own hall door, or from fright at the
mete idea of having chloroform or of undergoing an operation, or during his
involuntary struggles. Such patients must inevitably die occasionally during
chloroform administration, and would do so even were attar-of-roses or any
other harmless vapour substituted for chloroform,

(39) The effect of haemorrhage was tested by opening the femoral artery
and allowing a considerable quantity of blood (8 to 12 oz.) to escape. An
immediate lowering of the blood-pressure results, and this is very slowly re-
covered from. Such an accident, however dangerous it may be in itself, in no
way affects the action of chloroform, except in 8o far that a patient who has
been nearly bled to death would require less chloroform in his system to put
him into a state of anmsthesia. The low condition of his blood-pressure produc-
ed by the heemorrhage would tend to prevent the too rapid intake of chloro-
form, exactly as in the case of cutting the splanchnics. (Vide supra sub, para. 36.)

(40) When the hind feet are lowered on to the floor, so as to place the
animal in the vertical position, a considerable fall of blood-pressure in the
carotid artery occurs ; but when the animal 1s replaced on the table in the
recumbent position the pressure is fully restored. Various operations were per-
formed on animals in the vertical position, butin no case Wwas anything re-
sembling dangerous shock produced. Inversion of the body, so that the animal
stands on its head, has exactly the opposite effect,—the pressure rising in the
carotid artery and again falling to its former state, when the animal is replaced
in the horizontal poesition. Inversion of the body failed to restore an animal
that was in the last stage of chloroform poisoning,” though it raised the pressure
in the usual way as long as it was continued. The change in the pressure of

* FVide 100,
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sensitive, and the pressure rises and falls alternately to a slight amount and forms
a wavy trace, which may be continued right round the drum® without any parti-
cular change. As soon as air is rigidly excluded the pressure commences to fall
gradually exactly in the same way as with chloroform, and with the same succes-
sion of phenomena, »iz, first anwsthesia, then cessation of the respiration
then of the heart movements, and, finally, death.” How far this is due t{;
ether and how far to the results of asphyxia it is impossible to say, but an exactly
similar suecession of events can be brought about by making the animal inhale
carbonic acid gas alone (vide 160).

(45) If surgeons choose to be content with a condition of semi-anaesthesia,
it can no doubt be produced with perfect safety, though with discomfort to the
patient, by ether held rather closely over the mouth. Such a condition of imper-
fect anwesthesia would never be accepted by any surgeon accustomed to operate
under chloroform. If more perfect anwmsthesia is required, it can be procured
by excluding the air more rigidly ; but then there is exactly the same danger as
in giving chloroform. How very suddenly and rapidly the pressure may fall
and death ensue is well shown by Experiment No, 33. Ether injected into the
jugular vein produces a fall of blood-pressure and anwsthesia in the same way
as chloroform does (vide 93) ; but in all cases in which it was so injected, large
clots were found in the heart immediately after death. It is interesting to
note that Claude Bernard seems to have formed a very similar opinion with regard
to ether as the following quotations from his work entitled * Legons sur les Anes-
thésiques et sur L’ Asphyxie,” published n 1875 show, The first quotation
(page 50) is as follows :—** Aussi un certain nombre de chirurgiens proposé-
rent-ils d’abandonner Ie chloroforme pour revenir & I'éther, dont l'usage para-
{ssait moins A craindre. Aujourd’hui encore, les chirurgiens de Lyons emplo-
ient préférablement I'éther.  On croyait le chloroforme plus dangereux que
I'éther parce qu'il était plus actif ; mais, en réalité, la fréquence relative des
accidents par le chloroforme tenait peut-ctre tout simplement & ce que c’était cet
agent anesthésique qu'on employait dans I'immense majorité des cas. Plusieurs
discussions ont été provoquées par les partisans de I'éther, surfout par les re-
présentants de l'ecole de Lyons, et il a été constaté que I'éther, lui aussi,
avait produit un certain mombre d’accidents mortels. Les deux agents
anesthésiques usités peuvent done, l'un comme I'antre, entrainer quelques
risques de mort, et la chirmrgie humaine A conservé presque partout le
chloroforme, dont l'action est plus rapide et plus compléte.” The second

* Vide 146
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Respiration ceased at 4h. 30m. 50s., after which the pulse continued
feebly, but owing to clotting has not been recorded on the tracing. Death
after a few minutes, but not exactly recorded,

October 26th.—No. 29,

Large cream-coloured dog chloroformed in the box at 2h. 15m. Taken
out of the box and put on the dog-board at 2h, 39m. 40s., and kept under
chloroform in the ordinary way with Junker's inhaler. Canula inserted mto
carotid artery at 2h, 51m,, and connection made with both the Ludwig and
Fick manometers through a ¥ tube® at 2h. 58m. Trace No. I. Ludwig shows
the effect of evulsion of the toe-nails, Trace No, II, Ludwig the effect of snip-
ping the anus, the administration of large doses of chloroform, and of killing
the dog with chloroform, A elot formed in the canula at 3h. 15m, 55s. shortly
before the dog died, Four readings were taken with the Fick manometer—
1 and 2 while the dog was quietly under chloroform, and 3 and 4 during the
operation of snipping the anus,

October 26th.—No, 30,

Full-sized healthy pariah, Into chloroform box at 3h, 39m. Taken out
of the box and put on the table at 3h. 4m. 50s, and kept under chloroform in
the usual way. Dog fully under at 3h, 50m. 40s., and tying of the carotid artery
commenced, Canula inserted at 3h. 58m. 50s., and connection made with the
manometers at 4h. 3m.

Tracing I. Ludwig shows effect of a large dose of chloroform ; but it was
soon turned off, and the observations until the death of the animal recorded on

the Fick tracing 1.

October 28th,—No. 31.

Temperature of the room 18'5 to 20'56 Cent. Full-sized pariah which had
a daily dose of phosphorus (about a quarter of a pot of James' phosphorus
paste) for the previous three days, and was, in consequence, very weak and
thin. Chloroformed in a box at Th. 35m. Fell down at 7h. 41m. 50s. Placed
on dog-board at 7h. 45m. and kept quietly under chloroform. Carotid tied

® For & full description of the arrangement of the manometers, vide Appendix,
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Trace II. Ludwig shows effect of (¢) continued administration of chloroform
with at the same time (f) hemorrhage from the femoral artery, and includes
Fick readings Nos. 7 to 9.

Observations,
H. M, 8,
A, 11 12 20,—Chloroform pushed to stoppage of respiration and re-

covery with artificial respiration,

B. 11 18 0.—Chloroform again ; and evulsion of nails at 11h.21m.0s,,
11h, 21m, 40s,, 11h, 22m, Os, and 11h, 22m, 30s,
without any effect.

11 23 40.—Chloroform in vertical position.

11 25 0 and 11h, 25m. 40s, evulsion of nails,

E. 11 40 0,—Chloroform : during this administration the femoral

artery was opened and the effects of bleeding ob-
served. The experiment ended at 11h, 52m, 15s.

October 28th.—No. 33.

Strong, full-sized dog. Put under chloroform at 2h, 48m. 30s. Dog
removed from the box and put on the table at 2h. 56m., and kept quiet with
chloroform on the cap from time to time. Carotid tied at 3h. 1m. 30s. Arti-
ficial respiration at 3h. 3m. 15s. Breathing naturally again at 3h. 4m. 30s.
Oanula inserted at 3h, 7m. 30s. Still having chloroform from time to time,
Connection made with the manometer at 3h, 8m, 30s. The Ludwig tracing
shows the effect of (a) ordinary chloroform inhalation, (%) pressure on the abdo-
men, (¢) inversion of the body, (d) administration of ether until death resulted,
Post-mortem—YVegetations on pulmonary valves, one of the valves being
adherent to the wall of ventricle, The Fick tracing has seven readings in if,
which are fully explained on the fracing. Fick 7, taken when ether was pushed,
shows exactly the same slowing of the pulse when the respiration has stopped
as occurs with chloroform,

Experiment 33 shows the condition of semi-aneesthesia produced by ether
held rather closely over the mouth. If more perfect aneesthesia is required it
can be procured by more rigid exclusion of air; but then there is exactly the
same danger as in giving chloroform. How very rapidly the pressure may
fall and death ensue from ether is shown when the anwesthetic was pushed
and air excluded at the end of the experiment.

October 28th.—No. 34.

Full-sized, fairly-nourished pariah dog. Chloroform in box 8h. 52m. 15s.

Removed from the box and put on the table and kept under chloroform in the

=Be
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usual way. Arfery tied at 4h. 8m. 45s. Canula inserted at 4h. 9m. 45s. Con-
nection made with the manometers at 4h. 11m. 30s, Trace I, Ludwig shows
effects of ether and chloroform alternately, and finally death from chloroform,
and includes 12 Fick readings. Trace I. Fick gives the whole of the 12 Fick
readings in four revolutions of the drum,

October 29th.—No. 35,

Full-sized healthy pariah, Put into the chloroform box at 8h. 18m. 380s.
Fallen down at 8h, 22m. 40s. Placed on the dog-board at 8h. 24m. 18s. and
kept quiet with chloroform from time to time. Dog was found to be whining
even when the cornea was insensitive and breathing stertorous, although
chloroform had not been given for some minutes. Carotid ligatured at 8h.
40m. 30s. No. I. Ludwig shows effects of application of bicarbonate of soda
to the vagus; electrical stimulation of the vagus and of chloroform adminis-
tration ; and includes five Fick readings. Tracing No. II. shows the effect of
applying an ammonia bottle to the nose and of giving chloroform until
death, and includes Fick readings Nos. 6 to 9, Tracing No. ITI, Ludwig is not
preserved, but a partial tracing (III. Fick) reading No. 10 is included in
the Fick tracing of dog No. 36.

October 29th,.—No. 36.

Temperature of the room 25 Cent. Full-sized pariah rather thin, Into
chloroform box 10h. 45m. 80s. Taken out of box and placed on the dog-board
10h. 56m, 15s. and given chloroform on a cap from time to time, Struggling and
erymg, although cornea nearly insensitive. Carotid ligatured at 11h. 4m. 5s,
Canula inserted at 11h. 10m, 50s., and conmection with manometers made
at 11h, 26m. 20s, Canula accidentally sli pped out of the artery at 11h. 40m. 30s,
Dog kept quiet under chloroform and connection again made at 11h. 50m. 30s,
Two Ludwig and two Fick tracings during (a) application of carbonate of soda
to the eniire vagus nerve ; (4) administration of chloroform ; () electrical irri-
tation of the right vagus ; (d) ligature and division of both vagi ; (e) irritation
of the peripheral ends of the two vagi separately ; (f) irritation of the peri-
pheral end of left vagus when the animal was deeply under chloroform -
(9) irritation of the central ends of the two vagi separately ; and ﬁuall‘;,
(%) administration of chloroform continuously until death, : 3
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October 29th,—No. 37.

Temperature of room 26 Cent. Full-grown common monkey. Given
chloroform on a cap while in the cage. Placed on the table 3h. 2m. 30s. and
kept quiet under chloroform as before until connection made with the mano-
meter at 3h, 59m, 50s. Two Ludwig and one Fick tracings. Trace I. Ludwig
shows effect of (a) ordinary chloroform administration, () evulsion of toe-nail, (¢)
irritation of the entire vagus, and includes five Fick readings. Trace II. shows
effects of (d) administration of ether, but is much interrupted by accidents to
the apparatus, It includes Fick readings 5 to 8. Manometer given up on
account of clots at 4h, 53m. Cornea sensitive at 4h. 54m, 158, Chloroform
given at 4h. 54m. 30s, Pulse perceptible but breathing purely laryngeal at 4h.
57m. 458, No pulse at 4h. 59m. Heart inaudible at 5h., but a thin stick
on a needle thrust into the heart continued to vibrate regularly till 5h, 1m,

October 30th.—No, 38,

Temperature of the room 25 Cent. Full-sized pariah dog. Chloroformed
in the box at 7h. 4m. Placed on the table at 7h. 51m. 40s, and kept quiet with
chloroform. Jugular vein ligatured. Commection made with manometers at
8h. 45m. 10s. Manometer stopped at 9h. 45m. Dog killed with chloroform.
Respiration stopped 9h., 26m, 30s. Pulse stopped 9h. 29m. Heart stopped
9h. 30m. 40s. One Ludwig and one Fick tracing during (a) ordinary chlore-
form administration ; () irritation of left vagus with the secondary coil dis-
tant from the primary 15 centimeters. The Fick tracing consists of three
readings =

1. A failure,
9, Trritation of left vagus, coils 15 cent. distant,
3. Irritation of left vagus, coils 10 cent. apart.

This last reading was, however, interrupted by clotting.

October 30th.—No, 39.

Large fairly-nourished pariah, Chloroformed and placed upon the table at
10h, 14m. Jugular vein tied and canula inserted into earotid. Connection made
with manometer at 10h. 53m. Animal eventually killed with ether. Two
Ludwig and two Fick tracings. Trace I, Ludwig shows the effects of (a) irri-
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S
G. 4 11 O0.—Irritation of left vagus, coil 15 after another dose
(1-50th of a grain) of physostigmine.
{Irritatiﬂn of sciatic nerve again, coil 15,
0.—

Irritation of sciatic under increasing coil 15, 10
5 and 0.

I 4 21 50 —Chloroform administered for 35 seconds,

H 4 21

4 25 0.—Chloroform pushed. The respiration stopped at
4h, 27Tm. 15s. After this there were occasional
gasps, and at 4h, 29m, 30s. the needle in the heart
stopped moving. Artificial respiration was com-
menced at 4h, 30m. 10s. The animal quickly
recovered and breathed naturally at 4h. 31m. 15s.

K. 4 37 0.—Ether administered. Respiration again ceased tem-
porarily,
L. 4 42 0.—Chloroform pushed again till death,

Experiment No. 40 was frequently interrupted by clots forming in the
tubes. The experiment shows how very remarkable the success of artifieial
respiration is in some apparently hopeless cases in restoring the circulation,
During Fick 12 the heart had ceased beating after the administration for two
minutes of concentrated chloroform vapour. Every body thought the dog
was dead, but he was easily restored by artificial respiration. Before the
observation at Fick reading 12, the animal had been kept under chloroform
off and on for two hours and a-half; and for the two minutes immediately
preceding the stoppage of the heart it had b?en pushed 1:egardleﬁs ﬂf t!:ua
breathing. The explanation of the easy restoration of the animal .'b}r artificial
respiration is that he was suffering more from the effect of asphyxia than from
the effect of chloroform.

October 31st.—No. 41.

Temperature of the room 24 Cent. Full-sized healthy pariah with a wound
on the buttock. Placed in the chloroform box at 0h. 48m. Fell dowrt 9h. 5:‘3&
30s. Taken out of box and placed on the table at 9h. 56m. Cornea lllE-BﬂElhilE
gh. 57m. Connection made with manometer at 10h, 21m, Three Ludwig

and one Fick tracings.
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A clot having been found, the experiment was closed by squeezing the
Junker apparatus rapidly 80 times a minute, The heart-beat (indicated by a
flag thrust into the heart) continued six minutes after the respiration had
entirely ceased and 3m. 15g, after the pulse was imperceptible.

The one Fick tracing includes 7 readings taken at periods indicated on the
third Ludwig tracing.

November 1st,—No, 42,

Temperature of the room 22} Cent. Full-sized healthy pariah. Chloro-
formed and placed on the table at 8h. 18m. 20s. Hemorrhage from the
mouth while in the box about 1} oz, the result of violent strangulation in
restraining his movements. Kept quiet with chloroform as before. Struggled
violently while taking some chloroform and in consequence was given an over-
dose, Artificial respiration was resorted to at 8h, 22m, 50s,, and was continued
till 8h. 34m., but the dog did not recover. Post-mortem—Base of the left
lung engorged ; both sides of the heart very much distended with venous
blood ; valves healthy,

This dog’s death was undoubtedly the result of the reckless carelessness
which had marked the proceedings from the commencement, and was due
quite as much to asphyxia as to chloroform,

November 1st.—No, 43.

Temperature of the room 234 Cent, Full-sized healthy pariah. Chloro-
formed in the box as before. Placed on the table at 10h. 5m. and kept quiet,
breathing stopped at 10h. 13m. 30s. Artificial respiration until 10h. 14m. 30s.
Carotid ligatured at 10h. 17m. 80s. Canula inserted into the carotid at 10h. 20m,
Connection made with the manometer at 10h, 25m. Two Ludwig and one
Fick tracings.

Observations.

H. M. 8

A. 10 25 0.—Administration of chloroform with Junker squeezed
10 times a minute, using the ordinary mouth-piece.

B. 10 30 20.— Administration of chloroform with the lead tube of
the Junker thrust into the nostril in place of the
mouth-piece, at first at the rate of 10 squeezes per
minute, afterwards 20,
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(7) Same as 5 ; but a little later the effect of the hemorrhage still
marked.

(8) The same ; only more under the influence of ether.
(9) Just after ether was stopped.

(10) Effect of chloroform pushed.

(11) Do. do.

(12) Do. respiration stopped.

(13) The animal dying.

(14) Dead.

In this experiment (44) the figures (1),(2),(8), &e., refer to the Fick readings.

November 2nd.—No, 45,

Temperature of the room 23 Cent. Full-sized healthy pariah dog. Chloro-
formed at 9h. 52m, 45s. Fell down at 9h, 583m. 15s. Put on the table at 10h,
1m, 25s. Kept quiet under chloroform. Respiration stopped and artificial
respiration at 10h, 15m. Breathing spontaneously at 10h. 15m. 40s. Carotid
artery ligatured at 10h. 18m. Hs. Respiration stopped at 10h. 22m, 3s. Artificial
respiration until 10h. 23m. 5s. Connection made with manometer at 10h, 29m,
30s. Three Ludwig and three Fick fracings. During trace I. Ludwig ether
was administered with bladder inhaler and a closely fitting mouth-piece, air
being admitted every fifth and afterwards every tenth respiration, but this failed
to keep the dog in a state of anwmsthesia. Trace IL shows administration of
A. . B. mixture by a Junker’s inhaler, 10 squeezes per minute at first, then
90 squeezes, and finally with rapid squeezes. Trace HI_. EIELGWE t}lEl}C]Eﬂt]l :‘}f the
dog, the blood-pressure remaining at 32mm. T]l_ﬁ three Fick tracings Zavb 15
readings at times marked upon the Ludwig tracmgs. Total A. C. E. mixture

used, 9 drachms.

November 2nd.—No. 46,

Temperature of the room 25 Cent. Full-sized healthy pariah.  Chloro-
formed in box at 9h. 12m. 10s. Placed on the table at 2h. 26m. 30s. and kept
quiet with chloroform. Axrtificial respiration 2h. ﬂﬁm: 30s. to 2h. 30m. 50s.
Artery ligatured oh. 38m, Hds. Artificial respiration again 9h, 42m, to 2h, 42m,
90s. Connection made with manometers at 2h. 46m. 30s. when the dog was
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of the above (administration of chloroform, ether, and A. C. E.) and finally
death from chloroform. The four Fick tracings include 25 readings at times
noted on the Ludwig tracings.

==

(e

@ = = o

.

M.

Observations.
H. M. &
10 20 30,—Chloroform on cap.

10 25 0.—Respiration stopped and immediately afterwards the
heart’s action was arrested. This is what is called
secondary syncope. It is not however syncope at
all, but is inhibition of the heart due to wvagus
stimulation, and is a safeguard in that it delays the
conveyance of the chloroform to the nerve centres,
(Vide Fick 2 and compare with Fick 8.)

10 25 10,—Artificial respiration showing the easy restoration
of the animal.

10 30 20.—Ether on cap.

10 33 35.—Respiration stopped.

10 33 50.—Artificial respiration and gradual restoration,

10 38 50.—A. C. E. mixture on cap. This observation shows
that chloroform, ether, and the A. C. E. Mixture
produce precisely similar- effects, only varying in
intensity.

10 41 30.—Respiration stopped. The same arrest of the heart’s

action subsequently took place as in observation
(. Compare Fick 8 and 9 with Fick 2 and 3.

10 42 0.—Artificial respiration and gradual restoration.

10 49 45—Observation B repeated. The record is incomplete
on account of an interruption from clot.

11 5 0.—Ether, with very little air, on cap. Respiration
stopped at 11h, 9m, 30s. Artificial respiration at
11h. 10m, Os. restored the animal,

11 27 0.—A. C. E. mixture on cap pushed till stoppage of the
respiration, Restoration by artificial respiration.

11 39 45,—Chloroform on cap pushed till death.
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sh. 49m, 50s. Canula inserted 3h. 58m. 40s, Connection made with manometers
at 4h, One Ludwig and two Fick tracings during—

(4) Administration of A, C. E. with marked but intermittent falls in
the blood-pressure during struggling.

(B) Pushing A. C. E. until respiration stopped.

() Artificial respiration.

(D) Thrusting a needle into the heart.

(£) Pushing A. C. E. until death resulted.

Post-mortem—Organs healthy, Above two drachms of blood in the
pericardium.
Observations,

H, M. & .
A 4 8 0.—A. C. E. mixture : struggling, and consequent irre-

gularities in the fall of blood-pressure of precisely
the same kind as those which occur under similar
circumstances with chloroform and with ether :
a needle was thrust into the heart twice during the
observation. The A. C. E. mixture was pushed fill
stoppage of the respiration at 4h. 5m, Os. A needle
was thrust into the heart agam at 4h, 9m. 20s.
during revival ; and the depressing effect of this
operation is well shown in the tracing,

B. 4 11 30.—A. C. E. mixture pushed till regpiration stopped .
death, In Experiment 52 the effect on the heart of
holding the breath is very frequently demonstrated
in the Ludwig tracing from 4h. 1lm, 33s. to
4h, 12m. Os, and in the Fick 1, tracing 4.

November Hth.—No. 53.

Temperature of the room 93 (ent, Full-sized pariah dog. Into chlo-
roform box at 7h. 47m. 20s. Fallen down at 7h. 57m. Placed on the table at
8h. 2m. 158, Artery ligatured at 8h, 17m. 20s. . Canula ingerted at 8h. 23m,
30s. Conmection made with manometers at 8h. 27m. 30s. Two Ludwig and
two Fick tracings. The tracings show the effect of pushing first chloroform
and afterwards ether administered on an impervious cap, and finally killing
with chloroform. They also show the offect of thrusting a needle into the
heart, and the continued s ritation caused by its presence. Post-mortem—
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November 5th,—No, 56,

Temperature of the room 253 Cent. Full-sized strong pariah., Chloro-
form given at 1h. 48m, 30s. Fallen down at 1h, 56m. 30s, Placed on the table
at 1h. 58m. 10s. Artery ligatured at 2h, 6m. 45s. Canula inserted af 2h.
11m. 30s. Connection with manometers at 2h, 15m. 15s. In this experiment
it was intended to smother the dog with a tin mouth-piece carefully closed, but
after death it was found that a sponge with a small amount of chloroform upon
it had been accidentally left inside the mouth-piece, Ome Ludwig and one
Fick tracing showing—

Observations,
H, M, B.

A. 2 16 20,—Chloroform ; stopped at 2h, 17m, 40s., needle into the
heart at 2h. 17m. 50s.

B. 2 20 5—Simple asphyxia with a very small quantity of chloro-
form, accidentally left in the inhaler. At 2h, 27m. Os.
the heart’s action was arrested, probably owing to
vagus stimulation, for 15 seconds (vide Fick 7).
The heart stopped finally at 2h, 30m. Os, |

Fick reading 8 shows clearly the gradual cessation of movement in the
needle thrust into the heart. Post-mortem examination showed general venous
congestion ; small hesmorrhage in the lungs ; a small cyst n the wall of the
heart, and a large suppurating lymphatic gland in the wall of sesophagus,

November bth.—No, 57.

Temperature of room 26 Cent, Full-sized pariah. Chloroformed in box
oh. 37m. 15s. On the table 2h. 42m. 30s. Artery ligatured 2h.49m. Con-
nection made with manometer 2h, 53m. One Ludwig and two Fick tracings.
An attempt was made to simply smother the dog with the padded mouth-
piece ; but complete asphyxia could not be produced, and he was eventually
killed with A, C. E. mixture pumped into the mouth-piece with Junker’s
inhaler. Fick readings 4, 6, and 7 show very well the slowing of the heart
produced by asphyxia. Post-mortem—Intense venous congestion.

Observations.
“H, M, B,

A. 2 53 40.—Partial asphyxia. : .

B. 311 5—A. O, E. mixture pumped into the mouth-piece with
Junker's inhaler till death, Respiration ceased at
3h. 16m, Os, and the heart stopped at 8h. 20m. 15s.
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Observations.

A. 10h, 28m. 0s.—Smothering with an empty inhaler. The irregular
fall of pressure due to asphyxia, and to asphyxia combined with chloro-
form, is seen in Fick readings 1 and 2, '

B. 10h. 32m, 5s.—Chloroform pumped into the air-tight inhaler.
Fick 3 shows the very rapid fall of pressure due to vagus stimulation in an
animal already partially asphyxiated, and how quickly chloroform-poison-
ing and paralysis of the respiratory centre occurs under these circum-
stances. From Fick 3 and the absence of pulse it was thought by every-
body present that the heart had altogether stopped, simultaneously with
the respiration, at 10h. 33m. 0s., but when the thorax was opened at 10h.
36m. 30s,, three minutes and-a-half after the breathing stopped, the heart
was found to be beating vigorously, and it continued to do so till 10k,
39m, 50s., nearly seven minutes after the cessation of respiration.

Experiment No. 60 affords an excellent example of the remarkable slow-
ing and even temporary cessation of the heart’s action, which occurred again
and again throughout the Commission’s enquiry at the same moment as the
respiration stopped. The heart always recovered itself and began to beat re-
gularly again before any steps were taken to restore the animal and without
any respiration taking place. (Vide Experiments Nos. 49, 162 and 178, and
compare with 60). The failare of the heart, if such it can be called, instead of
being a danger to the animal, is a safe-guard by preventing the absorption of
residual chloroform from the lungs and its distribution through the system. If
the arrest of the heart in these experiments is due, as it appears to be, to
vagus stimulation, there is no doubt that the inhibiting action benefits the
organ and, besides resting it, acts on if as a tonic,

November 6th.—No. 61.

Temperature of room 24 Cent. Full-sized pariah dog. Put into the
chloroform box at 10h. 42m. Fallen down at 10h. 55m. 30s. Placed on the
table at 10h. 57m. 45s. Temperature in the rectum 99-2 F. Artery ligatured
at 11h, 4m. A little chloroform given at 11h. 9m. Connection made with the
manometers at 11h. 10m. 15¢, Temperature after death 98:2 F. Two Ludwig
and two Fick tracings showing the effect of giving ether fo an asphyxiated
animal. The extraordinary fall of pressure, which occurred at the commence-
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Placed on the table at Th. 53m. and given a little chloroform from time to time
to keep him quiet. Artery ligatured at 8h, 5m. 10s. Temperature in the
rectum 982 F. A loose ligature placed under both vagi., Connection made
with the manometer at 8h. 20m. 155, Three Ludwig and three Fick tracings,
Ludwig I. is during (@) a short administration of chloroform ; () ligature of
the right vagus after the chloroform was stopped, causing very marked
and continued depression ; (¢) artificial respiration ; (d) division of the right
vagus ; (e) peripheral irritation of the right vagus, electrically (coils distant 10
cent.), with at the same time the pushing of chloroform on an ordinary cap for
a little over two minutes; (f) artificial respiration and gradual recovery.
Ludwig tracing II. is during (g) peripheral irritation of the right vagus (Fick
reading 9) ; (%) irritation of right vagus, peripheral as before, and pushing of
chloroform at the same time (Fick reading II.) for about one minute ; (¢) grad-
ual recovery without artificial respiration ; () the same experiment again,
irritation of right vagus and pushing chloroform, for over two minutes ; (k)
recovery again without artificial respiration, but in the course of recovery,
irritation of the right central vagus ; and (I) ligature and section of the left
vagus. Ludwig tracing ITI. is during () irritation of the periphery of both
vagi with pushing of chloroform at the same time for about two minutes ; ()
opening and placinga tube into the trachea; (o) chloroform accidentally squirted
into the trachea and gradual death of the animal. The time of the 22 Fick
readings is noted on the Ludwig tracings. Temperature in the rectum after
death 984 F.

Observations.

A. 8h. 20m. 30s.—Chloroform administered. Irritation of right
vagus at 8h. 22m, Os, causing almost total arrest of the pulse from
8h. 22m. Os. to 8h, 23m. 45s. During this period there were only
25 pulsations registered, and most of these pulsations occurred during
the last 45 seconds (vide Fick 2). Chloroform was pushed to stoppage of
the respiration and the animal was restored by artificial respiration. The
vagus was divided at 8h, 27m. Os.

B. 8h, 29m. 50s.—Irritation of the peripheral end of the right vagus
when the animal was out of chloroform. The slowing of the heart and
great fall of blood-pressure caused by stimulation of the vagus are well
shown on the Ludwig tracing. The administration of chloroform was
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the respiration was no longer a factor in the process, except to eliminate it
from the lungs. The effect of the uncontrollable absorption of ehloroform
into the blood was, not to give rise to any paralysis or weakening of the
heart, but simply to produce the ordinary regular and gradual fall of the
blood-pressure, which is associated with narcosis of the nerve centres in
the medulla, in normal chloroform inhalation, The trachea was opened at
9h. 19m, Os, and a tube inserted at 9h. 19m. 50s,

E. 9h, 25m, 0s.—Chloroform was accidentally squirted into the
trachea. Respiration stopped at 9h. 28m, 45s.; slight thoracic movements
occurred at 9h, 31lm. 25s ; a needle was inserted into the heart at
9h, 33m. 30s; and the heart-movements were perceptible until 9h, 35m, 20s.
The artery was cut and the pressure fell to zero at 9h, 36m, Os,

November 7th.—No. 635.

Temperature of the room 23} Cent. Full-sized pariah, but very old. Put into
the chloroform box at 10h, 43m. 30s. The dog escaped from the box, but was
put into it again at 10h. 45m. 15s. Fallen down at 10h, 56m. Placed on the
table at 10h. 56m, 45s. and given enough chloroform from time to time to keep
him quiet. Temperature in the rectum 100-8 F. at 11h. 4m. 20s. Artery liga-
tured at 11h, Tm, Canula inserted into the artery at 11h, 6m. Loose Ligature
placed under both vagi. Connection made with manometers at 11h. 20m, 5s.
Three Ludwig and three Fick tracings during (a) rapid chloroform admin-
istration until respiration ceased and for about a quarter of a minute after-
wards, 7.e., for 1 minute in all ; (8) gradual recovery without artificial respira-
tion ; (¢) double ligature and division of the right vagus ; (d) uritation of the
peripheral end of the right vagus, together with pushing of chloroform by the
ordinary cap for 2} minutes. The distance of the coils was changed from 10
cents, to b cents. in the middle of the experiment ; (¢) gradual recovery without
artificial respiration ; (f) irritation of the central end of the right vagus
(Fick reading 7) ; (g) pushing chloroform for nearly one minute and stopping
the respiration, necessitating resort to (%) artificial respiration ; (7) irritation of
the central end of the right vagus again (Fick 10); (/) irritation of the periphery
of the vagus again with chloroform pushed as before for five minutes ; (k)
spontaneous tendency to recovery assisted after 33 minutes by a short artificial
respiration ; () ligature and division of left vagus ; (m) pulling at the vagi ;
(n) irritation of both vagi, pushing chloroform for just over 5 minutes, while
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artificial respiration was employed whenever the respiration stopped so as to
ensure the chloroform entering the lungs. Afterwards the dog took a few
shallow respirations and then died in spite of artificial respiration.

Temperature in the rectum just after death 98 F.,

Observations,

A. 11h, 22m, 50s,—Pushed chloroform ; breathing stopped at 11h,
23m, 34s,; chloroform cap removed 11h, 23m. 50s ; breathing restored
spontaneously without artificial respiration,

B. 11h, 30m, 0s,—Chloroform pushed with simultaneous irritation of
peripheral end of right vagus. The slowing of the pulse due to vagus
stimulation 18 shown in Fick 4. Breathing stopped at 11h, 32m. 35g,,
and recommenced spontaneously at 11h, 33m. 20s, Fick 7 shows the
tracing of the respiration and pulse during irritation of the central end
of the vagus. The respiration was not stimulated, but arrested by the
irritation of this portion of the nerve.

C. 11h. 38m, 5s.—Chloroform pushed till 11h, 38m. 55s., when the
respiration stopped and the pulse tracing disappeared (vide Fick 8). The
animal was restored by artificial respiration. The central end of the right
vagus was irritated from 11h, 41m, 50s. to 11h, 42m, 20s. The effect in

slowing the respiration, and of this on the pulse, is well shown in
Fick 10.

D. 11h, 51m, 55s.—IDrritation of the peripheral end of right vagus
followed at 11h, 52m, Os. by chloroform. The irritation and chloroform were
kept up till 11h, 57m, Os. Respiration stopped at 11h, 54m, 0s, There were
a few gasps at 11h, 57m, 10s. Artificial respiration was not commenced
till 12h, Om, 40s, The animal recovered. The first respirations are seen
in the Ludwig tracing between 12h, 1m, Os. and 12h, 2m, Os. The effects
of stimulation of the vagus in slowing the heart and circulation are dis-

played in readings 13, 14, 15, 16 and 17 Fick. The left vagus was divided
at 12h, 4m, 55s,

E. 12h, 12m, 45s.—Irritation of the peripheral ends of both vagi and
c.;hlm'nfﬂrm administration kept up till 12h, 18m, 0s., the chloroform being
inhaled by artificial respiration when natural respiration failed, Death
8
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ensued. Experiment No, 65 proves that inhibition of the heart's action, due
to stimulation of the vagi during continued chloroform administration, pre-
vents rather thanassists the fatal effects of prolonged chloroform inhalation,
and that lowering of the blood-pressure either suddenly or gradually with-
out weakening of the heart is in no sense a danger,

November 8th—No. 66,

Temperature of the room 21'5 Cent. Full-sized pariah dog. Into chloro-
form box at 9h. 25m. 30s. Fallen down at 9h. 33m. Placed on the table at
Oh. 35m. 45s., and given chloroform now and again. Canula inserted into
left carotid. Loose ligatures placed under both vagi and a large-sized glass
tube tied into the trachea. Connection made with the manometers at 10h, 6m,
The animal was first asphyxiated and then given ether through the tracheal
tube by means of Junker’s inhaler. Death ensued rapidly.

November 8th,—No. 67,

Temperature of the room 23 Cent. Full-sized pariah dog. Into the
chloroform box at 10h, 89m, 15s. Fallen down at 10h. 48m. 0Os. Placed on
the table at 10h. 51m. 30s, Temperature in the rectum 990 F. Ligature of
the carotid at 11h. 3m. 30s. Tube placed in trachea and loose ligatures under
both vagi. Connection made with manometers at 11h, 16m. One Ludwig
trace and one Fick (one Fick reading is incorporated with the Fick readings
of 68). Chloroform was administered by the Junker inhaler attached to the
tracheal tube and death occurred very rapidly. Before the chloroform was
given the sciatic nerve was irritated. Artificial respiration was tried for
several minutes in vain, though it kept up a certain amount of blood-pressure,
and ammonia was held opposite the opening of the trachea. Post-mortem
examination showed that there was nothing abnormal in the heart or other
organs. Rupture of the liver had occurred and there was much blood in the
peritoneum, but this can only have occurred after the death of the dog, as
artificial respiration was very gently applied for a long time. Temperature in
the rectum after death 994 F.

November 8th.—No, 68,

Monkey (fair-sized Macacus). Chloroformed at 2h. 10m. 45s. in box.
Temperature of the room 24'5 Cent. Fallen down at 2h. 23m. 15s. On the
table at 2h, 27m. 45s, and kept quiet with chloroform from time to time.
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60

H., M. B

5 0.—Administration of ether on a sponge placed in a tin
inhaler with the air-holes open.

5 9 0.—Repetition of I, K, and M, under ether.

5 13 0.—The same. Vide Fick 11 ; the effect of irritating the
vagus not marked as before.

5 16 0.—Division of the right vagnus. '

5 20 0O.—Trritation of the peripheral end of the right vagus
while still under ether.

5 21 0.—Ditto when dog *“ quite out”. Chloroform was then
pushed until death resulted, the heart stopping at
5h. 25m. But the tracing was interrupted by a clot
in the tube.

November 9th.—No. 70.

Temperature of the room 20 Cent. Large-sized pariah dog. Into
chloroform box at 9h. 42m. 50s. Fallen down at 9h, 45m. 155, On the table at
9h. 47Tm. Left carotid artery ligatured at 9h, 53m, 15s. and canula inserted into
it. Loose ligature under right carotid and both vagi. Connection made with
manometers at 10h, 2m. 40s. Two Ludwig and one Fick tracings.

A.

g Q

- b ==

Observations,

B, M

10 3 30.—Clamping the right carotid artery so that both carotids
were obstruected.

10 6 40.—Administration of ether in an open inhaler, through
which there was free entrance of air during the clamp-
ing of the carotid and after the clamp was taken off.

10 17 35.—Ligature and division of the right vagus.

10 19 10,—Peripheral irritation of the right vagus with a b cent.
coil. Cornea insensitive.

10 20 15.—Repetition of D, vide Fick reading 7.

10 22 0.—Exposing seiatic nerve,

10 24 10, —Trritation of the seciatic nerve, coil 5, No effect.

10 37 35.—Opening the trachea and fixing a tube in it.

10 39 55.—Administration of ether on a blotting paper cone held
over the end of the tracheal tube., This, however,
failed to keep the dog insensitive, although a little
ether was squeezed into the tube,
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H, M. B8

I. 11 52 0,—Giving chloroform on a cone of blotting paper attach-
ed to the tracheal tube,

J, 12 0 40.—Administration of ether in the same way for a few
seconds by mistake.

K. 12 4 0—Pulling at the right vagus.

L. 12 4 50.—Iritation of the peripheral end of the right vagus,
coil 5 during continued pushing of chloroform.

N Tk Irritation of both right vagus and sciatic during
continued pushing of chloroform. Stoppage of the

respiration at 12h, 8m. Os, and spontaneous re-
covery at 12h, 9m, 45s.

N. 12 10 30.—Squirting § a drachm of chloroform into the tracheal
tube, and—

0, 12 11 30,—Irritation of the right vagus again, The end was
obscured by a clot in the tubes.

Temperature at death 98 F,

November 9th.—No, 72,9

Temperature of the room 23'5 Cent. Full-sized pariah dog. Weight
30 Ibs. Into the chloroform box and chloroform given at 2h. 21m. 50s.
Placed on the table at 2h. 25m. 35s. and kept quiet with chloroform, Stopped
breathing at 2h, 24m. 158, Artificial respiration until 2h. 35m. 45s. Tempera-
ture 1088 F. in the rectum. Left carotid ligatured at 2h. 36m. 45s. Right
jugular vein ligatured and canula inserted at 2h. 52m. Connection made with
the manometer at 2h. 53m. 30s. One Ludwig and one Fick tracing showing
the effect of injecting ether and afterwards chloroform into the jugular vem.
Temperature after death 102:2 F, Post-mortem—the blood in the left side of
the heart was clotted.

Observations—

A. 2h, 58m, 45s,—Fifteen minims of ether injected into the jugular
vein : no appreciable effect, At 2h, 59m, 40s, twenty minims of ether
were again injected, Between 3h, 1m, 0s. and 3h, 1m. 30s. one drachm of
ether was injected into the jugular vein and the blood-pressure fell very
rapidly, The respiration stopped at 3h. 2m. Os. and the Fick reading 2
shows almost total arrest of the pulse tracing exactly similar to that caused

* Nos, 72 and 78 may be grouped with Nos, 77, 01, 92 and 93,
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by vagus stimulation after cessation of the respiration from chloroform
poisoning. At 3h. 2m. 20s. artificial respiration was commenced and
natural respiration was restored at 3h, 4m, 30s,

B. 8h, 8m, 30s.—Twenty minims of chloroform injected into jugular
vein. The effect was precisely the same as that of the intravenous injec-
tion of ether. Fick reading 4 with chloroform is identical with Fick
reading 2 with ether, This and other experiments, when pure chloroform
and ether were injected into the large veins of the neck, show that even
pure chloroform or ether in the blood do not stop the heart till after they
have produced narcosis and paralysed the respiration,

The most important point in Experiment 72 is that after a considerable
amount of ether had been injected into the jugular vein and a rapid condition
of pulse had been produced, the effect of injecting chloroform into the jugulars
was much greater, and the fall of blood-pressure was much more rapid and
dangerous than in the cage when chloroform alone was injected,

November 9th.—No, 73.¢

Temperature of the room 24 Cent, Full-sized pariah. Weight 32 1bs,
Put into chloroform box at 3h, 28m. Fallen down at 3h, 35m. 40s, Placed
on the table at 3h. 36m, 30s, Temperature 1022 F, in rectum, Jugular vein
ligatured and canula inserted. Lefs carotid ligatured at 3h, 45m, Connection
made with the manometers at 3h, 50m. One Ludwig and two Fick tracings
during injection of ether (Fick 2) into Jugular vein, afterwards chloroform
(Fick 5) and again ether (Fick 9), which brought about death, Temperature
after death 100 F. Post-mortem—Small clot in the left ventricle, which was

filled with venous blood, clot in superior vena cava, Serous fluid in the
pericardium,

Observations,

H. M, §,
A. 3 53 10.—Injection of twenty minims of ether into deep jugular
vein ; repeated at 3h, 53m. 35s., 3h, 54m, 5s,, and
3h. 54m. 30s, The effect is shown in Fick reading 2,

B. 3 59 40.—Injection of twenty minims of chloroform into Jugular

vein ; the effect is shown in Fick reading 5 and is

3 identical with that produced by ether,

* Nos, 72 and 78 may be gronped with Nos, 77, 91, 92 and 98,
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H. M, #

(. 4 5 55—Injection of twenty minims of ether. See Fick read-
ing 9. The injection was followed by rapid fall
of pressure; the respiration stopped at 4h. 6m. 40s,;
gasping took place at 4h, 8m. Os.; the thorax was
opened at 4h, 9m. Os., and the heart was found still,
with a clot in the left ventricle. The disastrous
effect of injecting ether after chloroform is well
shown in this experiment,

November 11th,—No, 74,

Temperature of the room 19'5 Cent, Rather small pariah dog. Weight
91 1bs. Into chloroform box at 8h. 13m, 30s, Fallen down at 8h, 17m,
Placed on the table at 8h. 2lm. 50s, Temperature in the rectum 1004 F.
Left carotid ligatured at 8h, 28m. 10s, Right jugular vein ligatured at Sh.
33m. and canula inserted into left carotid 8h, 44m, Connection made with
the manometers at 8h, 46m. 15s. Two Ludwig and three Fick tracings.

Observations.
H M, 8

A, 8 47 30,—Ordinary chloroform administration.

B. 8 48 20.—Thrusting a needle into the heart,

C. 8 49 25—Irritation with a 10 cent. coil of the right vagus entire,
(Fick reading 3).

D. 8 51 5—Chloroform again rapidly. Stoppage of respiration and
recovery with artificial respiration,

E. 9 0 0—Injection of atropine 1-50th grain into the jugular vein,

F. 9 6 40—Chloroform administration again during struggling ;
the respiration again stopping and necessitating
artificial respiration.

G. 9 14 25.—Trritation of the right entire vagus,
H. 9 16 50.—Injection of 1-25th grain of atropine into jugular vein.

1. 9 22 5 —Irritation of right vagus again when animal under
influence of atropine. Coils moved from 10 to

and then to 0 (Fick 13).
K. 9 34 30.—Pushing chloroform until death.

Heart was still beating 3 minules after the pulse became imperceptible.
Temperature after death 97-4 F.
Post-mortem—T1wo drachms of blood in the pericardium ; no clot in heart,
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H. M. B8,
D, 3 40 0.—Thrusting needle into heart.
E. 3 42 30.—Inhalation of ammonia.

F. 3 43 0.—Pushing chloroform until after respiration had com-
pletely stopped, and then

G. 3 46 0,—Restoration by artificial respiration.

H. 3 48 20.—Pushing chloroform until death resulted.

Temperature after death 994 F.

November 12th.—No. 77,

Temperature of the room 185 Cent. Medium-sized pariah 26 lbs. Into
chloroform box at Th. 2Tm. 12s, Fallen down at Th. 36m. 50s. On the table
at Th. 38m. 50s. Artery ligatured at Th. 50m. 10s. Temperature in the rectum
99:2 F. Canula inserted into the left carotid at 7h, 58m. 50s. Right jugular
ligatured at 8h. 3m. 10s. Connection made with manometer at 8h, 13m.
Three Ludwig and one Fick during repeated injection of ether into the
jugular vein in doses of first 20m,, then 40m., and 60m., and finally 120m. One
injection of 60m. was also made into the thigh subcutaneously. When the
pulse was no longer perceptible, a needle was thrust into the chest, but did not
reach the heart and consequently did not move. The dog was still gasping
occasionally until the thorax was opened at 9h. 12m., when the heart was
found to have ceased beating, but rhythmical waves in the heart-wall occurred
until 9h, 24m., although the heart had been removed from the body and cut
open, Temperature after death 98 F. Post-mortem—Large clot in left ven-
tricle, Right side full of clots.

Observations,
H. M, 8.

8 13 30.—FEther 20 minims injected into jugular vein ; no effect.

i

B. 8 18 20.—Repeat injection of 20 minims of ether ; this injection
was followed by slight fall of blood-pressure.

C. 8 19 50.—Another 20 minims of ether injected into the jugular
vein. The fall of blood-pressure again occurred to
a greater extent. .

D. 8 24 10.—Repeat ether injection. A still further fall of pressure
is noticeable and the recovery from this fall was
slow. ;

E. 8 27 20.—Forty minims of ether injected into the jugular ven.
A very rapid and deep fall of blood-pressure took
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November 12th.—No. 78.

Monkey (Macacus). Weight 104 lbs. Temperature of the room 21 Cent,
Into chloroform box at 10h, 4m, 30s. On to table at 10h, 9m, 23s, and kept
quiet with chloroform, Temperature in rectum 98 F, Artery ligatured at
10h. 34m, 50s, Loops under both vagi. Connection made with manometer at
10h, 46m. 30s. Two Ludwig and one Fick tracing.

o, M 8 Observations.

A. 10 49 0,—Ordinary chloroform administration.

B ey Violent struggling with great irregularity of blood-
pressure,

C. 10 54 20.—Dropping chloroform into nostril ; effect of struggling
again shown,

D, 10 55 20.—Pushing chloroform until respiration stopped.

E. 11 6 20,—Mechanical irritation of the right vagus,

F. 11 7 0.—Electrical irritation of the entire right vagus, coils
10 cent, distant (Fick 8),

G. 11 10 50.—Ligature of the right vagus.

H. 16 26 35.—Division of the same,

I, 11 29 40.—Irritation of the peripheral end of the right vagus, coil
at 10 (Ludwig tracing).

J. 11 31 0.—The same, only coil at 5 (Fick 9).

K. 11 33 O.—Injection of atropine into the peritoneal cavity.

L. 11 39 40,—Irritation of the peripheral right vagus again, coil
5 (Fick 11).

M, 11 45 30.—The same, only coil 0.

N.B.—The effect upon the blood-pressure of pushing chloroform was not
nearly so great as in previous experiments, though the animal was very readily
put “ under "

Hopeless clotting stopped the manometer at 11h. 56m. 20s., and the monkey
was given chloroform finally with the view of killing it. Respiration stopped
at 12h. 4m. 40s, ; pulse perceptible until 12h. 6m. 30s. Heart flag-moving
until 12h. 9m, 558, Thorax opened and heart still beating rhythmically at 12h,
11m. 35s., a little blood passing into the aorta at each beat. The contractions
became partial and ineffective at 12h. 18m, 40s., but were re-establiahed.hy
compressing the septum and continued until 12h. 28m, TIrregular flickering
continued even after this for some minutes, Temperature 98 I, in the rectum.
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Two Ludwig and two Fick tracings.

H M, 8 Observations.

A, 4 7 40,—Ordinary chloroform administration. The effect of
struggling is well shown.

B. 4 11 0.—Irritation of right vagus, entire, coils 8} cent, distant
(Fick 4).

O. 4 14 10,—Irritation of left vagus, entire, 81 coil (Fick 5).

D. 4 14 50.—Chloroform again,

E. 4 17 45—Injection of }th grain atropine into peritoneal cavity.

F. 4 19 30,—Irritation of right vagus, coil 8% again (Fick 6).

(. 4 20 30.—TIrritation of entire left vagus, coil 0 (Fick 7).

H. 4 22 30.—Pushing chloroform until respiration stopped com-

pletely, and restoration by artificial respiration.
The effect of struggling is well brought out in this
observation.

(Manometer tracing was interrupted at 4h, 33m. to
divide the left splanchnic nerve and started afresh
at 4h. 49m, 50s. after cutting the left splanchnie
nerve which did not appear to effect pressure much.)

1. 4 50 40.—Administration of chloroform for a short time.
*J. 4 53 0.—Evulsion of nails,

K., 4 56 30.—Squeezing and afterwards smashing the testicles.

L. 4 58 20.—Pushing chloroform.

M. 4 59 0.—Thrusting needle into the heart and death.

Slow gasping movements of the chest continued after the heart had ceased
to beat. Temperature after death 98-2 F, Post-mortem—There was very little
hemorrhage into the abdomen, The left splanchnic divided, right intact, No
clot in heart,

November 13th,—No. 81.

Medium-sized pariah dog, weight 30 Ibs,, which has been dosed with phos-
phorus for 2 days. 1-16th of a box of paste each day. Into chloroform box at T]_L
50m. 30s. Fallen down at 8h. 1m. Placed on the table at 8h. 4m, 20s. Carotid
ligatured at 8h. 14m. 10s. Canula inserted at 8h. 19m 30s, Temperature
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November 131;11.-;-1'7[0. 83,

Medium-sized monkey (Macacus). Weight 12 Ibs, Temperature of the
room 23 Cent. Into chloroform box at 2h, 21m, 33s. Fallen down at 2h, 30m.
15s, Placed on table at 2h. 32m, 10s. Carotid ligatured at 2h, 39m. 358, and
canula inserted. Temperature in the rectum 1032 F. Kept quiet with chloro-
form until connection made with manometers at 2h, 46m. 15s. Three Ludwig
and one Fick tracing.

Observations.
H, M, B,
A, 2 47 0.—Gradual coming out of chloroform,
B. 2 49 0.—Ordinary chloroform administration with struggling,
showing great irregularity of the blood-pressure.
C. 2 52 0,—Change of position to the vertical, during which—
D. 2 53 0,—Extraction of teeth,
E. 2 55 20.—More chloroform and strmggling at intervals,
F, 2 58 30.—Restoration to recumbent position,
G. 3 5 0.—Exposure of the ulna nerve at the elbow,
H. 3 7 0.—Tugging at the ulna nerve,
I. 3 8 20.—Incision into abdomen over the stomach.
J, 3 16 0.—Ligature of a glags tube into that organ ; stitching
of the abdominal wound,
K. 3 19 20.-~Inflation of stomach 'with air and suddenly allow-

ing the air to escape.

L. 3 25 0.—Re-opening the wound and re-adjusting the stomach
tube and re-stitching the abdominal wound.

M. 3 - 42 40,—Injection of hot water into stomach.

N, 4 0 0.—Injection of one-twelfth grain apomorphine into peri-
tonenm,.

0. 4 1 0.—Placing a thermometer in the rectum,

P. 4 2 30,—Artificial respiration at times, the respiration being
gasping and irregular,

Q. 4 9 40.—Tced water into stomach : running out through the
nose,
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box at 9h. 42m. Fallen down at 9h. 45m. 10s. Placed on the table at 9h. 46m,
45s., after which its breathing was noticed to have stopped. Artificial respira-
tion was commenced at once, but failed to bring him round, although there
was a pulse some time after it commenced.

This is a case where a weak sick animal was left in the chloroform box

too long, and its respiration neglected while it was being transferred to the
table.

November 14th.—No, 86.

Monkey (medium-sized Macacus). Weight 11 Ibs, Into chloroform box
at 10h, 27m. 22s. Fallen down at 10h, 13m, 15s. Placed on the table -and
kept quiet with chloroform, Carotid ligatured at 10h, 33m. 40s. Canula in-
serted at 10h, 39m, 30s. Temperature in the rectum 101 F. Connection made
with the manometers at 10h, 44m. Three Ludwig and one Fick tracing.

Observations.
" M

A. 10 45 20.—Small incision into abdomen,

B. 10 47 10.—Administration of chloroform : struggling, and irregu-
larity of the blood-pressure.

¢, 10 49 50.—Injection of 1-12th grain apomorphine info abdominal
cavity. (The animal then lay almost perfectly
quiet without more chloroform for almost an hour,
during which he was given another dose of apo-
morphine 1-12th grain.)

D. 11 43 30.—Pushing chloroform, with struggling, until respiration

ceased ; recovery with arfificial respiration,

11 46 0—Thrusting a needle into the chest but not into the heart.

11 51 30.—Effect of letting the tongue drop.

G. 11 54 30.—Repetition of D and E, and thrusting a needle into the

heart.

H, 12 12 0.—Injection of atropine, } grain, in abdomen, and finally

pushing chloroform until death resulted.

=

Thorax opened at 12h, 26m, respiration having EmPPEd’ bu.t afterwards
there were again regular movements of the diaphragm, which fmntmued off and
on until 12h, 23m, 50s., when they finally stopped. The fracing was stopped

e e s i o iz
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H. M. B,

B. 3 52 50.—Recovery with artificial respiration.
C. 3 59 20.—Pressure on abdomen,

( Pushing chloroform again until respiration stopped.

Division of both vagi while the animal was deeply
B! D under, Fick 5 shows that after division of the
vagi the slowing of the pulse observed in stop-
page of the respiration in chloroform poisoning
did not occur.

E. 4 4 0.—Gradual fall of pressure and death in spite of artificial
respiration.

Temperature after death 984 F.
November 15th.—No. 89.

Temperature of the room 21 Cent. Unusually large brindled dog. Weight
38 Ibs. Into chloroform box at 7h. 38m. Fallen down at 7h. 46m. 20s.
Placed on the table 7h. 48m. 50s. Temperature in the rectum 998 K.
Left carotid ligatured at 8h, 2m, 5s. Connection made with manometer at 8h.
6m. 30s. Four Ludwig and two Fick tracings.

Observations.
H, M, B.

A. 8 10 45.—Chloroform administration with struggling (the excur-
sions of the marker had previously been unusually
great), and pushing the same until respiration
ceased.

B. 8 24 20.—Artificial respiration and gradual recovery.
Q. 8 29 30,—Division of both vagl.

Administration of chloroform again until respiration
D 838 10— ceased, and
Artificial respiration as before.

E. 8 47 40,—Compression of the chest and administration of chloro-
form on a saturated sponge at the moment the chest
was released.

F. 8 51 0.—Pressure on abdomen.

e .« 2
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2h, 33m. and afterwards went to sleep. At 4h. 15m. he was still irritable and
unfit for experiment,

Nﬂvemﬁer 15th,—No, 91.

Large pariah dog, 38 Ibs. Temperature of the room 24:5 Cent. Chloroform
given at 2h. 34m. 45s. Fallen down at2h, 4Im. 30s. On the table at 2h. 43m.
15s. and kept quiet with chloroform. Temperature in the rectum 1004 F,
Right jugular vein ligatured at 2h. 51m. Canula into carotid at 2h. 58m. 5s.
Connection made with manometers at 3h. 1m. 30s. The pressure in the mano-
meter had been arranged a little too high before commencing, so that some
bicarbonate of soda must have been shot into the vessel. No convulsions
occurred. Three Ludwig and one Fick tracing,

Observations,
H. M. 8
A. 3 6 0.—A long period in which the dog was left without chloro-
form and occasionally struggled.

B. 3 35 20.—Injection at different times of 5 doses of chloroform,
20 minims each (except in one instance when about
5 minims or possibly more was spilled), into the
jugular vein. After the 5th dose the dog died,
the heart stopping at 4h. 13m. Temperature in
rectum at death 97-2 F. Post-mortem.—No clots
in heart.

November 18th.—No. 92.

Temperature of the room 23 Cent. Large-sized pariah dog. Weight
331 1bs, rather thin. Into chloroform box at 7h. 24m. 43s, Fallen down at
7h. 28m. 53s. On the table at 7h. 29m. 37s, Artery ligatured at 7h. 41m. 8s.
and canula inserted. Temperature in the rectum at 7h. 42m. 30s., 1006 K.
Jugular vein tied at 7h. 5lm. 47s. Connection made with the manometers at
7h. 58m, 20s. Three Ludwig and one Fick tracing during repeated injections
of chloroform into jugular vein. Nine doses were given in the course of an
hour, and death emsued very gradually, Temperature after death 97 E,
Post-mortem—After the chest was opened 5 or 6 regular movements of opening
and shutting the jaws coincident with rhythmical contractions of the diaphragm
occurred. The heart was quite still in all its cavities, There were no clots
in the heart. No sign of the needle in the heart.
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H, M. 8

B. 10 40 20,—Twenty minims of ether injected into the jugular
vein, The injection was repeated at 10h, 41m, 10s,"
and 10h, 42m, 15s, and each time the blood-pressure
fell and rose again in 40 or 50 seconds, At
10h. 47m. 10s. and again at 10h, 52m. 30s, forty
minims of ether were injected. There was on each
of these occasions a very rapid and prolonged fall
of blood-pressure and a slow weak pulse with
very difficult recovery.

C. 11 1 30.—Injection of sixty minims of ether into the jugular
vein, The fall of blood-pressure was immediate
and rapid, and the pulse tracing became almost
imperceptible (vide Fick 6 and 7). The pressure
remained low until 11h, 5m. 20s,, when slight
recovery took place (vide the Ludwig tracing at
11h, 5m, 0s.) At 11h. 6m, Os, sixty more minims of
ether were injected into the jugular vein and this
injection caused stoppage of the respiration and
death. Post-mortem gasps occurred as in Experi-
ment No. 92. The heart was found full of
venous clot.

November 18th.—No. 94.

The dog in No. 90 having escaped from the cage, another dog was given
9 grains of morphia at 8-20 am. At 10 o’clock he was still irritable and unfit
for experiment, for, although sleepy and at first sight apparently insensitive, he
could be easily aroused by even painless stimuli and then ran about in an ex-
cited wild way.

November 18th.—No. 95.

Temperature of the room 254 Cent. Monkey (medium-sized Macacus).
Held down on table and given ether on a cap at 2h. 50m. 45s., his temperature
in rectum being 102°4 F. at that time. Ether stopped at 2h. 51m., the animal
being quite quiet, though cornea not insensitive. Respiration chiefly abdomi-
nal, 68 per minute. Artery ligatured at 3h. 7m. 45s., and loop placed u:udt’fr
left vagus. Canula inserted into artery at 3h. 11m. 33s. Left jugular acci-
dentally cut ; so ligatured. Loop under right vagus and right carctid. Ether
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November 19th.—No. 96.

Temperature of the room 23 Cent. Medium-sized female monkey
(Macacus). Weight 11} 1bs. Into chloroform box at 9h. 23m, Fell down at
Oh, 31m. On the table at 9h. 33m. Temperature in rectum 1004 F, Artery
ligatured at 9h. 52m. 50s. Canula inserted at 9h. 58m. Connection made with
manometer at 10h. 6m. 40s. Two Ludwig and one Fick tracing.

H, M. 8 Observations,
A, 10 8 20.—Ordinary chloroform administration.

B. 10 16 40.—Bandaging the abdomen.
¢, 10 21 0.-—-Bandaging the lower chest with plaster of Paris.

Death ensued from asphyxia and in spite of artificial respiration after re-
moval of the bandage. Post-mortem—Heart cavities firmly contracted after
death, and lungs engorged. Trachea full of froth, Temperature atend of
Experiment 962 F, in rectum.

November 19th.—No. 97,

Medium-sized female monkey. Weight 93 lbs. Temperature of the
room 233 Cent. Into chloroform box af 10h. 50m. Fallen down af 10h. 58m.
30s., and placed on the table. Temperature in rectum 102-4 F. Artery liga-
tured at 11h. 11m. 10s., and canula inserted. Connection made with mano-
meters at 11h. 24m. 50s, One Ludwig and one Fick fracing.

H. M, B Observations.
A, 11 26 30.—Struggling.
B. 11 27 30.—Application of a plaster of Paris bandage to the chest
to imitate stays, and of
¢. 11 32 0.—A tight broad tape round the lower part of the abdo-
men to imitate the effect of petticoats.

D. 11 33 0.—Pushing chloroform until respiration stopped.

Death ensued although the bandages were quickly removed and in spite
of artificial respiration. Post-mortem—DBlood, arterial, in left side of heart.
Temperature after death 1024 F.

November 19th.—No. 98,

Small monkey fastened on to the rabbit board at 3h. 14m. 31}?.. A pin
placed in the heart and connected by a thread *with a time-marker wrifing on a
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H, M. 8, !
F. 10 24 40.—Ordinary chloroform administration.
G. 10 27 15—Extraction of teeth (Fick 10).
H. 10 42 0.—Blow on the abdomen with a fly-flapper (Fick 13).

I. 10 49 10.—Attempts to pass a grooved staff into bladder.
K. 10 54 0.—Castration.
L

11 5 0.—Electrical irritation of the spermatic cord.
M. 11 5 40.—Exposing the femoral vessels.

N. 11 16 20.—Transfusion of saline solution, about 220 c.c., into
the femoral vein.

0. 11 26 0.—Exposing and destroying the left splanchnic nerve
and plexus, during which operation the aorta was
aceidentally snipped, but the opening was at once
closed by a clamp and very little haemorrhage
occurred,

P, 11 39 10.—Thrusting a needle into the heart.

Q. 11 43 0.—Pushing chloroform until death with attempted res-
toration by means of transfusion of saline solution
and artificial respiration.

After the thorax was opened and the heart found to have quite ceased
beating, rhythmical movements of the diaphragm occurred. The heart con-
tinued irritable for some minutes. Temperature after death 97-2 F,

In Experiment 103, as well as in Experiments 80 and 92, rhythmical
movements of the diaphragm were noticed after the heart had ceased beating and
after the chest had been opened. In Experiment 103 the gplanchnic nerve had
been divided, death and stoppage of the heart were very gradual, and the heart
was still irritable during the diaphragmatic contractions.

November 20th, —No, 104.

A dog, weight 36} 1bs,, which had been dosed with phosphorus for two
days, Into chloroform box at 2h, 22m, 58, Fell down at 2h, 26m, 35s, On
the table at 2h, 29m, 30s,, and kept quiet with chloroform. Temperature in
rectum 1004 F, Artery ligatured at 2h, 34m, 7s, Canula inserted at 2h, 36m.

m—— e o
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H. M, 8.

P, 3 59 10.—Electrical stimulation of the heart.
Q. 4 5 50,—Placing ice on the abdominal cavity.
R. 4 9 0.—Pushing chloroform again until death resulted,

After the thorax was opened 87 rhythmical contractions of the diaphragm
occurred, but the heart continued beating for more than two minutes after
these had stopped. Post-mortem—Temperature 98:2 F. Weight post-mortem
344 lbs,

November 21st.—No, 105,

Large-sized pariah dog, weight 30f 1bs,, which has had three doses of
phosphorus previously on the 18th, 19th, and 20th instant, respectively. It
is in consequence very much out of sorts, and, judging from previous experi-
ments with other dogs, would certainly have died in a few hours. Into
chloroform box at 7h. 44m, 25s. Fallen down at 7h., 48m. 55s. Placed on
the table and a canula inserted into left carotid, Temperature in rectum 102 F.
Connection made with manometers at 8h. 9m. 10s. One Ludwig and one
Fick tracing.

Observations,
H, M, 8
A. 8 12 50—Pushing chloroform until respiration ceased (vide
Fick 2 and 3).
B. 8 16 50.—Recovery by artificial respiration.
C. 8 22 35—Snipping skin of the anus (vide Fick 5). No sign of
shock.
D. 8 24 80.—Ordinary chloroform administration (trace imperfect
owing to the drum sticking).
E. 8 28 55.—Pushing chloroform again and death in spite of arti-
ficial respiration,

The trachea was for some reason considerably obstructed with fluid,
so that the animal was probably in a state of partial asphyxia, Temperature
at death 1008 F.

November 21st.~—106.

Large-sized pariah, Weight 253 lbs. Has had three daily doses of
phosphorus on 18th, 19th, and 20th evenings. Given chloroform iat 0h, 6m.
Fallen down at 9h, 15m, 30s, On the table at oh, 16m. Artery ligatured at
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H, M, 8,
C. 10 581 0.—Injection of two doses of half a grain of tartar emetic
into the colon ; struggling,

D, 11 15 0.—Exposing and destroying the left splanchnic cord and
plexus, during which proceeding the animal was
detached from the manometer,

E, 11 34 20.—Pushing chloroform until respiration had almost
stopped.

F. 12 8 20,—Application of hot and afterwards cold cloths to the
body.,

12 14 40.—Placing a clean cap over the nose,
. 12 12 30.—Holding ammonia before the nose,

&

12 27 0.—Artificial respiration,

G
H
I. 12 20 0.—Pushing chloroform until respiration ceased,
J
K, 12 31 20,—Exposing the jugular vein,

L

12 36 0,—~Injection of ammonia, 5 minims of strong ammonia
diluted with 20 minims of water into the jugular.

M, 12 40 0.—Pushing chloroform finally until death resulted. The
decline of blood-pressure was unusually gradual.
The temperature in the rectum had fallen below
95 F. for some time before the end of the
experiment,

N.B.—Readings marked “ C " were taken with a second Fick instrument
made by the Cambridge Co.

To test the effect of shock due to vaso motor change rather than affection
of the heart Goliz's experimenton the frog was repeated on three dogs. In one
there was slight lowering of pressure which was not extensive, and in the others
no effect was produced at all. Other operations, which seemed likely to pro-
duce shock, such as violent blows upon the testicle, were singularly devoid of
effect, Failing to lower the blood-pressure by any of these methods, recourse
was had to section of the splanchnics, but the low condition of blood-pressure
this produced appeared, like stoppage of the heart from vagus irrita,tion,'to be a
source of safety rather than of danger during chloroform administration. In
this connection Experiment No. 111 may be studied. There was not much
external hesmorrhage, but the splanchnics were divided,—a proceeding which, as
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H. M, 8.
I. 4 20 30.—Pushing chloroform again as in D.

J. 4 26 55.—Haemorrhage again 250 cc. of blood taken.

K. 4 31 0.—Repetition of the transfusion and pushing chloroform
as before,

Failure to restore the animal in spite of artificial respiration and transfu-
sion of ammonia. Temperature in the rectum gradually fell to 96:8 F. at
death. Post-mortem.—Right heart filled with coagula.

November 23rd.—No, 114,

Rabbit into cubic foot box with paper saturated with chloroform at 7h,
41m, 10s. Breathing, which was held at first, rapid at 7h, 42m, Fallen on its
side at Th. 42m. 80s. Breathing stopped at Th, 42m, 50s, Stopped chloroform
and performed artificial respiration at Th. 43m. Convulsions at 7h, 44m. Pupils
gradually dilating. Convulsions nearly ceased at 7Th, 45m. Came round at
7h. 46m, No connection was made with the recording apparatus, and there is
therefore no tracing.

November 23rd.—No. 115.

Monkey. Weight 9% lbs. Temperature of the room 23 Cent. Into
chloroform box at 7h. 49m. 10s. Fallen down at 7h, 52m, 10s, Placed on the
board at 7h. 53m. and kept quiet with chloroform. Left carotid exposed and a
loop placed under the right vagus, Operation to expose the splanchnics com-
menced at 8h. 11m, 30s. Left splanchnic ligatured at 8h. 18m, and the plexus
excised. Artery ligatured at 8h. 24m, 5s. Canula inserted at 8h, 29m. 10s.
Temperature in rectum 97 F. Connection with manometer at 8h. 37m. 40s.
One Ludwig and one Fick tracing.

Observations.

H, M. & _
A, 8 38 45—Administration of chloroform ; struggling.
B. 8 44 0,—Administration of ether on a cap.

O. 8 46 50.—Asphyxia from the trachea becoming obstructed with
fluid.

D. 8 59 10.—Introduction of needle into the heart,
E. 9 2 50.—Pulling and cutting the right vagus.

The temperature in the rectum is noted from time to time on the Lud*::rig
tracings, At 9h, 5m, the experiment was brought to an end by the canula cutting
through the artery, and eventually the animal was killed with chloroform,
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table at Th. 36m. 20s,, and kept quiet with chloroform, Left carotid ligatured
at 7h, 46m, 10s, Canula inserted at 7h. 40m. 15s. Temperature in rectum
101'4 F. Connection made with the manometers at Th. 56m. 15s. Four
Ludwig and six Fick tracings showing the effect of pushing chloroform during
irritation of the entire right vagus on several occasions. In one of these the
irritation of the vagus was kept up continuously for more than eight minutes,
and the chloroform administration for seven minutes and the animal recovered
without artificial respiration. At another time when the irritation accidentally
failed on acconnt of defect in the electrodes, the animal was with difficulty re-
stored after chloroform had been pushed for one minute. Death eventually
ensued after prolonged irritation of the vagus together with pushing chloroform
and artificial respiration fo ensure the chloroform entering the lungs freely.
Observations,
O
A, 7 56 0.—Chloroform on an ordinary cap.

B. 8 1 40,—Electrical irritation of the right vagus, Inhibition of
~ the heart is seen in Fick 4,

C. 8 2 50,—~Chloroform pushed to stoppage of respiration ; artificial
respiration ; irritation of right vagus during revival
(wide Fick 5).

D. 8 9 10,—Irmritation of right vagus, chloroform commenced at
8h. 9m. 20s. and pushed to stoppage of respiration
(8h. 10m, 25s), chloroform stopped at8h, 11m, 50s, ;
irritation of the vagus stopped at 8h. 12m. 10s.
Natural breathing at once recommenced spontane-
ously. Observation repeated in the same way and
with the same result at 8h. 15m, 30s. (wide Fick
6.) Observation repeated for a much longer time at
8h, 28m, 30s. The chloroform and irritation of the
vagus were kept up from 8h, 28m. 30s. to 8h. 36m,
40s, (vide Fick 9, 10, 11, 12, 13 and 14), Directly
the irritation was stopped the pressure rose, showing
that very little chloroform had hitherto heen con-
veyed to the nerve centres, and that there is no
danger in mere lowering of the blood-pressure. The
pressure fell again at 8h. 37m, 0s. This evidently
occurred from the inhibition of the heart having been
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H. 9 31 25.—This observation consisted in prolonged irritation of
the vagus from 9h, 30m. 25s. to 9h. 41m. 50s.
and the administration of chloroform by artificial
respiration from 9h. 31m. 45s. to 9h. 3%9m, 50s,
The animal died, but the heart did not stop finally
till 9h. 44m. 30s. This observation would have
been more satisfactory if the vagus irritation had
been kept up until all the residual chloroform in the
lungs had been got rid of by artificial respiration.

The whole experiment is most instructive, as it, like Obgervation D in Experi-
ment No, 64, proves that inhibition of the heart's action by the vagus prevents the
fatal effects of chloroform poisoning and benefits the heart. The animal in
Experiment 117 was put into a condition of extreme danger, from which it could
only be restored by means of artificial respiration, by inhalation of chloroform for
litile over one minute (vide Ludwig I., 8h. 3m, Os, and Ludwig IL, 8h. 53m. 30s)
The same animal recovered spontaneously and readily after five minutes of
chloroform inhalation, with inhibition of the heart produced by electrical
stimulation of the vagus, At 8h. 20m, 20s. (vide Ludwig I1.) chloroform was
pushed for seven minutes during continued irritation of the vagus, and the
animal came round without artificial respiration. The danger really begins in
these cases when the irritation is discontinued or fails to inhibit the heart, and
thus enables the residual chloroform in the lungs to be rapidly absorbed and
thrown into the system (vide Ludwig IIL, 9h, 22m. Os. to 9h, 25m. 0s).

November 25th.—No. 118,

Monkey (Macacus). Weight 11 Ibs. Temperature of the room 245 Cent.
Into chloroform box at 10h, 27m, 27s. Fallen down at 10h, 32m. 25s. Placed
on table at 10h, 32m, 50s. and kept quiet with chloroform. Temperature in
rectum 1044 F. at 10h, 42m, 30s. Artery ligatured at 10h. 50m. 50s, Canula
snserted at 10h. 52m, 30s. Both vagi looped with a looge ligature. Connection
made with manometer a few seconds bofore 10h, 58m, Two Ludwig and three

Fick tracings.

Observations.
H M. &
A. 10 58 55, —Ordinary chloroform administration with violent
struggling,

B. 11 3 20.—Irritation of the entire left vagus,

——
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G, 3 b5 0, —Artificial respiration by bellows apparatus attached to

a tube in the trachea,

H, 4 10 0—Blowing ether by means of this apparatus directly into

the trachea,

I. 4 13 40.—Introduction of chloroform by means of a Junker's

inhaler introduced through the tracheal tube down
to the bronchi, and pushing it until death resulted.
Post-mortem,—Temperature 976 F. Heart pale and
rather friable. Liver very pale and soft,

November 256th.—No. 120.

Rabbit that had had 5 minims of liquor atropiz an hour before. Into

chloroform box, 1 cubic foot in area, at 4h, 28m, 30s. Drowsy and vessels of

the ear dilated at 4h. 29m,
Breathing stopped at 4h,

Fallen on its side and whining at 4h, 29m, 30s.
30m. Taken out at once and artificial respiration

commenced, but this was of no avail though continued until 4h, 38m.

November 26th,—Nos, 121 and 122,

No, 121. Rabbit. 5 minims of solution of atropia sulphate injected into

the thigh at 7h, 10m. 20s.

No, 122. Rabbit that has not had atropine :—

No. 121, No. 122,

H, M. 8. H. M. B,
Both into chloroform at A R R R 72515
Fell down on gide at ... TS 727 b
Sat up again at ... ' 7 27 30 Continned
Struggling at P e A {uu his side.
Crying at ... s s 7 28 45
Stertorous breathing at . - 720 T
Fundus of the eye bluish at  we  wor wes e em 729 30
Beating time with feet at... R [ 10 7 7 80 15
Stopped breathing at 731 b
Taken out of hox and artificial respivation commenced at 7 31 30
Breathing naturally at ... i sin 7 52 30
(Clornea sensitive at o g 1 . 7 82 45
Taken out of box thongh still bl'e.at.hmf-‘ Ab S T 33 10 o
Cornea sensitive ab e T 84 20 e
Excited struggling at o T8 0 s

At 7h, 38m, the pupils of 122

were more d]lated bhuu the pupils of 121,
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November 26th—No, 126,

Monkey, small. Weight 4} lbs, Into box and chloroform given at
10h. 36m. 30s. Fallen down at 10h. 40m, 458, Trachea opened at 10h, 45m,
5s. and canula inserted, Kept quiet with chloroform, Opening thorax at 11h,
6m. 15s. with artificial respiration by bellows apparatus, Heart exposed at 11h,
8m, 30s. b ce. of ether info the bottle of the apparatus, Animal * quite out” at
11h, 11m. Cornea insensitive at 11h, 11m. 50s. Heart’s action very rapid at
11h, 13m, 50s., but still acting vigorously, Chloroform, same quantity, at 11h,
16m, 458, (all the ether had evaporated). Ventricle stopped at 11h, 17m, 45s.
Heart flickering at 11h, 19m, Lungs no longer contracting at 11h, 20m, 30s,
All right again at 11h, 21m, 50s, Lungs not distending at 11h. 24m. owing
to apparatus breaking down. 3} ce. of chloroform remained in the bottle,

November 26th—No. 127, November 26,—No, 128,
Small monkey., Weight 44 1bs,  Small monkey. Weight 4} Ibs.

H, M. B.

Into chloroform box 1 cubic foot capa- 2 82 0 Into chloroform box 1 cubic foob capa-
city. city.

Still standing and licking the glass 33 45 Fallen down.

More chloroform into the box 35 45 Taken out of box and tied on to board.

Fallen down Ly

Taken out of hox and tied on board 87 10

38 0 Tracheotomy commenced,

80 41

40 10

40 20 Trachea opened,

40 35

41 5 Glass tube inserted.

41 53 Having chloroform (cap held before tube).

48 8 Stopped chloroform,

More chloroform in ordinary cap ...
Stopped getting chloroform

Tracheotomy commenced ...

More chloroform 43 87
Stopped chloroform s 48 58
More chloroform 45 38
Stopped again 46 5

47 30

49 17 More chloroform,
5o 27

51 4 BStopped chloroform,
bl BB

Trachea opened ...

(tlass tube into trachea

B po B bD b DS B OBD B RO BO KD b BD BD Y po BD B vD D

More chloroform on ordinary cap in front
of tube,
Stopped chloroforme..  we s w2 52 43
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30s. Artery ligatured at 2h., 45m. 25s, Canula inserted at 2h. 48m, 10s,
Loop under both vagi. Connection made with manometer at 2h, 59m, 50s,

Three Ludwig and three Fick tracings.

Observations.
Ordinary chloroform administration and struggling.
Double ligature and division of the right vagus.
Trritation of the central, and

Peripheral end of the vagus.

HYSQmpF

Injection of 10 grains of chloral into the peritoneum, and after-
wards irritation of the central and peripheral end of the right
- vagus.

b

Exposure and ligature of the femoral artery.

G. Opening the trachea and fying a small glass tube into it.

H. Closure of the tracheal tube so as to produce almost complete
asphyxia.,

I. Pumping chloroform vapour into the closed tube by means

of Junker’s inhaler while the respirations are still embarrassed

and consequent speedy death.

While the chest was being opened, air suddenly rushed in, and it was
thought that spontaneous respiration was going to recommence, but there was no
real spontancous movement, After death chloroform was injected with much
force into the femoral artery and produced complete rigidity of the limb,

November 25th,—No, 136.

(toat, young male. Weight 16 Ibs. Into chloroform box at 10h, 48m. 20s.
Fallen down and taken out of box at 10h, 59m, 20s. Placed on the board and
kept quiet with chloroform, Loop under both vagi. Ligatured the left carotid
at 11h. 9m. 26s. Canula inserted at 11h, 11m. 47s. Temperature in rectum
102:6 F. at 11h. 18m, 20s. Connection with manometers at 1lh. 19m, 208,
One Ludwig and one Fick tracing.

H, M. & Observations.
A. 11 11 30.—Ordinary chloroform administration ; holding breath,
B. 11 25 10.—Pushing chloroform until respiration had almost
ceased.
C. 11 30 0.—General convulsions ; respiration ceased at 11h. 28m.
20s.
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from time to time to keep it under. Temperature in the rectum 1006 F, at 8h,
9m, 458, and artery ligatured. Connection with manometer at 8h, lm, 23s,
Two Ludwig and one Fick tracing,

Observations.
H, M, S8,
A, 8 4 30.—Administration of ether on a cap.

=

8 34 0.—Struggling,

C. 8 44 30.—Pushing ether until respiration had almost ceased and
only occasional gasping continued.

D. 8 53 30.—Pushing ether with the cap covered with mackintosh
until death ensued.

In this and the next experiment the respiration was registered by a system
of Marey’s tambours connected with a pin in the chest wall, the marker running
below the manometer tracing.

November 29th.—No. 139,

Small cat, weight 61 lbs, Chloroform given af 9h, 29m. 20s. Fallen
down at 9h. 31m. 45s. Placed on the table at 9h. 35m, 40s. During the
operation of exposing the carotid the cornea was quite insensitive, but there
was whining respiration. Artery ligatured at 9h. 40m. 50s. Canula inserted
at Oh. 42m, 20s. Connection with manometer at about 9h, 50m. 30s. One
Ludwig and one Fick tracing.

Observations.
H, M, 8,
A. 9 51 50.—Ordinary chloroform administration.

B. 9 58 50.—Pushing chloroform until death ensued.
The trace was interrupted just before the end by clots in the tube.
November 29th,—No, 140.

Moderate-sized monkey, weight 11} lbs. Temperature of the room 21
Cent. Into chloroform in a cubic foot box at 10h, 42m, 15s. Fallen against the
side of the box at 10h, 47m, 20s. A little more chloroform into box at 10L.
48m. 45s. Down at 10h, 49m, 10s, Eyes still blinking. Taken out of box at
10h, 50m, 20s. and kept quiet with chloroform, Temperature 103 F, in rectum.
Canula inserted into carotid 11h, 5m. 30s.
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November 20th,—No. 142.

Horse thrown and given chloroform at 3h. 19m, 45s. very freely,” and
while struggling chloroform had been stopped about one minute (?) when
respiration was noticed to have stopped at 3h, 23m. 30s. Artificial respiration
commenced at once, No pulse at 3h. 25m, 45s., and the animal was not
restored to life.

November 29th.—No. 143.
(In the presence of His Highness the Nizam.)

Large goat, weight 70 Ibs,, given chloroform in a bag while standing at
3h. 36m. 55s. Thrown down at once. Still bleating at 3h, 37Tm, bs. Stopped
chloroform at 3h. 37m. 50s., and while he was being carried and put on the
table respiration stopped at 3h. 38m. Aurtificial respiration commenced at
once ; breathing naturally 3h, 38m, 558, Cornea sensitive. More chloroform
at 3h. 42m. 25s. Stopped at 3h. 43m. 2s. Artery ligatured at 3h. 43m. 20s,
Temperature 102 F, in rectum. Temperature of the room 234 Cent. Canula
inserted at 3h. 46m. 15s. More chloroform at 3h. 47m, 30s, Connection made
with the manometers at 3h. 50m, 30s. One Ludwig and one Fick tracing.

Observations.
EI M W El

A. 3 51 0.—Ordinary chloroform administration,

B. 3 51 30.—Violent struggling (during which the marker was
pushed over the top of the drum on several occa-
sions by the violent oscillations in the pressure, and
the tracings are consequently imperfect).

C. 3 58 0.—Pushing chloroform until respiration ceased.
D. 4 3 50.—Artificial respiration,

E. 4 5 10~Pushing chloroform until respiration had ceased for
some time, and failure to restore the animal by
artificial respiration,

F. 4 9 30.- -The last ineffective gasps are shown on the Ludwig
tracing,

* A pint of chloroform was said to have been poured into the nose-bag.
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pericardium at 5h, 47m, 508, Needle into heart at 5h. 48m, 30s. Trritation
left vagus, coil 5, at 5h, 50m, 35, Stopped irritation at 5h. 50m. 47s, Trritation
left vagus at 5h. 51m. 10s. Stopped irritation at 5h, 51m, 27s. Chloroform
at 5h. 52m. 38, Irritation of left vagus at 5h. 52m. 37s, Stopped irritation af
5h. 52m. 47s. Stopped artificial respiration and chloroform 5h. 53m. 22s.
Diaphragm contracting rhythmically. Heart slow and feeble at 5h. 53m, 30s,
Heart almost stopped. Began artificial respiration again at 5h, H4m, 35s.
Heart more vigorous at 5h, 55m. 27s. Tiritation of left vagus not acting made
him cough, coil 6, at 5h. 56m, Irritation left vagus, coil 6, at 5h, 56m. 35s. acting
fully, Trritation of left vagus continued at 5h. 56m. 57s. Chloroform at 5h.
57m, 15s. Stopped irritation at Bh. 57m. 40s. Trritation of left vagus again at
5h. 58m. 23s. Coils run up to zero at 5h. 59m. 20s. The heart stopped at first,
but is now going again. Stopped irritation at 5h, 59m, 46s. Irritation of vagus
again at 6h. Om. 20s. Run up fo zero at 6h, Om. 30s. Stop up outlet for air at
6h, 2m, 23s. Stop chloroform and artificial respiration at 6h, 2m, 558, Stop
» irritation at 6h. 3m. 10s. Air let out of the chest at 6h. 3m. 35s. Artificial
respiration again at 6h. 3m. 55s. Heart hardly beating at 6h, 5m. 15s. Heart
stopped at 6h. 6m, 30s.

November 30.—No. 146,

Dog, weight 35 Ibs., that has had three doses of phosphorus, one grain
each day, on the 25th, 26th, and 27th instant, respectively. [Of twelve dogs
similarly dosed four have already died.] Into chloroform box at 10h. 27m, 50s.
Fallen down at 10h, 82m. 25s. On to the table at 10h. 33m, 158, and given
chloroform from time to time. Left carotid ligatured and canula inserted into it.
Connection with manometers at 10h, 56m. 35s. Two Ludwig and one Fick
tracing during administration of ether persistently, with more or less perfect
exclusion of air, until death resulted. Both sides of the heart distended with
venous blood, Heart and liver both fatty.

Observation.

H. M. &

A. 10 50 0.—Ether administered with very liftle air. This obser-
vation, especially the Fick readings, shows again
that ether has precisely the same action as chloro-
form, but is less intense,
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3 1 30.—Chloroform in the same way ; same effects produced,
but to such a marked degree that it was thought a
clot had collected in the tubes (see Fick 4). Inter-
ruption,

3 11 0.—Chloroform as hefore ; same effects produced (note
Fick 6).

3 17 0. —Chloroform with sufficient air to ensure regular breath-
ing ; there was no struggling or holding of the
breath, and no irregularity of the blood-pressure or
circulation, Fick 7 is worthy of notice, though it
records the pulse as the animal was almost coming
round.

3 91 10.—Chloroform with insufficient air ; same effects as at A,
B, & C ; shown very markedly in Fick 8,
3 35 0.—Inhalation of ammonia.

3 36 45 —Chloroform again with plenty of air, There was
slight struggling at first and slight corresponding
irregularity in the fall of blood-pressure. Fick 12,
taken when the pressure was getting very low, shows
beautifully the regularity of the pressure and pulse
tracing when the breathing is regular, and ought
to be contrasted and compared with Fick 2, 3, 4,
6, 8, and 11,

3 47 50.—Ether on cap held close over the face; struggling
and holding the breath. Fick 14 and 15 show
effects on the pressure and pulse, similar to those
produced when chloroform is given in the same way.,
Compare Fick 14, 15, and 16 with Fick 7, 8, and 9,

3 54 20—Simple asphyxia showing rapid fall of pressure and
irregular pulse (vide Fick 17).

4 1 95—Chloroform again with plenty of air Breathing
slightly irregular from groaning ; there is a corre-
sponding slight irregularity in the tracing.

4 15 15.—Elcctrical irritation of right vagus : coil 10.

4 16 40,—Chloroform again with sufficient air to ensure regular
breathing, This observation was interrupted by
clotting in the tubes.
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H, MR Observations.
A. 8 55 30—Ligature of the right carofid,
B. 8 55 40—Struggling.
C. 8 57 30—Chloroform administration on a sponge held in fronf

of the tracheal tube,

D. 9 0 40—Chloroform administration by letting the animal
breathe through the Junker bottle without the
India-rubber bellows attachment, and pushing
chloroform in this way until respiration stopped.

E. 9 4 O0—Artificial respiration in the ordinary way by compress-
ing the chest. '

F. 9 9 0—After recovery, artificial respiration continuously by
means of the India-rubber bellows of the Junker
apparatus attached to the tracheal tube, while

meagures were being taken to separate the head
from the body.

G. 9 10 20—Slight heemorrhage from a large artery.
H.

I 9 22 30—Pumping chloroform vapour through the Junker appa-
ratus into the trachea until respiration ceased.

0

18 0—Slight haemorrhage from the jugular vein.

After the tracing ended, the head was severed, and the animal gave a few
diaphragmafic gasps, but eventually died, the heart stopping finally at 9h, 35m,
December 2nd.—No, 150.

Full-sized pariah, Weight 304 Ibs. Into chloroform box at 11h, 10m, 595s.
Fallen down at 11h, 21m, 50s, Placed on the table at 11h, 23m, 45s, and
kept quiet with chloroform, Loop under both vagi and canula inserted into
loft carotid in the musual way, Connection made with the manometer at
11h. 41m, 18s, Three Ludwig and two Fick tracings (the 1st Fick reading
is incorporated with the Fick ot 149). |

H, M, B Observations.
A, 11 42 50—Smothering by holding the mouth and nose tightly
closed. The effect of this is shown in Fick 2, The
pulse fell from 116 before the smothering to 38 after,

B, 11 45 0—Gradual chloroform administration with plenty of
air in the ordinary way.
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December 2nd.—No, 151,

Temperature of the room 234 Cent, Fair-sized pariah, very thin, and
wounded. Weight 23 lbs, Into chloroform box at 3h. 14m, 3, Fallen down
at 3h. 20m. 5s. Placed on the table at 8h. 20m. 30s. Loop under both vagi,
Temperature in the rectum at 3h. 26m. 101 F. Artery ligatured at 3h. 26m. 47s.
Canula inserted at 8h, 27m. 55s. Connection with manometer at 3h. 44m. 308.
Two Ludwig and one Fick tracing.

Observations,
H, M, 8,
A 3 46 20—Ordinary chloroform administration at various times,

B. 3 50 30—Smothering by holding the mouth and nose. The
blood-pressure fell 25mm, and the pulse dropped
from 72 to 31 per minute.

3 55 0—Cutting both vagi.

D. 3 58 25—Smothering again, The effect of smothering, now that

the vagi are cut, is to cause an inappreciable fall of
blood-pressure, and acceleration of the pulse to 105
per minute; compare Fick 2 and 10 of Experiment
150, and Fick 3 of 151, with Fick 5 and 6 of 151,
The difference in the effects of smothering before and
after division of the vagi is obviously due to the
section of the nerves.

e

15 S| 40—Artificial respiration.
F. 4 3 30—Pushing chloroform until regpiration ceased.

G. 4 8 10—Inhalation of Amyl nitrite of somewhat better quality
than in the lagt experiment,

H. 4 16 50—Chloroform again with struggling and eventual death
in spite of artificial respiration, Temperature in
the rectum at death 96 F.

December 3rd.—No. 152,

Rabbit, weight 33 lbs. Temperature of the room 19 Cent. Chloroform
at Th. 52m. in a cubic foot box. Fallen down at 7h. 59m. 158, Taken out of
box at Th. 59m. 45s. and kept quiet with chloroform. (Janula inserted into left
carotid, Connection with manometer a little before 8h. 35m. One Ludwig
gracing and two Fick readings on the same tracing as 154, Chloroform
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H. M, B

E, 11 33 0—Chloroform again by Junker continued until the heart
almost ceased beating,

December 3rd.—No, 155.

Fair-sized monkey, weight 93 1bs. Temperature of the room 23 Cent,
Info ehloroform box at 2h. 31m. 28s, Fallen down at 2h. 40m. Placed on the
table and kept quiet with chloroform while the spinal cord was being exposed,
during which proceeding there was a loss of about 1 oz, of blood, Tempera-
ture in the rectum 102 F, at 2h, 45m, Artery ligatured 2h, 51m, 45s. Canula
mserted at 2h, 55m. 30s. Trachea opened and tube inserted at 2h, 57m. 50s,
Connection made with manometer at 3h, 2m. A little chloroform was accident-

ally thrown into the trachea by the Junker apparatus and death resulted in
spite of artificial respiration,

December 3rd,—No. 156.

Weight 274 Ibs, A large pariah that has had two grains of phosphorus this
morning. Into chloroform box at 3h. 26m, 30s. Fallen down at 3h. 39m. 35s.
and placed on the board at 3h. 40m, 10s. Artery ligatured at 3h. 46m. 50s.,
and canula inserted at 3h. 48m, Loop under both vagi, Connection made
with manometer at 3h, 51m, 78, One Ludwig and two Fick tracings,

H. M, . Observations,

A, 3 56 40—Administration of chloroform with a cap closely ap-
plied to the muzzle (Fick 2 shows the extreme in-
hibition of the heart’s action probably owing to
vagus stimulation from interference with the res-
piration).

B. 4 0 5—Gradual administration of chloroform with plenty of air,

C. 4 3 55—Simple smothering without chloroform by holding
the mouth and nose (compare Fick reading 5 with
Fick reading 2), These readings are identical (1)
with each other ; (2) with Fick readings 4 and 9 of
Experiment 117, which are tracings of simple vagus

irritation ; (3) with Fick Reading 11 of Experiment -

64, which is a tracing of vagus irritation and
chloroform administration combined ;(4) with Fick
Reading 13 of Experiment 178, which records the
arrest of the heart, after stoppage of the respiration
by chloroform poisoning ; and (5) with the Glasgow
tracings A and C, more especially C,
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H, M, B,
D. 8 38 40.—Chloroform with the cap closely applied to the muzzle
(vide Fick 4),

E. 8 42 45—Chloroform again (the animal struggling and holding
breath) ; pushed until respiration had stopped.

F. 8 44 0.—Artificial respiration.

G. 8 45 0.—Division of both vagn,

H. 8 48 20,—Chloroform very gently with lots of air until respira-
tion had almost stopped.

I. 8 57 20,—Chloroform again pushed until the respiration ceased
entirely,

J. 8 59 0.—Auntificial respiration for broken periods, At one time
the artificial respiration appeared to have the effect
of preventing the natural rise of pressure (vide the
Ludwig tracing just after Fick reading 9). The
animal now entered into a complefely anomalous
condition in which he gasped slowly and irregularly
and the pressure rose and fell in the most rapid
manner without any apparent reason,

K. 9 10 40. —Irritation of the peripheral end of the right vagus, at
first with the coils distant 15, and afterwards 10
centimetres, the latter proving effective.

L. 9 13 50.—Pushing chloroform until death resulted (the tracing
was interrupted by clots in the tubes which were
only cleared just before death).

December 4th.—No. 158,
Large pariah, weight 37 lbs,, that had three grains of phosphorus

yesterday like 157. Into chloroform box af 10h, 23m. 20s, Fallen down and
at once placed on the table at 10h, 28m, 458, Kept quiet with chloroform from
time to time. Temperature 101 F. DBreathing very feeble a.r.:ud slow at
10h. 31m. 30s, and artificial respiration performed now and again until 10h. 46m.
Artery ligatured at 10h, 38m. and canula inserted, Connection with the mano-
meters at 10h, 47m, Two Ludwig and one Fick tracing.

H M. & Observations. o . d
A, 10 51 55.—Ordinary chloroform administration, struggling an
holding the breath,

B. 11 4 0.—Pushing chloroform until respiration stopped.

o gl WL Syl i gl Brdiaviilinn s ol ey r— s | A A S ke i3

A e R

g






124

December 4th.—No. 160.

Pariah dog, weight 24 1bs,, has had two grains of phosphorus as in 159,
Into chloroform box at 3h. 38m. 24s, Fallen down at 3h. 49m, 20s. Placed
on the table at once. Canula inserted into the left carotid at 3h. 55m, 45s,
Connection with manometer at 3h, 59m, 30s, One Ludwig tracing only,
Chloroform was given at first very gently with plenty of air until the animal
was fully under, The animal’'s head was then placed in a bladder which
communicated with an apparatus (described in Appendix) for generating
carbonic acid and the inhalation of this gas commenced. Blood-pressure fell
slowly at first, but afterwards more rapidly. After 3§ minutes the respiration
stopped, and the bladder was at once taken off the dog's head and air freely
admitted while artificial respiration was commenced. Gasping respira-
tory movements occurred after about a minute, but had little or no effect
upon the blood-pressure, and ceased finally after another minute, Artificial
respiration was resumed, but without avail, The liver was not apparently

fatty,
December 6th,—No, 161,

Temperature of the room 20 Cent. Large pariah, weight 26 1bs,, t!1at has
had three grains of phogphorus in one-grain daily doses, but is not partmula{'l}r
sick, though out of a batch of seven, of which he is one, who were dosed with
phosphorus in the same way, three died in the course of the day. Into chloroform
box at 10h, 11m. 20s. More chloroform into the box at 10h. 17m. 40s. Fallen
down at 10h. 22m, 40s. Placed on the table at 10h, 23m. 25s. Sljg]}t convul-
sions at 10h. 25m., after which the breath was held for about half a minute and
artificial respiration was employed for a few seconds. More chlm'cnfm'.m at 10h.
25m. 55s. as the animal was sensitive and groaning. Temperature in the rec-
tum 1004 F, Chloroform stopped again at 10h. 27m. 50s. More clflnrufm*m
at 10h. 20m, 25s. Artery ligatured at 10h. 30m. Stop chloroform again at 10h.
30m. 10s. Canula inserted at 10h. 31m. 52s. More chloroform at 10h, 33m.
508, until 10h. 34m. 30s. More chloroform again at 10h. 34m. 40s. Stop chlo-
roform at 10h. 35m. 20s, Connection made with manometer at 10h, 36m. 30s.

Three Ludwig and two Fick tracings.

H, M. B Observations.

ba

A. 10 39 25—Administration of alecohol by Jlml«:er*s inhaler, ﬂ.m
tube introduced into the nostril (the pressure I
ihis animal fell in a marked way whenever he

struggled).
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H.M §°

B. 3 14 30.—More chloroform, The respiration stopped at 3h. 16m.
0s, Artificial respiration was commenced at 3h, 16m,
40s,, and the animal was fully restored at 3h. 23m,
0s. The artificial respiration was stopped from
3h, 18m, 35s. to 3h, 19m, Os,, when Fick 6 was
taken, There is barely any pulse tracing to be seen
in Fick reading 6, but the heart was not weakened
and the animal was revived completely by continued
artificial respiration,

C. 327 5.—Chloroform more freely than before. Respiration stop-
ped at 8h, 28m, Os, and artificial respiration was
commenced at 8h, 29m, 15s, Fick 9 was taken at
sh. 28m, 55s, and shows entire absence of pulse
fracing, and yet, as in Fick 6, the heart was not
weakened, and the animal was again rapidly restored
by artificial respiration,

D. 3 38 40 —Repetition of Band C. This time the animal at first strug-
oled and held its breath, and there was consequent
irregularity of the circulation (vide the Ludwig tracing
and Fick 11), The respiration stopped at 3h, 39m,
40s,, and Fick 12 shows complete absence of pulse
tracing again, Arfificial respiration wag commenced
at 3h, 41m. 30s. and the animal was eagily restored.

E, 3 48 10,—Chloroform pushed till death ; the respiration stopped
at 8h, 52m, Os, and the heart stopped at 3h, 57m,
a0s.

Experiment 162 shows that absence of the pulse tracing, which ias
observed every time the respiratory centre was paralysed, is no proof whatever
that the heart has ceased to act, or, though it has ceased to act temporarily,
that it has failed. It is remarkable that when the heart stopped (vide Fick 6, 9
and 12 and the Ludwig tracing on either gide of these readings) there was no
further fall of blood-pressure, showing that at the time of cessation the pressure
was already as low as it could be, Ifdirect weakening of the heartwere the cause
of the fall of blood-pressure in chloroform administration, we ought to find the
heart-beats getting smaller and smaller up to the time when the pressure
reaches its lowest, and gradually growing bigger and bigger again on the other
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side as the effect of the chloroform wears off. Instead of this, Experiment 162
shows that there were ample pulsations on both sides of the temporary
pauses, If Fick 9, with the Ludwig tracing on either side, is carefully studied,
1t will be seen that up to the time the heart beats ceased, the pulsations recorded
in the Ludwig were ample and strong. There was then a temporary arrest of
pulsation for 6 seconds (vide Fick 9). TImmediately after Fick 9 the pulsation
refurned for 5 seconds (vide the Ludwig between 8h. 28m. 0s. and 3h. 29m. 0s.)
Afterwards there was a long pause of 20 seconds without any pulsations
at all. This pause was so marked that Dr, Bomford thought a clot had formed
in the tube, and at 3h, 29m. 10s. he wrote on the Ludwig tracing “ ? clot.”
Artificial respiration was just about to be commenced when the animal gave two
spountaneous gasps, vigorous pulsations followed and the pressure was raised in
five seconds to the height it was at before chloroform was administered in
Observation C.

flecemher Tth.—No, 163,

Temperature of the room 23 Cent. Medium-sized pariah, weight 251 lbs,
that has had three grains of phosphorus, one daily on the 8rd, 4th, and 5th
istant, Isnow very feeble and can hardly stand. Tied on to the dog-board
at 10h, 44m, 15s. Given chloroform on the ordinary cap at 10h, 44m. 45s,
Operation to tie carotid commenced at 10h. 45m, 30s, Chloroform stopped at
10h, 46m. 45s. Canula inserted into carotid at 10h. 50m. 158, Temperature in
rectum 94'6 F. Connection made with manometer at 10h. odm, One Ludwig
and one Fick tracing during very gradual administration of chloroform, the
animal’s head being inserted through an opening in the side of a large box
(8 feet cubic contents) and carefull ¥y packed with wet cloths after one ounce of
chloroform had been introduced into the box on blotting paper. Post-mortem
temperature 94'§ F,

December 7th.—No, 164,

Temperature of the room 28 Cent, Another phosphorus dog of the sime
batch, but does not appear to be particularly ill. Weight 29 Ibs, Tied down
on the board and given chloroform on a cap at 11h, 27m. 40s. Chloroform
stopped at 11h. 29m. 6s, More chloroform at 11h, 30m, 45s, Stopped again
at 11h, 31m, 6s, Both pupils dilated. Artery ligatured at 11h, 31m. 458,
Temperature in the vagina 102 F, Canala mserted at 11h, 34m, 6s, More

chloroform at 11h, 36m. 10s. Connection made with manometer at 11h, 39m,
10s. Two Ludwig and one Fick tracin

L]
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o Met Observations,

A. 11 39 0.—Rapid chloroform administration while struggling and
holding breath, Great irregularity is observed in
the Ludwig tracing,

B. 11 41 0—Gentle administration of chloroform in the ordinary

way so as not to excite struggles. The contrast to
Observation A is very marked.

C. 11 44 0.—Very gradual administration with the large box as in
163,

" D. 11 52 40.—Snipping the skin of the thigh.
E. 11 53 50.—Excision of one of the nipples.
F. 11 55 10.—Evulsion of nails,

After these at 12h. 2m. 0s. the box was opened and the air freshened by
means of a bellows and then closed again after another ounce of chloroform had
been introduced, This was continued until the animal died. The respiration
consed at 12h, 12m. Os., and the heart stopped at 12h. 18m. 30s. Post-mortem—
Temperature 101 F. Liver very friable, but very congested and of a dark
colour, Heart distended.

December 7th.—No. 165,

Monkey, weight 9 Ibs,, to whom one drachm of tincture of cantharides was
given by the stomach yesterday evening and another this morning, and it does
not appear to be ill at all. Placed on the board and given chloroform at 2h.
41m. 40s, Chloroform stopped at 2h. 45m. 30s. Chloroform again at 2h. 47m.
5. for a short time, Again at 2h, 49m. Artery ligatured at 2h. 52m, 5s. and
more chloroform at 2h, 52m, 30s. Stopped again at 2h, 53m. 10s, No urine
1 the bladder, Loop under the internal jugular vein, Canula inserted at 2h.
56m. A little chloroform again at 2h. 57m, 9s. One Ludwig tracing and one
Fick reading on the same tracing as 167. Chloroform was given very freely
on a cap closely applied while the animal was struggling. He then alternately
held his breath and gave deep gasps while the pressure fell rapidly. Respira-
tion stopped. Chloroform was discontinued and artificial respiration was
performed. He afterwards breathed in a feeble snorting way for a short time
and then stopped finally. Artificial respiration was again performed for
coveral minutes, but without effect, the heart gradually ceasing, The blad-
der was empty and the kidneys congested. The mesentery was very much
congested,
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December 7th.—No, 166,

Unusually large pariah dog, weight 39 Ibs, (unpoisoned, but old and tooth-
less). Placed on the table struggling violently and given chloroform at Sh.
27m, 10s. Chloroform stopped at 3h. 28m. 50s, Struggling again and given
more chloroform from 8h, 31m, 30s. to 3h, 83m, 10s, Artery ligatured at 3h,
33m, Noticed to have stopped breathing at 8h, 34m. 5s, and artificial respiration
was performed until 3h. 39m. A needle thrust into his heart at that time did
not beat. Lungs pigmented and bloodless, Mitral valve almost cartilaginous
on its free margin, This dog’s death was the result of inattention on the part
of the attendants, who were seeing how quickly they could tie the artery and
were not watching the respiration,

December 7th,.—No, 167.

Pariah, weight 383 1bs, (unpoisoned and healthy). Into chloroform box at
3h, 50m, 50s. Fallen down at 3h, 54m, 30s. and placed on the board at once,
More chloroform at 3h, 55m, 45s. Stopped at 3h, 57m, More chloroform at 3h,
a8m. Artery ligatured at 4h, 50s, Chloroform stopped at 4h, 1m, 15s, Artery
ligatured and canula inserted. More chloroform at 4h, 3m, 35s, Stopped at 4h,
Sm. 38s. Connection made with the manometer at 4h, 5m, 20s. One Ludwig
and one Fick tracing (which includes the solitary reading of 165). After a
little chloroform had been given Smm, of nicotine were injected into the peri-
toneum. Shortly afterwards the pressure began to fluetnate violently and the
flng to gape as if he were about to vomit. Fick reading 2 was then taken and
immediately afterwards the pressure rose steadily and with slight oscillations to
above 250 mm, and landed the marker on the top of the drum, There was no
apparent cause for this rige and ng Bpasm was noticed:

~ was discontinued and respiration ceased for rather more than a minute, After

another two min’ut_ea the pressure began to fall rapidly, and the administration
:]:"c]}lnmfonm whmh. Was continued for ahont half a minute, geemed to hasten
18 fall. The breathmg soon after cegsed and the animal died. Convulsive

twitchings of Lh.e Jaw, ears, and forepaws continued until after 4h, 30m. The

ten minntes after death, and were sufficiently

forcible to jerk the handles of 4 pair of pressure forceps fixed on the end of the

. tongue off the table af each 8pasm

December 9th,—No, 168,
Monkey, weight 911hg,, placed in
Fallen down at 10h, 28m, 42s, and at

1”

the chloroform hox at 10h. 19m, 44s
once placed on the table and kept quiet
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with chloroform. Artery ligatured at 10h, 36m. 47s, Canula inserted at 10h,
38m. 5hs. Connection with the manometer at 10h, 42m. 45s.

One Ludwig tracing and part of one Fick (incorporated with 169 and 170).

Observations.
H. M, & :

A, 10 44 5.—Ordinary chloroform administration. No struggling ;
tracing regular.

B. 10 46 0.—Chloroform administration. Struggling and holding
the breath ; very irregular breathing continued with
corresponding irregularity of the circulation until
10h. 53m. 30s.

O. 10 50 0.—Continued gentle administration of chloroform with
plenty of air until death. The respiration stopped
at 10h. 59m. 30s. and the heart at 11h. 3m, Os, Post-
mortem—Temperature 1008 F.

December 9th.—No. 169,

Dog, 373 1bs. Given chloroform at 11h, 12m. 30s, Fallen down at 11h. 15m.
55s. Placed on the table at 11h, 16m. 10s. More chloroform given 11h, 17m.
47s. Stopped at 11h, 18m. 25s. More chloroform at 11h. 19m. 3s, Artery liga-
tured at 11h, 19m, 555, Stopped chloroform af 11h. 21m. 3. Canula inserted at
11h. 21m. 21s. More chloroform at 11h, 22m. 35s. Stopped chloroform at 11h, 23m.
10s. Connection with manometer at 11h. 24m. 25s. One Ludwig and part of a
Fick tracing during continued gentle administration of chloroform until death.

H. M, 8
A. 11 27 5.—Chloroform gently.

11 30 55.—Respiration stopped.
11 34 45.—IHeart stopped.

December 9th.—No. 170,

Weight 10} Ibs. Monkey that has had a drachm of tincture of cantharides
yesterday and the day before. Into chloroform box at 11h, 47m. 43s. Taken
out and placed on the table at 12h. dm. and kept quiet with chloroform from -
time to time, Artery ligatured at 12h. 9m. Z0s, Canula inserted at 12h. 10m.
365, Connection with the manometer at 12h. 13m. 10s. One Ludwig and
a part of a Fick during gentle administration of chloroform until death
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H., M. B

D. 3 48 10—Chloroform on a cap very gently without exciting
struggles, and pushed until respiration stopped, and
the heart was very feeble. A kink in the tube stop-

ped the tracing. The heart continued to beat until
4h, 9m,

It is excessively difficult to administer chloroform to rabbits without
exciting struggling or making them hold their breath.

December 10th,—No, 173,

Large pariah dog. Weight 34} Ibs. Chloroformed in the box at 10h, 27m,
38s. Fell down at 10h. 33m. 45s. Placed on the table at 10h. 34m. 2s. and
kept quiet with chloroform. Artery ligatured at 10h. 38m. 25s. Canula inserted
10h, 39m. 45s. Connection with the manometer at 11h, 46m, 15s. One Ludwig
and one Fick tracing.

H. M. 8, Observations.
A, 10 47 50.—-Ordinary chloroform administration until the cornea
became insensitive twice,

B. 10 54 35.—Injection of one grain of cocaine into the peritoneum.
C. 10 57 50.—Chloroform again until cornea became insensitive.

D. 11 6 15 —After the animal had come round, chloroform again,
very gently but continuously, until death. Another
injection of one grain of cocaine. After the respira-
tion had stopped two curious rises of pressure with
improved action of the heart took place (vide Fick
readings 17 and 19).

December 10th.—No. 174.

Medium-sized pariah, Weight 243 1bs, Temperature of the room 214 Cent.
Into chloroform box at 11h, 34m, 48s. Fallen down at 11h, 43m. 7s. Placed
on the board at 11h, 43m, 20s. and kept quiet with chloroform. Artery ligatured
at 11h, 48m, 10s, Canula inserted at 11h, 49m, 10s, Temperature in the
rectum 1028 F, Jugular vein ligatured at 11h. 57m. 10s. Canula inserted
into the jugular at 11h, 58m, 45s, Connection with the manometer at 12h, 1m,
458, One Ludwig and one Fick tracing. -

H. M, 8, Observations,
A, 12 2 20.—Chloroform administration while struggling and hnldi:ﬂg
breath, but stopped almost immediately, after which
the pressure fell considerably during a prolonged
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tracing during :—Continuous chloroform administration until death ensued with
the cap closely pressed over the face, It shows the difficulty of killing an
animal like the goat, which can persistently hold its breath for long periods,
A very large quantity of chloroform was used,

December 11th,—No, 177,

Monkey. Weight 10 Ibs, Into chloroform at 10h. 47m, 5s. Fallen down
at 11h, 58m, 30s. Tlaced on the table at once and kept quiet with chloroform,
Left carotid artery ligatured at 11h, 6m, 30s, Canula inserted at 11h, 9m, 208,,
but the artery was accidentally cut across by the ligature and the canula could
not be inserted again as the internal coats had collapsed. The left carotid was,
therefore, tied above and below and abandoned. Right carotid artery ligatured
at 11h, 18m. 7s. Canula inserted at 11h. 19m. 27s, Left vagus exposed and
looped. Connection made with manometer at 11h, 26m, 55, One Ludwig and
one Fick tracing.

H M S Observations.

A, 11 26 45—Ordinary chloroform administration with struggles,
(The trace is defective from kinks in the tube.)

B. 11 25 30,—Free chloroform administration while irritating the
vagus. (The effect upon the vagus ceased before the
electrodes were removed (vide Fick 5) and the
chloroform was pushed until respiration ceased.)

C. 11 32 0.—Artificial respiration,

D. 11 36 0.—Injection of ether, one drachm, into the peritoneum,
which had an unexpectedly depressing effect, pro-
bably from the dose being excessive or the locality
chosen for the injection unsuitable, (?)

The experiment was interrupted by the canula breaking while being cleared
and cutting the artery, and the animal was killed with chloroform.

December 11th,—No, 178,

Dog that had § a grain of morphine hypodermically at 12 o'clock and
another § grain at 2 o'clock. Put into chloroform box at 2h. Im. 5s. Fallen
down at 2h. 6m, 30s, Placed on the table at 2h, 6m. 55s. and kept quiet with
chloroform, Left carotid ligatured at 2h. 13m. 45s, Canula inserted at 2h.
14m, 52s, Connection with the manometer at about 2h, 18m, 30s. Three Lud-
wig and three Fick tracings. The object in this experiment was to ascertain if
morphine had any effect in preventing the success of artificial respiration.

Tallyre & N m sosso i
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reading there was no pulsation at all. There was no
fall of pressure during the arrest, and the Ludwig
tracing shows how strong the beats on each side
of it were. No better proof could be afforded than is
to be found in these two experiments that direct
weakening of the heart is not the cause of the fall
of the blood-pressure which is inseparable from
chloroform narcosis,

Experiments 64, 65, 162, 178 and 186 prove.
three important points :—

I.—A general fall of blood-pressure, whether sud-
den or gradual, is not in itself dangerous,
(This is confirmed by the tracings of the
Glasgow experiments).

IT.—The fall of blood-pressure, which oceurs in
chloroformisation with regular breathing, is
due solely to narcosis of the vasomotor sys-
tem, and is, if not a safe-guard, absolutely
harmless,

I1I,—The fall of the blood-pressure under chloro-
form is not due to weakening of the heart,
The heart has nothing to do with producing
it, unless the vagus is stimulated, or unles
its nutrition fails either from imperfect
oxygenation of the blood due to abnormal
breathing, or from stoppage of the res-
piration from over-dosing,

December 13th,—No. 179,

Temperature of the room 20°5 Cent, Monkey small-sized. Weight 7 Ibs,
Chloroform given in box at 11h, 17m, Fallen down at 11h, 30m. 10s. and placed
on the board, Artery ligatured at 11h, 40m. Trachea opened and tube inserted
into it, Canula inserted into artery at 11h. 46m, Two Ludwig and one
Fick tracings during—Continued very gradual administration of chloroform by
dropping it into a funnel lined with blotting paper, which was connected by
a tube with an opening in a large bottle, A second opening in the bottle
was joined by a tube to the trachea, while a third opening was connected with
a Marey’s tambour registering on the slow Ludwig drum (vide Ludwig tracing),

;Ehe respiration stopped at 12h, 86m, 5s, and the heart ceased at 12h, 42m,
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December 13th.—No, 180.

Medium-sized monkey, 9 lbs. Into chloroform box at 2h. 46m, Fallen
down at 2h, 58m. 3s. and placed at once on the table. Trachea opened and tube
inserted. Artery ligatured and canula ingerted. Connection made with the
manometer 3h. 14m, 45s. The experiment was prevented by the soda solution
exuding out of the tracheal tube and killing' the animal by convulsions and
cedema of the lungs, The pressure in the manometer before the experiment was
exactly that of the blood when connection was made (vide Ludwig tracing). The
canula was correctly placed in the artery and had not cut it. The tracheal tube
was also quite perfectly fixed. There was a lot of fluid in both pleural cavities,
Lungs cedematous and one base carnified. Both the cavities of the heart con-
tained a light coloured alkaline fluid. Peritoneum also full of similar fluid,
The fluid from the trachea was strongly alkaline and effervesced freely on add-
ing hydrochloric acid, and when tested with perchloride of mercury it gave a
brown precipitate resembling that given by the soda solution when similarly
tested, The only possible explanation of this case seems to be that communi-
cation had been accidentally made between the artery and the vein by which
means the animal was injected with the soda solution,

December 13th.—No. 181,

Monkey, weight 74 Ibs. Into chloroform box at 4h. 2m. 455, Fell down
at 4h. 11m. 40s. Artery ligatured at 4h, 20m. 45s. Trachea opened at 4h. 23m.
and a tube tied into it. Canula inserted into the artery at 4h. 25m, 20s, Chloro-
form at 4h, 27m, 45s. Connection with manometer at 4h, 30m. One Ludwig
and one Fick tracing during gradual administration of chloroform through the
same bottle as in 179. Respiration stopped at 4h. 44m. 45s. and the heart

ceased acting at 4h, 52m,
December 14th,—No. 182.

Monkey, weight 9 1bs. Into the chloroform box at 7h. 42m. 40s. Fallen
down at 7h. 51m. 10s. and at once placed on the table. Kept quiet with
chloroform from time to time. Artery ligatured at 7h. 59m. 3s. Trachea opened
and canula inserted at 8h. 3m, 30s, Canula inserted into the artery at 8h, 10m.
38, Connection with manometer at 8h. 14m. Two Ludwig and one Fick tracing,

Observations.

M. A
16 20—Administration of aleohol, without any effect whatever.

23 30—Administration of ether very gradually through the
bottle apparatus used in 179.
Respiration ceased at 8h. 50m, 30s. Heart stopped at 8h, 56m., 0s.

H,
A, 8
B 8







140

H. M, 8.

I3 3 25.—After the animal had come quite out and had begun to
struggle, chloroform was again given very freely,
The animal held its breath, but no marked slowing
of the heart or fall of pressure occurred., Chloro-
form was finally pushed until death resulted.

December 16th,—No, 184,

Dog, weight 29 1bs., that has had two grains of phosphorus (one yester-
day and one the day before) and was rather feeble in consequence, Chloroform
given at Th, 35m, 45s, Fallen down and placed on the table at Th, 42m, Kept
quiet with chloroform, Artery ligatured at 7h, 51m, Trachea opened and tube
inserted, Canula inserted into the carotid at 7h, 59m. Connection made with
the manometer at 8h, 5m, 30s, Two Ludwig and three Fick tracings,

Observations,
H M &

A. 8 11 25.—Blowing up the chest forcibly by means of a bellows
attached to the tracheal tube ; repeated three times.

B. 8 17 10.—Exhausting the air in the chest with bellows,

C. 8 24 40.—Production of asphyxia by stopping up the trachea ;
repeated,

D. 8 37 0.—Injection of 30 minims of liquor atropince into peritoneal
cavity.,

E. 8 41 40,—Blowing up the chest again repeatedly.

F. 8 59 0.—Stopping up the trachea again, After the atropine, a

fall of pressure still occurs in inflation of the chest,
but no slowing of the heart (vide Fick 8 and 9).
The slowing of the heart during asphyxia is also
abolished. (Compare No. 158),

G. 9 1 40.—The animal was finally killed with chloroform,
Dpcember 16th.—No, 185,

Dog, weight 36 lbs., unpoisoned and healthy, Into the chloroform box at
2h, 30m. 35s. Fallen down at 2h, 86m, Placed on the table at 211: 36m, 158,
Foaming at the mouth and kept quiet with chloroform, Artery hga.i:um:l_ at

-
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B
B. 2 18 40.—Normal chloroform administration with regular respira-
tion. The fall of the blood-pressure was perfectly
regular and gradual. The breathing stopped at 2h,
24m, Os., the vagus was stimulated at 2h. 24m, 15s,
with the effect of slowing the pulse ; and the animal
was restored without any other treatment,

C. 2 35 45 —TIrritation of entire right vagus, coil 5, and simultaneous
chloroform inhalation, The breathing stopped at
2h. 37Tm, 12s., and was restored without artificial res-
piration at 2h. 39m. 0s, The vagus stimulation was
stopped at 2h. 39m. 5s. and the animal quickly
recovered. The effect of the vagus stimulation was
to suddenly lower the blood-pressure almost to zero,
and chloroform was pushed while the pressure was
low. If lowering the pressure were a danger with
chloroform, this administration ought to have been
particularly dangerous ; but the fall of pressure,
with stoppage of the respiration, was obviously a
safeguard, as the animal recovered without artificial
respiration or any other measures being taken to
revive it

|
|
t
|

D. 2 48 25.—Repetition of Observation A for over a minute.

E. 2 53 32—Chloroform inhalation with regular breathing. The
respiration ceased at 2h. 56m. 0s, The entire right
vagus was stimulated from 2h, 56m, 10s. to 2h. 57m.
258. The breathing recommenced at 2h. 57m. 20s,
and the administration of chloroform was continued
for thirty seconds afterwards, The animal recovered
without artificial respiration or other treatment,
In this observation the stimulation of the vagus :
after respiration had entirely stopped from over-
dosing with chloroform and the blood-pressure
was very low: had the effect of still further
lowering the pressure, and of keeping it nearly at
zero, with a slow pulse, for over a minute, If the
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PART VIIL.—METHOD OF EXPERIMENTATION.

Administration of Ansesthetics.

For experiments on the general action of chloroform the anin}al was
usually placed upon a table and held by geveral assistants. An inhaler,
congisting of a conical bag of cloth containing a sponge or absorbent cotton-
wool with the ansmsthetic, was then placed over the animal’'s mouth and
nostrils, and kept there as long as necessary. While one observer watched for
the loss of reflex from the cornea, the cessation of respiration, stoppage of the
pulse, and arrest of the heart, another seated at an adjoining table with a
watch before him noted down the times at which each event occurred. The
corneal reflex was ascertained by simply touching the cornea with the finger
or a blunt instrument, such as the point of an aneurism needle. The cessation
of breathing was ascertained by simple ocular inspection of the thorax
and diaphragm, the presence or absence of the pulse by feeling the femoral
artery with the finger, and the entire stoppage of the heart’s action by watch-
ing the movements of a needle pushed through the thoracic walls into the heart,
The movements of this needle were rendered more evident by a straw bearing
a small paper flag being fixed to the end which projected outside the thorax.
Animals an®sthetised by this method struggled while they were held until the
anwsthetic had had time to take effect. In order to avoid struggling another
method was adopted. This consisted in simply lifting the animal into a wooden
box 3 ft. 10 in. long by 1 ft, 5 in. broad, and 1 ft. 7 n. deep, and putting on

‘the lid in which was an opening. Through this opening was passed a large

piece of blotting-paper on which half an ounce or more of chloroform had been
poured. A piece of wood or glass was then placed over the opening in the lid,
and in a short time the anwmsthetic took effect. To prevent too large admixture
of air a strip of spongiopiline was nailed round the edges of the box and cover-
ed with vaseline, so that the lid shut down air-tight. Even when a piece of
wood was used to close the aperture in the lid at first it was usually replaced
by glass, when the chloroform began to take effect, as the movements of the
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animal could thus be watched. When it fell down insensible it was taken out
at once, and if prolonged ansesthesia was required, as for blood-pressure experi-
ments, an additional quantity of the anasthetic was administered on a cap.

Administration of Definite Proportions of Chloroform Vapour.

In order to make animals respire air charged with definite proportiong
of chloroform vapour, the following methods were used :—

() A certain quantity, e.q., & 0z, 1 oz, or 2 oz of chloroform was
poured on blotting paper in the box already described, and when it was seen
through the glass in the lid that evaporation was complete, the lid was lifted,
the animal introduced, and the lid quickly replaced. The box contained almost
exactly eight cubic feet of air, so that the proportion of chloroform vapour in it
was easily reckoned. As the whole of the chloroform was evaporated before
the animal was introduced, the alteration which its bulk produced in the air-
content of the box did not affect the proportion of vapour.

(b) But in the process of opening the box and introducing the animal
there was almost inevitably some disturbance of the air charged with chloro-
form which the box contained. In order to avoid this, a box of tin-plate, the
same size as the last, was taken, and a round opening 5 in. in diameter was
made in one end near the bottom. Round this a collar of tin plate & in. in
depth was soldered, and on the top of the box was another opening 8 in. long
by 5} in. broad covered by a tin lid. The chloroform was introduced by the
opening on the top, and allowed to evaporate as before, and the animal’s head
was then introduced through the opening at the end, and made as nearly as
possible air-tight by a piece of Mackintosh fastened to the tin collar surround-
ing the opening, and tied round the animal’s neck.

(¢) When it was thought desirable to make the animal inspire a definite
proportion of chloroform vapour through a tracheal canula, the same apparatus
as above described was used, but in one end of the box two tin tubes were
fixed each # in, in diameter. These were connected by India-rubber tubing of
a gimilar bore to the arms of a tin Y tube. The leg of this tube was connected
with India-rubber tubing to a glass canula tightly tied into the trachea. By
means of India-rubber valves the current of air was made to circulate always
in one direction,

(d) When it was desired to insufflate the animal’s lungs with air con-
taining a definite proportion of chloroform vapour, the apparatus just described
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was employed with the addition of a bellows, which drew the air from the box.
In the valve-hole of the bellows a § in. tubé was fixed by means of a large cork
bung. This tube was comnected by a § in. India-rubber tubing with one of the
tubes in the end of the box already described, and by the Y tube with the
tracheal canula. A valve over the nozzle of the bellows and another on one
arm of the Y tube regulated the direction of the current of air. These valves
consisted simply of a piece of dentists’ sheet yubber tied loosely over the end
of the nozzle or tube and then cut across. When the air passed in one direc-
tion, e.g.,from the bellows, it blew open the edges of the eut rubber, but when
it tried to pass in the opposite direction the edges of the rubber fell together

and presented a considerable obstacle.
Administration of Definite Quantities of Chloroform.

For the purpose of giving a definite quantity of chloroform with un-
limited quantity of air another apparatus was used. It consisted of a wide-
necked jar 7 in. deep by 54 in. internal diameter. The iop was closed by a
tightly-fitting bung, in which there were three apertures. In two of these were
fixed § in. glass tubes, and the third was closed by a small stopper, which could
be swithdrawn at will for the purpose of introducing chloroform into the bottle.
To one of these tubes a valve was attached which only allowed the air to enter
the bottle, but prevented its exit. The other tube was connected by wide rubber
tubing with a tin inhaler. This inhaler was in the form of a truncated cone,
and had two 2 in. tubes opening into it. One of these was at the apical
end, and the other at the side of the inhaler, The apical tube was con-
nected with the bottle just described. The side tube was closed by a
simple valve consisting of a perforated cork, over which a strip of thin sheet
rubber was loosely fastened. At each expiration the rubber allowed the air
to escape freely, but at each inspiration it closed completely. The muzzle of
the animal was inserted in the inhaler, and a piece of Mackintosh was tied
round the inhaler and the head of the animal by means of an elastic bandage,
so that the inhaler was nearly air-tight. On inspiration the air passed through
the glass eylinder, becoming partially charged with chloroform on its way, and
during expiration it passed out through the side tube of the inhaler.

For the purpose of keeping up artificial respiration an ordinary bellows
was employed, but to the nozzle of it was fixed a valve which closed when the
bellows was pressed, and thus directed the air into the lungs, but opened as
the bellows expanded, and thus allowed the air to escape from the lungs.
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This valve consisted of a T tin tube 4 in. in diameter. One end of its trans-
verse limb was connected with the nozzle of the bellows, the other with the
tracheal canula. The opening of the perpendicular limb was covered by a
piece of tin plate mounted on a hinge in such a way that when the bellows
was pressed a cord tied to the upper handle of the bellows pulled it down and
closed the opening, but during the expansion of the bellows it was raised and
the opening uncovered by the elastic force of a piece of India-rubber. The cord
and India-rubber were both attached to a short rod fixed at right angles to
that which carried the cover. When it was desired to give chloroform vapour
along with the insufflated air, a piece of blotting-paper soaked with chloroform
was held over the valve-opening of the bellows, or the opening was closed by
a bung and wide rubber tube, and the blotting-paper was placed ingide the
tube. In the first comparative experiments on the effects of chloroform and
ether on the heart in monkeys, when given by insufflation, the bellows and
valve just described was employed. Instead of one limb of the T tube being
directly connected with the tracheal canula, however, it was conuected to a
small glass T tube. Each of the other limbs of this tube passed to a long-
necked glass flask furnished with a tubulature through which the anwsthetic
could be introduced. The neck of the flask was closed by a stopper through
which two glass tubes passed, one reaching only a little way below the stop-
per, but the other extending nearly to the bottom of the flask. One of these
tubes was connected with the glass T tube just mentioned, and the other with
a glass canula tightly tied into the trachea. At each blast of the bellows the
air passed onward through these glass flasks to the trachea of the animals, and
returned through the flasks and out through the valve during the expansion of
the bellows. It is evident that by this arrangement a certain admixture of
other and chloroform vapour will occur in the tubes between the animals and
the valve, so that after a few blasts both animals will receive mixed vapour,
although that of chloroform will predominate in the one case and that of ether
in the other. In order to avoid this admixture the bellows was used without
the valve, and provision was made for allowing the air to escape from the
lungs by using a different form of tracheal canula. Tnstead of a plain glass
tube a small glass T tube was used. The perpendicular limb was inserted
into the trachea, and one end of the horizontal limb was connected with the
bellows ; the other was partially closed by a piece of glass tubing, one
end of which was drawn out and cut off so as to leave only a small orifice.
This was attached by a short piece of India-rubber tubing to the limb of
the T tracheal canula. The orifice was of such a size that while it presented
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instant when anything worthy of note occurred, the time, minute by minute.
When the revolution of the eylinder or drum was complete it was removed, and
a second drum, which was kept ready smoked, was substituted. The tracing on
the first drum was at once cut off and varnished, and another paper put on and
smoked, so as to be in readiness when required.

The movement of the cylinder in these experiments is much slower than
that usually employed, but it has the double advantage of allowing the whole
record of the experiment to be reproduced and of rendering distinet even
small variations of pressure which are apt to escape observation in the long
tracing taken on a rapidly revolving drum. But the tracing taken on such a
slow drum as we employed has the disadvantage of being so compressed
that the individual pluse-beats are invisible,

To obviate this defect a method of double registration was adopted, which
had been devised by one of us for a previous research. In the connection be-
tween Ludwig’s kymograph and the artery a Y tube was inserted, by means of
which a second kymograph, the cylinder of which revolved once in 3m. 9s., or
about ten times as rapidly as the first could also be brought into communication
with the artery. Both were provided with stop-cocks, so that they might either
be allowed to work simultaneously, or the communication of either or both
with the artery cut off at will. If a mercurial manometer had been used in
the second kymograph it would have given the number of pulse-beats, but the
oscillation of the mercury itself would have modified their size and form. One
of Fick's spring manometers was therefore used, and in order to prevent the
oscillations of the mercury in the other manometer affecting Fick’s the stop-
cock connecting the former with the artery was almost always turned off
when the latter was turned on. This plan had the further advantage that the
straioht line traced by the float of Ludwig’s kymograph attracts the eye so that
a glance at the tracing at once shows when a tracing has been taken by Fick's
manometer, and by attaching corresponding numbers to these blanks in the trae-
ing from Ludwig’s kymograph and the tracings by Fick's kymograph, the
relation of the tracings to each other can be at once ascertained. The clock-work
of Fick's kymograph was usually started at the moment when the stop-cock
connecting it with the artery was opened, A short time is required for the clock-
work to attain its full speed, and therefore at the beginning of a tracing the oscilla-
tions may be closer together, and the pulse may appear to be quicker at the begin-
ning than the end of a reading of Fick's kymograph, although the pulse rate
might be really the same throughout. The cylinder was usually, though not
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anwsthetised and one carotid exposed, the left being selected in every case as
it was nearest to the manometer. Occasionally one or both vagi were also

exposed and a loop of thread placed under them, but not tightened round them.

The arfery was firmly ligatured on its distal side, and the proximal side
was compressed by spring forceps covered with Tndia-rubber tubing to prevent
their injuring the coats of the artery. The artery was then opened, the canula
mserted, and firmly tied in, The canula was then filled with soda solution by
means of a pipette, and connected with the glass bulb already mentioned, care
being taken that no air bubbles were present. The spring forceps were then
removed from the artery, the stop-cock of the manometer turned so as to open
the connection with the artery, and the tracing commenced. All this time the
animal was kept unconscious by the administration of an anssthetic from time
to time as required.

Registration of the Movements of the Heart.

These were sometimes registered by inserting a mneedle into the heart,
and connecting a thread to the end which projected outside the thorax when
this was unopened, or outside the cardiac walls when the thorax was opened
and the heart exposed. This thread was in the first instance tied to the lever
of a Marey's tambour (4), and the movement transmitted by it to a second
one (B), which recorded it. The resistance of the two tambours, however, was
too great, and the tracings obtained were unsatisfactory. Better results were
obtained by connecting the needle in the heart with a time-marker by means
of two very light wooden pulleys. The lever of the time-markers being kept
up by a very fine spring, a very slight pull sufficed to depress it, and thus it
marked even when the cardiac action was weak, and had the further advantage
of opposing very little resistance to the action of the heart.

Registration of the Respiration.

For this purpose the two Marey’s tambours 4 and B were used. 4 was
ugnally connected to a meedle pushed through the chest walls into the
diaphragm. On one or two occasions an incision was made just under the
margin of the ribs, and a piece of thick copper-wire flattened at one end, was
introduced, so that the flat pieces lay between the diaphragm and liver. The
other end projected outside, and the thread from Marey's tambour was fastened
to it. In some of the later experiments a fish-hook was used instead of a
needle.
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LECTURE ON CLINICAL SURGERY DELIVERED DURING
THE WINTER SESSION OF 1854-55 BY JAMES
SYME, Esq., PROFESSOR OF CLINICAL
SURGERY IN THE UNIVERSITY
OF EDINBURGH,

From ** The Lancet,” dated 20th January 1885,
CHLOROFORM.,

I HAVE now to speak of some cases in which chloroform will be given as
usual, in consequence of the pain otherwise attendant on the operations to be
performed ; but before the patients are brought in I may take this opportunity
of saying a few words regarding the use of chloroform, as you see that fatal
cases, I am sorry to say, still occur, and that the medical journals, conse-
quently, express doubts as to the use of chloroform at all, or gay that, if used,
it must be only with the greatest caution. Chloroform is no doubf a very
powerful agent, sufficient to destroy the strongest individual if employed freely
enough. Its fatal effects were shown at an early period in the following way :
a lecturer in London was illustrating its action upon a guineapig, which was
placed under a glass jar along with some of the anwmsthetic : the professor, in
the eagerness of his discourse, left the animal too long under the jar, and it
died. He explained to his audience the cause of the accident, but, though the
reasons he gave were satisfactory, yet an impression was made upon the public
which was not soon effaced, In this respect, however, there is nothing peculiar
to chloroform as a medicinal agent; opium, prussic acid, strychnia, &c., not
only may, but often do, destroy life, through being used in over-doses. But the
question is, may it be nused judiciously so as to do the good without exposing
the patient to the risk of the evil ? It is said in London that it cannot ; Fhat
the risk is so great that it is only justifiable to use it in case of operations
accompanied with an extreme degree of pain, or where stillness on the .Pﬂrt f}f
the patient is essential to suecess, and that the greatest caution is required m
its administration ; here we say that, if used with moderate care, it is perfectly
gafe. Tt was in this theatre that chloroform was first administered in public, by
Dr. Simpson, seven years ago ; since then it has been almost daily given here,
yet we have not had a fatal case, Tt is true one solitary instance of death from
chloroform has occurred in another part of the hospital, but that case has
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As another example, T may mention the case of an old gentleman, aged
seventy-four, affected with disease of the heart, from whose bladder I removed
a large stone, some years ago. Chloroform was administered as he lay in bed ;
and he was put so fully under its influence, that he was taken from the bed,
was operated on, and put back to bed, before he woke from his sleep. He
recovered perfectly ; but some time afterwards died and Dr. Begbie, on examin-
ing the hody, found the disease of the heart, which had been diagnused during
life. 'We cannot therefore attribute the absence of deaths here ta our being
more discriminating than others in the patients to whom we administer chloro-
form ; the very reverse, in fact, being the case. '

I think then, gentlemen, that we are necessarily led to the conclusion
that the difference of results depends on difference in the mode of administra-
tion. We know that in other cases differences in the method of procedure. had
led to differences of results, e.g., it was said in London that amputation at the
ankle invariably caused sloughing ; but it turned out that the surgeon who
made this statement performed the operation in a manner that deviated much
from the principles on which it is here performed successfully, and which led
inevitably to sloughing. So of dividing stricture by external incision, it was
said that the extravasation of urine must necessarily take place in a dangerous
manner, and that other serious complications may occur; but it turned out
that the incision had been made without guide on a silver catheter ; in short,
with such deviations from principles as fully to account for the results.

So far as I can ascertain, from what I have heard and read upon the sub-
ject, there are important differences between the mode of administration of -
chloroform here and in London. It appears that here it is given according to
principle, there according to rule. There great attention is paid to the number
of drachms or minims employed ; here we are entirely regardless of the amount
used, and are guided only by the symptoms of the patient. The points that we
consider of the greatest importance in the administration of ehloroform are, first,
a free admixture of air with the vapour of the chloroform, to ensure which a
soft pﬁrf}ﬁa material, such as a folded towel or handkerchief, is employed, pre-
genting a pretty large surface, instead of a small piece of lint or any other
apparatus held to the nose ; secondly, if this is attended to the more rapidly
the chloroform is given, the better, till the effect is produced ; and hence, we
do not stint the quantity of chloroform. Then—and this is a most in}P@ftﬂnt
point—we are guided as to the effect, not by the circulation but entirely by
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THE CHLOROFORM COMMISSION IN INDIA,

[Reprint of an article from the © Pioneer™ of November 6th, 1889.]

The arrival of Dr, Lauder Brunton and Surgeon-Major Bomford in Hyderabad, to re-
peat and extend the chloroform experiments which were carried out last year in the Nizam’s
capital, is of interest not only to the medical profession, but to the public generally : and some
account of the scope of their investigations and their bearing on the practice of surgery may
not be out of place. Chloroform was introduced to the medieal profession by the late Sir J, Y.
Simpson of Edinburgh, who first employed it in midwifery in the year 1847. It was very
soon afterwards used in surgery in Edinburgh by the late Mr. Syme, and its position as an
angsthetic quickly became established, It was some little time before Syme could lay down
precisely the prineiples on which the safe administration of chloroform depends, and meanwhile
deaths occurred elsewhere, discussion arose in the profession as to their canse, and the publie
became alarmed and acquired a dread of chloroform which thenceforth limited its advantages.

In the year 18535 Mr. Syme published a lecture in the Lancet in which he showed that
there was an important difference in practice in the administration of chloroform in Edinburgh
and in London. In Edinburgh, surgeons were guided as to the effect of chloroform entirely
by the respiration ; in London, partly by the respiration and partly by the circulation, so that
it was, and still is, the rule in London to watch the pulse carefully throughout the adminis-
tration. The teaching by the two schools amounted to this:in Edinburgh it is held that
chloroform never affects the heart directly, and that signs are always given by the respiration
whereby danger can invariably be averted ; in London it was taught that one, if not the greatest,
danger of chloroform lies in the fact that it sometimes affects the heart directly, and that its
administration is never free from risk, Syme’s lecture was couched in polemic terms and
increased the divergence of opinion between the Edinburgh and the London surgeons, and from
time to time deaths from chloroform continued toecur. In 1864 a Commission was appointed
by the Royal Medical and Chirurgical Society to enquire into the action of chloroform with
special reference to its effect mpon the heart. This Commission performed few reliable
experiments, but nevertheless arrived at the conclusion that chloroform does directly affect the
heart. In 1870 Syme and Simpson died, still adhering to their original opinion and never
having had a fatal accident with chloroform. Between 1870 and 1880 Syme’s principles were
gradually lost sight of, and the opinion that chloroform affects the heart gained ground, and
was fortified by another Commission which was appointed in Glasgow in 1879, and, like the
previous one, did not hesitate to condemn chloroform upon altogether insufficient data. As the
belief in the safety of chloroform has decreased, two remarkable phenomena have come about :
(1) deaths from chloroform have increased in exact proportion to the amomnt of attention
bestowed upon the heart and circulation ; and (2) an effort has been made to substitute there
or some other anmsthetic for chloroform.
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that chloroform might be with perfect safety administered, provided the administrator watched
the respiration with sufficient care. Surgeon-Major Lawrie’s own experience of many
thousand cases confirmed, in his opinion, the truth of this doctrine, but it had been impugned
on account of the results of physiological experiments, and he was therefore desirous of proving
its truth by laboratory experiments as well as by clinical experience, Accordingly, at his
suggestion, the Nizam’s Government appointed a Commission consisting of Dr. Hehir and
Messrs. Kelly and Chamarette. These gentlemen, from a series of experiments, arrived at
the conclusion that chloroform always arrests the respiration before the heart, A copy of their
report and of some remarks upon it by Dr. Lawrie were forwarded to * The Lancet,” but the
facts bronght forward seemed to us insufficient to overthrow the conclusions of many observers
both in this country and abroad whose researches seemed to prove that one of the dangers from
chloroform was paralysis of the heart, Our hesitation to accept the conclusions of the first
Hyderabad Commission led Dr. Lawrie to propose a second one, to which * The Lancet * should
send a representative, and for this purpose the Nizam’s Government most generously offered
to contribute the sum of £1,000. 'We accordingly selected Dr. Lauder Brunton, F.R.S.,
and on his arrival at Hyderabad on October 22nd, a second Commission was at once formed,
consisting of Surgeon-Major Lawrie as President and of Drs. Lauder Brunton, Bomford,
and Rustomji as members. The members of the first Commission were also associated in
the work and rendered most valuable assistance, The experiments were of two kinds ; those
of one group being made without recording apparatus, and being intended to ascertain what
influence is exerted by various conditions upon the relation between the stoppage of heart and
of respiration, and the limits within which artificial respiration and other means of resuscitation
are useful. The second group consisted of experiments with recording apparatus, and were
made for the purpose of ascertaining the effect of various conditions upon the heart and blood- -
pressure. In the first gronp chloroform was given in all sorts of ways, alone or with morphine,
atropine, and strychnine, to animals healthy and diseased, fasting or replete, The result was
invariable : in every case the respiration stopped before the heart, sometimes a long time before
it. But the effect of partial asphyxia in causing the heart to stop very soon after the respira-
tion is deserving of particular notice.

The second group of experiments on heart and blood-pressure was made with apparatus
arranged in such a way that the whole experiment could be recorded from beginning to end in
such a compass as to admit of photographic reproduction in its entirety. This was managed
by recording the general blood-pressure on a slowly revolving drum, and taking at intervals
a tracing on a second drum, revolving with sufficient rapidity to show each beat of the pulse.
About one hundred and fifty experiments were made in this way, and the influence of every=
thing that seemed likely to affect the blood-pressure during chloroform narcosis was ascertain-
ed, Particular attention was directed to the production of shock or syncope, and to the effect
of chloroform itself on the heart and blood-pressure in healthy animals, and also in cases where
fatty degeneration of the heart and other organs had been produced by the previous adminis-
tration of phosphorus, The results of these experiments were unexpected, It was found fﬂ be
exceedingly difficult to affect the heart reflexly, and recourse was therefore had to direct stimu=
lation of the vagus, by which the heart could be slowed or stopped completely. Instead of this
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mulgation of this report, what would be the result to the administrator? Would a coroner’s
Jury find death from misadventure or would the verdict be one of manslanghter # T know that
1 should be very sorry to administer chloroform if I knew I was liable to be found guilty of
mn::slmghtm- should the patient die under it, and I fancy that many other doctors would say the
samie. For the last fourteen years I have administered chloroform precisely as the Com-
mission recommends, and although I never lost a patient under it, still I went so near
doing so twice that my experience may be interesting. About twelve years ago, when civil
sargeon of a very large district in India, I had a great deal of surgery, and so great was the
crush of people coming daily that at last it became almost impossible to get through the
work. To enable me to cope with it I used to make my assistant surgeon give chloroform to
one patient while I went on examining others in order to pick out those cases that were suit-
able for operation, I worked in a verandah only a few yards from the door of the operating-
room, and one day my assistant surgeon rushed out to tell me that the patient on the table to
whom he was administering chloroform was dead, In a moment I reached the room, and at
once commenced trying to resuscitate the patient, and I succeeded after about twenty minutes
of the hardest work I ever had. My assistant surgeon assured me that he had given very
little chloroform, when suddenly the man stopped breathing and at once passed into the alarm-
ing condition in which I found him. He (my assistant) was a very capable man, of great ex-
perience in giving chloroform, so that I had no reason to doubt his word., Moreover, he had
helped me to give chloroform hundreds of times, and knew how to give it just as well as I did.
Some two years afterwards I was giving chloroform to an old woman, and she had only taken
a few whiffs, not enough to harm an infant of a week old, when suddenly, without the least
previous warning, she ceased breathing and became to all appearances dead, and it took me all
I knew to get her round again. There was nothing whatever in her previous condition to
lead one to suppose that she could not tolerate chloroform, and I know that no one could have
given it more carefully than I did. I say, therefore, that one certainly cannot give chloroform
with absolute safety in every case.

I do not write this to find fault with the general findings of the Commission. On the
contrary, I know from my own experience that they are absolutely true, and I rejoice that a
last the truth is known about chloroform, and that it is to a man of my own service the credit
is due for this crowning victory in its favour. I only say that I am not satisfied as to its absolute
safety in every case, and I shall be glad to hear whether my experience of it can be borne out
by others,

I am, Sirs, yours faithfully,
A, DEANE, abp,,
Croypox, Jan, 20th, 1890, Surgeon-Major, Bengal Med. Service.
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LETTER FROM Dr. E. F. NEVE,

To tar Eprrors o * TEE LANCET,”

S1mg,—The results of the work of the Hyderabad Commissions, important as far as they
go, can only be considered as final on one division of the subject, Where the Tanvis system
is an important factor, the difference between the highly-organised cerebro-spinal E}'Etﬂf]l' of
man as compared with animals is not likely to be overlooked. Sometimes the results of clm{cal
experience may disagree with those of physiological experiment. In such cases practical
men are apt to prefer the former. But even in clinical work sources of ervor exist, There
are three such which ought to be kept in view:—(1) That those in many respects most
qualified to judge in the question, viz., experts, anmsthetists by profession, are from their very
position apt to have a distinct lias ; for of the essence of the controversy iz the contention
on the one hand, that average ability, great care, and moderate experience are sufficient,
for the safe administration of chloroform, without any special apparatus. Opposed to
this is the reiterated belief, supported of course by the united body of professional anwmsthetists,
that both experts and apparatus are required, whether for chloroform or ether. (2) In favour
of the use of chloroform as a routine ansesthetic is the weight of conservatism, including the
convenience of administration of the drug, (3) In cases of death under administration,
there is a natural tendency for even an upright and honest man to seek for causes of death
outside the obvious possibility of accidental asphyxia from over-dosage or failure in
resuscitation. A question in which such conflicting interests are involved can only be
settled by facts. The Hyderabad Commission has contributed its quota. When chloroform
was first introduced its use was attended for a long time by a wonderful freedom from mishaps.
Of late years deaths have increased, and pari passu a certain degree of alarm has arisen 7 Dut
are the deaths the cause of the alarm or is the alarm the cause of some of the deaths, The
latter view is by no means untenable. People may die of pure fright or of ordinary syncope.
The state of anmsthesia may increase the possibility of such an untoward occurrence, which
may take place under even nitrous oxide,* If this be o, then a certain responsibility rests on
all who foster such an alarm by unguardedly condemning the use of a popular ansmsthetic,
But, after all, the crucial question is—What is the mortality in the practice of successful

operators ¥ This is the test which we apply to all important surgical procedure, By it we
eliminate many fallacies,

Now, with regard to the practice of the Kashmir Mission Hospital, I may state that
there has never been a death under chloroform, Since 1877, the number of surgical operations
performed has been 13,275, In connection with these, at the lowest estimate, chloroform has
been administered more than 5,000 times. Many surgeons in Great Britain must have had
vastly greater experience, If it be possible to accumulate facts from such sources, we shall
soon be in a position to judge as to the intrinsic mortality of this, in one sense, the most
important operation in surgery,

I am, Sirs, your faithfully,

ERNEST F, : :
Kasmym, December 13th, 1889, IS8T F, NEVE, m.p., r.R.08, Ep,

# The Lancet, vol. IL, 1889, page 804.
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ANNOTATION FROM THE LANCET, JANUARY 251H, 1890,

: In our annotation on the report of the first Hyderabad Chloroform Commission in ounr
issue of March 2nd, 1889, we strongly deprecated anything like slipshod carelessness in the
administration of chloroform, or anything likely to lead to such carelessness, Nothing, we are
certain, could have been farther from the minds of either of the Commissions than to inculeate
carelessness, and a careful pernzal of the practical conelusions which we printed last week will
show how necessary the Commissions consider care to be, and how stringently they inculeate
it. Yet one of our contemporaries, in referring to the report of the Commission, says :
“ Henceforward chloroform is as safe as a glass of whisky-and-water, That is the net result of
the Hyderabad Chloroform Commission.” This may be true of chloroform carefully adminis-
tered, but the least carelessness or inattention may lead to the most serious results, as was
well shown by the cases of accidental death from chloroform amongst the animals used by 'the
Commission, We think the instance is worthy of particular note in which the chloroformist
was present in body but absent in mind, and allowed his attention to wander from the respira-
tion of the animal to the performance of the operation. Instead of being an immense relief to
every practitioner who has to administer chloroform, the conclusions of the Hyderabad
(fommission will have precisely the opposite effect, For if a death oceurs during the
administration of chloroform at present, the administrator may satisfy himself that such death
was due to the effect of chloroform on the heart, and was unavoidable, But if the conclusions
of the Hyderabad Commission are correct, this will no longer be possible, for their deliberate
conclusion is that deaths from chloroform are preventable, and that their occurrence in the
future will indicate carelessness in the chloroformist, It would be monstrous to make such a
conclusion retrospective, and to say that all deaths that have already occurred were due to
carelessness, because imperfect knowledge leads to a similar result, and it is only when the
exact dangers and mode of obviating them become known that the responsibility of aveiding
them arises, No one thinks of blaming a commander when his ship strikes a sunken rock
not marked on his chart, but when once the danger has been clearly indicated he is regarded as
blameworthy if he does not avoid it, The work of the Chloroform Commission has not altered
the properties of chloroform in the least ; an over-dose will kill as readily as ever, but we trust
their attempts to define more clearly the way in which it kills, and the mode in which death
may be avoided, will have the desired effect of preventing deaths in the future, just as
marking the situation of a sunken rock will prevent further shipwrecks,—The Lancet,

25th January 1890,
LETTER FROM Mz, WOODHOUSE BRAINE.

To tae Eprrors oF “Tar Laxcer.”

Sme,—It may appear almost ungenerous to eriticise the conclusions at which the
Hyderabad Commission has arrived, when all its members have thrown themselves heart and
<oul into the labour, and have spared no pains to get at the truth of the great question as to
whether chloroform ever produces a fatal result by cardiac failure before the respiratory func-
tions are affected ; but if I remain silent I shall probably be considered as acquiescing in
conclusions, and therefore I trouble you with this letter.
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I greatly fear that, as a result of the Hyderabad - Commission, the opinion that death
from chloroform is always prefaced by some change or sign of danger in the patient’s breathing
will gain ground, But does the Commission prove this? I think not, What it does prove
is that in dogs and monkeys and some other animals, in India, respiration always gives warning
of an overdose and ceases from one to ten minutes before the heart stops for ever, This is
no new statement, for in Snow’s work on Anasthetics, published in 1857, we find the following
passage : “The greater number of experimenters who have killed animals with chloroform
have found that the action of the heart continued after the breathing ceased, but they did not
cither control or ascertain the proportion which the vapours of chloroform bore to the inspired
pir. In Mr. Thomas Wakley's experiments the action of the heart continued after the
breathing had ceased ; and this was the case in a great number of experiments performed by
a Commission which reported to the Society of Emulation of Paris in 1855.” This Com-
mission came to the conclusion that *“in all instances in which animals are killed by chloro-
form the action of the heart survives the respiration ; but they might have administered chloro-
form to an equal number of human patients without any one of them being cut off by sudden
paralysis of the heart.” Evidence, as we all know, iz of two kinds—positive and negative }
and if three cases of death in the human subject are brought forward which have happened in
England or in elimates resembling ours in which the heart has ceased beating and the patient
has gone on breathing afterwards, then I affirm that these cases are of far mere importance to
us as practical anwesthetists, and far outweigh the 430 experiments which were performed on
dogs, monkeys, aud other animals in the tropical heat of India,*

The Commission states that it has searched the records of accidental deaths from chloros
form in Great Britain since 1855, and they find that there is not a single death from chloro-
form recorded in which it was proved that the respiration alone was attended to throughout
the inhalation, T also have carefully gone through these same cases, and the conclusion I
arrive at is that all these cases were watched with the greatest care on account of the admin-
istrator not knowing from which quarter danger might arise, and although it is not gpecially
stated that the respiration was watched, I cannot for one instant doubt that it was well attended
to. Buf to my mind this is a side question altogether, for, from the details of cases quoted a
.little farther on, there can be no doubt that the primary cause of death was cardiac failure,
cessation of respiration being secondary. One very important point to note is that in these
cases death took place in one instance in 120 seconds, in another in about 60 seconds, and in
a third at five minutes from the commencement of inhalation. Now notice how different these
times arve from those in the fatal cases of the Commission, Not one of the 197 animals died
in as short a time as the second case quoted ; while the heart of one dog went on struggling
for over ten minutes after respiration had ceased, not counting the time of inhalation. There
is no doubt that in the human subject, when the breathing stops, artificial respiration is the best
proper treatment, and these are the cases which cause the surgeon intense anxiety, but which
do not, or very rarely, end fatally ; but when sudden and general pallor comes over the face
together with sudden loss of pulse, then the patient is dead in ninety-five cases out of a hundred,

It may be ohjected that in qrml:ing- these cases I am going a long period back ; but they
aretypical cases, and they have gone on occurring in much the same way up to the present

h'ﬂ?ﬁﬂltﬂmpentum of the Laboratory in which the Commission’s experiments were carried out waried from 18°
25
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time, and they will continue so to do as long as chloroform is administered. I have the less
hesitation in quoting these particular cases, for in each of them the anmsthetic was given
without any inhaler, all forms of which the Commission condemns, Referring to the three fatal
cases above mentioned from Snow’s work on Angmsthetics, I find :—

Case 1.—Hannah G——, aged fifteen, of Winlaton, near Newecastle, operation to be
performed being evulsion of a toe-nail, a similar operation having been performed under
ether a few months previously, On Jan, 28th, 1848, chloroform was administered upon a
handkerchief, a drachm being poured on it, patient being seated in a chair, In half a minute
Dr, Meggison, the administrator, finding no change in the breathing or alteration of the pulse,
tested her sensibility by pinching the cheek, and finding no reflex, told the surgeon he might
commence, Patient moved when the inecision was made, and more chloroform was about to be
given, when the following events happened : lips suddenly became blanched, and she spluttered
at the mouth, Cold water was dashed on the face, and the patient laid on the floor, Venesec-
tion in the arm and in the jugu]u.l' vein was performed, but no blood flowed. The entire pro-
ceedings from the commencement of inhalation is said to have been two minutes, From the
lips becoming suddenly blanched in the above case there is every reason to conclude that the
heart was suddenly paralysed, The patient breathed for a little after this, and was able to
swallow, though with difficulty. (Dr, Snow’s remarks.)

(ase 2,—Patrick 0——, age not stated. March, 1848, Disease, fistula, Had taken chloro=
form once previously. Time of inhalation about one minute, Quantity consumed half a drachm.
Lapse of time till death about one minute. Patient on his side, chloroform was administered on
a handkerchief or towel. Immediately the operation was commenced the patient became pulses
less, his pulse previously being full and natural, Here the period of inhalation was very short,
one minute, and the evidence of paralysis of the heart distinet,

Case 3—J.V , aged seventeen, Hotel Dieu, Lyons, January, 1849, Amputa~
tion of finger, Chloroform was dropped upon gauze spread over the face, leaving a free pas-
sage for air, At the end of five minutes patient still felt and spoke, at the end of six minutes
he became restless and still spoke, One drachm and a half of chloroform had now been
given 3 pulse regular and good, He now struggled violently, and within a quarter of a minute
the pulse at the wrist became imperceptible, The gauze was removed, no pulse anywhere to
be felt, and no cardiac sounds audible, Respiration continued, and ceased in half a minute,
Means of resuscitation were employed, and respiration reappeared in two minutes’ time, and
then again gradually ceased, The pulse did not return,

And now we come to the practical conclusions which are generally the first r:ead, _un::!
nre ugually the most interesting parts of the whole paper, no matter on what suhy.:mt it is
written. It is difficult to see how the Committee arrived af its first practical conclusion as to
the position of the patient on the back being the best, This position i? not so c?mfﬂrtahle ta
the patient as when lying on his side ; any of the ansmsthetio fluid accidentally spilt falls on his
face instead of on the pillow, and, in fat people especially, the diaphragm do:es nl.:nt der:u:::enr.l s0
well owing to the weight of the fat on the abdomen pressing on it, Again, in this position the
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patient usnally swallows all the saliva which is secreted, often in large quantity, and this pro-
duces after vomiting ; whereas when the patient is on his side the saliva will run out of the
corner of his mouth, and consequently cannof irritate the mucous 111:3mbmna g the slouinels
Also, when the patient is lying on his side, the tongue is mot liable to fall back a.ml thus
impede respiration ; in natural sleep and in cases of npoplex‘}' how constantly do we mf'i‘m? that

a patient on his back snores heavily and breathes uneasily, but w.]mn turnu:sd on his Bldﬁ: all
noise ceases and he breathes quietly. The next conclusion I agree with, provided the patient
is placed on his side for the reasons ahove stated, The principles of the ‘1j33t five P““’-E“’f?hﬂ
have been taught in the London schools for years. I can answer for Ghﬂrf.ug-ﬂms? Hospital,
where the pupils are systematically instructed in the theoretical and practical details of anzes-
et In pnrélgmph 33 of the report the Committee state that they performed a large
number of operations which are reputed to be particularly dangerous from shock, such as
extraction of teeth, evulsion of nails, section of muscles of the eye, &. These operations were
performed in all stages of anmsthesia, and even when the animal was merely stupefied with
chloroform ; in no case was there anything suggestive of syncope or failure of the heart’s ]P
action. And yet in Conelusion VIIL, we find, “ As a rule, no operation should be commenced |
until the patient is fully under the influence of the anwesthetic, so as to avoid all chance of {
death from surgical shock or fright.” Now, how are we to reconcile these to statements 7 Is
it not apparent that animals do not suffer from surgical shock and cardiac failure, and are in this
respect different from human beings, I venture fo state thatthere is no anmsthetist, even of mode-
rate experience, who has not noticed cases of shock from insufficient anmsthesia, due to the surgeon
commencing the operation before asking the administrator whether the patient is ready,

Conclusion IX, states : “The administrator should be guided as to the effect entirely
by the respiration, His only object, while producing anmsthesia, is to see that the respiration
is not interfered with.” From the large experience I have had of administering anwmstheties
in England during the last thirty years, I feel absolutely certain that if this deduction is acted
upon, the number of fatal cases, even now too numerous, will rapidly increase, I maintain
that the administrator should watch equally the face, the pulse, and the respiration, sudden
pallor of the face being of far more importance than partial interference with the breathing.
The precautions mentioned in the remaining paragraphs are usually carried out in the London
Hospitals, Time alone will show whether the sanguine future the Commission believe to be
in store for chloroform will come to pass if their rules for its administration are carried out,

I remain, Sirs, yours faithfully,

Feb, 3rd, 1890, WOODHOUSE BRAINE,

LETTER FROM Mgr. ROGER WILLIAMS,
To TEE Epitors o “ TrE LANCET ",
Simg,—Just as modern industrial life is the outcome of the introduction of steam, so

modern surgery i based upon the use of angesthetics, Whatever relates to fatalities during
anwsthesia is therefore of the greatest importance to every practical surgeon, With nearly
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half a century’s experience at our back, it is surprising,—in these days of advancing geience
and greater accuracy in many respects,—to find that even now we have no really reliable in-
formation as to the relative frequency of such occurrences, Rough estimales there are in

abundance, the value of which may be judged from the fact that they vary, for ehloroform, from
1 in 36,500 to 1 in 2,666 administrations.

My object in writing this letter is to point out that a perfectly reliable source of inform-
ation is now available, so that in future there can be no excuse for ambiguity. For many
years past there has been kept at St. Bartholomew’s Hospital a most admirable record of the
administration of ansthetics and of the fatalitics which have occurred. These have been
published from year to year with the annual statistical reports of the hospital, DBelieving the
subject well worth a little trouble, I have tabulated these records for the ten years 1878—1887.
During this time chloroform was administered 12,368 times, with 10 deaths (1 in 1,236).
During the same period ether was administered 14,581 times, with 8 deaths (1 in 4,860). In
9,072 of these cases ether was preceded by gas; 1 fatal case belongs to this category. In the
other 5,509 cases ether alone was given, and 2 deaths occurred.® These facts arevery eloguent ;
they require no lengthy comment. I have long been aware of the greater safety of ether, and
have therefore preferred it to chloroform in most cases, notwithstanding its disadvantages in
some other respects. I believe thisis the goal towards which professional opinion is steadily
moving; and I think this movement likely to be most beneficial, Experience at other hospitals
leads me to believe that the results obtained at St. Bartholomew’s may be accepted as reliable
averages. There can be no doubt, in these cases at least, that most of the fatalities occurred in
spite of the greatest skill and care being used in the administration of the anwmsthetic agents.
Such being the case, it is impossible to arrive at any other conclusion than that such occur-
rences are unaveidable in a certain proportion of cases,

I cannot conclude this letter without emphatic protest against the dictum of the
Hyderabad Commission, that such deaths must be aseribed entirely to carelessness on the part
of the administrators, Such a statement is opposed to all clinical experience, and it is simply
preposterous, '
: I am, Sirs, yours truly,

Welbeck-Street, W., Jan, 30th, 1890, W. ROGER WILLIAMS,

LETTER FROM Svreron-Masor EDWARD LAWRIE,

To TE EpiTors or “ Turg LAxceTr ”.

Simg,—In The Lancet of Feb, 8th and 15th, 1890, there are important letters on the
relative safety of anwmsthetics, Mr. Roger Williams gives certain statistics of the administra~
tion of anmsthetics and of the fatalities which have occurred at St. Bartholomew’s Hospital,
which, he says, may be accepted as reliable averages at the other London hospitals, From

= Tt is right to state that in each of these cases the patient was in an exceedingly feeble and collapsed Em“‘
before exhibition of the anmsthetic owing to pmll:rllgcd intestinal obstruction—W, B, W,
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Dr. Brunton commenced by stating that the conclusions arrived at by the Commission
had already been published by “The Lancet 7, but he thought that the main value of their work
lay in the number of experiments that had been done, which had been recorded graphically, and
which would be printed and eivenlated so that they might be available to all, and the conclusions
of the Commission concerning them might be eriticised, and, where necessary, corrected.
Syme attributed the absence of fatalities in the use of chloroform at Edinburgh to two facts—
that very pure chloroform was used, and that plenty of it was given. It occurred to the
speaker that one reason of the deaths from chloroform might be the neglect of the second of
Syme’s dicta ; for many of the deaths appeared to be due to shock, and to occur at the beginning
of an operation. Syme taught also that in administering chloroform one should watch the
respiration and not mind the pulse ; and Dr, Lawrie, in the first Hyderabad Commission,
instituted a series of experiments to show that the respiration failed before the pulse. In the
first Commission 141 animals were used, and they all died of respiratory failure, The second
Clommission was inaugurated to repeat and extend these experiments, and 430 animals were
used with a similar result ; in the entire 571 animals the respiration failed before the heart,
It might be said that two chief theories were promulgated regarding the action of chloroform :
one, which might be called the Edinburgh theory—that chloroform paralysed the respiration,
but did not paralyse the heart; and the other, which was chiefly current in London—that
chloroform paralysed the heart, and that this was the chief source of danger. It had oceurred
to Dr. Brunton that the small amount of beer drunk in Edinburgh might lessen the Lability
to fatty degeneration of the heart and might have something to do with the difference in the
mortality, The Committee of the British Medical Assoeciation in Glasgow found that chloroform
sometimes paralysed the heart, and that this might happen in an unforeseen way which could
not he prevented, The experiments of the Commission were directed towards determining
the action of chloroform upon the heart, and careful tracings of blood-pressure were taken.
An ordinary manometric apparatus was used, the carotid of the animal under chloroform h*eing
exposed in the usual way, the distal end being tied and the proximal connected with a
mereurial manometer ; the tube between the mercury and the manometer being filled with solu-
tion of bicarbonate of sodium. Instead of using a quick recording drum, which would give an
immensely long tracing, a slow drum was used revolving only once in lm.lt’ an hour, Tlus.
though it recorded the effect of respiration only, showed nm'erthﬂlcs? :":ujﬁment for practical
purposes. But in order fo register any particularly interesting variations found on the slow
drum with more accuracy, the glass tube connecting the artery with the manometer wad I8
furnished with a branch, and this led to a second manometer and a quick dr@. W'lt-h {
this apparatus, by simply shifting o clamp, a * Sample,” o to speu.k, of the eard,la.c.uﬂﬁl::n
could be taken on the quick drum at any interesting moment, To avoid errors from inertia
the quick drum was worked in connection with a Fick’s manometer. They found that the
difference between chloroform and ether, so far as their effects on blood-pressure Wﬂﬂ'
concerned, was just what Claude Bernard had pointed out years ago, that they both acted ina
similar manner, but that chloroform was the more powerful of the two. Uider G.hl s i
the pressure sank comparatively quickly, and on its stoppage and the adoption of artificial 1'33(;
piration it gradually rose again. If ether was used there was a much H]DW&T!fall of pressure, ant
artificial respiration produced a similar rise, If air strongly charged with chloroform were
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used, a sudden fall of pressure was observed, It then hehoved them to inquire how deaths
during the administration of chloroform were likely to occur, and how they were fo 'l:u‘e pre-
vented, They investigated the direct action of chloroform upon the heart, I'f was well known
that if chloroform were injected into ordinary striated musele it became h:lr.d l.lkc a b:mrd, but
they found that injection of chloroform into the veins did not produce a :].]E-tll]{’_:i:- :fuhun on the
cardine muscle fibre,—at any rate, not in anything like the degree they had anticipated. The
injection of both chloroform and other into the veins was found to luwm.- the blood-pressure,
but ether had a less effect than chloroform, It was found, however, that ether usually cansed
clotting of blood in the heart, and thus led to a fatal result, When ether and chloroform were
injected into the trachea they both produced a rapid fall of blood-pressure. Iif shr:mld be
remembered, however, that the action of chloroform in these two ways,—by injection into the
veins and into the trachea,—represented its toxic rather than its therapeutic effects, If the
vapour of chloroform were driven into the trachea after the stoppage of respiration, the,. hc.ari;
became paralysed ; but when administered by simple inhalation alone, when the respiration
stopped an excess of chloroform was prevented from getting into the circulation, and the 111:3111'{:
in that case was not paralysed. But there were certain points about the matter which required
fuller consideration. An animal dying from paralysis of respiration might, after the stoppage
of regular breathing, make one or two violent gasps, and these might bring in enough chloro-
form to stop the heart’s action, There was some risk of this happening, but this risk only
occurred if the chloroform vapour was drawn in when the animal was in a state of asphyxia.
A tracing taken from an animal in this condition was found to be identical with one produced
by the Committee of the British Medical Association, There was a drop in the respiratory
curve, followed by slow action of the pulse, and then a gradual rise again, This slow pulse
was due to yagus irritation, and such a tracing could be made at will by inducing simple
asphyxia, either by closing the dog’s nostrils, or, if a canula were in the trachea, by stopping
the end of the canula, or by making the dog breathe pure carbonic acid gas, Such a condi-
tion was never produced by the administration of chloroform with plenty of air, but it always
occurred during accidental asphyxia, Dr. Brunton had been much puzzled as to how the
Glasgow Committee had produced this tracing, and he suggested an explanation. If, with a
canula in the trachea, artificial respiration were being performed, a small quantity of blood
might run down into the bronchi and clot. It might there form a valvular plug, and by
moving up and down produce an intermittent asphyxia and give rise to such a tracing,
Several experiments were tried on the effect of shock, but no marked symptom of that condi-
tion could bhe produced, It was true that no experiments had been done without ether or
chloroform, but they concluded that such experiments were not only painful but unnecessary,
They first put an animal under chloroform and extracted several teeth, but no symptom of
shock followed ; they then tried laying hold of the skin of the anus and pulling and snipping
it, imitating operation for piles, but with no result. The abdomen was then opened, and a
piece of intestine pulled out and ligatured ; a blow was struck upon the testicles as the animal
was coming round, but the effects were not so marked as would have been imagined, As to
position, when the animal was put upright there was a distinet fall in blood-pressure, which
became normal when the horizontal posture was resumed 3 elevation of the legs was found to
Taise the pressure, With the animal in the upright position, striking the abdomen or extract-
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ing teeth produced no shock, The effects of dress were fried on female monkeys ; a plaster=
of-Paris jacket was put on to imitate stays, and a tight bandage round the abdomen 1::1 r;]sem] ]

the band of a petticoat. Under both these disadvantages the animals seemed to die mjrﬂ
quickly indeed. Phosphorus was administered to induce fatty degeneration, and in some th-:;
heart seemed to stop more quickly than in healthy animals, but the effects 1.:'ere not marked
Their main coneclusions were that chloroform and ether acted in the same way, both paralysin '
the respiratory centre before the heart; if pushed after the respiration had cense:l, the heart wnu]ﬁ
be paralysed, ~Chloroform was more potent than ether, which latter could not be used in very hot
countries, and the chloroform should be given with plenty of air, for suffocation and chloroform
formed a deadly combination, The deaths from chloroform were due to asphyxia and resulted
from imperfect observation of the respiration. During the prosecution of the research they
had a large number of accidental deaths, but all these were due to inattention to the respira-
tory condition. The pulse did not begin to fail till after the respiration, and if the respiration
were not attended to till after the pulse had failed it was probably too late.  If attempts were
made to pay attention to both the respiration and the pulse, neither perhaps would be observed
well, and hence it was advisable to keep the attention fixed on the respiration alone. Dr.
Brunton concluded by saying that we owed a great deal to the Nizam, who not only caused the
research to be undertaken, but had generously consented to publish it, so that a complete set of
the photographic tracings would be presented to all the principal medical libraries in the world,

Tn the discussion which followed, Mr, Bailey dealt with the clinical side only. In the
early days of chloroform he thought it was administered as well in London ag in the north,
but many deaths oceurred which were considered to be due to failure of cardiac action, The
plan of administering ‘nitrous oxide before ether did away with its disadvantages, and as
perfect an anmsthesia could be obtained with ether as with chloroform, and the death-rate
from the former was smaller. He found it quite easy to watch not only the respiration, but
also the pulse and the pupil, and the latter, he thought, gave most valuable indications as to

the patient’s condition,
My, Braine said that in fatal cases under chloroform the patient would be going on
well, then a little more chloroform would be given, when a pallor of the cheeks would be

noticed and no pulse would be felt, though the patient breathed on, He thought that one case

<o observed in the human being was more yaluable than thousands of experiments on animals.

Dr. Sansom agreed that it was most valuable to have these experiments on blood-
pressure reduced to manometrie certainty. The question was what were the teachings of
experiments on animals, and how did they bear on the practice of the present day ?
experiments were performed both in England and abroad, which led to the
the Hyderabad (ommission had shown more elaborately, namely, that the
But animals varied very much in their reactions
to anmsthetics even in the same species, and he thought that we could not argue direct from
animals to man, whom the influence of emotion placed in an entirely different category. While
there was a fair amount of uniformity in the necropsy records from animals, in man this was
not so, for in some cases all chambers of the heart were found full of blood, which pointed
strongly to the idea that denth took place from paralysis of the heart rather than of the

Years ago careful
same conclusions that
heart in animals was an ultimum moriens.
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of Dr, Brunton’s arguments as applied to the lower animals, the practical anmsthetists present
deprecated the extension of conclusions from the lower animals to man, unless positive evidence
of uniformity of behaviour of chloroform towards men and beasts were adducible, It was
further pointed out that the evidence produced was, so far as the action of the drug upon the
heart went, wholly negative, and that the clinical observations of Snow, Clover, and living
anzesthetists were opposed to the Commission’s contention that chloroform kills through the
failure of respiration, and not by primary heart failure, While conceding the obvious and
great value of experiments made upon the lower animals to elucidate conditions prevailing in
man, one of the speakers pointed out that considerable divergence in reaction towards
chloroform existed in them, and this was an additional reason for not relying too much in the
present discussion upon the negative evidence Dr. Brunton advanced. None will seek to
diminish the great value, both scientifically and practically, of Dr, Brunton's painstaking
researches, and it must be accepted as a sign of respect to him that so eager and lively a
discussion was elicited by his description of his part in the work of the Hyderabad
Chloroform Commission,

LETTER FROM Dr. DUDLEY BUXTON.

To tEE Epitors or “Tee Lawcer.”

S1rg,—The publication of the report of the Second Hyderabad Chloroform Commission
and Dr. Lauder Brunton’s explanatory remarks given to the Medical Society afford very
many points for careful study, It is unnecessary for me to dwell upon the debt we owe to
Surgeon-Major Lawrie, to the public-spirited Nizam of Hyderabad, or to Dr, Brunton and the
other members of the Commission. Dr. Brunton’s work has always been so good, so thorough,
and so earnest that I believe all who are interested in thiz most important question—Can
chloroform be given safely, if given properly P—looked forward with the utmost interest to the
feast of reason which he, alike with the other members of the Commission, was to place before
us, Now that we have got it, are we happy ? Dispassionate candour compels me to reply that
I at least have been carried no farther, although setting main issues aside, I would add no one
can read the suggestive report without gleaning much that is valuable and much that is instrue-
tive. Of the many points involved, I can crave your indulgence for reference only to
a few. In the first place, I find no attempt is made to bridge over the great hiatus betwixt
experiment upon the lower animals and the daily experiments made on man, Possibly this
is to come, Again, I am disappointed to learn no authoritative statement as to whether dogs,
monkeys, &e., are liable to syncope under any conditions j personally, I believe if they
are so the occurrence must be most rare, Comparing the statements concerning the lower
animals with one’s own experience among human beings, a wide discrepancy occurs;
for every grade of heart weakness finds a record in the note book of every observant anwmsthe-
tist, provided his hospital experience is large ; nor can the bulk of such cases be attributed
either to primary failure of respiration or careless administration. No doubt maladministra=
tion may account for some deaths under chloroform, but not all, since such fatalities have oc-
curred under the gkilled hands of men whose knowledge and experience were great and whose







212
LETTER FROM Dr. SHAND.

To Ter Epironrs or “Tar LaNcer.”

S1R8,—This being a most important subject, 1 feel morally called on, as one who has
had nearly fifty years’ experience in practice, to express my dissent from two at least of the
conclusions arrived at by the Chloroform Commission, I may premise that I used ether first
with satisfaction till chloroform appeared, and saw it extensively employed in 1848 on the
wounded from the various engagements on the advance of the Prussian troops to the relief of
Radstadt and the restoration of the Grand Duke of Baden, So that I was the first English
doctor (and from Secotland too) who saw chloroform used in gunshot wounds., With regard
to the second conclusion, namely, the necessity of recumbent position in inhaling chloroform,
I beg to state that two of my most satisfactory operations were performed many years ago
under chloroform in the sitting position. One was a gunshot wound of the right hand, which
so smashed all the metacarpal bones that it was only possible to preserve the thumb and fore-
finger. The gentleman is in London at present, and could exhibit the elaw, as he terms it, with
which he writes and shoots as of old. I saw him soon after the accident, and with the assist-
ance of a butler placed him in an arm-chair, chloroformed him, and performed the operation,
The second was a case of incarcerated inguinal hernia of the left side. I fixed the patient in
a chair with the counterpane of his bed and gave him the chloroform, while I sat on a chair
facing him close to the window with my back to the light. The cure was rapid and perfect,
and the patient required no truss, He was well in four weeks or less. I give you these
two cases in respect to position, A large percentage of people respire more freely in that
position than in the recumbent one ; and although I do not think the heart’s action is to be
neglected, yet even for its benefit the respiration is the key. My experience of pure alcoholic
chloroform, administered by an expert, is that it is the most manageable, safe, and effective of
angsthetics, althongh I quite agree with Sir Spencer Wells, that, provided the administrator
is an expert in his own choice, any of at least three will answer equally well, The next
material point is as to administering morphia, either hypodermically or otherwise, before chloro-
form, A dose of morphia often appears harmless, and obtains a good response. I have extract-
ed a pebble from the hip, the patient resting on his face in bed, and succeeded well enough,
though, as might be anticipated, I had to restore respiration in the middle of the operation by
pressure of the ribs at an open window, I have administered sufficient chloroform several
times to keep the patient asleep for about twenty-four hours right off, and without accident.

P.S.—Since writing the above I notice that one of your correspondents mentions two
important points in last week’s issue, one of which is the advantage of placing the head on one
side during the inhalation of the drug, to allow the saliva to flow out of the corner of the
mouth. It also almost prevents the falling back of the tongue over the epiglottis, This
arrangement I have frequently alluded to and acted upon with satisfactory results.

I remain, Sirs, yours faithfully.
JOHN SHAND, u.p., F.R.C.P, ED,
Edinburgh, January, 1890,
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LETTER FROM Mr. EWEN J. MACLEAN.

1]
To tae Bopirors or “ THE LAxoET,

Srrs,—The following notes of a case in one’s axpef'iancn of the u.sa of chloroform mai
be of interest at the present time. J. G, aged fifty-nine, army pensioner ; ha; He:anh: 200 t
deal of foreign service had malaria. Operation by colleague : evulsion of the rlgf ﬁr;a‘a
toe-nail. Patient had been low-spirited for some time. Bowels regular, Had ug food for
four hours previously to operation. Chloroform administered b:f’ myself on an ordinary soft
bed-room towel, folded cone fashion, after the heart had been exumm?,d as a matter of form :m.ti
found normal, The head was kept low. It wasa cunsid:ecmhlﬁ time before the anmsthetic
took any visible effect, and the patient was very quiet both in spee?h and movement and t-:r.ok
deep breaths freely, Somewhat marked congestion of the external jugular and !:empf}ml veins
was noted, Three times the operator tested the seat of operation "Iﬂ:{.-l' the cm}]une_h?&l r_eﬂex
appeared abolished and muscular relaxation present, but found EB]]'Slbﬂltjf to pain still r.etalnﬂd.
The fourth time, however, there was no response, and the operation was proceeded with. . In
the course of five minufes or so, when the toe was being sponged, while the pulse remained
steady, though a trifle rapid, the breathing became quicker and somewhat shallow. The
administration of chloroform was at once stopped and the cloth put away to a safe distance.
The breathing, however, became increasingly shallow and soon stopped entirely. In the mean
time the lips and face generally had become distressingly livid and the pupils widely dilated.
The pulse, however, kept going, though its character or frequency cannot be reliably noted
from the fact that artificial respiration was at once resorted to. Bilvester’s method was
employed, the tongue being drawn forwards with forceps by my colleague. The windows of
the room were widely opened to admit air freely. After about two minutes of this treatment
the artificial respiration was stopped, to see if auto-respiration would be re-established, but still
no breathing, There was no time to examine the characters of the heart or pulse, Cold water
was next dashed in abundance over the chest and throat, and this undoubtedly effected the
turning point in the case, as, after a few more passes of the Silvester method, auto-respiration
returned—at first very shallow, but rapidly improving, The recovery seemed accelerated by
the application of flannels wrung out of boiling water to the praecordia. The patient was next
got comfortably into bed with hot-water bottles to feet and flanks and brandy and ether were
administered. He recovered without any apparent ill-effects, and next day, when told of our
anxiety as to his welfare on the previous day, stated that it was the seventh time in his varied
experiences he had narrowly escaped with his life, This case, amongst other things, impresses on
one :—(1) The necessity of watching with special care those cases where ansesthesia is difficult
to establish, (2) The importance of noting the character and frequency of the respiration, )
The fact that chloroform paralyses the respiratory before the cardiac centre. (4) The value in
these cases of Silvester’s methods of artificial respiration. (5) The great value of cold-water
affusion in recovering anto-respiration. (6) The moral duty of being thoroughly well acquaint-
ed with the treatment of emergencies incident to chloroform administration.

L am, Sirs, yours very truly,

EWEN J. MACLEAN, .z,
Bristol, February 1890, i
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LETTER FROM THE GLASGOW CHLOROFORM COMMITTEE.,
To TaE Epirors oF “Ter Laxcer”

Siks,—The Hyderabad Report, which appearedin “ The Lancet ® of January 18th, natu-
rally attracted our attention and called for remark, especially as it seemed to traverse certain of
our conclusions. On carefully reading the report, it appeared to us that, so far as the facts are
concerned, it generally confirmed our own observations as fo the action of chloroform both on
respiration and on the heart, Some of the inferences, however, are opposed to ours ; but they
are also opposed, as we believe, to the facts stated in the report itself, We therefore propose
to criticise the report, and we would have done so immediately after its publication but for a
request communicated to us that we should wait for the publication of the tracings on which
the report is largely based, We af once agreed to postpone our remarks,* and only make this
communication lest our silence should be misinterpreted.

We are, Sirs, yours faithfully,

JOHN G. McKENDRICK,
JOSEPH COATS,
DAVID NEWMAN,

LETTER FROM Mz. FREDERIC HEWITT,

To TeE Eprtors oF “TeEE LANCET.”

Sies,—Although wishing that space would permit me to express my keen appreciation
of the work done by the Commission, I feel that, as there is so much to be said on this important
subject, I must at once proceed to the consideration of the questions at issue,

In the first place I would ask what is the true value of the physiological fact that, when
chloroform is administered in toxic doses to the lower animals, respiration ceases before cardiac
action ? Have we any clinical evidence to prove that, under similar circumstances, this sequence
of events is not met with in human beings ? In most, if not in all, of the rapidly fatal cases
which have oceurred under chloroform, it has, for obvions reasons, been a matter of extreme
difficulty to say at what particular moment the heart ceased to beat, Failure of the pulse has
often been taken to mean stoppage of the heart, but without sufficient grounds, If it were
possible to make a series of observations upon human beings with that accuracy which is
attainable when conducting experiments upon lower animals, I should not be surprised to learn
that, when chloroform causes death solely by reason of its toxic properties, the same sequence
of events as that observed by the Hyderabad Commission invariably occurs, But our know-
ledge concerning the action of the heart under anmstheties is almost entirely dependfant upon
observations on the pulse ; and it would seem that confusion has frequently arisen in conse-

[* In p.Eiit.e of this statement the Glasgow Committee published their remarks one week before  the publication of the

tracings on which the report is largely based."]
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quence of failure of the pulse having been taken to mean that the heart has “suddenly ceased.”
I am here only referring to those cases in which chloroform itself would seem to have been the
cause of death ; and in such cases, which are usually rapid in their course, I do not think the
clinical evidence we possess is sufficient to disprove the contentions of the Commission. But
this, I submit, is the least important part of the subject. Even though we admit the fact that,
when chloroform itself is the direct cause of death, respiration ceases Lefore the action of the
heart, we are confronted by a question which seems to me far more important than that upon
which the Commission has laid so much stress, When fatalities oceur during the administra-
tion of chloroform, are those fatalities invariably caused by the direct toxic effects of the drug?
In other words, have we not conclusive evidence to show that, in man, deaths under chloro-
form sometimes arise by reflex cardiac failure which 1s only indirectly due to the angesthetic 7
T cannot regard the experiments of the Commission in this direction as rendering such a posi-
tion untenable ; for cases have come under my own observation in which symptoms of cardiac
depression obviously of reflex origin have arisen, Whether it be the low vascular tension of
chloroform narcosis or other conditions I know not ; but 1 feel sure that there is something
that renders the human heart under chloroform susceptible to impulses which are utlerly inopera-
tive under ether, I am inclined to the belief that the performance of many operations under
chloroform is attended by considerable risk from this quarter ; and I am by no means safisfied
that cardiae inhibition is less likely to be produced during profound than during imperfect
ansmsthesia tnder chloroform, Not long ago I administered chloroform, by means of Junker’s
apparatus, to a patient of about thirty-five years of age, whose general health was good. Anses-
thesin was produced in from eight to ten minutes, and was characterised by muscular flaceidity
abolition of lid-reflex, and slight stertor. There were two stages in the operation about to be
performed, the first of which consisted in placing a temporary ligature round the carotid artery
in the neck, Whilst the artery was being exposed for this purpose the pulse became extremely
feeble, the face pale, and respiration shallow, and the operator had some difficulty in recognis-
ing the carotid artery by reason of its extraordinary diminution in size, The head was lowered,
After three or four compressions of the chest the pulse improved, and, as rigidity and lid-reflex
soon reappeared, I was obliged to continue the administration, having recourse to ether for the
remainder of the operation, which was successfully performed, The day after the operation,
whilst the wound over the carotid was being examined, the patient’s face suddenly became
pale, the artery contracted as on the previous occasion, the eyes were observed to turn upwards
and the musecles of the jaw to twitch, and for a few seconds unconsciousness was present. Now
in this case, when the first attack of syncope oceurred, the patient was thoroughly anmsthetised
by chloroform ; whilst the quick return of muscular rigidity and of lid-reflex proves that the
anamsthetic was in no way to blame as o direet cause of the symptoms, Cases of this kind are, I
believe, by no means nneommon, and they would seem to point to the conclusion that reflex syn-
cope may undtl:-uhted]}r arise under chloroform even when the ansesthesia is profound. Apart
ff?ﬂl anmsthetics, some persons are, as is well known, more prone to syncope than others, and
1:111!? would seem to be so with regard to patients under chloroform. How can we c::mfmrra the
patient above referred to, to the pariah dog ? Would the latter be likely to be attacked with
syneope by manipulating its carotid ? I gather from the report of the Commission that
syneope, should it arise, is a safeguard against chloroform poisoning rather than a condition
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involving much danger to life ; but we cannot look upon it in this light when we meet with it
upon the operating table,

In conclusion, I would say a few words concerning the indications afforded by the pulse
duaring chloroform administration, There is much evidence to show that, in whatever way
death occurs during chloroform narcosis, the pulse, if carefully watched, usually gives warning
of the approach of danger before respiration has become seriously affected, In those cases in
which cardiac depression is only indivectly due to the chloroform—such, for example, as the
case I have related—the initial symptoms are obviously cardiae in origin, and are hence to be
detected by alteration in the force and frequency of the pulse, In those cases, too, in which
the symptoms are indisputably due to an overdose of chloroform—such, for example, as the cases
reported by the Commission—the pulse will, in obedience to the fall of vascular tension (which,
as the Commission admits, precedes stoppage of respiration), give indications of the most
important character. If the Commission could prove that, when chloroform i administered in
toxic doses, respiration invariably ceases whilst the radial pulse is practically unaltered in qua-
lity, we should begin to look upon chloroform as a respiratory poison only ; but these are not
the facts, so far as I understand. T cannot aveid the convietion that the Hyderabad Commis-
sion have incurred a grave responsibility in eulogising chloroform as an anmsthetic for general
purposes, and in recommending administrators to disregard the indications afforded by the pulse.
As I have before ventured to point out in these columns, we should consider the inexperienced
rather than the experienced in recommending an anwmsthetie, T have lately read the records of
every fatal case reported by * The Lancet ” and * British Medical Journal” as having occurred
under angsstheties in the British Isles from 1830 to 1889 inclusive, and I find that out of a
total of 130 chloroform deaths no less than fifty-four took place in connection with minor sur-
gical operations, most of which were doubtless conducted with somewhat less eaution than
would have been employed in more critical cases. Are we to advise the nse of chloroform
(which Dr, Lauder Brunton admits to be a most powerful drug) to recently qualified men, whe
have perhaps never employed it before ? I confess I cannot regard it as advisable to permit
those with but little experience to administer chloroform to patients coming into the surgeries
of hospitals with a dislocated shoulder or a lacerated finger, yet this course is one which the
Commission appear to countenance. Even though we accept the facts so ably put before us by
the Hyderabad Commission, we are, I would submit, in no way justified in agreeing with the
practical conclusions at which the Commission have arrived.

I am, Sirs, yours obediently,
FREDERIC HEWITT,

Instructor in and Lecturer on Anmstheties
at the London Hospital, &e.

George-Street Hanover-Square, W., Feb, 24th, 1890,

[It is to be observed that when the pulse failed Mr, Hewitt employed artificial respiration to restore it.]
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LETTER FROM Dr. CHARLES E. SHEPPARD.

To taE Eprrors oF “ TEE Laxcer,”

Sirs,—The importance of the issues at stake seems to render it incumbent upon every-
one who has special opportunities for observing the action of anasthetic agents to rec:crrd. his
opinion concerning the results of the Hyderabad Commission. Many of the cf}nclusmns s:rrv:rcd
at are of the utmost importance, and our hest thanks are due to the Commission for h'nngmg
these prominently under notice. I allude more particularly to the influence of asphyxial con-
ditions, the previous exhibition of certain drugs, heemorrhage in considerable degree, and the
position of the animal anesthetised. On the other hand, there are many points for the final
settlement of which we had all looked forward with the greatest interest to the experiments of
the Commission, but in which we are, if anything, in a more uncertain position than before.

In the first place, it is unfortunate that all the evidence as regards the occurrence of
primary syncope is negative, and one cannot help feeling that, even were the instances con-
siderably multiplied, there still would be no certainty that the next experiment might not prove
the exception to the rule. And if we are not justified in arriving at a dogmatic conclusion in the
case of the lower animals, how much less are we warranted in applying the same conclusion to
the human subject. The records of clinical experience, in fact, stand confronted with the re-
sults of lahoratory experiment, and Ithink that every one will allow more weight to one positive
instance occurring in the former than even to thousands of negative instances in the latter. It
is well known that many of the cases which have suddenly terminated fatally, or shown signs
of serious cardiac failure during the administration of chloroform, come under a certain cate-
gory, including forcible dilatation of the sphincter ani and other operations which I need not
here specify. Other fatal results have occurred during the performance of trivial operations
where the action of chloroform has admittedly not been carried to complete narcosis. Now,
although there may be some difficulty in attributing the precise canse in each individual case,
whether an overdose of the drug suddenly applied in order to check movement, or whether a
reflex inhibition of the heart in consequence of incomplete anmsthesia, there can be no doubt
as to the symptoms observed, viz., sudden pallor and failure of pulse, almost coincident with
the commencement of operation, and in many cases absolute failure of all means of resuscita-
tion, although promptly applied. Now, on referring to the experiments made upon the lower
animals in this connection, we find that, although all the operations associated with shock
and cardiac failure were performed in all stages of chloroform administration, yet there
was nothing beyond a slight variation in blood-pressure to indicate anything approach-
ing syncope or cardiac failure. Evidently, therefore, in this matter we stand face to face with a
serious dissimilarity between the conditions as occurring in the human subject and in the lower
animals respectively, and yet, on turning to the practical conclusions deduced from the experiments
of the Commission, we find it recommended that * as a rule, no operation should be commenced
until the patient is fully under the anmsthetic, so as to avoid all chance of death from surgi-
cal shock or frigh_ ’_’ With the conclusion I think most chloroformists will agree, but not with
the method of arriving at it ; and I maintain that if we followed the indications furnished by

laboratory experiments in this instance we should be led into grievous error,
28
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On making a general survey of the experiments as reported we cannot help being
struck by one very important fact, wviz, the uniformity with which the various phenomena
presented themselves in each series, even in those purposely complicated for special objects,
In other words, the percentage of typical cases is very large, and contrasts markedly with what
is observed in the human subject, where typical form is comparatively uncommon, but is
nevertheless, when it oceurs, recognised as the normal and made the point of departure for the
consideration of all others, It is chiefly on this account that I feel T must disagree with the state-
ment of the Commission that, if the rules laid down be followed, * chloroform may be given in
any case requiring an operation with perfect ease and absolute safety,” The public, who are our
judges, if anything goes amiss, will—nay, already have supplied the words * by any one, experi-
enced or inexperienced,” and this idea, if allowed to gain acceptance, will, I am afraid, be
fraught with disaster. Even assuming for the moment that primary cardiac failure never
occurs in the human subject, cases are continually presenting themselves where the respiratory
signs need the closest watchfulness, Clinical experience shows us that shallow breathing
occurs at the two ends of the scale. On the one hand, when the subject is deeply under the
influence of chloroform; on the other, when he is entering or emerging from its influence, In
our typical cases the interval between the two is well marked, and the two conditions are easily
distinguishable ; but in others, not at all infrequent, the interval is so small and so slightly
marked that it may be bridged over by a minute dose of chloroform, or even by a mere altera-
tion of position in the patient. It is here that even the experienced administrator might be
led into a fatal error if he trusted entirely to the ill-defined signs furnished by the respiratory
funetion, and it is only by a careful attention to the important indications yielded by the pulse,
the pupil, the conjunctival reflex, the colour, and temperature of the skin, that he is able to
conduct his patient safely through a truly perilous journey. I cannot conclude this letter with-
out heartily endorsing every word in Dr, Hewitt’s valuable letter on the same subject. I haye
myself notes of at least two cases in which, during complete and satisfactory chloroform narcosis
and without haemorrhage of any importance, there was a rapid fall in the volume and tension of
the pulse, attended with blanching of the lips and coldness of the surface, without any prelimi-
nary alteration in the depth or frequency of respiration. Whatever the exact cause may be,
there can be no doubt that during the administration of chloroform we must always be pre-
pared for such an occurrence, whereas with ether we may practically disregard its possibility.
The duty of the anmsthetist during the performance of a surgical operation on the human
subject must be regarded as a highly complicated one, and I am of opinion that the most relia-
ble administrator is the one who, antomatically, as it were, is at all times in full possession of
the general condition of his patient, keenly alive to all the indications presented to him, how-
ever trivial, and at once prepared to regulate his procedure accordingly.

I am, Sirs, yours obediently,
(CHARLES E. SHEFPPARD,

Second Chloroformist to the Middlesex Hospital ;
Angwsthetist to Guy’s Hospital (Dental School).

Welbeck-Street, Cavendish Square, W., March 4th, 1890.
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ANNOTATION FROM THE LANCET, Mircu 22x5p, 1890.

1t is rather extraordinary to observe what an outery has lately heeu rni‘snd by a number
of our lay contemporaries against the experimenfs. upon the effect of tight-lacing as a cause _ﬂf
death during the administration of ansesthetics Wl'l.l:ﬂh were lmdﬂ E.}r the U}Jlumfunn Clommis-
sion in Hyderabad, and mentioned in an address given at the Medical Society by Dr.. Lu,u-:.ler
Brunton, In some papers these experiments have he:anlquifed as examples of ’E]m mf:iictmrl
of pain upon sensitive animals to an extent that is “horrifying,” and have been stigmatised n;s
“ wanton cruelty.” Some of the papers appear to have thought also !;hnt Dr. Ls-mder Brunton’s
observation that the experiments were made on female monkeys as being more like women tha_n
dogs referred to their mental and not to their physical characters, whereas it is obvious that the
observation had reference only to the shape of the body as influencing the respiration, and
in shape the body of the monkey more nearly resembles the human being than dnes'ﬂ?a:t of the
dog, Female monkeys were chosen in preference to males on account of the possibility that
a difference might exist between the amount of thoracic and abdominal breathing in male and
female monkeys similar to that which exists in women as compared with men. It is hard to
see how these experiments can be looked upon as cruel, inasmuch as there was absolutely no
pain inflicted, the experiments simply consisting in applying to monkeys under chloroform
an amount of compression of the chest and abdomen which is self-inflicted daily by many
thousands of women in Great Britain without ansesthetics. The ohjection has also been raised
that the experiments were needless, as the effects of tight-lacing had been demonstrated over and
over again ; but it seems to have been forgotten that the experiments of the Commission were
not made in regard to the effect of tight-lacing in general, but to the effect of tight-lacing as a
factor in producing death during the administration of chloroform. Theoretically, no doubt,
it ought to be easy to predict that tight-lacing would aid in the production of death during the
administration of chloroform ; but it is very easy to say, after the experiments of the Commission
have shown this to be the case, that the results they obtained were well known before, and
that no good has been gained by their experiments npon the subject. But practically the
dangers of tight-lacing have not been properly appreciated, inasmuch as an unfortunate death
occurred in Edinburgh from nitrous oxide administered for the extraction of a tooth, at the
baginning of October last, shortly before the Commission began its labours. In this case
there seemed to be reason to believe that tight-lacing had contributed in no small measure to
the unfortunate result, and it was, indeed, this lamentable accident which led the Hyderabad
Commission to make their experiments, These experiments will have served their purpose
if they lead to the general observance of the rule which the Commission lays down in the
third section of its conclusions, viz.: “To ensure absolute freedom of respiration, tight
clothing of every kind, either on the neck, chest, or abdomen, is to be strietly avoided
no assistants or by-standers should be allowed to exert pressure on any part of the patient’s
thorax or abdomen, even though the patient should be strugeling violently, If struggling
does oceur it is always possible to hold the patient down by pressure on the shoulders

" Peh'iﬁ,
or legs without doing anything which ean by any possibility interfere with the free movements

3 and
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of respiration.” The outery, foolish though it may have been, against the experiments just
mentioned may not be altogether without its wuse if it leads to a general recognition of the
dangers of tight-lacing or tight clothing generally in anyone who is about to take an
angesthetic,

LEADING ARTICLE.

“ The Lancet,” 29th March 1890,

Professor H, C. Wood, conjointly with Dr. Hare, has communicated a paper upon
the physiological action of chloroform to the American Medical News of Feb. 22nd. The
authors criticise the work of the Hyderabad Commission, and are led to adopt very different
views concerning the action exerted by chloroform upon the heart., Moreover, they take
exception to an observation made by us in The Lancet of Jan.. 18th, p. 139, We said, in
speaking of the Hyderabad Commission : * The practical outcome of the research would
appear to be that deaths are not inevitable. They are therefore preventable, and by due care
in its administration they may be with certainty avoided.” Professor Wood and his colla-
borator do not appear to recognise that in using the above words we were expressing the
conclusions of the Commission rather than our own, We were careful to add: “ The conclu-
sions of the Clommission are sweeping, and without abundant evidence cannot be accepted.”
We have spoken with no uncertain sound from time to time concerning the dangers attending
the use of chloroform—dangers which unquestionably, in temperate climes, manifest themselves
through the heart. A careful perusal of the report of the Commission will, we think, amply
justify us when we assert the outecome of its teaching is that heart failure does not occur, and
deaths are, if ordinary precautions are adopted, quite preventable, We may, however, quote
the final words of the Commission in confirmation of this. It says (Zhe Lancet, Jan, 18th,
p. 159) : “The (lommission has no doubt whatever that if the above rules be followed, chloro-
form may be given in any case requiring an operation with perfect ease and absolute safety,
s0 as to do good without the risk of evil.” The rules, we may remark, are simply those which
every competent chloroformist has, since the days of the English Chloroform Goum'uiti:e:e,
known and practised, But the really important part of Professor Wood's paper is that in
which he narrates his own experiments, The work of Professor Wood, as that of a tried and
gkilled experimenter, and one who has investigated the action of chloroform upon ﬂi:ﬁ hl?n:t
more than once, must command the utmost attention. In reviewing modern physiological
research on this subject, he justly says it is unanimons in averring that chloroform given
dilated to the lower animals kills qua the respiration, #e., as Bnow has well explained, by
cumulation ; given in concentrated vapour, it kills by provoking paralytic arrest of the heart,
This result also obtains when chloroform is injected into the veins, The heart further after
this arrest is found relaxed and incapable of responding to stimulation, Professor Wood states
this result is so constant that he has repeatedly demonstrated it before his class. It has been
the custom to destroy dogs in the laboratory by chloroform, and Professor Wood has “ often
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LETTER FROM Dgr. A. MITRA,

To tag Eprrors or “ Tre Laxcer.”

Birs,—The point raised by Surgeon-Major Deane in his letter published in The Lances
of January 25th is no doubt very important to the medical practitioner both in the United
Kingdom and in other parts of Her Majesty’s dominions, After the promulgation of the
Hyderabad Chloroform Commission Report, the administrator of chloroform in a case which
may unfortunately be fatal will be in a very awkward position before the coroner's court, We
hear very often of * death from chloroform” in large hospitals in the United Kingdom. Con-
sidering that greatest care is always taken to entrust the duty to trained and experienced men,
it is impossible to believe that no other factor but want of sufficient care plays part in such
casualties, While fully appreciating the great and good work done by the Commission, I
believe I am justified in saying that there is hardly one new recommendation contained in the
practical conclusions given in the end of the Report which is not already known to the
profession, and which careful surgeons do not observe in their every-day work in the operation
room,

Dr., Deane says :—* For the last fourteen years I have administered chloroform precisely
as the Commission recommends,” I can fully bear testimony to this statement, as I had on
several occasions administered chloroform when Dr. Deane was operating, T have adminis-
tered chloroform in a very large number of cases, I have always held the ﬂlﬂﬂl‘j" that chloro-
form stops the respiration before it interferes with the circulation, During the administration
of chloroform I never feel the pulse, but keep a careful eye on the respiration and condition of
lips, &c. ; but, during the last four years, I had on two occasions to abandon the contemplated
operation, and on three others to postpone it, for the danger that stared me in the face after
the administration of only a few whiffs of chloroform, By the time this letter will reach you,
English surgeons will no doubt have given their opinions on the question, The Hyderabad
Commission deserve the highest credit, and it is not teo much to say that it is one of
the greatest scientific events of the nineteenth century ; but, at the same time, it must be
observed that the last paragraph of its report has hardly the chance of being universally
admitted, and is caleulated to be positively dangerous medico-legally, as Dr, Deane has

pointed out,

I am, Sirs, yours faithfully,
A, MITRA, L.r.C.P,, LR.CSH.

Kashmir, March 5th, 1890,
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dogs either by primarily paralysing the heart or the respiration,” “In most cases respira-
tion stops before the heart’s action,” “The danger of death from stoppage of the respiratory
functions must be borne in mind in every case in which anwmsthetics aré given,” & These
sentences show that we recognised the danger to respiration, At the very beginning of our
report we state : * Without going into detail, we may say that it soon became apparent to
us that chloroform administered to dogs and rabbits has a disastrous effect on the respiratory
centres; it is easy to kill one of these animals by pushing the chloroform till respiration is
paralysed. In observing the rate of the heart during these experiments, it could often be
determined by auscultation that its contractions were maintained after respiration had ceased,
It was apparent, however, that even when failure of respiration was more directly the cause
of death, the heart was, to some extent, simultaneously affected ; there were even cases in
which the_heart appeared to fail at least as soon, if not before, the breathing.”

It is evident from this that we regarded the danger to respiration as a proved and
indeed a well-recognised fact ; and our special object was to investigate the question of how
far chloroform was dangerous to the heart. The result of our inquiries was to convince us
that danger to the heart is at least an oceasional occurrence, and one to be kept in mind in
watching a patient under the influence of chloroform. In summing up, we put the matter
thus : “The chief dangers are (1) sudden stoppage of the heart ; (2) reduction of the blood-
pressure ; (3) alteration of the pulse respiration ratio ; and (4) sudden cessation of the respira-
tion.,” In this enumeration we did not intend to place the phenomena in the order of their
relative frequency or importance, although we admit the sentence might bear this inter-
pretation were it not taken in connection with the statements quoted above from the beginning
of the report. The question, then, narrows itself down to this : Does chloroform ever kill by
paralysing the heart ? 'We assert that it may do so ; the Hyderabad Commission hold that
it never does so, and that it always kills by paralysing the respiratory centres or, in their own
words, referring to experiments without recording apparatus : “In every case in which
chloroform was pushed the respiration stopped before the heart,”

5. Before entering on an examination of the Hyderabad observations, we may
reiterate some of the points which our experiments seemed to bring out :—

(a) We showed that chloroform vapour has a paralysing effect on the muscular tissue
of the heart and indeed on all kinds of protoplasm, when directly applied. When the heart of
a frog was exposed to the direct action of chloroform vapour, it * became rapidly weaker fill it
ceased beating.” As regards the action on the mammalian heart we make the following
quotation from our report: “ With a similar view, a method was devised for warm-blooded
animals. Rabbits were first used and afterwards dogs, The animal was anwmsthetised, then
the trachea was opened, a tube introduced, and artificial respiration hagun by means of &
double acting pump (one cylinder forcing air in and another sucking it out). By an arrange-
ment of India-rubber tubes, chloroform or any other anmsthetic could be introduced in the
circuit between the pump and the trachea. It is to be understood that, in these experiments,
the air passing into the animal's lungs was saturated with the vapour of the m.lhat‘afme'ns&d.
After artificial respiration had been set going, the heart was exposed by an incision in the
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middle line, which was carried by a pair of blunt scissors or honefﬂrnap.s thrc:mgI{ the anﬂif?rm
cartilage and lower part of the sternum, This was effected ‘gﬁnﬂ.ﬂtﬂj’ with no serious bleeding.
It soon became apparent that, when chloroform is given in this way, the.re is at once a most
serious effect on the heart ; the right ventricle almost immediately begins to distend, t-l}a
heart presently stops, with the right ventricle engorged with blood. Thta heart hfas often, in
the case of rabbits, virtually come to a stand-still within a minute of the introduction u'f chlo-
roform by the method described. The contrast was most striking when ether was used ms?eﬂd
of chloroform, the other steps in the experiment being the same. KEther may be given
for an indefinite period without interfering with the heart. We kept up nrtiﬁcia.l mspirat:lﬂn
with ether in the circuit for an hour, not including twenty minutes occupied in producing
anssthesia, and at the end of that time the exposed heart was beating as vigorously as at first,”

It might be objected to these experiments that the dilatation of the heart, especially of
its right cavities, may be due to asphyxia, but the fact that the heart is not affected in the
same way by ethor as by chloroform, although the other conditions of the experiment are
precisely similar, meets that objection.

(b) During the operation of registering the blood-pressure either by the mercurial or
by the spring kymograph, we observed in several instances, both in rabbits and in dogs, and
especially in dogs, even when the blood-pressure was not very low, a sudden failure of the
heart’s action. This effect was a common oecurrence during the administration of chloroform
especially in the earlier stages or when the animal was recovering ; i rarely happened with
ethidene, and we never observed it with ether. This effect is well seen in the blood-pressure
tracings from the rabbit, G and H.* During deep narcosis, these sudden variations do not
occur, We were quite aware of the fact that these effects might be held to be due to a
reflex mechanism, irritation of sensory nerves of the outer openings of the respiratory passages
stimulating the inhibitory centre of the wvagi in the medulla, and thus retarding or even
arresting the action of the heart, Whatever may be the explanation, the fact remains that
at certain stages in chloroform narcosis there may be sudden falls in blood-pressure due to
interference with the heart’s action, and no one will deny that this is a serious state of matters,

(¢) We have seen in more than one instance the blood-pressure of the dog become enor-
mously reduced, and the pulsations become so infrequent as to be virtually ineffectual while
respiration continued. A record of this experiment produced the * Glasgow trace,” as it is
termed 2y the Hyderabad Commission,f The explanation of this trace is of great importance,

and on this point we venture to differ from the Hyderabad Commission, as will appear
further on,

G, The principal points in which the Hyderabad Commission differ from us are (i) the
question of how death occurs under the administration of chloroform, whether the danger is
only of failure of the respiration, or whether there is danger also on the side of the heart :

* Journal, Vol I1, 1880, p. 66,

= t See Trace A, Journal, Vol, IL, 1880, p, 962, which we have here reproduced,
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(ii) the explanation of the sudden effect on the heart sometimes oceurring under the influence
of chloroform, and observed equally by the Hyderabad Commission and by us, but aseribed by

the Commission to asphyxia and by us to a peculiar, and apparently capricious, influence of
chloroform.

(i) In the report of the Hyderabad Commission it is stated that chloroform * canses a
gradual fall in the mean blood-pressure . . . . . As this fall continues the animal first
becomes insensible, then the respiration gradually ceases, and, lastly, the heart stops,” This
is regarded as the normal course of events, and in confirmation of it reference is made to BEx-
periments 168, 169, and 170, Woe have carefully examined these tracings, and others of a
similar character, Like our own tracings, they show that, under the administration of chloro-
form, the blood-pressure is continually lowered, and that when chloroform is pushed the depres-
sion 1§ apt to assume what the Hyderabad Commission admit to be a © dangerous™ degree,
These tracings seem to us in themselves to show that chloroform when pushed has a disastrous
effect on the heart as well as on the respiration,

In most of the experiments two different kinds of tracings were taken,—one by Ludwig’s
and another by Fick’s apparatus. The Ludwig curve shows more particularly the blood-pres-
sure, while the Fick tracing, taken while the Ludwig tracing is suspended, shows specially the
excursions produced by the individual pulsations of the heart. What we notice, specially in
169 and 170, is that there is a gradual fall of the blood-pressure, occupying four minutes in
the one case and five and a-half in the other. Fick tracings, taken at intervals, show not only
a reduction of pressure, but a very striking diminution in the force of the pulsations. By the
time the breathing stops the pressure is reduced almost to zero, and the Fick tracings, taken
immediately after the cessation of the breathing, show the merest indication of movements in
the heart, whose pulsations are reduced in number to less than half. So far as the efficiency
of the heart is concerned in carrying on the circulation, it has virtually ceased to act by the
time the respiration has stopped, and we are inclined to believe that the inefficiency of the
circulation may be, at least in part, the cause of the cessation of the respiraton ; this opinion
being based on the fact that the fall in blood-pressure is so extreme before the respiration stops
as to interfere with the proper nutrition of the respiratory centres,

(ii) In paragraph 80, section (8) of the Hyderabad Report it is said that *the effect of
involuntarily holding the breath . . . . ismuch more remarkable, the pressure often ﬁi}ll—
ing with great suddenness while the heart’s action is markedly slowed.” Further on, in Section
(12) they say: *Complete, or almost complete, asphyxia, as by forcibly closing the nose and mouth
or closing the tracheal tube after tracheotomy, has an effect similar to but more marked f.han
that produced by holding the breath, and the character of the tracing corresponds precisely
to that produced by irritation of the peripheral end of the cut vagus. The pressure falls ex-
tremely rapidly, sometimes almost to zero, and the heart's action becomes excessively s{uw’ or
even stops for a few seconds, If the Fick trace of Experiment 148 be compared with the
photographie reproduction of Trace A of the Gasgow Committee it will be seen that they are
jdentical, and that the slow action of the heart with great fall of pressure, which the Glasgow
Committee attributed to some capricious action of chloroform upon the heart, was undoubtedly
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A number of tracings are adduced by the Hyderabad Commission in

due to asphyxia.” :
s d these we have carefully examined, with results different

confirmation of these statements, an
from those arrived at by them.

In the first place, in Experiments 103, 119, and 157, quoted in Note 10 +nf Lancet
Report, we have sudden falls of pressure, and opposite some of these, not all, Fhere is the note
¢ holding breath ”. Thus, in 103 (Ludwig), between Fick 20 and 21, there is s very sudden
fall, at the bottom of which is noted “holding breath . Again, Trace 119, Fick 2, sh?ws a
sudden fall, and in the Ludwig trace we have a similar note. It is the same with 157, Fick 2,
(not Fick 4, as in Report of Commission). But these sudden falls of pressure are not confined
to oceasions when the animal holds its breath.

An examination of trace 157 is very instructive in this respect. Soon after the com-
mencement of this tracing there is, as shown in the Ludwig trace, a sundden fall of blood-
pressure, with the note,  taking off gag he suddenly held his breath, and pressure fell . There
was then a slight recovery of pressure, and trace Fick 2 was taken which starts from a low
pressure, and shows a tracing somewhat like our A. Further on in the tracing comes Fick 4,
which is very like that of Fick 2, so like that the Commission in their Report have misplaced
the numbers, but the animal is distinctly noted as © struggling, but not holding breath 7. It
is noted, however, that chloroform is being given * with the cap closely applied ”. If we add
to this that in the cases noted the fall of blood-pressure seems to have been almost simultaneous
with holding the breath, the effect on the heart can hardly be regarded as the result of
asphyxia, as asphyxia is well known to induce reduction of blood-pressure only after a consider-
able time., (See further on.)

Turning to the experiments referred to in Section 12, where the breathing was arti-
ficially interrupted, we have been astonished to find that the traces do not bear out the state-
ment of that paragraph, For example, take Experiment No. 150. The following facts are
noted in regard to it. (a) Near the beginning of thet race we find that * holding nose and
mouth ” produces a distinet fall, not nearly so abrupt or great as in our A, or as in observations
under  holding the breath ”. (1) Again, at 11:55, pressure has greatly fallen under the in-
fluence of chloroform, which has rendered the animal insensitive, before the nose and month
are stopped ; the fall continues, but not with any approach to the rapidity of those previously
mentioned under * holding the breath . (¢) Further on, at 12:5-30, after the animal had
partly recovered, and when chloroform is being given with * lots of air ”, and with the animal
“ just insensitive, stopping the nose and month produces a much more gradunal fall than in the
previous two occasions apparently because the animal is less affected by the chloroform. (d)
Again, at 12°9-80, the chloroform is pushed with the cap erammed over the nose, but the res-
piration is not obstructed, and there is a fall similar to that in 5. (e) Still further on, at Fick
7, we have “mouth and nose closed ”, but there is scarcely any effect on the blood-pressure and
very little on the pulsation. (f) At Fick 10, chloroform having been stopped a while, holding
mr:'ruth and nose produced little effect on the pressure, but distinet slowing of the pulse. After
this the vagi are cut, and the experiment need not be followed further.
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No. 151 brings out similar facts, namely, that when chloroform is pushed, whether the
nose and mouth be held or not, the blood-pressure falls,and there is the additional fact that this
seems to depend very little on the action of the vagi, Thus, soon after the beginning of the
trace there is the note “ stop nose and mouth ”, which is followed by a slight fall. One minute
after this the Fick tracing 3 shows great slowing of the pulse, Then the vagi are cut. Chloro-
form is given at 3'55, and there is the usual fall, to be followed by a rise when the chloroform
is stopped, - The pressure rises till 358, when Fick 4 is taken, After this the nose and mouth
are again held, but there is little effect on the pressure for more than two minutes, after which
the fall is somewhat rapid (from Fick 4 to Fick 6) till the nose and mouth are again set free.
This shows the true asphyxia curve, the fall in pressure not occurring for two minutes after the
respiration was obstructed,

No. 148 is mentioned as an example of asphyxia by obstructing the nose and mouth,
and the tracing is described as *identfical” with our A, We recognise a resemblance to our
trace in the Fick tracings 2 and 6, but in these the chloroform is being pushed, and there is
no obstruction to the respiration. The place where there is such obstruction is before Fick 17,
At 3:54°15 we have “asphyxia by holding mouth”, and there is a gradual fall for three-quarters
of a minute, when Fick 17 is taken. The Fick tracing does not show the fall, and has no
particular resemblance to our A, while the Ludwig trace shows that the fall here is, as in other
cases of asphyxia, greatly slower than ours, taking three-quarters of a minute to accomplish a
less fall than was attained in ours in about seven seconds, (Note that the drum in our obser-
vations revolved very much faster than in theirs, The time is given by a chronograph showing
half-seconds in our Trace C,)

We turn now to our own tracings, from the examination of which the Hyderabad Commis-
sion infers that the sudden fall in blood-pressure is due to asphyxia. It has been indicated
above that the fall in blood-pressure due to asphyxia is not sudden, but follows some time
after the interruption to the respiration. This applies to our tracings ; but besides that, they
show in their very form that there was here no asphyxia, In order that our statements may
be followed we reproduce the Tracings A and C,

In Trace A it will be observed that the beginning of the fall is associated with what we
take to be a respiratory curve, that is to say, after the fall has begun, as shown by the sudden
dip, there is a gradual rise with five pulsations of the heart which is clearly identical with the
respiratory curves further on in the trace, when the pressure is beginning to rise (see A, con-
tinued), Itis to be noted that this tracing was taken ata time when the administration of
chloroform had been stopped for two minutes,

If any doubt exists as to Trace A, none can exist asto Trace C. This records an
observation on the same dog as Trace A, made on the same day after a partial recovery of fh.a
animal, and it forms a continuation of the same tracing. Two things will be observed in ﬂlf
tracing, In the first place, it is definitely noted on the sheet * Respiration continues -,
although the heart is at a standstill, But, in the second place, the curve itself shows that there
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was no asphyxia, In the second block of C, there are the most obvious respiratory variations
in the curve, and these continue right on till the rapid fall sets in, This tracing is so
important that we may repeat here our original remarks on this observation :

% T4 is to be remembered that this animal got chloroform in the usual way, by a cloth
saturated with the agent being held over his mouth and nose, He received no overdose, and
the administration only lasted seventy seconds, As bearing on at Jeast one mode of death
under chloroform, the relation of the heart’s action to respiration is of particular significance.
The blood-pressure is enormously reduced, and the pulsations have become so infrequent as to
be virtually ineffectual, yet respiration continues, But respiration stops forty seconds after
the heart has resumed, the pulsations being still, however, so ineffectual that the pressure is
oven minus. We believe that the legitimate inference to be drawn is that the stoppage of
respiration was not due directly to the chloroform, the inhalation of which had ceased for
about forty-eight seconds. It seems likely that the failure of the heart in the first instance,
and the insufficiency of its subsequent pulsations, were the cause of the failure of respiration. In
such a state of the circulation, the respiratory centres would probably be insufficiently supplied
with blood, and be consequently liable to cease acting, In this case, if death had occurred,
it would only apparently have been due to the failure of the respiration, the primary failure
being that of the heart, To what extent this may apply to human cases we do not venture to
speculate,”

7. We now come to a very interesting point, namely, that of determining the relative
offects of a diminished activity of the heart or a diminished activity of respiration in bringing
about a fatal result, In this connection, the report of the Hyderabad Commission contains
many valuable suggestions. We both observed that there is still a fall of pressure after the
animal had ceased to inhale chloroform. Thus, in the first recorded experiment of the British
Medical Association Committee, it is noted : * Chloroform was given, and during deep anss-
thesia a canula was introduced into the carotid artery, and connected with the kymograph,
By the time connection with the kymograph was established, no chloroform had been given
for about two minutes, On first making the connection, the pressure registered 104 milli-
métres, which may be regarded as nearly normal ; but now, without any fresh dose, the
pressure rapidly fell to zero, with a remarkable retardation of the heart,”* We quite agree
with the Hyderabad Commission in the view that * this after-fall is probably due to absorption
of a portion of the residue of chloroform in the air-passages after the stoppage of the inhala-
tion,” The Hyderabad Commission, however, hold that “slowing or temporary stoppage of
the heart in chloroform administration is not dangerous”, and that the * controlling influence
of the vagus on the heart is a safeguard, and that it is the exhausti /e which i

3 . guard, and that it is the exhaustion of the nerve which is
dan.gamusa{ » Their theory is that when the inhibitory action of the vagus (which is known to
be intermittent and not continuous) is called into play, the heart does not beat so quickl
80 strongly, that less chloroformed blood is transmitted to the respiratory cunt-rgs ﬂﬂj" 13]:11 i:.tr
cﬁn.aequantlyf, these centres are not then in danger of sudden arrest, Furthe;- that a'f
tha. Tfugus 1r1:itatiun ceases, or if the vagus becomes exhausted, the heart © b::-unds nln
again”, and *“the blood then becomes quickly saturated with chloroform, and an over-

¥ JOURNAL, vol, IL, 1880, p. 942,
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dose is at once conveyed to the nerve centres”. This ingenious view has much to support
it, and we think that much ecredit is due to the Hyderabad Commission for its BUgEas-
tion, as it undoubtedly explains the heneficial action of atropine as an adjunet to chloroform
administration. We would remark, however, that in our opinion the Hyderabad Commis-
sion attach too much importance to it, and that it does not account for the facts in each ecase,
For example, we observed in one case, after stoppage of respiration, while the heart continued
beating, that respiration was spontanecusly resumed ; and we supposed that by the cessation
of respiration, less chloroform was taken into the blood, so that in a short time the respiratory
centre recovered, In this case the heart was pulsating vigorously after stoppage of respiration,
but as the chloroform in the air-passages was taken up and quickly eliminated and decomposed
in the blood, the respiratory centres recovered. When, however, they recovered, breathing
recommenced, more chloroform was introduced, and again there was danger to the respiratory
centres and to the heart. Chloroform, no doubt, is taken from the pulmonary air-cells by
diffusion, and this will be facilitated by inspiration, possibly by expiration ; at all events, the
rapidity of absorption will not be the same when the pulmonary aircells are quiescent as
when they are expanding and contracting in inspiration and expiration. Thus the movements
of respiration will affect the amount of chloroform absorbed, and if, respiration becomes
feeble, or even ceases, less chloroform will be taken up and time may be allowed for both the
respiratory centres and the heart to recover, Thus the number and volume of the respiratory
movements affect the guantity of chloroform absorbed and the number and volume of the
heart beats affect the quantity of chloroform sent to the nerve centres, It is clear, therefore,
that the problem is more complicated than as stated by the Hyderabad Commission, and that
the physiological action will depend on so many factors as to make it extremely unlikely that
the course of events will be the same in each case. Thus we have (1) the condition of greater
or less asphyxia, as effected by the quantity of air mixed with the chloroform vapour ; (2) the
occurrence of any inhibition of the vagus, as affecting the number and volume of the heart
beats, and thus the amount of chloroform reaching the nervous centres ; the number and
amplitude of the respiratory movements, as affecting the amount of chloroform absorbed into
the blood ; (4) as we hold, the specific action of chloroform on the muscular structure and
intrinsic nervous mechanism in the heart; and (5) the influence on the vaso-motor centre, as a
factor in producing the great fall in blood-pressure. We think the Hyderabad Commission
attach too much importance to one common mode of death, failure of the respiratory centres;
and while we agree generally with their conclusions, which in many respects are similar to
our own, we consider it unwise and unsafe in practice to pay no attention to the state of the
circulation, and to observe respiration alone. We also consider it unwise to convey fo the
public, even through the profession, the notion that the administration of chloroform is g
ceeding in which there is practically no danger, At the same time, we thankfully admit that
the number of deaths following the use of so potent an agent has been remarkably small, even
in the hands of those who pay little or no attention to the condition of circulation. As &
matter of common prudence, and especially seeing that when respiration fails we can employ
artificial means for its restoration, while if the heart fails, little or nothing can be done to
avert a fatal issue, it is incumbent on every one giving chloroform to watch both the pulse
and the breathing.
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Tt may here be noted that our observations are in complete accord with those recorded
by Drs. Wood and Hare, of the University of Pennsylvania, published in the Medical News of
February 22nd, 1890, and reprinted in the Provincial Medical Journal, April 1st, 1890. The
results of numerous experimental observations are embodied in the following paragraph :—

The experiments which we have given show that chloroform acts as a powerful de-
pressant poison upon both respiration and circulation, that sometimes the influence is most
felt at the heart, and death results from cardiac arrest ; that in other cases the drug paralyses
primarily the respiratory centres, whilst in other instances it seems to act with equal force
upon both medulla and heart, So far as practical medicine is concerned, it makes little
difference whether the heart stops before or just after respiration, so that those cases in which
cardine and respiratory arrest are almost simultaneous are, for the purposes of the clinician,
the same as those in which heart arrest precedes respiratory paralysis. Finally, the general
vesults of our new experiments also coincide with our previous experience in the laboratory,
and with what we believe to be the general belief of physiologists—that cardiac arrest is spe-
cially prone to occur when chloroform is administered rapidly and in a concentrated form.”

8, It will probably serve a useful purpose, seeing that the points on which we dis-
agree with the Hyderabad Commission have been set forth in some detail above, if we now
state in & summary form the more important matters on which we are agreed.

(I) We are agreed that death from chloroform occurs by failure of respiration,and that
this is probably the most frequent mode of death.

(IT) We are agreed that chloroform causes a gradual fall in the blood-pressure as
registered by kymographic tracings from the carotid artery, This is the normal effect of
chloroform.

(LII) Weare agreed that when chloroform is pushed this gradual fall may be so great
as to become in itself “ dangerous ”, This is admitted in paragraph (8) of the Hyderabad
Report, where they state that after an animal has been involuntarily holding its breath * the
gasping respiration which succeeds then causes very rapid inhalation of chloroform, with
immediate insensibility and a rapid fall of blood-pressure, which becomes dangerous”. (The
italics are ours.)

(IV) In addition to this, which we may call the normal effect of chloroform on the
heart and blood-pressure, both of us observed peculiarly sudden and unexpected falls of pres-
sure, with slowing of the heart. We are agreed that this phenomenon occurs, and the
Hyderabad tracings show that it is frequent. We differ as to the cause of its oceurrence, the
Hyderabad Commission aseribing it to asphyxia, while we contend that neither in the time of
its occurrence after holding the breath nor in its general characters does it correspond with
the fall of pressure due to asphysia, Whatever be the explanation, the occurrence is in itself

sufficiently serious, and should not be minimised as forming one of the sources of danger in
the administration of chloroform,
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LEADING ARTICLE,
The Lancet, June 21, 1890,

IN presenting to our readers this week a selection of tracings from these obtained by
the Second Hyderabad Commission, we think it may be well to bring shortly again to their
notice the facts about this Commission, Its object was an essentially practical one, and could
not be better defined than in the words of His Highness the Nizam himself, * to save people’s
lives ™. This object Surgeon-Major Lawrie hoped to attain by showing experimentally what
he, in eommon with his teacher Syme and many others, had found clinically, that attention to
the respiration was the safeguard against death during chloroform ansesthesin, At his sug-
gestion, the first Hyderabad Commission was appointed by the Nizam’s Government, but the
results were so different from those obtained by many other experimenters that we hesitated to
accept them when they were forwarded to us, At Dr. Lawrie’s instance a Second Commission
was appointed, and the Nizam generously forwarded to ns £1,000, with the request that Tg
Lawcer would nominate an expert to assist in the investigation, and Dr, Lauder Brunton
kindly acceded to our request to act as our representative. To take up the whole general
action of ansesthetics, although interesting, would have occupied more time than the Commis-
sion had at its disposal, and consequently it restricted its experiments to those having a direct
practical bearing,

In a subject of such vital interest as the mode of action of anwmsthetics it is important
that no coneclusion should be accepted without the most thorough critieizm, and it is with the
view of enabling our readers to draw their own conclusions from the experiments of the Second
Hyderabad Commission that we present them with a selection from the tracings obfained,
Nearly 600 experiments in all were performed by this Commission, about 150 of them being
blood-pressure, and each blood-pressure, as a rule, involving three or four tracings or more,
Qut of the total number of tracings, amounting to 400 or 500, we now select 32 in order to
illustrate some of the most important points,

The facts on which the Commission lay most stress are that when chloroform is given to
animals by inhalation, in the same way as it is given to patients during operations, the respi-
ration invariably stops before the heart, and if the administration of the anssthetic be stopped
and artificial respiration be begun as soon as natural breathing ceases, life can invariably be
restored. The great slowing of the heart’s action which has been observed, more especially
by the Committee of the British Medical Association, and which has been regarded as due
to the action of chloroform, the Hyderabad Commission regard as due to asphyxia, inasmuch
as they entirely failed to obtain this tracing by giving chloroform with free admixture of air,
but were able to obtain it at will by simple obstruction of the animal’s respiration, Mﬂmuv.er:
instead of looking at this slowing of the heart's action as a cause of danger, the CammiS?lﬂn
regard it rather as a means of safety, preventing the anwmsthetic from being carri&c! ﬂoﬂ I‘EE;JJF
from the lungs to the nerve centres, From the observations made by the Etfnmnss.mn ey
seems to be little doubt that while chloroform given with a free supply of air by inhalation

s vl ¥
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does not paralyse the heart directly, yot that asphyxia with chloroform is very dangerous, and

generally causes the heart to stop much more quickly than asphyxia alone would do, nl!:hpugh

to this rule there may be exceptions.

The influence of shock was very fully tested by the Commission, as will be seen from
Experiments 79 and 185, 1t was found to be very much less than what might have been
expected, These experiments are no doubt open to the objection that the operations intended
to produce shock were not performed at the time when sudden death from shock is said to be,
most likely to oceur, viz,, at the very beginning of the operation before any anmsthetic had
been given at all, but were done after the animal had first of all been thoroughly anssthetised
and had only partially recovered from the anmsthesia, Of this objection the Commission took
full cognizance, but decided not to perform operations before anmsthetics had been given,
because animals are less liable to shock than man on account of their lower mental develop-
ment, and the chance of obtaining evidence of shock seemed too small to justify the infliction
of the pain which would necessarily have been entailed by operating without chloroform.

In Tae Laxcer of September 21st, 1589, we indicated that difference of temperature
might have something to do with the varying results obtained at Hyderabad and elsewhere,
and the Commission consequently noted the temperature of the room as well as of the animal
in most of their experiments, The effect of chloroform upon animals with a fatty heart was
ascertained by administering phosphorus to the animals previously, so that their organs became
fatty 3 but as will be seen from Experiment 79, the effect was less marked than might have

been anticipated.

The lamentable case of death from the combined influence of nitrous oxide and tight-
lacing which ocenrred in Edinburgh last autumn shortly before the Second Hyderabad Com-
mission began their work induced them to test the effect of tight-lacing in monkeys subjected
to the action of chloroform. It will be seen that death occurred rapidly. No doubt this might
readily have been anticipated, and the Commission no doubt would not have tried the experi-
ment had not the death of the unfortunate lady shortly before shown that the danger of tight~
lacing when taking an anwmsthetic was not sufficiently appreciated. These experiments of the
Commission have cansed much remark by many of our lay contemporaries, who did not seem
to understand that their object had nothing to do with tight-lacing in general, but simply
with tight-lacing as affecting the action of anwsthetics,

As we have already pointed out, a question of such importance is not likely to be finally
settled either by clinical observation alone or experiment upon animals alone ; the two must
be combined,

The Experiments of the Second Hyderabad Commission have supplied us with a
mass of experimental data such as has never been obtained before, and is not likely to be
obtained again, at least for many years ; but in order to have this supplemented from the
elinical side, we issued with Tae Laxcer of March 15th a form of inquiry regarding deaths
from anmsthetics which we trust that our readers will fill up and return as souncus. possible, and
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that they will also aid us in our work by obtaining answers from as many trustworthy persons
as they can,

By combining the experimental and clinical data we trust that we shall be abla to set
finally at rest the vexed question of how death occurs during ansesthesia, and thus “to save
people’s lives ", as the object of the Commission was expressed by the enlightened ruler to

whose generosity, backed by the public spirit of his ministers, we owe the establishment of
the Hyderabad Commission,

The tracings which we have reproduced were taken by connecting the carotid artery
of the animal with a mercurial manometer, the float of which ascended and descended with
every rise or fall in the arterial pressure, and traced upon the slowly-revolving cylinder
blackened with soot the variations of the pressure upon the arterial system. As the revo-
lutions of the cylinder were too slow to allow of the individual pulse beats being seen, a second
eylinder was employed which revolved at a speed nearly ten fimes as great as the first ; by
using a wide tube, either limb of which could be shut off or opened at leisure, both mano-
meters could either be put into communication at once with the artery, or a single one could
be connected at a time. Usually only one was thus conneeted ; the general variations of the
arterial pressure are shown in the tracing taken by the Ludwig’s or mercurial kymograph,
termed shortly © Ludwig ” in the tracings, and the pulse beats were taken by a Fiek’s kymo-
graph on the quickly revolving cylinder. These tracings are indicated by the word “ Fick ™
in the corner, In the tracings taken by Ludwig’s manometer a straight line will be found
here and there in place of the usual curve, These lines indicate the points where the Fick’s
kymograph was connected with the artery in place of Ludwig’s, Each is numbered, and
by reference to the corresponding tracings by Fick's kymograph the character and rate of the
pulse at any of these periods can be readily ascertained.

ARTICLE BY Surceox-Major LAWRIE,
[ From  The Lancet,” June 21st, 1890.]

WHATEVER may be the result of the labours of the Second Hyderabad Chloroform
(lommission, the gratitude of our profession is due to His Highness the Nizam of Hyderabad
for the opportunity of scientific progress which his unbounded liberality has afforded. At the
time the Commission was appointed, the Pioneer, the leading journal of India, wrote : * No-
thing could show better the beneficent nature of the solid and friendly tie which binds
together the British and the Nizam’s Giovernments than the remarkable and cosmopolitan
interest which His Highness the Nizam and his officials, one and all, have taken in bringing
the question of the safety of chloroform to the proof. It redounds to the honour of the
Government of India no less than to that of the administration of Sir Asman Jah, that the
leading Indian State should take a principal share in the settlement of a question which
concerns the welfare and happiness of the whole of mankind.” Since we are in a position to
show that the researches of the Commission have finally proved the safety of chloroform, it is
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right to ask that the Nizam and his Minister, Sir Asman -Jah, tagether W.if]l the ﬁ;i!ﬂstﬁr’a
responsible adviser, the Nawab Mushtak Hussain, should receive pubh:: recognition as
benefactors not only of the human race, but also of the animal kingdom, which, no loss ﬂlif‘ﬂ
mankind will derive benefit from the advantages chloroform confers in the abolition of pain

and in the relief of suffering.

In considering the work of the Second Hyderabad Chloroform Uummissifm, a very
brief recapitulation is necessary. Four hundred and thirty animals were killed with chloro-
form by the Commission’s Sub-Committee, or were subjected to experiments as to the effects of
artificial respiration, with the object of confirming, elaborating, or disproving the work of t.ha
First Commission, In addition to this, 168 animals were killed by the Commission with
chloroform and other, and the effects were recorded by Drs. Lauder Brunton and Bomford
with Ludwig’s and Fick’s manometers. The Sub-Committee’s experiments confirmed the results
obtained by the First Commission presided over by Dr. Hehir ; and in their turn the results
of the Sub-Committee were confirmed by the experiments undertaken with the self-recording
apparatus, In every case of death from chloroform the respiration stopped before the heart.
The three series of experiments showed that simple chloroform poisoning causes paralysis of
the respiratory centre and then gradual death, the heart being the last organ in the body to
dia. The exceptions to the rule that the heart retains its vitality longer than any other part
of the body were found in four cases, in which more or less energetic contractions of the
diaphragm occurred after the cessation of the heart’s action. In one case the contractions
took place after the thorax had been laid open, and when the lungs were collapsed. The
Commission called these movements gasps, but solely for convenience and the want of a better
term, They were no more respiratory movements than the wagging of the fail and the snap-
ping of the jaws, which went on for ten minutes after death in two other cases, were move-
ments of joy or of mastication. The respiratory is a cobrdinating centre, but there is no
reason why any of the muscles should not contract spasmodically from stimuli applied to their
own proper centres after the respiratory centre is paralysed. The diaphragmatic contractions
in yomiting and hiccough are not generally considered respiratory movements,

With reference to the manometer experiments of the Commission, it must be borne in
mind that the inhalation of chloroform necessarily causes a fall of the blood-pressure. When
this was first imperfectly demonstrated by the English Commission in 1864 it was erroneously
thought to be a source of danger ; and the idea was confirmed by the Glasgow Committes in
1879, which went further and attempted to prove, by means of more accurate apparatus, that
not only does chloroform cause a fall of the blood-pressure, but that the fall is sometimes
capricious, and that this constitutes the grave danger in chloroform administration. The
Commission have shown that the capricious effects which the Glasgow Committee attributed to
chloroform were produced by accidental asphyxia ; and the fact that the fall of the blood
pressure, as indicated in the Glasgow Committee’s tracings, was irregular is now known to
prove that there must have been irregularity of, or interference with, the respiration, in their
expefimanta. How the fall of the blood-pressure is produced by chloroform may be left for
physiclogists to determine, but it must be clearly understood that it is in no sense a danger, in
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mi}r case which is fit for an operation, unless it is excessive, that is to say, unless an over-dose
of chloroform is inhaled,

The facts brought ont by the manometer experiments of the Commission, which can be
proved from the tracings, are :

1. *Chloroform, when given continuously by any means which ensures its free dilution
with air, causes a gradual fall in the mean blood-pressure, provided the animal’s respiration is
not impeded in any way, and it continues to breathe quietly withont struggling or involuntary
holding of the breath. As this fall continues, the animal first becomes insensible, then the
respiration gradually ceases, and, lastly, the heart stops beating (vide Experiment 169: Ludwig
and Fick tracings). If the chloroform is less diluted the fall is more rapid, but it is always
gradual so long as the other conditions are maintained ; and, however concentrated the
chloroform may be, it never causes sudden death from stoppage of the heart.”

2. Chloroform has no power of increasing the tendency to either shock or syncope
during operations. Every operation that ingenuity could suggest, or that has ever heen sup-
posed to be dangerous under chloroform, was performed by the Commission in every stage
of chloroformisation, without any effect upon the heart, the pulse, or the blood-pressure,

3. The Commission found, however, that struggling during chloroform inhalation, or
anything which interfered with the breathing in any way, such as holding the breath or asphy-
xia, produced irregularities in the circulation and in the action of the heart (vide tracings of
Experiment 148). Even such slight interference as is brought about by forcibly pulling the
tongue forward had this effect (vide Tracing 185). In fact, pulling the tongue, which is
constantly done when patients are supposed to be in danger from chloroform, was the only
proceeding short of direct irritation of the vagus that appeared to produce shock., This would
have been thought very paradoxical had it not heen that previously, when Experiment 65 was
roached, Dr. Bomford had proposed that the heart should be inhibited by electrical irritation
of the vagus during chloroform poisoning, as he helieved it would prove beneficial by postpon-
ing or preventing the fatal effects. If Tracings 65 and 117 are examined, it will be seen that
: hibition of the heart’s action and slowing of the circulation, with rapid fall of pressure, caused
by irritation of the vagus, proved to be a safeguard, exactly as Dr. Bomford had anticipated,
rather than a danger,

4. TFollowing up the discovery regarding the vagus, the Commission found that an
affect precisely similar to that caused by electrical stimulation of the vagus is produced through
the same nerve : () in the holding of the breath, which oceurs in the early stages of chloro-
form administration (vide Experiment 148 : Fick I, and 11, readings 2, 3, 4, 6, 8, 9, and 11);
(b) in asphyxia (vide Experiment 161: Fick 1, readings 14, 15, 16, and 17 ; and Experiment
156: Tick L., reading 5) ; and (¢) sometimes after the respiratory centre is paralysed in the
later stages of chloroform poisoning (vide Experiment 148 : Ludwig 111, from 4°5 to 47 ;
and Experiment 178, all tracings). The same effect is produced in man by identically the
same causes, and is what Tae Laxcer of March 2nd, 1889, wrote as of * primary and

.
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i is evi f the face and other symptoms, to which
darv syneope . It is evidenced by pallor o
Euziga F;’ndPML Heweit reforred in their letters to T Laxcer of Feb. 22nd and March

1st, 1890.

5. The Commission discovered gradually (vide Experiment 148) that it is possible to
give chloroform in such a way that f all anmsthesia is produced, with a gradual t"a_lI _nf blood-
pressure, unaccompanied by any irregularity of the heart or circulaijion.. The Flummlasmn fﬂ.uml
that the way to do this was to ensure natural and regular rﬁsplmt?on., without strugg‘lmg,
holding the breath, or asphyxia, or any interference with the breathing. It became B‘F’]flﬂﬂt
in the course of the experiments that it was difficult, if not impossible, ta_ make any animal
inhale unduly strong chloroform vapour without previously making ?t hold its bmut}}, asphyx-
iating it, or making it insensible. When an inhaler saturated with chloroform is held too
close to the mouth and nose an animal holds its breath ; and in many animals, especially the
rabbit or the goat, holding the breath stimulates the vagus and at once slows the heart and
retards the circulation.

6. The experiments of the Commission proved that death from chloroform is invari-
ably due to an over-dose ; and the question which next arose was, are there any circum-
stances which make chloroform inhalation dangerous, and, as it were, open the door to an
overdose, or make the action of the drug appear capricious ?

7. Tt is fully demonstrated by the experiments of the Commission that struggling,
holding the breath, any form of asphyxia, or any kind of interference with the breathing are
dangerous in chloroform administration. Obviously either complete asphyxia or continuous
holding of the breath, if this were possible, would be sure preventives of poisoning by chloro-
form ; but the danger in such conditions is due to the faet that they must alternate with
extra vigorous and deep respiration. Struggling makes the inhalation of chloroform dangerous,
because it either partially asphyxiates the patient, or alternately does this and accelerates the
respiration and circulation, so inereasing the amount of chloroform inhaled and hastening the
rapidity with which the chloroform is conveyed to the brain and nerve-centres. Holding the
breath causes asphyxia, and asphyxia produced in this or in any other manner poisons and
stimulates the respiratory centre, and, on the one hand, makes it extremely obnoxious to
paralysis by chloroform ; while, on the other, it leads to gasping and deep inspirations, by
which an over-dose is very soon taken in. The rapidity of chloroform poisoning when asphyxia
is produced is much the same as it would be if you threw a man into a pond, and held a chloro-
form inhaler over his head every time he came to the surface to take a breath. This is exactly
what a timid or badly taught operator often does, He measures his chloroform and pours
it intoa patent inhaler, which he then applies to the patient’s face. The patient holds his
breath and becomes deadly pale, while his vagus slows the heart and cireulation. Presently
the patient takes a deep gasp, and as soon as the chest begins to move, the chloroformist
thinks there is no danger and replaces the inhaler on his face, too probably adding another
dose of ?hlumf'nrm as he does so. The patient’s natural protective means being exhausted, he
very quickly absorbs a fatal dose of chloroform, and we are subsequently told that his heart
failed, that he afterwards gasped two or three times and then died. No care in measuring
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the chloroform or diluting it in a mechanical inhaler is any guide whatever to the amount
of the ansesthetic a patient inhales or absorbs, Moreover, breathing through an inhaler is not
natural breathing.

8. The Commission has shown that the key to the safe administration of chloroform i
that the breathing be natural, so as to avoid struggling and any form of respiratory embarrass-
ment ; and that it may be so the anwsthetic must be administered in an open cone or cap,
which is held far enough from the patient’s face to avoid causing him to hold his breath or
struggle, and into which he is at first made to blow after each inspiration, the cap being
brought nearer to the face, and eventually quite close to it, as the chloroform begins to take
effect and he breathes regularly.

The two tracings dated March 6th, 1890, Nos. 3 and 4, Ludwig, show very conveniently
all the points claimed by the Commission, They demonstrate : (a) The gradual fall of
blood-pressure caused by chloroform inhalation, when the chloroform is properly given, so as
to entirely avoid struggling or holding the breath, &e. (&) The value of reflex winking when
the eye is touched, as a guide fo the state of ansmsthesia. When this point is reached, the
subject may, as a rule, be said to be ready for operation, and this, it will be seen from the
tracings, occurs long before the fall of pressure, if this be regular, reaches a dangerous stage.
(¢) The effects of pushing chloroform till the stoppage of the respiration, the heart being un=-
affected till long after this stage is passed. (d) The slowing of the circulation and fall of
blood-pressure caused by irritation of the vagus. No one doubts that the vagus has the same
action in man as it has in animals, (&) The effect of electrical irritation of the vagus when the
respiration has ceased ; and the slowing of the cireulation, which retards the conveyance of
chloroform, to the nerve centres. It is not difficult to understand how slowing of the cireula-
tion necessarily retards the conveyance of chloroform to the medulla. For example, if the
pulse is sixty, and sixty atoms of chloroform are conveyed to the brain in a minute, only thirty
atoms a minute will reach the brain (other things being equal) if the pulse is reduced to thirty
by stimulation of the vagus, Tracings 8 and 4 of the effects of ordinary chloroform inhalation
are identical up to the point where the respiration ceased, Tracing 3 then shows that the
breathing having entirely ceased, stimulation of the vagus slowed the circulation from eighty-
six to forty-two a minute and saved the dog’s life, Tracing 4 shows how, after the stoppage
of the respiration, when artificial respiration was not employed and the vagus was not irritated,
the heart’s action gradually ceased. Both tracings show how useless it would have been to
have taken the action of the pulse as a guide. When the pulse failed, as it did at the end of
Tracing 4, it was a sign of impending death. The two tracings demonstrate that by taking
the respiration alone as a guide, danger could have been averted, as it always can be in the
human subject under chloroform, if the breathing is carefully kept free. Tt is remarkable that
in these two experiments the chloroform was given undesignedly or precisely the same length
of time, wiz., 442 minutes. Considered by the light of the work of the Commission, these
tracings prove incontestably that the slowing of the heart and circulation through the stimula-
tion of the vagus is a safeguard in chloroform poisoning. The symptoms—pallor and loss of
pulse—produced in a similar manner in man are none the less signs of the greatest danger,
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as they signify that the patient has not been breathing properly, or tha?t he has been B.Sl}]..l}"liﬂ.tr'
ed, or that the respiratory centre has heen paralysed. They do not indicate, as has hitherto
heen supposed, that chloroform has any direct effect upon the heart ; but whenever t‘:]lﬁ}" ocelr,
at whatever stage of chloroform administration, they show most unmistakably that it has heen
given in such a way as to interfere with the breathing.

The most important point of all in the tracings is to be found in the invariably gradual
and regular fall of blood-pressure when chloroform is properly administered. This is shown
in many of the Commission’s experiments, especially trom No. 164 to the end (vide 169),
and in the tracings of March €th, 1890. In tracings 3 and 4 of March 6th the fall of blood-
pressure is gradual and perfectly regular, and they demonstrate the only method of chloro-
fnrni administration compatible with absolute safety. Though fall of pressure is inseparable
from chloroform administration, there is never the least danger if it falls regularly, and if the
inhalation is stopped directly the state of the cornea shows that the patient is * under ™.
Regularity of the blood-pressure depends entirely upon regularity of the respiration. Any
irregularity, therefore, in the fall of blood-pressure during chloroform inhalation indicate
irregularity of or interference with the respiration ; and, per contra, any irregularity of or
interference with the respiration at once causes irregularity in the fall of blood-pressure ; but
as long as the respiration is regular and not interfered with, the fall of the blood-pressure will
exactly correspond with it, and will cease long before a dangerous point is reached if the
inhalation is stopped when the cornea become insensitive, or other signs show that the patient is
“under . If the respiration is kept up without struggling, holding the breath, or asphyxia,

chloroform may be given slowly or quickly, freely and with perfect confidence, without the
slightest risk to the patient.

From the standpoint of medical education it is a serious misfortune that ether has been
allowed to displace chloroform in any of our large hospitals, The public has a right to de-
mand that every medical man shall be able to administer an anwesthetic with safety in any part
of the world ; and there is no anwesthetic which can be thus universally employed except chlo-
roform. If ether is used as the sole recognised anwmsthetic in the hospitals attached to our
medical schools, students cannot learn how to give chloroform ; or if anwmsthetics are only to
be administered by specialists, students cannot learn anwsthesia practically ; and it is notori-

ous that the advance of ether has been accompanied by a decrease in the employment of
angesthetics by the general practitioner, and has limited their usefulness,

In conclusion, I desire to do justice to the wisdom of my old masters by comparing
the principles Syme laid down for the safe administration of chloroform,—principles which he
always said he took from Sir James Simpson,—with the physiological proof the Hyderabad
Commission has succeeded in determining from their experiments, In the lecture to which I
have so often referred, which was published in Tag Laxcer of Jan, 20th, 1855, Mr, Syme states :
“The points that we consider of the greatest importance in the administration of |
form are : first, a free admixture of air with the vapour of chloroform ; secondly, we do not
stint the quantity of the chloroform ; then, and this is most important, we are guidlad as to the
effects, not by the circulation, but entirely by the respiration, We also always give chloro-

chloro-
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form in the horizontal Ppusitiun, taking care that there is no article of clothing constricting the
neck, and we never continue beyond the point when the patient is fully under the influence of the
anwsthetie,”

The Commission has demonstrated that the aim of the surgeon must be to give chloro-
form so that the blood-pressure should fall regularly throughout the whole administration, and
that the blood-pressure can only be kept free from irregularities by absolute regularity c:f the
hreathing. The chloroform must therefore be inhaled in such a way that the breathing
is natural and regular throughout, Feeling the pulse during chloroform inhalation is no gnide
whatever either to the blood-pressure or to the one thing necessary for safety, which is
to keep it regular; and it has been shown above that the pulse is of no value as a sign of
approaching danger, since it is only affected dangerously («)when the respiration has been inter-
fored with or (b) by an overdese. Lastly, in order to keep the breathing regular, the whole of
the administrator’s attention must be concentrated upon this point alone ; and it is therefore
clear that if, as is now recommended in most of the text-books, part of the chloroformist’s atten-
tion is to be given to the pulse, an important element of danger comes into the administration,

We can no longer contend, with regard to chloroform, that the results of clinical ex-
perience and of experimental research do not agree. The investigations of the Hyderabad
Commission have brought to light a strikingly precise and complete agreement between both,
I have stated in THE Lawcer of April 5th, 1890, that the late Mr. Syme’s and my own form
o continuous series amounting to more than 45,000 cases of almost daily (and often several
times a day) chloroform administration, extending from 1847 to 1890, in which the respiration
alone was taken as a guide, without one death resulting, Mr, Roger Williams has proved in
Tur Lascer of February 8th, 1890, from the statistics of one of the largest hospitals in
London, (which, he says, may be accepted as reliable averages of all the London hospitals),
in which the pulse is taken as a guide, and is carefully watched as well as the respiration that
the deaths amount to one in every 1,236 administrations. We thus see that in a long series of
45,000 cases, extending over 40 years, in which the chloroformist’s attention was concentrated
on the respiration alone, and in which the chloroformists were students, there were no deaths
at all ; while in another series of 12,368 cases, in which a part of the chloroformist’s attention
was devoted to the pulse, and in which the chloroformists were specialists (ansthetists), there
were 10 less than 10 deaths,—a fraction over one in every 1,250 administrations, These clinical
results correspond with the conclusions arrived at by the Hyderabad Commission, and are
sufficient to show what a tremendous difference to the patient the mere method of administra-
tion may make, One of the London journals, the St. James's Gazeétte, recently published an
article on the question ** Is Chloroform Safe #” and answered it by saying, ** It depends upon
who gives it.”  We now know that it does indeed depend upon who gives it, but we also
know that any intelligent third or fourth year’s medical student may be trained to give it
safely, so as to do good without the risk of evil.

I think I have shown that the Hyderabad Commission has proved Syme’s principles
to be true. The rationale of the proof and the keystone to the work of the Second Com-
mission is to be found in the discovery of the safeguard action of the vagus nerve, and in the
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The Glasgow Committee ask us to helieve that, when air saturated with ether was
pumped into a rabbit's lungs, * twenty minutes were oceupied in producing anesthesia”, and that
it “may be given for an indefinite period without interfering with the heart ”. At the end
of an hour’s pumping “ the heart was beating as vigorously as at first ¥. It is contrary to all
experience that twenty minutes should be occupied in ansmsthetising a rabbit by means of air
saturated with ether pumped into the lungs. The Hyderabad Commission made many experi-
ments with ether, from among which I have selected two as examples of its effect, In the first
manometer No, 106, a pariah dog weighing 25 1b., the tracing of which will be published as
soon as possible, the administration of ether on a saturated sponge in a fairly close-fitting cap
was commenced at 9h. 46m. 10s. on Nov. 21st, 1889. The blood-pressure rose immediately.
It began to fall again at 9h. 46m. 30s,, and continued to do so till death. At 9h, 47m, the
cornea was insensitive. At 9h. 48m, 40s. there was rattling in the trachea. At Sh. 50m,
30s. the respiration was slow and shallow, and it stopped at 9h. 51m. Af 9h., 52m. 30s. the
pulse became imperceptible ; artificial respiration was kept up, and the dog’s body was invert-
od until 9h. 57m. The thorax was then opened, and the dog was found to be dead. The
artery was cut and the pressure fell to zero. The whole experiment lasted ten minutes and
fifty seconds, and any one who chooses to examine the tracing can verify this deseription of
what occurred. The second experiment took place on Nov. 26th, 1889, on two monkeys weigh-
ing 4 1bs. each, Nos, 129 and 130. 1In the first monkey, a measured quantity of ehloroform was
pumped into the lungs through an opening in the trachea by artificial respiration, much in
the manner described by the Glasgow Committee, The inhalation was begun at 4h, 2m. 37s.
10ce. of chloroform were used in divided doses, and the heart stopped at 4h. 10m. 53s.
The other monkey had ether in the same way. The inhalation was commenced at 4h. 2m,
94s. 15¢e. of ether in divided doses were employed, and the heart stopped at 4h. 12m. 20s.
In the chloroform experiment 10cc. of chloroform freely diluted with air killed 2 monkey in
eight minutes and eighteen seconds. In the other experiment 15ce. of ether freely diluted
with air killed a similar monkey in nine minutes and fifty-six seconds. The difference corre-
sponds with the recognised difference in the strength of the two anmstheties in the ordinary
practice of surgery. With reference to the (ommittee’s statement that the heart was beating
as vigorously at the end of an hour as at first, we are not told whether there was any natural
respiration when the ether administration was stopped, or even whether the animal was alive ;
and in the absence of reliable information on these points we cannot consider this experiment
trustworthy. Either the ether which the Committee employed had lost its strength, or else
the Committee fell into the error of supposing that because the heart was still beating the

other had not interfered with its action.

The same vigorous action of the heart after prolonged anwmsthesia, brought forward by
the Committee in favour of ether, recently came under my notice with chloroform. On May
928th, 1890, air saturated with chloroform was administered to a rabbit in my presence, in
precisely the same way as that described by the Glasgow Committee. The administration
was begun at 12h. 59m. 40s. At 1h. Om. 90s, the inhalation was stopped. There was no
roturn of natural breathing, and the blood-pressure had fallen nearly to zero, Artificial
respiration was commenced at 1h. Om. 80s., and continued till 1h. 5m. 3s., when the artery
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was cut and the rabbit was thrown aside dead. The thorax was opened at 1h. m. 50s., and
the heart was seen by several competent observers beating vigorously and rhythmically "
At 1h. 15m., it is noted, *heart still beating rhythmically ; auricles and ventrieles both
contracting strongly, but the action of the ventricle is intermittent ”, At 2h. 5m., one hour
after death, the auricles were rhythmically beating ; the ventricles were still. This continued
till 3 o’clock, two hours after death, after which no more notes were taken. In the face of
these facts we canmot accept the vague statements of experiments which the Glasgow Com-
mittee first brought forward in 1879, and have repeated without confirmation in 1830,

The next part of the Glasgow Committee’s paper deals with the manometer experiments
of the Commission. I may observe that in all the manometer experiments of the Commission
every event which is marked in the Ludwig tracings was written on the tracings, as the drum
revolved, at the time it actually occurred. The Committee says :—* In the first place, in
Experiments 103, 119, and 157 we have sudden falls of pressure, and opposite some of these,
not all, there is the note, ¢ holding breath’. But these sudden falls of pressure are not con-
fined to occasions when the animal held its breath.”

This must mean, if it has any meaning at all, that some of the sudden falls of pressure
' in tracings 108, 119, and 157 (which will shortly be published) are not accounted for, and
are due to some effect on the heart which the Commission overlooked. As a matter of fact,
all the sudden falls of pressure in the three tracings were due (1) to holding the breath ;
(2) to struggling, which interferes with respiration ; (3) to asphyxia ; or (4) to electrical
stimulation of the vagus. This is clearly stated on the tracings, and the Glasgow Committee
ought not to have endeavoured to make a point by omitting to say so, in describing the
inferences which they think may be drawn from any of these sudden falls,

The Committee proceed : * Turning to experiments referred to in section 12,* where
the breathing was artificially interrupted, we have been astonished to find that the ;mces do
not bear out the statements of that paragraph.” It is impossible in this short abstract to
follow the Glasgow Committee through the quotations which are put forward as ©facts” to
substantiate the assertion that the tracings do not bear out the statements in section 12
The complete report—with the whole of the tracings taken by the Commission—will shortl ,
be published, and an examination of those tracings which the Glasgow Committee refl rti
will show that their assertion is inaccurate. One example of their inaccuracy must su;ﬁc
The Committee states “at Fick 7 (Experiment 150) we have * mouth closed,” but there ?.
scarcely any effect on the blood-pressure, and very little on the pulsation.” ‘It is distinetl ;
shown on the Ludwig tracing that Fick 7 began at 12h. 17m. 125, and ended at 12h, 17Tm z{}:-

—

* Bocti - :
the t:ﬂin ljrﬁ:lz “:;‘:“3“5;—'3131::{}}&‘:&, gratma m:lum}_ﬂuh;& asphyxia, as by foreibly closing the nose and mouth, or closin
: L racheotomy has an effect similar to, but more marked than, that produced by holdi 'Eh g
“':mf-h“:;::ﬂﬂ;uf tl;a wace corresponds precisely to that produced by imritation of the peripheral end 1:{ the E:.::.ETT : :W« 'Eh,
Few seconds. E;! lli::EFji'{: ]::'ii!ns; DEJ:EH:II-:E b the heart's action becomes excessively slow or, even sf:P; lnr1:
s xp ni:;len’f 148 bo compared with the photographiec reproduction of trace A of the Glas i
i n::w 3 ! By ATe cnumll._und that the slow action of the heart with great fall of pressure Ef'
gow Lommittes attributed to some capricious action of ehloroform upon the heart, was undoubtedly due to n;p;'xfil
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The mouth and nose were not closed till 12h. 17m. 35s.—just five seconds before the end
of, and therefore too late to produce any marked effect in, the Fick reading. But the
effect is well shown in the continuation of the observation on the Ludwig manometer. The
Glasgow Committee have had every possible opportunity of examining the original tracings,
and an inaccurate quotation such as that which I have called attention to is no less misleading
than it is, from a scientific point of view, indefensible,

I make no comment on the comparison of the Commission's Experiment 148 with
the Glasgow trace. All the tracings of Experiment 148 are published above, and anybody
can form his own opinion about them, and about the Committee’s ohservations on them.

The Committee next confuse the fall of pressure due to ordinary chloroform inhalation
with the fall due to interference with the respiration. The Hyderabad Commission have
stated that the fall of pressure and slowing of the pulse, from either involuntary holding of the
breath or from asphyxia in chloroform inhalation, are due to vagus stimulation, reflex or
direct. The Commission has given no opinion as to the cause of the fall produced by diluted
chloroform alone. It is obvious, from all their experiments, that the effects of chloroform
aro first exerted upon the nervous tissues, the vaso-motor centre is very soon involved, the
respiratory centre becomes paralysed, then the muscular tissues become affected, and last of
all the heart. The fall of blood-pressure becomes dangerous if pushed to the point of paralysis
of the respiratory centre. After this point is passed, if the poisoning with chloroform still
continues, the fall becomes much more rapidly dangerous; the nutrition of the heart is
profoundly interfered with, and the deprivation of oxygen produced by the paralysis of the
respiratory centre causes it to gradually cease to act. The Glasgow Committee confend that
“when chloroform is pushed, whether the mouth and nose be held or not, the blood-pressure falls,
and there is the additional fact that this seems to depend very little on the action of the vagi i
In support of this contention—which the Hyderabad Commission do not altogether dispute—the
Committee quote from Fick readings 3 and 6 of Hxperiment 151. But Fick & of No. 151 is
a reading during simple smothering, the vagi being intact. The effect of the smothering is to
almost immediately lower the pressure about 25 millimétres, and to slow the pulse from 72 to
31 per minute at the same time. After the vagi are cuf, when asphyxia is again pmdu-:l:aﬂ by
smothering (vide Fick 6), the effect is to accelerate the pulse to 105 per minute, whll‘e‘ ?hﬂ
pressure only falls about 5 millimétres. This difference is most assuredly due to the division
of the vagi, and yet the Committee assert that the slight fall with rapid pulse in Fm]f 6 is
“ the true asphyaia curve”, and depends “ very little on the action of the vagi ”.. In this con-
nection, it may be well to notice what the Galasgow Committee have tosay with regard to
atropine. The Committee refer to the Hyderabad (Clommission’s dia-::m'.ar{ -::.f the Saff'!gtl&l'd
action of the vagus, in chloroform poisoning, and remark that when the inhibitory action of
the vagus is brought into play less chloroform is conveyed to the nerve centres ; and, further,
if vagus irritation ceases, or the nerve becomes exhausted, the heart ™ bounds on aguin, and
the blood then becomes very quickly saturated with chloroform, and an overdose is at once
conveyed to the nerve centres ”. The Committee continue : * This ingenious view h“ much
to support it ”’, and * it undoubtedly explains the beneficial action of atropine as an adjunct to
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chloroform administration. The action of atropine is to paralyse the vagus and produce the
same dangerous condition as when the nerve is exhausted. If the Committee regard the
effect of atropine as beneficial they must intend to convey that the inhibitory action of
the vagus is a danger in chloroform administration when atropine is not used, ie., that
the normal action of a healthy nerve is dangerous to life. The greatest living physio-
logists are agreed that the inhibitory action of a nerve like the vagus is not a danger
to the organ inhibited, and the Hyderabad Commission goes a step further and shows
that it may be a safeguard to the organism in poisoning by an anwsthetic. If the views of
the Glasgow Committee are right, then a patient is in much less danger with the pulse at 105,
carrying 105 atoms of chloroform to the medulla in a minute, than he is when the pulse is 31
and only 31 atoms of chloroform are being conveyed to the medulla in a minute. This is
manifestly an absurdity. In actual practice the amount of atropine employed as an adjunct to
chloroform administration would probably be so small as to be immaterial ; but, if it produces
any effect at all, it must be to do more harm than good.

The Glasgow Committee’s tracings have been reproduced in the British Medical
Journal, They are given above for the sake of comparison with tracings 148 and others of the
Hyderabad Commission. The Committee state that in the experiment which furnished Tracing
(! the chloroform was administered “ by a cloth saturated with the agent being held over the
mouth and nose.” This exactly bears out the conclusion of the Commission. The animal got
chloroform with insufficient air, and the © Glasgow trace *. which the Hyderabad Commission
produced over and over again in their experiments, was due to the stimulation of the nerve
centres with asphyxial blood. It only remains to add that the Glasgow Committee’s remarks
on the condition of an animal whose pressure is * minus ~ require explanation. As they stand,
it looks as if the Committee were describing the existence of pulse and respiration corves, as,
indeed, they are represented in Trace C, below the basement or true zero line, the lina of no
pressure, which is, of course, an impossibility, The animal in Trace C was never in any danger
except from the improper manner in which the c¢hloroform was administered to it. It did not
die ; and the Committee’s argument about the danger of chloroform to the heart, which is
based upon the faulty fracing, has its foundation, not in physiology, but solely in imagination.

In their practical conclusions the Glasgow Committee say : “ We think the Hyderabad
Clommission attach too much importance to one common mode of death—failure of the respira-
tory centres ; and while we agree generally with their conclusions, which in many respeets are
similar to our own, we consider it unwise and unsafe in practice to pay no attention to the state
of the circulation, and to observe respiration alone. We also consider it unwise to convey to
the public, even through the profession, the notion that the administration of a.::hlumfarmjirs a
proceeding in which there is practically no danger.,” The statistics I have given elsewhere
prove the great danger in chloroform administration of dividing the attention between the
respiration and the circulation, For this danger the report of the Glasgow Committee i
18.?9 must be held to be very largely responsible. The Committee now argue as if it ": :
wise to keep up the unfounded dread of chloroform the public have acquired, so th:lt whﬂn:m
an operation is about to be performed under chloroform the patient is nﬁ;ﬂ}( f;'ightﬁuadv::
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death beforehand, not by the operation itself, but by terror of the effect of the anmsthetic,
The Committee state finally : “As a matter of common prudence, and especially seeing that
when respiration fails we can employ artificial means for its restoration, while if the heart
fails, little or nothing can be done to avert a fatal issue, it is incumbent on every one giving
chloroform to watch both the pulse and the breathing.” If this statement is to be acted upons
it is incumbent on every one giving chloroform to watch the pulse for heart failure, in spite of
the fact recorded by the Committee themselves, that *if the heart fails, little or nothing can be
done to avert a fatal issue,” No teaching could possibly he more dangerous, Without deny-
ing that there may be conditions of the heart in which failure and death may oceur in some
of the processes connected with chloroform administration, just asa man with a certain
condition of heart may die of heart failure from running to catch a railway train, the Hyder-
abad Commission has shown that sudden death from stoppage of the heart is not a risk of
chloroform itself, If the surgeon is to have constantly before his mind the fear of the sudden
death of his patient by stoppage of the heart from the mere action of chloroform, and is to
carefully watch the pulse for signs which can only have a fatal issue, it is a physical impossi-
bility for him to concentrate his attention on the warnings given by the respiration, by which
alone danger can invariably be averted. The teaching of the Glasgow Committee is wrong,
and if it is followed deaths with chloroform will be as inevitable in the future as they have
been under the same circumstances in the past.

LETTER FROM Dz. R. M. WHITTINGTON LOWE, u.p.

To T8E EDITORS OF TaE Laxcer”.

SIR8,—I have read with much interest and pleasure the paper by Burgeon-Major
Lawrie in your last issue, and only on one point do I venture to point out what appears to me
to be an injustice to the teaching of our great master, Sir James Y, Simpson. Surgeon-Major
Lawrie very properly tells us how Professor Syme used to insist on watching the respiration
and taking that as the guide in the administration of chloroform ; but Sir James Simpson
was strong on this point as early as 1847, that is to say, very soon after he began to use
chloroform, The Hyderabad Commission, generously conceived as it was, and ably earried out
as it has been, has, nevertheless, done little more than to impress on the world at large what
we have been taught at Edinburgh University since Simpson introduced chloroform some fifty
years ago. Yet how slow has been the spread of that teaching, When did we ever see a
stethoscope used in examination before the administration of chloroform? When did we ever
see an inhaler, except those on Simpson’s lecture table 7—for which he had an affectionate
regard as valuable antiques, 'When have we seen the chloroform measured out drachm by
drachm ?  Does not all this go to show that we were correctly taught to judge by the respira-
tion and the effects of the chloroform and not by any rule of thumb as to the condition of the
heart and pulse or quantity given of chloroform? It has often occurred to me that supposing
one had a case of sudden death while a patient was under the influence of chloroform (not
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because ether is far more difficult to administer than chloroform. If ether is to be given
with satisfaction it requires an inhaler, and special instruction in the use of it. But ether
always gives warning of danger, whereas under chloroform there may be sudden death.
One point I would strongly urge is always to have a sufficient variety of anmsthetics on
a table at hand, viz., chloroform, ether, A.C.E. cocaine, Latterly I have added Messrs.
Bartts’ improved Clover's gas and ether inhaler. No one can predict with certainty
which anwmesthetie the patient will take best. I have had cases (generally alcoholic patients),
where ether camsed struggling and great excitement, but after Clover's inhaler had been
changed for Ormshy’s, with A.C.E., the patient quietly and quickly went under; in such
cases chloroform should never be given, 1Tt is a pity that A.C.E, is not more generally used ;
for when ether fails to stimulate it is most valuable, as in ovariotomies and such like
protracted cases.

In reference to* inhalers, I am sure none can compare with Clover's for ether; with
it the exact percentage required can be given, Ormsby’s is the best for A.C.E. mixture,
Meossrs, Bartts have lately made a hinged cap for me, whereby the mixture can be poured
on to the sponge without removing the cap, for small quantities constantly put in are
preferable to a large amount. Caution is needed in using the inhaler, for the alcohol and
other volatilise more rapidly than the denser vapour of chloroform. For chloroform admin-
istration nothing is better than a double piece of lint, whereby plenty of atmospherie air
can be given. I have noticed five deaths where metal inhalers have been used. I have
witnessed several deaths from chloroform, though 1 am thankful to say that none have oceur-
red in my own practice, and I am convinced that they were due to an overdose and not due to
shock from too little being given ; and I would here draw attention to Dr. Hewett's admirable
letter in your issue of March 1st, wherein he mentions a case of syncope arising from deep
chloroform narcosis, where he went on with ether for the remainder of the operation. Surgeons
now-a-days expect too much from anecstheties. Profound ansmsthesia cannot be maintained for
1} or 2 hours without great danger occasionally, and there are many cases where it suffices to
keep the patient on the verge of returning consciousness, €.g. sequestrotomies and similar

tedious but not delicate operations,

1 would conclude by saying that ether should be always given between the ages of
sixteen and sixty, except there is some good reason to the contrary, such as pulmonary, renal
or arterial disease, Never, upon any consideration whatever, should chloroform be given for
dental cases. It is always dangerous in the sitting posture for anything. I must apologise
for taking up so much of your valuable space, but my excuse must be the immense importance
of the subject and the alarming mortality of chloroform.

1 am, Sirs, your obedient servant,

H. CHESTER NANCE,

Norwich and Norfolk Hospital, House Surgeon.
Norwich, June 9th, 1890.

* Vide The Lancet, vol. ii,, p. 1220, 1888, Dr. Bquire's communication on his giving ether for
his first inbaler,

Liston in 1846, and
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experimenting with ether and chloroform are the following +—(1) That by administering the
two anesthetics in the manner explained, when death ensues, it is always caused by arrest
Jirstly of the respiration, and afterwards of the heart, (2) That in all the animals experi-
mented upon (rabbits, cats, and dogs) chloroform acts most powerfully on the respiration,
stopping it most surely if, after the animal is completely ansesthetised, the anmsthetic is
continued for some time, (3) That ether stops the respiration in frogs, rabbits, and eats, but
its effects are more fugacious, so much so that the respiration is easily restored by employing
the direct artificial respiration, (4) That ether does not stop the respiration of dogs, even
after a continuous and prolonged administration of three hours, (5) That for these reasons
ether is much safer than chloroform. This applies to animals; and if the same laws are
applicable to man, I agrée entirely with the Hyderabad Commission on the practical point
that it is not the pulse that is the gnide in anwesthetising, but the respiration. In regard to
artificial respiration, that which I call direct artificial respiration consists simply in applying
the mouth of the operator to the tuhe which communicates with the trachea, and expiring and
inspiring, just as in normal respiration, This tube, as I noted bafore, has a lateral tube
communicating with the external air, thus establishing a lateral current by which all the air
contained in the lungs is pumped out by the operator’s inspiration, and new pure air is pumped
into the lungs with his expiration., By this means I succeeded in resuscitating all my dogs
and rabbits, even though three minutes had elapsed after stoppage of the respiration ; while
with any other method of artificial respiration until now employed (#ndirect), not only could I
not succeed in such cases, but in the great majority of cases the indirect artificial respiration
was unsuccessful, even directly after the stoppage of respiration. To me this kind of direct
artificial respiration was the most striking feature of my experiments, and I proposed to
adopt it in the case of man. This is very easily done by a metallic canula, conveniently
curved at one end, like a common catheter, and provided with a lateral tube in order to
establish the lateral current. The curved end, which is cut like the end of a Fergusons
speculum, is easily introduced into the trachea through the mouth and by the operator applying
his mouth,—or, if objectionable, a pumping apparatus,—to the other end, natural respiration is
imitated. I am quite satisfied that no other form of artificial respiration equals this inefficacy.
As to the manner of its physiological action, I think that not only by this method is all the
anwsthetic in the lung directly pumped out, but that the pure air pumped into it has a vivify-
ing action on the nerve endings in the lungs, which are paralysed before paralysis of the
centres of respiration sets in,

I remain, Sirs, most faithfully yours,

. RUATA,

Prof, of Materia Medica to Perugia University,
July 2nd, 1590,
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LETTER FROM JOHN HOPE POTTER, Esq.

To tae Epitors oF “THE LANCET,”

Sms,—Surgeon-Major Lawrie, in his interesting article published in The Lancet of
June 21st, evidently contends that the sudden fall in blood-pressure during the administration
of chloroform is invariably due to a condition of asphyxia, though he admits a gradual fall
in blood-pressure, unattended with danger, during the administration of this ansesthetic.
T would eall the attention of your readers to the fact that the condition which often ensues
on the administration of chloroform is a condition of which the most apparent visible sign is
pallor ; asphyxia is not, however, accompanied with pallor, but with distension of systemic
veins consequent on contraction of small arferies, and inerease of arterial tension (blood-
pressure raised), which condition again is consequent on stimulation of the vase-motor centre
due to circulation of blood deficient in oxygen. Now, this sequence of events in asphyxia
produces a visible condition of lividity quite different from the pallor which is the danger
signal in chloroform administration. In fact, to recapitulate, we have in asphyxia increased
blood-pressure with lividity ; in fatal chloroform narcosis we have the opposite condition, viz.,
diminished blood-pressure with pallor. It appears to me the contention of Surgeon-Major
Lawrie—that the danger is due to asphyxia, and not to the direct action of the chloroform
vapour—is quite erroneous.

I am, Birs, yours truly,

JOHN HOPE POTTER,
Cullompton, Devon, June 80th, 1890,

LETTER FROM Svursron-Major EDWARD LAWRIE.

To tar Epirors ofF * Tae Lawcer.”

Sirg,—In The Lancet of July 19th, 1890, Mr. John Hope Potter states that the
Hyderabad Chloroform Commission contend that * the sudden fall in blood-pressure during
the administration of chloroform is invariably due to a condition of asphyxia,” This is a mistake,
In the paper published by me, as President of the Hyderabad Chloroform Commission, in The
Lancet of June 21st, 1890, it is contended that the sudden falls of blood-pressure, with pallor,
which are observed during the smproper administration of chloroform, are invariably due to
reflex or direct stimulation of the vagus, and that while this action of the vagus is in itself a
safeguard, it always shows that the anmsthetic has been administered with insufficient air, The
Hyderabad Commission has proved that asphyxia is only dangerousin chloroform adminis-
tration because it makes people gasp. Mr. Potter further asserts that asphyxia raises the blood-
pressure, and that this is consequent on stimulation of the vaso-motor centre., The tracings of
the experiments of the Hyderabad Commission demonstrate that, contrary to the hitﬁrf-o
accepted belief, asphyxia lowers the blood-pressure. This is in strict accordance with what
common sense would lead us to expect. Itis evident that to raise the blood-pressure is to benefit

the organism, and it cannot be said that asphyxia is ever beneficial, Mr. Potter is in error in



252

supposing that asphyxia stimulates the vaso-motor centre, It is more probable that it paralyses
that centre and stimulates the respiratory centre, Chloroform, on the other hand, paralyses
both centres. Fortunately, it effects the respiratory centre most deeply first, so that when
danger of overdosing arises warnings are given by the respiration, whereby that danger can
invariably be averted,

The most important result of the labours of the Hyderabad Chloroform Commission has
undoubtedly been to establish the proof that chloroform has never, under any circumstances
whatever, a direct action npon the human heart ; and not the least important of the results of
the Commission’s work consists in the exposure of some of the sham physiology which has
passed current as genuine for the last ten years. Not to speak of the condition of animals with
the blood-pressure * minus,” it is a well nigh irreparable misfortune that a whole generation of
our profession should have been taught such physiological untruth as that the normal action
of the vagus nerve is to imperil and oceasionally to destroy life ; and it is degrading to reflect
that one of the main uses to which this false knowledge has been applied in England since 1879
has been to throw dust in the eyes of the public, when coroners’ inquests are held on the
victims of chloroform administered in accordance with the erroneous principles advocated by
the Glasgow Committee,

I am, Sirs, your obedient servant,

EDWARD LAWRIE, Surgeon-Major,

President, Hyderabad Chloroform Commission,
Hyderabad, Aug, 1890,

LETTER FROM Dz. ARTHUR H. W. HUNT, m.Rr.c.8., &c.

To e Epitors oF “ Ter Laxorr.”

SIR8,—I send you a few particulars of a recent death at the Wolverhampton and
Staffordshire General Hospital from the administration of ether, in which the patient died
of syncope, and not from failure of the respiratory function.

A young man aged twenty was admitted under Mr, Vincent Jackson on June 19th
last. He was a miller by trade, and sought relief from a swelling at the npper and outer side
of his left leg. He was a stout, flabby man, and rather anmmic. The swelling turned out
to be a chronic abscess. Previously to this he had always been healthy. The abscess was
opened soon after admission, under chloroform, and another, which appeared a few weeks later
was opened under nitrous oxide. In addition to these, two other abscesses were opened
without an anmsthetic.

Last week it was found necessary to again place him under an anmsthetic, in order to
scrape away some unhealthy granulations, and slit open a couple of sinuses. The house
physician and assistant house surgeon were present. The house physician pro tem,
(Mr. Bryett, a.8., Lond.) gave ether with a Clover’s inhaler, and the ether was from the same
bottle as that which had been successfully used for other patients. It was obtained from
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was employed preferably in cases of debility from long-standing disease of joints or from
loss of blood in severe railway smashes or machinery injuries. This drog, however, was
found unsuitable in operations for hernia, lithotomy, reduction of dislocations, rectal upar;ﬁnnn,
and in persons suffering from pulmonary or bronchitic ailments, or addicted to habits of
ntemperance.

Referring to the relative dangers of various anmsthetics at the operation or after the
operation, Dr. Dunlop remarks that * chloroform is never absolutely safe, no matter how care-
fully or how skilfully it might be administered. Chloroform is much more dangerous than
ether during operations ; but after operations ether is more dangerous to life than chloroform
from bronchitis or pneumonia setting in. It may be said that when pneumonia or bronchitis
follows, the ether was badly administered. That may have been so. It is much more difficult
to administer ether accurately than to administer chloroform accurately.” On two occasions
racently he encountered great difficulty with ether. In one case the breathing had almost
ceased, and the pulse failed. The young woman’s face had become blanched. BShe was dying
nui;\ fﬁ(}m asphyxia, but from weak heart action. The remainder of Dr. Dunlop’s remarks are
as follows :—

Every intelligent assistant I have had during the last ten years has felt happier during
an operation when ether was used than when chloroform was administered. I have not seen
any deaths from ether or chloroform for ten years ; but I have seen many patients both in
hospital and in private practice in very imminent danger to life during the administration of
chloroform, the symptoms in some instances being those of impending asphyzia, in others
those of defective heart action. I have laid down for my own guidance as a surgeon the rule
never to have chloroform administered to a patient in my own house, even by the patient’s
own medical man, It is an extremely awkward and painful experience for a surgeon to have
a death from chloroform in his own consulting-room,

A patient coming from the country, accompanied by the family doctor to administer
chloroform in & surgeon’s consulting-room, the patient to have an examination for stone, or
the excision of a wen, or a reduction of dislocation at the elbow, or the breaking down of
joint adhesions, is usually in a very unfavourable and unsate condition for chloroforming.
The patient is probably hot, anxions, excited, nervous, and tightly clothed, and at an early
stage of the administration of the anmsthetic by the family doctor symptoms of heart danger
suddenly appear, and death ensues. Tt is really much safer for such a patient’s life to have
him rest for a time in a hotel or elsewhere, and to have the ansesthetic administered there
rather than in the surgeon’s house. Under no circumstances, and for many reasons, should
chloroform be administered by a medical man without at least a third party being present.
Again, I never now administer chloroform in a dentist’s room in dental cases. There is always
great danger to life, and deaths have been far too numerous in the rooms of dentists. DBesides
nitrous oxide is so much safer in the hands of dentists than chloroform.

In the space at my disposal it is not my intontion to discuss the general accuracy of
what is termed Syme’s views on the administration of chloroform, or to consider the cons
clusions arrived at by the Hyderabad Commission, which are based on experiments performed
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on Indian dogs and monkeys. To help The Lancet in its consideration of the question, how
to save people’s lives ? I desire to contribute some evidence on the other question, why and
how do some people die under the influence of chloroform ?

During the last twenty years in conjunction with my colleagne, Dr. Moore, as
one of the medico-legal examiners for the city of Glasgow, I have had exceptionally favour-
able opportunities of acquiring experience of the fatal results following chloroform administra-
tion. In these years there has been a considerable number of deaths of individuals while under
the influence of chloroform. The deaths which were made the subject of post-mortem examin-
ation, took place in the Royal and Western Infirmaries, in the hospital of the Barnhill Poor-
house, in the operating rooms of dentists and consulting-rooms and elsewhere of private practi-
tioners in the city and suburbs of Glasgow, within the county of Lanark. A careful study
of such details as are before me leads me to the conclusion that considering the population, its
numbers and character under medical treatment, and subjected to chloroform, the proportion
of fatal cases is very small, probably not more than from two and a-half to three per annum.
Within the last ten years the deaths under chloroform have been more numerous than they
had been in the previous decade. There have been, however, at least eight or nine deaths
since January 1st, 1888, and of these seven were the subject of post-mortem examination,
and in all, so far as I can learn, it was the respiration that was watched and not the pulse,
The respiration gave no signs or warning of approaching danger. It was noted that the fatal
results occurred in the young and middle-aged, not in children or very old men, and in females
as well as males. If was further noted that some forms of surgical procedure had some pecu-
liar influence in predisposing to a fatal result, such as operations upon joints, not, however,
involving the use of the knife. Two individuals died who were having dislocations at the
shoulders reduced, one a dislocation at the elbow, and three in breaking down adhesions within
and ubnutdtha knee-joint. In no single case was death attributable to nervous shock from
F‘ha operation having been begun or completed while the patient was not fully under the
influence of the anwsthetic. Some of the deaths which took place while the patients were
under chloroform were not directly due to the poisonous effects of the drug itself, but to some
other canse. One death was due to asphyxia from vomited matter (tripe) obstructing the air
passages. The help present was neither adequate nor skilled, and the men lost their heads
Another was caused by the bursting of a small pouch (aneurysmal) in the brain, a third of a .
aneurysmal pouch in the first part of the aorta, both deaths taking place in t}:ﬁ earl an
of the administration and while the patient was struggling. The death R

e ; ggling eaths which are to B
distinetly charged against chloroform are, according to the post-mortem appearances, divisih e
nto two distinct classes. In the one and larger class the appearances are those of :;l 1:11:31 b
asphyxia—death through the lungs, In the other and fortunately smaller class th o by
ances are those of death hy syncope,—deuth through failure of the heart Th’f, : “PI}EFF
1 one death from syncope to about twelve from asphyxia. T may mention hero that IPE?DI? ihe
deaths from asphyxia ought to be to a large extent preventable. The deaths from s;':mnl;:

are in most instances beyond the control of the highest skill and the greatest care. In ord
to make these observations somewhat clearer I mention the following : — e

In the deaths from asphywia the right sid i
eaths, i ght side of the heart was full of liquid hlood
blood such as is present in asphyxia from drowning, but blood with a pinkish u; ;T dm:
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tinge, which seems to be characteristic of death from asphyxia by chloroform. The left side
was firmly contracted and empty, the veins leading to the right side full of blood, the lungs
behind engorged with liquid blood of a dark pinkish tint. A general engorgement of the
veins of the liver and kidneys, and in some cases petechial spots formed by extravasated blood
in the serous covering of the heart and pleural lining of the ribs, and the covering of the
lungs. We find often similar petechial spots in new-born infants, who make a struggle to
breathe fully and freely, and fail from obstruction by pressure, &¢. 1In the deaths from syncope,
or failure of heart’s action, there was found a flaccid heart with all the cavities empty. No
blood on the right side ; no contraction of the left ventricle. There was blood in the veins ;
the cave were distended with blood. In some instances the heart was large, soft, and fatty,
and its tissue friable. Along with this condition of heart was noted a more or less yellow,
soft, fatty liver. In other instances there was no evidence of any disease of the heart or other
organs ; all that was noticed was a flaccid empty heart, with venous engorgement in the lungs,
In one fatal case examined by Dr. Moore there was, in addition to the empty flaccid heart, -
complete adhesion all round to the pericardium. Death was due to syncope from failure of
the heart’s action. [Deaths from aspliyzia, or preventable deaths, took place under two dis-
tinet sets of circumstances. In one set the administration of the chloroform was too long
continued. The patient was too deeply under its influence from the beginning, There was
an overdose, the breathing became shallower and shallower, the chest ceased to move, the
diaphragm and abdominal walls only moving. The face and lips became livid, and death
ensued in spite of artificial respiration. In the second or other set the patient was placed
fairly under the influence of chloroform, administered with & doe admixture of air, but
during the operation, owing to the patient appearing to come out from under its influence, a
further dose was administered, and this dose was excessive, and the patient died. The cause
of death was asphyxia through the lungs. This is not an uncommon blunder, even in the
hands of skilled men, and is due to want of care in the administration and the neglect of
watching the respiration.

There are some conditions of lungs and other organs which render the administration
of chloroform specially hazardous, and which increase the risk of death from asphyxia. One
is a lung or lungs hound down to the walls of the chest and diaphragm by old adhesive bands,
the patient having had extensive pleurisy. The breathing capacity or volume of the weakened
lung being greatly diminished, a small or ordinary quantity becomes an overdose. With
lungs in this condition a very little chloroform seems to embarrass the respiratory organs and
bring about a fatal result.

In two dental cases in which chloroform was administered by experienced men, who
had not, however, examined the chests, and did not know how imperfect and unsatisfactory
the respiratory machinery was, death ensued early in the administration and rapidly. There
was no help at hand of a proper kind to save life by artificial respiration; I have known
humpbacked patients giving great trouble from imperfect breathing apparatus, Another con=
dition which is embarrassing, but in a different way, is albumen in the urine—Bright's disease.
In several of the fatal cases albumen was present in large quantity. Urine should always be
examined when possible—* forewarned is forearmed.™ With kidney action defective in the
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that at all times and under all circumstances chloroform cannot be administered without some
risk to the patient's life, That risk, however, may be greatly diminished—reduced toa
minimum—by an accurate knowledge of the patient’s condition of body and mind and the
skilful administration of the anmsthetic, which includes due attention to the pulse, as well as
watching the respiration,

Glasgow,

LETTER FROM Suvrceox H, HERBERT.
To Ter Eprrors or “Tre Laxcer.”

Strs,—On September 10th, while performing a lateral lithotomy on an Arab boy,
about sixteen years old, it was suddenly found that the patient had stopped breathing, He
had been got under perfectly quietly, and he had evidently simply got too -much of the anzes-
thetic. It was still being administered when the stoppage of respiration oceurred, Artificial
respiration, with head thrown bhack over the edge of the table and with the ammonia
bottle at the nose, was kept up for, I think, nearly two minutes, The time was not taken,
however, and it may have been more or less. Then very feeble respiration began and gra-
dually strengthened. At the beginning neither the pulse at the wrist nor heart impulse could
be felt, but throughout there was a feeble flickering seen in the lines of the ecarotid vessels in

the neck. Thus there is no doubt that respiration was mainly affected, and artificial breathing
was sufficient to bring the patient round,

I am, Sirs, yours truly,
Aden, Sept. 17th, 1890, H. HERBERT, Surgeon, L.M.S,

ANNOTATION FROM THE LANCET.,

We are constantly compelled to record deaths oceurring under chloroform, and are
gonerally impressed by the fact that the reports furnished are not sufficiently complete. A
very natural feeling prompts reticence as regards the lay press, but when the immense im-
portance of the matters at issue are considered, there can be no room for hesitancy about
furnishing the fullest reports to the professional journals, We some months ago, in connection
with the inquiry conducted by the Hyderabad Commission, issued a circular to the profession
individually, and a further circular of inquiry was sent to all the hospitals and dispensaries
requesting an account of personal experience of deaths under anwsthetics, and yet but com-
paratively few out of the great number questioned have found leisure to answer our appeal.
It is admitted upon all hands that mere experimentation upon the lower animals is, withu!}t
clinical experience of the behaviour of human beings under anmsthetics, inconclusive; and this
is further shown by the fact that different observers arrive at different conclusions. We would,
then, earnestly beg of our readers to furnish us with their own experience, and see that those
responsible for the record of cases in the hospitals to which they belong duly fill in and return
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clinical and experimental facts alike, and should lead to careful re-examination, No amount
of failure to purge a dog by elaterium proves that elaterium does not purge man ; whilst, on
the other hand, the discovery that digitalis increased the blood-pressure in the lower animal
very properly led to doubt as to the correctness of the, at that time general, belief that digi-
talis acts upon man as a cardiac sedative, and finally to the recognition of the falsity of the
clinical observation upon which such belief rested.

Whatever difficulties may beset the path of the experimental therapentist, it is certain
that law is thronghout the universe supreme ; that man, at least in his physical nature, is only
an especially developed animal ; and if drugs act differently upon different animals, such
action must be in ocbedience to certain laws, to us known or unknown,

Any attempt to fairly discuss these laws would lead us too far afield for the present,
One law, however, treads so closely upon the matter at hand this morning, that it requires
statement, This law is, that when an apparatus or system is of similar function, and of
similar functional activity in different animals, the difference in the action of remedies is
very rarely, if ever, in kind, though it may be in degree. Throughout mammalia the heart
has one general structure and one general function ; the heart of the dog responds to the
touch of digitalis precisely as does the heart of the man, The human brain is so much more
highly developed than the brain of the lower mammal that it is, in fact, a new organ or
apparatus, and its relation to drugs changes with the change of structure and of function. The
scope of this law in regard to anmsthesia is not far to seek, The functions especially com-
promised in lethal anzesthesia are respiration and cireulation. Surely these functions are similar
throughout mammalia, and surely we ought to be able to safely reason concerning them from
the dog to the man.

Recently, however, alleged clinical facts have been challenged by high authority, upon
the strength of experimental results, Under these circumstances, nothing must be at once
abundoned, everything must be re-examined. These re-examinations I have made, and I may
be pardoned, perhaps, if I affirm that a complete study of the clinical and experimental evi-
dence brings out, not a discord, but a most beantiful concord,—that concord between experi-
mental and practical medicine which so often fails to appear simply because we cannot fif

together the fragments of truth in our possession.

‘Althnugh numerous substances have been tried, there are to-day in use practically only
three anwmsthetics,—nitrons oxide, ether and chloroform, Of these, nitrous oxide stands apart
because it produces loss of consciousness, not by virtue of any inherent properties, but simply
by shutting off from the nerve centres the supply of oxygen.

Tt has been asserted that the changes of eirculation produced by the inhalation of
nitrous oxide are essentially different from those of mechanical asphyxis, and that therefore
nitrous oxide does not act as an asphyxiant, It must, however, be borne in mind that ﬂ:lﬂ
phenomena of mechanical asphyxia are largely due to the presence of an excess of carbonic
acid in the blood, whilst in the asphyxia produced by nitrous oxide there is no excess of il
bonie acid, so that the phenomena present are simply the outcome of a lack of oxygen. Itis
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therefore, a priori, to be expected that the phenomena of mechanical and ::vf nii:,mua nxida
asphyxia should differ to a certain extent. To determine the way in which nitrous uxide
inhalation affects the cireulation, I have, during the past winter, in connection with my assist-
ant and friend, Dr. David Cerna, made a long series of experiments. The result has been to
show that usually the inhalation is followed by a rise of the arferial pressure, accompanied by
a great disturbance of the pulse ; the pulse at first becoming irregular and tumultuous, but
by-and-by settling, so that when anzesthesia is complete the pulse wave is remarkably lmjge
and full, and the rate very slow, The rise and fall of the arterial pressure in nitrous oxide
anssthesia was found to vary remarkably, not only in different inhalations, bus in different
periods of the same inhalation. Sometime the rise was sudden, sometimes it was slow and
gradual ; sometimes it was maintained until near death, sometimes it was interrupted very
early ; sometimes it was not very well marked, sometimes it was enormous.

In all our experiments respiration ceased while the heart was still in full activity.
Indeed, instead of the gas acting as a cardiac depressant, it appeared to act as a cardiac stimu-
lant, although it paralysed the vaso-motor apparatus. Thus, during complete anwsthesia, fara-
disation of the sciatic nerve always failed to register itself in an increase of the blood-pressure,
although the heart was beating very powerfully, and although the pneumogastrics had been
previonsly severed ; whilst late in the poisoning—at a time when the respiration had abso-
lutely ceased, and the animal was in this respect dead, and without the power of self-recovery,
and when the arterial pressure also had fallen almost to zero—the pulse waves were frequently
still nearly three times the normal,

We made but few experiments as to the action of artificial respiration upon the animal
dying from nitrous oxide, but these experiments proved that even after complete paralysis of
the respiratory function, artificial respiration is capable of rapidly bringing the animal back
to life. The heart lives on through nitrous oxide anmsthesia long after the respiratory funetion
has been abolished, and even when the strong, full pulse fails, and the heart has almost ceased
to quiver, recovery is still hopeful, becauze the loss of function has been caused, not by the
presence of a poison, but by the absence of oxygen ; and although the paralysis may be com-
plete, the life power sleeps before it dies, and is ready to awake at the touch of fresh oxygen.

These experimental results are in strict accord with clinical observations, The 8. 8.
White Dental Manufacturing Company supply a very large, if not the largest, portion of the
apparatus and material used for the administration of nitrous oxide in the United States ; and,
in answer to my inquiry, Dr. J. W. White, their President, writes me that a computation
based upon their own sales, and a knowledge of those of their rivals, has reached * the some-
what appalling result, that anwesthesia by nitrous oxide gas is probably effected in three-quarters
of a million of cases annually in the United States™. Most of these inhalations have been
given, not by frained physicians, but by comparatively untrained and often very ignorant
dentists ; have been given to patients in a sitting or semi-sitting posture ; have been given
apparently without thought or care to the general community, as the units presented themselves
to the healthy and to the diseased alike ; and the result is, out of many millions of inhalations
only three deaths recorded as directly due to nitrous oxide. Could anything be safer ? ’
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A suggestive and very practical fact which came out in our experiments is that some-
times during an inhalation of nitrous oxide the rise of the arterial pressure is extraordinary
and abrupt. Not long since, in the city of Philadelphia, a gentleman arose from the dentist’s
chair after an inhalation of nitrous oxide, staggered, and fell in an apoplexy, Is it not easy
to perceive that when the arterial system is diseased the great strain of a sudden rise of blood-
pressure may produce rupture ?

Some years since Dr. Kenderdine, a Philadelphia surgeon of local note, died of
diabetes, which he insisted was produced in him by the inhalation of nitrous oxide. This
is in accord with the researches of the French physician, Dr. Lafont, who reported a case in
which sugar appeared in the urine twice in a patient after the inhalation of the gas, and who
also caused in himself, and in dogs, temporary glycosuria by such inhalations, Further,
Dr, Lafont noticed in a case of mitral insufficiency temporary albuminuria.

I am not aware that these very suggestive statements of the, French physician have
given rise to any research, except five experiments made recenily upon healthy men, with
negative results, by two medical students of the University of Pennsylvania, Messrs. George
B. Woodward and Alfred Hand, junr. I do not believe that ordinarily the inhalation of
nitrous oxide is followed by sufficient disturbance of the ecireulation to register itself in the
urine, but the negative evidence of Messrs, Woodward and Hand is not sufficient to render it
improbable that in exceptional cases the inhalation of nitrous oxide may produce albuminuria
or glycosuria. Such phenomena, if they occur, are in all probability not directly produced by
the nitrous oxide, but are due to the disturbances of capillary circulation caused by if.

However these facts may be, it seems to me that great caution should be used in the
administration of nitrous oxide to persons, the coating of whose arteries is diseased, and it is
probable that when widespread atheroma exists, ether is a safer anwesthetic than nitrous oxide.

When respiration has been suspended in nitrous oxide anwmsthesia, the overwhelming
indication is certainly for the employment of artificial respiration,

Notwithstanding the great safety and the many advantages which attend the anwmsthetic
employment of nitrous oxide, the gas can never be used for the general purposes of ihe
surgeon, on account of the excessive fugaciousness of its influence,

The perfect anmsthetic will be a substance which has the power of paralysing the sensory-
nerve trunks without affecting other functions of the body. If such drug exists it yet awaits the
coming of its discoverer. Probably until such a sensory-nerve paralysant is found chloroform
and ether will maintain the complete supremacy which they now have ; and in the further
discussion of my subject I shall confine my remarks to them. Lack of time limits this discussion tof

(1) The method in which these two drugs kill, both in man and in the lower animal,
- that is, whether they destroy life through the circulation or the respiration.

(2) The comparative fatality attending the use of these two agents, and the reasons
for the difference.







2064

to a careful and thorough restudy of the subject. Some of our experiments were made by

injecting chloroform into the jugular vein ; others by administering it by inhalation in the
usual way,

The action of the chloroform seems to be not seriously modified by the method of
administration. 'We definitely proved that in the dog chloroform has a distinct, direct, para-
lysing influence on both respiration and circulation : that the respiration may cense before the
heart beat, or the two functions be simultaneously abolished ; but that in some cases the heart
is arrested before respiration. We have several times seen the respiration continues as long

as one, and even two minutes after the blood-pressure has fallen to zero, and the pulse has
completely disappeared from the carotid artery.

The correctness of our experiments, we elaim, must be acknowledged, The experiments
have not only been witnessed by a number of persons, but I have with me to-day tracings
which I will gladly show any one especially interested in the subject. I do not desire to
express any doubt whatever as to the correctness of the experimental data of Dr, Brunton ; I
simply claim that both sets of experiments, although they have yielded different results, have
been correctly and properly performed. It may be that the high heat or other climatic
conditions surrounding the pariah dog make his heart less sensitive to the action of chloroform
than is the heart of the dog bred in northern climates. That the thought of the different
constitutions of animals in different climates is not absurd, is shown by the fact that some years
ago—after I had affirmed before the Physiological Section of the Infernational Medical
Congress at London, that if certain asserted results were obtained upon European dogs, said
dogs must differ from those of America, and had been met with a smile of ineredulity—Dr,
Brown Sequard rose and stated that he had experimented upon hundreds of dogs on both
continents, and that there was a distinct difference between the animals the vascular system of
the Furopean dogs being much more developed, and operations upon them being, therefore,
much more bloody than was the case with the American dog,

A very curious parallel might be traced at this point hetween the experimental and
clinical evidence in regard to the effect of climate upon the action of chloroform, In the
Southern United States chloroform is used with great freedom, and with great alleged safety ;
and as long ago as 1878 Dr. Langdon B, Edwards, editor of the Virginia Medical Monthly,
wrote : “ It is one of the most peculiar effects I have ever known in medical practice—the
difference of experience in Europe and the North with chloroform and ether as compared with
that of the South—the high rate of mortality in the North, and the low rate in the South,”
Further, in a recent letter to me Sir Joseph Fayrer affirmed the extraordinary safety of
chloroform in India, and stated that he knew of no death from it as having occurred in that
country, although its use is universal.

In a series of experiments which I have recently made myself to determine the changes
in the circulation produced when ether anwmsthesia is carried on to death, I have found that in
the first periods of anesthesia the blood-pressure is usually elevated, and that it is usually
quite high at a time when the respirations are very shallow and imperfect, and the dark
colour of the blood shows that it is heavily charged with carbonic acid. It is nof, however,
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very rare for the blood-pressire fo remain near the normal, and I have seen the b]uod"Pfﬁ&“m
begin to fall in the very first stages of ether anmsthesia ; moreover, in at least two experiments,
death oceurred from syncope, the respiration continuing for one or two minutes after the com-
plete cessation of the circulation, In an experiment in which the fall af.' blood-pressure was
most pronouneed, and the arrest of the heart most complete, the dog was sick from the mange,
and it is possible that the weakened heart was more susceptible than is the normal heatt to the

depressing influence of ether.

So far, then, as concerns the method in which ether and chloroform kill, I claim most
urgently that there is no contradiction between the results as obtained by the bedside and in
the physiological laboratories, and that a complete broad study of the clinieal and experimental
evidence leads to one conclusion, namely, that chloroform and ether are capable of paralysing
the respiration and the circulation ; that in some cases one function, in other cases the other
function, is primarily arrested ; but that ether is less prone fo produce a primary arrest of the
heart than is chloroform.

In the discussion of the second point which I have raised, namely, as to the comparative
fatality attending the use of ether and chloroform, I shall not oceupy time with any elaborate
setting forth of the clinical evidence, In regard to the number of recorded deaths, I shall
content myself with accepting the latest statistics at hand, namely, those collected by Dr.
Lawrence Turnbull, who has found 375 deaths reported from chloroform, and 52 from ether.
I do not believe that these figures nearly represent the total mortality ; I doubt very much
whether one-third of the deaths from anmsthesia are reported ; certainly not one-third of the
cases I have had personal knowledge of having been publicly recorded. Moreover, the
pressure to conceal deaths from chloroform is greater than when the lethal result is due to
ether. The surgeon who uses ether feels that he has employed the safest anmsthetic, and
that he will receive no blame if a death occurs from it, and feels also that he has a rare case to
put on record, which will give his own name permanent place in anmsthetic literature ; where-
as the surgeon who uses chloroform knows that if death oceur from the ansesthetic, a very large
proportion of the profession, at least in the United States, will condemn him either in publie
or in secret for the use of this drug, and that he will be fortunate if he escape being publicly
condemned by a coroner’s jury. Moreover, deaths from chloroform are only too eommon, so

that the surgeon has nothing fo gain and much to lose by publication of & chloroform death,
and, if possessed of the average human nature, holds his peace.

It seems to me impossible to get at the exact number of anwmsthetic deaths or the propor-
tionate fatality of ether and chloroform. Lyman considers that in regard to chloroform, the
ratio of deaths to inhalations is 1 in 5,860 ; Richardson affirms that it is 1 in 2,500 to 3,000:
Andrews puts it for ether at 1 in 23,204 ; and Lyman at 1 in 16,542, i

Without claiming strict accuracy for any of these figures, I think that it can be asseri-
ed that the probable ratio of deaths from chloroform is three to five times that of deaths from
ether,

285 1
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When we come to study the effects of chloroform upon the lower animals, we find that
it varies very distinectly in its action on the different species. The cat seems to withstand the
futal influences of chloroform with a power worthy of its reputed  nine lives *, Many years Bgo,
Professor Schiff ealled attention to the fact that the use of chloroform as an ansthetic in the
dog is usually attended with the loss of many animals, Professor Martin, of the John Hop-
kin’s University, writes me that the margin between complete chloroform anmsthesia in the
dog, and chloroform death, is a very narrow one. This certainly is our experience in the
University of Pennsylvania ; we have never been able to use chloroform as an anmsthetic
without losing a very large proportion of our dogs,

Clinical and experimental results, namely, the results of experiments made in the phy=
siological laboratory upon the lower animal, and the results of experiments made in the am-
phitheatre upon the higher animal (man) are again concordant. Chloroform is much more
inimical than ether to animal life, The cause of this singular fatality is not, however, chiefly the
cardiac action of chloroform. Chloroform is more apt to cause eardiac arrest than is ether, but
it is also much more prone than is ether to cause deaths by failure of the respiration. Almost
invariably, when ether is withdrawn before the dog is absolutely in the grasp of death, recovery
occurs ; but over and over again I have noticed thai although the chloroform was taken away
whilst the respirations were still being maintained with regularity, the arterial pressure much
ahove zero, and the pulse very apparent, yet the symptoms of cardiac and respiratory failure
continued to increase until the fatal issue was reached,

Tt seems to me that certain general facts or principles in regard to anmsthesia must be
considered as established :—

(1) That the use of any anmsthetic is atfended with an appreciable risk, and that no
care will preyent an occasional loss of life,

(2) That chloroform acts much more promptly and much more powerfully than
' ether, both upon the respiratory centres and the heart,-

(3) That the action of chloroform is much more persistent and permanent than that
of ether,

(4) That chloroform is capable of causing death either by primarily arresting the
respiration, or by primarily stopping the heart, but that commonly both
respiration and cardiac functions are abolished at or about the same time,

(5) That ether usually acts very much iore powerfully upon the respiration than
upon the eirculation, but that occasionally and especially when the heart is
feeble ether is capable of acting as a cardinc paralysant, and may produce
death by cardiac arrest at  time when the respirations are fully maintained.

(6) Chloroform kills, as near as can be made out, proportionately thrﬂa.hnﬂ?ﬂ
times as frequently as does ether, partly, no doubt, because it is more
powerful in depressing the heart, but largely because it lets go its hﬁ}d much
less rapidly than does ether when inhalation ceases, Is it not possible- that
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this “ holding on ™ is because it is less volatile than ether, and can we not
here get a hint why chloroform is less deadly in the South than in the North ?
The diffusibility of vapours or gases is in inverse proportion to the square of
their densities, and the wapour of chloroform would certainly diffuse itself
with far greater rapidity at 90° F. than at 70° F,

The comparative advantages and disadvantages of the two anmsthetics in practical medi-
cine are so well known that only one or two points seem to force themselves npon our present
attention. I cannot see that the surgeon is justified in putting the life of the patient to un-
necessary risk of chloroformisation, except under special circumstances. I believe, moreover,
that much of the unpopularity of ether is due to its improper administration. It is so easy to
embarrass the respiration seriously by the folded towel, as commonly used, that not only are
the struggles of mechanical asphyxia almost invariably produced, but probably death itself
sometimes caused. Hspecially is there danger of death being thus caused mechanically in the
advanced stage of etherisation, when the patient is too thoroughly etherised to struggle and
when the attention of the etheriser is, it may be, attracted hy some novel and difficult operation,
I confess myself to once having nearly killed a patient in this way, ig:

A proper apparatus is certainly preferable to the folded towel. Various have been in-
vented, but, as the time is short, I shall only mention one which seems to me a practically
perfect mechanism, although it is probably little known this side of the Atlantic, s

The inhaler invented by Dr. O. H. Allis is based upon the theory that the patient to
be ctherised should be supplied with a full abundance of air, saturated with the yapour of
ether. It consists essentially of a series of foldings of muslin on a wire framework, arranged
almost like the gills of a fish, so as to allow the air to pass freely through, but everywhere
come in contact with ether. It should be placed upon the face of the patient dry, and the
ether gradually poured on from a bottle with a tight cork, pierced by two small glz:sm tubes
one short for the entrance of the air, the other long, and reaching nearly to the bottom of thc:
bottle for exit of ether. When properly used the Allis inhaler practically does away with the

sense of suffocation, and the consequent struggles which have made etherisation alike so
repulsive to patient and surgeon.

; In order to deftermine the rapidity with which etherisation can be produced by this
inhaler, Dr, M'. H. Wilson kept for me notes of thirteen consecutive cases in the clinic of the
Jefferson Medical College Hospital in Philadelphia. The average time required for the

production of complete unconsciousness was 8 minntes, The average time during which

angesthesia was fully maintained was 32 minutes
. - 5 and the aver
during this time was 74 ounces, rage amount of ether used

In twenty-one surgical eases oceurri i .
Tis ) nurring this s i
clinical service of Professor J. William White, of the University of Penn:}' g

time for the production of complete anwmsthesin with
was 7yf; minutes. The results arrived at in these two ali
be considered as the average time required for full

Ivania, the average
e.ther, used through Allis’s inhaler
nics are so close that 8 minutes must
etherisation by this apparatus,

In discussing the treatment

of the accidents : ;
bedside naturally press forward for of anwsthesia, the results obtained at the

careful consideration ; but; in’ going over the subject from
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this point of view, I have found so little that was novel, and so little that was satisfactory to
myself, that I shall not oceupy the time of this Congress with any conclusions drawn from
reported cases, or personal experience in chloroform accidents. I do not think myself that
the problem can be solved by any such study of cases. Death is so near and so terrible,
time is so absolute, moments so important, that no surgeon would be willing or justified in
waiting for the effect of any one remedy ; and when a man is dosed with alcohol, nitrite of
amyl, hypodermic injections of ether, digitalis, atropine, and other powerful agents; faradised,
slapped, douched, stood on his head, subjected to chest movements for artificial respiration
and various other measures too numerous to mention ; who can tell, if by chance he recover,
why he has done so ? or who can point out, if by chance he die, what is the remedy whose
omission or commission has led to the fatal result ?

The problem is a very complex one not to be worked out amidst the excitement and
responsibilities of the amphitheatre. Only in the physiological laboratory canits various
elements he separated and studied each by itself, without regard to the individual life which

‘is at stake,

_ In the physiological laboratory two distinct paths open, each promising to lead to some
positive knowledge. 'We may, on one hand, enter upon the study of the minimum fatal dose
of the ansesthetic, and of the results by the consentaneous or subsequent administration of its
supposed physiological antagonist ; or we may investigate the effect of remedies upon functions
that are failing under the influences of the anmsthetic.

The objections to the first of these methods have been, in the present instance, over-
whelming. The accidents seem to be independent of the amount of anssthetic inhaled ; and
such a method of investigation would have required far more time than was available after I
had had the honour of being asked to address this body. Death is produced by chloroform
and ether throngh paralysis of the respiration and the heart, and the method of experimental
study which I have employed consisted in & study of the action of powerful agents upon these
functions when oppressed by chloroform. T have selected chloroform chiefly because itis
the more powerful agent of the two anwmsthetics, and the more certasin in its lethal results.

The experiments have all heen made upon dogs, by one plan. The carotid artery
and also the trachea, having been connected with a recording drum, so that the movements
of the circulation and the respiration could be consccutively recorded, the animal was anmes-
thetised, and when the blood-pressure had fallen almost to zero, and the respiration had
ceased, or nearly ceased, as the case might be, the remedy to be tried was injected into the
jugular vein, through a canula which had been previously inserted.

The more important remedies which have been used by clinicians for the nvarﬁf:g .D£
threatoned death during anwmsthesia are ether, alcohol, ammonia, nitrite of amyl, digitalis,
atropine, and caffeine, alterations of position, and artificial respiration,

Although, at least in America, hypodermic injections of ether have been frequently
employed even in ether accidents, such use is so absolutely absurd that it does not seem to me
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(United States’ Pharmacopaia), in some cases produced an immediate rise in the arterial

pressure, and even fugaciously registered itself in the respiratory rate, but perhaps more
frequently it failed in its influence,

The influence of injections of digitalis has been in a number of experiments very
pronounced in producing a persistent gradual rise of the arterial pressure with an increase in
the size of the individual pulse rate. In several instances death was apparently averted by its
injection, and I saw in one or two cases, where large amounts of the digitalis had been em-
ployed, sudden systolic cardiac arrest, indicating that digitalis, if in sufficient amount, is able’
to victoriously assert itself in opposition to chloroform, Moreover, when I have given chloro-
form to dogs whose hearts were already under the influence of digitalis, there has seemed to be
a peculiar steadying or sustaining power combating the circulatory depression naturally
produced by the anwmsthetic, and I believe that in all eases of weak heart in man & full dose of
digitalis before the administration of chloroform would greatly lessen the danger of cardiac
collapse,

With the nitrite of amyl four experiments were made ; in some of these from four to
ten drops of the nitrite of amyl were injected in the jugular vein ; in others the nitrite was
used by inhalation. No distinet effect upon the ar terial pressure was in any instance produced,
and usually no alteration in the size of the pulse waves, although sometimes the pulse did
appear to be a little fuller,

Of all my experimental results, those which have been reached with strychnine have
been the most surprising. The injection of strychnine into the jugular vein usually produced
a gradual rise of the arterial pressure, and always caused an extraordinary and rapid increase
in the rate and extent of the respiration. Thus I have seen the respiration, which had practi-
cally ceased for ten seconds, suddenly, under the influence of an injection of two-tenths of a
grain of strychnine, become at once very large and full, and reach a rate of 180 a minute,

A series of elaborate experiments made upon the effect of the position of the animal on
the blood-pressure in the carotid and other arteries, has very clearly proved that the hody of
the animal whose circulation has been paralysed by chloroform acts in a measure like a tube
filled with fluid. Thus, if the feet of the dog were raised vertically above the head, whilst
the latter remained wpon the table, an immediate rise of pressure occurred, even though the
heart had ceased beating entirely ; provided that the head of the animal was kept upon a
level with the table, If, however, the head of the animal was depressed below the level
of the table for a distance equal to, or greater than, the length of the body of the
animal, a decrease of the arterial pressure oceurred at once, although the animal was in a
vertical position. The phenomena observed were precisely such as would - have bean
produced if the canula had been inserted into a tube filled with fluid, instead of the mrﬂ.hd
artery, and the elevation and depression of this tube had registered itself on the racordmg
drum, in obedience to the ordinary laws of hydrostatics. The phenomena were entirely in-
dependent of any beat of the heart, and were readily produced when the animal wa.a.dﬂad.
provided the death had not occurred too long previously, Sometimes, even a very few nunuﬂiﬂ
after the cessation of the heart beat, it was impossible to produce the changes of pressure upon
the drum, This I believe to have been duo to coagulation of the blood occurring very early
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after death to a sufficient extent to interfere with the liquid properties of the fluid. In no case
was any effect upon the respiration produced by change of position in the animal. In a number
of cases, however, when the feet were elevated, the heart, which had entirely ceased beating,
recommenced its work, and I have several times seen a pulse entirely disappear when the
animal was taken from the vertical to the horizontal position. OUn the other hand, very
froquently it was impossible to affect the cardiae action by changing the position of the animal,
Nevertheless, the phenomena spoken of occurred too frequently to be a mere outeome of chance,
though I several times noted that the heart was usually more affected by alternately elevating and
depressing the feet of the animal than by keeping it in a steadily elevated or horizontal position,

When the circulation has practically ceased, under the depressing influence of an
anmsthetic, inverting the body must cause the blood which has naturally collected on the enor-
mously relaxed vessels of the abdomen, to flow into the right side of the heart and distend it,
and this distension—this increase of pressure—appears at times to have a sufficient momentary
influence to stimulate the failing organ,

The theory which has been advocated by some therapeutics—that inversion of the body
is of value in the accidents of anwsthesia, because it causes the vital centres of the brain to be
supplied with blood—is probably incorrect. The respiration in anmsthesia fails, not through
want of blood in the respiratory centres, but because the blood contains a poison which paralyses
these centres.

The most remarkable results which I have reached in bringing about recovery of
animals to all ordinary intents and purposes dead, were obtained through the use of artificial
respiration, Thus, I have seen an animal, in which no respiratory movements whatever had
taken place for two minutes, and in which, during that time, no movements of blood had
occurred in the carotid artery, and in which, therefore, the heart had ceased its beat, rapidly
permanently restored by artificial respiration,

. .At one time in these researches, it appeared as though after any dose of chloroform by
inhalation, the animal could be resuscitated by artificial respiration, even though heart and
lungs were completely paralysed by the drug ; but finally I did find a case in which artificial
respiration failed.

The results of my experiments with the lower animals may be summed up : that nitrite
of amyl, caffeine, and atropine are of little or no use in chloroform poisening ; that alcohol
'frhen given in small amounts, has no influence, but that when given largely, materially ilﬂsist;
in paralysing the heart and producing fatal results ; that ammonia has some little influence upo
the hr;,-a.rt, but that of all substances tried, digitalis was by far the most powerful in atimuhtlsun
'I,ha* fmlfng circulation ; jndaed, my experimental results indicate that it is the only known 1]1- E
which 151 of any real practical value in such cases. Next, or perhaps even before di .ml'fu
Etrychmna seems to be of value in the accidents of an®sthesia, because, whilst havi S5
influence on the circulation, it affects powerfully the respiration. For mu;}- years chlliiiuma
has been used in practical medicine 4s the physiological and practical antagonist to atr}'ehnzi?

and it seems rather odd that strychnine should .
B b0 olonctur, b 5T smlored 5 ol prihil
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The one measure which in practical value far surpassed all others for the restoration of
the dying animal was artificial respiration, and I have no doubt that a great majority of the.
deaths which have occurred in man from anmsthesia might have been avoided by the use of an
active artificial respiration. The difficulty with artificial respiration as it has been hitherto
practised upon man, after the Sylvester or other methods, is its inefficiency ; whereas the
artificial respiration which I used on animals was very active, indeed, much more efficient than.
natural breathing in causing circulation of air through the lungs, and therefore in ramuving'
excess of the anssthetic from the residual air of the lungs and from the blood.

The use of what may be called ©forced ” artificial respiration by the physiologists,
so naturally suggested a similar practice in man, that the celebrated John Hunter invented
for the purpose an apparatus which consisted of a bellows so constructed that when it was ex-
tended one compartment drew in air from the lungs, while the other drew air from the atmos-
phere ; and when it was closed the process was reversed, the fresh air being thrown into the
lungs, the foul air into the atmosphere. In 1867 Richardson, of London, invented an ap-
paratus more elegant and portable, although identical in principle with that of John Hun-
ter’s ; but I have not found that either Hunter or Richardson treated by forced artificial res-
piration an actual case of disease or poisoning. In 1875,% Dr. John Ellis Blake reported a
successful case of aconite poisoning, in which life was apparently saved, although there was no
pulse for over three hours, by artificial respiration, with the use of oxygen. In this case Mar-
shall Hall’s method was at first used, but later, a small rubber tube was connected directly with
a copper reservoir of condensed oxygen, the other end of the tube terminating in as mall nozzle,
which was inserted in one nostril, Four hundred gallons of oxygen were thus used, but how
far the force of the compressed gas was employed to dilate the lungs is not very clear ; and it
is doubtful whether this case should be considered as one of forced respiration. The first
physician to use forced respiration in actual human poisoning, with a clear idea of its value
and power, so far as my reading goes, was Dr. George B, Fell.f

It is plain that the bellows constructed by John Hunter and by Richardson are unneces-
sarily complex and faulty in principle. There is no need whatever of drawing the air out of
the fully-filled lungs. Every physiologist knows that when the muscular system is completely
paralysed by curare or even by death, the chest walls have sufficient elasticity to force air cnft
of the lungs and all ordinary laboratory apparatus for artificial respiration is based upon this
fact. For forced artificial respiration in man, an ordinary bellows of proper size i3 all that is
required for the motive power.

The real difficulty,—the point to be especially investigated and studied,—is as to the
connoction between the bellows and the lungs, Hunter and Richardson simply placed a tube
in one nostril, closing firmly the other nostril and the mouth of the 3uhiﬂct.

Dr. Fell at first used a tracheal tube, the insertion of which, of course, necessitated t]:a.
performance of tracheotomy. In one case, however, a simple mask covering the mouth and
nostrils was a perfect success, 1 have had no opportunity of trying the apparatus on the

* Boston Med. and Burg. Journal, vol. xxi.
+ Intornational Medical Congress, Washington, 1887.
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living, but have made a series of experiments upon dead bodies, wh.iuh_ have de!malnstrated that
usually a face mask is all that is necessary for the performance of nrtlﬁ:::ml respiration. !Safn{ﬂ
using the mask, the tongue should be well drawn fﬂI“\"i’E‘ﬂ.!, and, if necessary, fixed in this
position by an ordinary piece of silk suture run through it, whmh_ can be held in tl.m hand of
the operator, If in any individual case the mask fails, an intubation tube may be introduced
into the larynx, T do not believe it will ever be found necessary to perform a tracheotomy.

Dr, Fell’s apparatus consists of a pair of foot-bellows by which air is f’qraed into a
receiving chamber, which is connected with an apparatus for warming the air, and a valve
which can be opened and shut by a movement of the finger. This valve in turn leads to the
tracheal tube. When the valve is opened the air rushes through the chamber into the lungs
and expands them ; the finger is lifted, the valve shuts, the lungs contract ; and so the respira-
tion goes on, I have no doubt that this apparatus is efficient in practice, but if is open fo the
gerious objection of being unnecessarily complex and costly.

A much simpler, cheaper, and probably equally eflicient apparatus may consist
simply of a pair of bellows of proper size, a few feet of India rubber tubing, a face mask, and
two sizes of intubation tubes. There should also be set in the tubing a double tube, with
opening similar to that commonly found in the tracheal canula of the physiological labora-
tory, so that it is in the power of the operator to allow for the escape of any excess of air
thrown by the bellows. This whole apparatus can be prepared at a very trifling expense, and
it geems hardly necessary to point out its probable value in various narcotic poisonings, and
other accidents, in which death is produced by a paralysis of the respiratory centres of
temporary nature. The proper use of it,—at least with the face mask,—could be taught to
persons without special medical skill, so that it not only ought to form a part of the surgeon’s
outfit, but might be of great service in life-saving stations, about gas works, &e,

In conclusion, I may be allowed to state that if the results and deductions arrived at in

this address are, as I believe, correct, the rules for the proper treatment of accidents during
ansthesia can be summed up in a very fow words :

Avoid the use of all drugs, except strychnine, digitalis and ammonia,

Give the tincture of digitalis hypodermically,

Draw out the tongue, and raise up the angle of the Jaw, and see that the respiration is
not mechanically impeded, '

Invert the patient briefly and temporarily.

Use forced artificial respiration promptly, and in protracted cases employ external
warmth and stimulation of the surface by the dry electric brush, &e., and, above all, remember
that some at least, and probably many, of the deaths which have been set down as due to

chloroform and ether have heen produced by the alcohol which has been given for the relief
of the patient,
85
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CLINICAL LECTURE BY Sureeox-Major E, LAWRIE,

GextrLEMEN,—In the ease of operation for the removal of the uterus and its appendages
for sarcoma, which you witnessed yesterday, chloroform was administered, and the patient
was kept fully anwmsthetised for one hour and a-half by Miss R. Furdonji, a fifth-year Parsi
lady student, without assistance or interference from anybody. You are aware that, while I
hold myself entirely responsible for the safety of my patients, chloroform is always given here
by students with complete immunity from aceidents, and you may find it difficult to understand
why there should be any difference of opinion as to its safety. Unfortunately, a difference of
opinion does exist, and it is my duty to indicate to you the fallacies contained in the latest
addition to the controversy on anssthetics,—the address on anwmsthesia at the Berlin Interna-
tional Congress, In the opening paragraph of his address Professor Wood says : * The death-
roll of anmsthesia is daily added to—added to, according fo my belief, at a rate that has not
changed in forty years. Though this be true, from far-off Australia comes the news that
judge and jury have condemned to heavy penalty a chloroformist who had lost his patient ™
and in England itself a well-known medical journal lends support to such a verdict by affirm-
ing that death from chloroform are preventable, that with due care they may be avoided, and
that, therefore, when they occur they are the result of ignorance and carelessness. If this be
true, five hundred deaths and more,—the result of ignorance and carelessness ! Five hundred
surgeons, including such names as Billroth, Jaeger, Simpson, McLeod, Agnew, Hunter
McGuire, and others of equal rank, guilty of manslaughter ! And still the carnage goes on.”
Professor Wood scouts the idea that all the deaths that have occurred from chloroform are
due to ignorance and carelessness, and in a strictly limited sense he is right. The majority
of the deaths from chloroform have been due to wrong teaching, and it is not the unfortunate
chloroformist in far-off Australia who ought to be punished for losing his patient, but those
leaders of our profession who, by their obstinate and persistent advoeacy of erroneous principles,
send forth from our medical schools year after year numbers of young medical men who are
ignorant of the proper method of chloroform administration, and are confessedly unable to
administer it with safety, A portion of Professor Wood’s address consists of an attempt fo
divert the question of anwmsthesia into a side issue on the qualities of different races of dng-s
and he puts forward the amazing and ridiculous contention that the heart of a dog in .[I'lﬂl‘ﬂ
is much less sensitive to chloroform than the heart of a dog bred in northern climates, If this
were true, it would only be necessary to raise the temperature of our operating rooms bu 80°
to ensure perfect safety. Operations must in future be performed in the hothouse, that is all.
Professor Wood says : * Further, in a recent letter to me, Sir Joseph Fayrer nﬂirmed. the
extraordinary safety of chloroform in India, and stated that he knew of no death from it ns
having oceurred in that country, although its use is universal.” Sir Joseph Fayrer leﬁ I.ndm
in 1871, Since Sir Joseph left that country the old Scotch principle of chloroform ud.mmmtra-
tion which was in his time almost universal has been largely replaced by other principles, and
several deaths have taken place, I know of six, and five of the six have occurred since 1379,
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Sir Joseph Fayrer's letter therefore merely confirms my opinion that the report of the Glasgow
Committes, which was published in 1879, and was founded upon insufficient experiments, has
done infinite harm, and is chiefly responsible for the fatality from echloroform during the last
ten years. Dr. James Dunlop also states * « Within the last ten years the deaths under
chloroform in Glasgow have been more numerous than they had been in the previous decade.”

Professor Wood nest proceeds to re-esamine the clinical facts, “If any credence is
to be attached to the statements of competent witnesses who have recorded human deaths
during anmsthesia, it is certain that in some cases under the influence of chloroform the pulse
and the respiration have ceased simultaneously, whilst in other instances the respiration has
failed before the pulse, and in still other ecases the pulse has ceased its beat before the respira-
tory movements were arrested,” Nothing is more certain, however, than that it is unsafe to
attach credence to those whom Professor Wood styles the competent witnesses who have
recorded human deaths during ansthesia, The reports of chloroform deaths are utterly
worthless and unreliable, because there is no independent person present who can take notes,
and who will not interfere, although he sees the inevitable death approaching. Professor Wood
then compares his clinical facts, which you now see are of no value, with the results of
observations made on animals, He states that he and his colleagues definitely proved that
in “the dog chloroform has a distinet, divect paralysing influence on both respiration and
circulation : that the respiration may cease before the heart beat, or the two functions be
simultaneously abolished ; but that in some cases the heart is arrested before respiration. We
have several times seen the respiration continue as long as one and even two minutes after
the blood-pressure has fallen to zero, and the pulse has completely disappeared from the
carotid artery.” ;

Professor Wood here makes the same mistake as was made by Dr, Lauder Brunton
on the very last day of the Hyderabad Commission’s experiments, No one who was present
will forget the exciting scene when Dr, Brunten, who was watching the Fick manometer
called out that the heart had stopped, though the dog was still breathing., The excitemani:
reached a climax when a needle thrust into the heart showed that it was beating vigorously ;
and we restored the animal easily. On another oceasion everybody in the l'ﬂ;m thou I;:;
dog was dead when it was not. The fact that there is no carotid p;ﬂau is no proof f.lmtg the
heart has stopped. Professor Wood continues : * The correctness of our experiments we claim
must be acknowledged. I do not desire to express any doubt whatever as to the correct-
neseli of the experimental data of Dr. Brunton. [Why not of the Hyderabad Commission ?]
1 simply claim that both sets of experiments, although they have yielded different msul’;s,
have }JGEIII correctly and properly performed.” The results being irreconcilable, either
the experimental data of Professors Wood and Hare or those of the Hyderahad Goz:::miss‘
must be incorrect. The question we have to decide is which of the two are w o
Pfuf'assur Wood asserts that his experimental data correspond with his clinical facts. B I:}IIIF
clinical facts prove nothing whatever, except that, if part of the chloroformist’s .tt ; 5
devoted to the pulse in chloroform administration, deaths oceur. Professor Woo;’. T ]‘E
mental data, like his clinical facts, do not prove that ehloroform directly affects :h:iﬂ:i::

* Vide THE LAXCET of Sept. 37th, 1890,
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The cases he brings forward as instances of death from stoppage of the heart in animals
are not supported by any evidence that the heart had stopped beating when he assumed that
it had because the blood-pressure was low and the carotid pulse could not be felt, We must
have more information regarding Professor Wood’s methods before we can accept his con-
clusions. He probably used a mercurial manometer. In our experiments the pulse was often
visible on the Fick, or glycerine, manometer long after it had disappeared on the mercurial
manometer ; and the needle in the heart would beat long after the Fick tracing was reduced
to a straight line,

The clinical facts which led to the formation of the Hyderabad Chloroform Commission
are very different from those of Professor Wood. They consist of an almost unbroken series
of 45,000 cases of chloroform administration, extending over forty years, In this long series
of cases the chloroformisis were guided as to the effect of the chloroform entirely by the respir«
ation, and there was not a single death. In strict accordance with these clinical facts the
experimental data of the Hyderabad Commission prove (1) that the administration of chloro~
form is free from risk if the breathing is perfectly regular throughout and the inhalation is
stopped as soon as the animal is fully under its influence ; (2) that chloroform never causes
death by sudden stoppage of the heart ; (3) that death from chloroform is always the result of
an overdose ; (4) that the danger of overdosing is enormously increased by holding the breath,
struggling, asphyxia, or anything which causes the patient or animal to take gasping inspirations
and (5) that the inhibitory action of the vagus nerve, which is called into play in threatened
and actual poisoning with chloroform, is a safeguard, The safeguard action of the vagus was
discovered by Dr. Bomford, and its true meaning was subsequently worked out by Drs. Bomford
and Brunton, and no physiological discovery that has been made of late years can compare
with it in practical importance. It was never mentioned or alluded to at the Berlin Congress,

We are now able fo institute a comparison between the value of Professor Wood's
clinical and experimental data and that of the clinical and experimental data of the Hyder-
abad Commission. Professor Wood's data lead to nothing more than an admitiedly unsafe
method of chloroform administration, The Hyderabad Commission demonstrafes that by
proper attention to the breathing chloroform can be administered with safety in any
part of the world, No one is in & better position than I am to appreciate the worth and
significance of the Hyderabad Commission’s researches, For twenty years before the Com-
mission was appointed I had given chloroform and taught hundreds of students to give
it with unvarying safety, 1 took no part in Drs. Brunton’s and Bomford’s experiments, but
I had the supreme satisfaction of looking on and watching the gradual development of the
proof of the truth of Syme’s principles, I now know scientifically, what I knew before
empirically and it is difficult to over-estimate the difference, Formerly I taught my students
to be on the alert for the warnings which are given by the respiration in chloroform admin~
istration, by which danger can be averted, We frequently gave patients overdoses, and were
obliged to draw forward their tongues, or occasionally even to employ artificial respiration to
restore them, I now teach you that the true art of giving chloroform,—an art which any
intelligent medical man can acquire,—consists not only in concentrating your attention on the
breathing, but in keeping it absolutely regular throughout the administration, and in stopping
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the inhalation whenever the breathing is irregular, and directly the patient is fully under the
influence of the anmsthetic, We never have trouble now from overdosing; you rarely see
respiratory embarrassment in my operations, and during the last year, since the Commission
completed its work., we have not had a case in which stoppage of the respiration has occurred.
Professor Wood finds ether is as bad as chloroform in the laboratory., Clinically it does not
kill so many people, because it is not pushed so far, In many cases, partial anmsthesia is con-
sidered sufficient when ether is used. Professor Wood has found out also that atropine, eaf-
feine, and alcohol are not beneficial in chloroform administration, and that digitalis is. He has
only to study our report and the vagus experiments to understand why. Anything which in-
creases the rapidity of the pulse increases the rapidity with which chloroform is conveyed to
the nerve centres, and if alcohol, or atropine, or caffeine does this they are bad. But alcohol
- does not always increase the rapidity of the pulse, Very often if a patient is frightened a
small dose steadies and slows the pulse, and gives him confidence ; and in so far as it does this,
a preliminary dose of alechol does good in operations under chloroform.

Before bringing this lecture to a close, I desire to call your attention to a paper by Dr,
James Dunlop in The Lancet of September 27th, 1890, as it has an imporiant bearing on
Professor Wood's address. Dr, Dunlop’s paper consists of observations on the administration
and dangers of anmsthetfics, in reply to Zhe Lancet’s circular calling upon scientific medical
men throughout the world for information on the subject. Dr. Dunlop states that “the skilful
administration of the anmsthetic includes attention to the pulse, as well as watching the respira-
tion *, and he gives numerous instances of death under chloroform from what he calls asphyxia
and syncope. Dr. Dunlop’s paper emphasises the truth of what I have already stated with
regard to the worthlessness of Professor Wood’s clinieal facts, and it affords additional evidence
that if part of the chloroformist’s attention is devoted to the pulse in chloroform administration,
deaths occur. It must be clearly understood what is meant by attention to the pulse in chloro-
form administration. Any surgeon who can give chloroform safely can keep his eye on the
pulse, Towards the end of long operations I often ask my students, just as Mr, Syme used to
ask me, “How’s the pulse ? ” This is quite a different matter from watching the pulse for
signs of danger from the anmsthetic—which is both unnecessary and dangerous, It is unne-
cessary because no reliable information as fo the effect of chloroform can be obtained from
the pulse, and it is dangerous because if ever the administration of chloroform is pushed
far enough tfo cause the pulse to show signs of failure of the heart, the limiis of safety have
already been so far exceeded that a fatal result must almost inevitably ensue,

It is strange to find a surgeon of Dr, Dunlop’s standing writing of deaths under chlore-
form oceurring from asphyxia. The Hyderabad Commiscion has pointed out that the only
danger of asphyxia, as of holding the breath, in chloroform administration, is that it makes
patients gasp and so take in an overdose with extreme rapidity. Dr, Dunlop asserts that
deaths from syncope occur early in the administration of chloroform. He says : ©“ A small
quantity of concentrated vapour without any air administered to a nervous, timid patient has
_pmvﬂd fatal, A healthy florid-faced young man had chlorofrom administered to him
in private by a surgeon who had gained much experience of chloroforming in the
wards of the Royal Infirmary, The chloroform was administersd on a folded towe"
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three or four drachms having been poured on. While the patient was counting, and
when he had reached the number twenty-five, his face became at once 'pa.ll; and
blanched, the p:pils suddenly widely dilated, and no pulse was felt at the wrist, The young
man was :clm ' In order to understand the cause of the young man’s death, you
must consider Dr. Dunlop’s account of it carefully, and remember that it is impossible to
muke‘ any patienif (or animal) inhale concentrated chloroform vapour without any air, unless
you mthe:r oause hun to gasp, by making him hold his breath or by asphyxiating him, or first
render him fnaenmhla. From Dr, Dunlop’s statement it is clear that the young man was made
to count while the chloroform was held over his face on a towel. No surer method of making
him ‘gasp could possibly have been devised. Try it yourselves without chloroform, and tell
me if counting and regular natural breathing are compatible. DBut with chloroform elose to
the face, it is certain that if you try to count you must gasp after every number, or after every
few numbers, In fact, counting must lead to gasping much more quickly than helding the
breath, because the lungs are emptied by the process. You remember a case which oceurred
here the other day, When a patient was nearly under chloroform he suddenly began to try
to speak, and went on muttering * er—er—er—er—er” for a long time without taking a
hreath. I told the student to remove the chloroform eap from his face, as the patient was
sure to gasp, and after a few seconds more the gasp came. Fresh air entered the lungs, and the
patient recommenced breathing regularly, and very soon went over ; but if the cap had been
kept near his face, he would have inhaled a large dose of chloroform, and might have been
at once poisoned. Substitute counting for the noise our patient made, and you have the true
explanation of the cause of overdosing and death in Dr. Dunlop’s ease. Dr. Dunlop says no
disease was found in any of the young man’s organs on post-mortem examination, and adds :
« Strange as it may seem, disease of valves, hypertrophy of walls, cardiac murmurs of all kinds
give no trouble during the administration of chloroform.” According to this teaching, the
more healthy a man’s heart is the more certain he is to be liable to sudden death from syneope
under chloroform ; and if this is to become part of our belief, we shall soon have to refuse
chloroform to anybody who has not a diseased heart. This is on all fours with the texi-book
teaching with reference to shock under chloroform. It is not the capital operations like
amputations which are said to be dangerous from shock under chloroform, but only the trivial
ones, like the operation for squint or for ingrowing toe-nail. In order, therefore, to make the
operation for squint safe under chloroform, the patient ought first to have his leg off ! You
may believe me that there is no such thing as chloxoform syncope, and that all deaths from
elloraform are due without exception to over-dose. You never hear of syncope except in the
practice of those who do not know how to give chloroform with safety ; and when once the
truth is accepted, as it must be eventually by the whole profession, chloroform syncope will

disappear into the region whence it came,

It is now time %o ask what are the results of 7%e Lancet's call for clinical experience:
It seems to me that sufficient evidence of the most erushing kind has been accumulated in
The Lancet for 1890 to show that if the chloroformist’s whole attention is not directed to the
respiration, so as to keep it regular, deaths are inevitable. First, we have had the statistics of
Mr. Roger Williams (vide 7he Lancet, Feb. 8th, 1890), to show that one patient dies in
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the principle taught by Surgeon-Major Lawrie, namely, to concentrate the whole of their
attention on the breathing of the patient, and not to pay the slightest regard to the heart or
pulse. I understood that it had been clearly and satisfactorily proved by Dr, Lauder Brunton
and the Hyderabad Commission that chloroform did not prove fatal by sudden stoppage of the
heart ; yet very little attention seems to have been paid to the addresses of Dr. Lauder Brun-
ton or Professor Wood at the Berlin Medical Congress last August, when the views expressed
by these gentlemen were distinctly opposed to each other. The profession in general are there-
fore left as far as ever from a sound and definite basis for the administration of chloroform,

I am, Sirs, yours truly,
P. R. GABBEIT,

Secunderabad, Decean, Surgeon-Major, Medical Staff,

ARTICLE BY Dr. DUDLEY W. BUXTON,

[Reprinted from * The Lancet™ of December 13th, 1890.]

OxE of the dangers of controversy is the almost inevitable crystallisation of the thought
of those who advoeate, or press, the negative of any question. There is certainly some fear in
the present juncture, lest the common-sense side of the chloroform question should be left out
in the cold, while we hotly discuss the modus operand; of its death-dealing properties. On the
present occasion 1 hope to draw attention as concisely as possible to the various practical issues
involved in my title. Chloroform, I take it, cannot, even if we would, be laid aside ; it possesses
properties so valuable and so useful that it will, perhaps for ever, remain a favourite anwmsthetic
with many operating surgeons and obstetricians. The main considerations, then, for practical
men are : How far is it a dangerous agent, in what does its danger consist, and can this danger
be abrogated or minimised so as appreciably to render the peril beyond ordinary computation
either by methods of administration or other means ; and, lastly, how does it compare, as far as
absolute safety goes, when placed side by side with other anasthetics ?

It may be said that the present time is hardly ripe for opening such an inquiry, since
the subject is still to be further elucidated by the clinical report promised us by the Editors of
Tee Laxcer. But we should remember that from its very nature such a report must be devoid
of personal colour, being statistical, so that the experiences of practical anmsthetists can neither
forestall nor be devoid of value whatever may be the finding of Tur Laxcer Chloroform In-
quiry. Death under chloroform is, unhappily, a frequent occurrence. We hear of a few
deaths, probably not all, and if we aceept 1 in 3,000 as a working estimate of their frequency
we are probably within the mark, although Surgeon-Major Lawrie says he has given chloro-
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from heart syncope secondary to respiratory failure, and both will submit that such deaths
should not oceur ; that they mean in many cases carelessness and deviation of the anmsthetist’s
attention from the patient, and both will assert that most of such patients can be hrought out of
their peril by prompt and skilful employment of artificial respiration, &e. It then becomes
necessary to consider the evidence upon which these rival schools of thought and teaching base
their opinion and practice, In this connection I would point out & most valuable source of
information which has up to the present been but lightly laid under contribution, and which is
capable of furnishing the most valuable testimony, I refer to the frequent cases which are met
with by those who have a large practice in chloroforming in which untoward symptoms occur,
but which not ending fatally are not recorded in the medical press, and perhaps noticed only
by the chloroformist himself,

Upon the question of primary heart failure the Hyderahad Commission have definitely
assumed the position that respiration always fails before cardiac syncope ; in other words, that
cardiac syncope is invariably secondary, The immense care with which the work of the Com-
mission was conducted, the great help it received from the experience of Surgeon-Major Lawrie
in chloroforming and that of Dr, Lauder Brunton in physiological research, render its coneclu-
sions of especial value, and justify us, I think, in saying that if primary heart failure from chloro-
form is a delusion the Hyderabad Commission were competent to prove the same up to the
hilt. The evidence adduced is now common property, so that detailed quotation is needless,
In chloroforming considerably under one thousand dogs, rabbits, &e., the Commission failed to
induce primary syncope, and Surgeon-Major Lawrie in, say, 40,000 inhalations in human beings
the bulk of whom we may assume were Asiatics, never lost a patient. Two classes of futalities
oceurred among the lower animals—(1) death from failure of respiration, and (2) accidental
deaths, the cause of which the report fails to recognise, except that it assumes it was due to an
overdose. An effort was made to bring about fatty changes in the dog’s heart by giving
phosphorus, &e., but even then primary heart failure did not oecur, nor were the Commissioners
able to show any evidence of shock nccui':!:ipg in the lower animals whilst under chloroform.
If this brief statement fairly represents the outcome of the Hyderabad Commission's work,
we find their evidence to be wholly negative upon this important matter, But the question of
primary heart failure does not rest solely upon the negative evidence mentioned above, Snow
and the older authorities fully recognised the condition ; and the Glasgow Committee, both in
their original and recent reports, have distinetly asserted that even among the lower animals
primary. heart failure occcurs, while it has been left for Professor MacWilliam of Aberdeen
to explain the modus operandi of the prejudicial action of chloroform upon the heart. Again,
the independent testimony of Professor Wood of Philadelphia has been given to the oceurrence
of primary -heart failure under chloroform, and quite recently he had been at the painsof
re-investigating the matter, with a result confirmatory of his original decision. Reverting to
the careful research of Professor MacWilliam, we find the following phenomena nnmtel% snri -
graphically recorded by un  ingenious arrangement of apparatus, Animals kept under artificial
respiration worked by an arrangement which ensured equal and tranquil breathing, and at the
sume time enabled the operator to give any definite percentage of chloroform, were watched to
see what effect the chloroform so given had upon the heart, This effect is notable. The heart
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judged by the eye and the plan ahove mentioned, shows no alteration ; that not onlv is
there evidence of general feebleness of cirenlation, which might be attributed to the ﬂm]i,r of
blood-pressure, regarded by the Hyderabad Commission as protective, but that distinet and
unmistakable cardiac enfeeblement occurs. Further, this is progressive, and likely, it has
appeared to me in more than one case, to end in cardine syncope unless prompt and vig&mus
measures were used. Inversion, which undoubtedly would be highly prejudicial in chloroform,
danger due to respiratory paralysis or asphyxial conditions, proves highly efficacious in such
cases of cardine and circulatory enfeeblement. In contending that a fall of blood-pressure is
protective, I think a most important factor has been left out of consideration. For granted
that such a fall leads to lessened intake of the narcotic vapour, it also determines a lessened
output of that which still circulates in the blood. Things heing equal,I beliove that chloroform
acts more harmfully upon poorly oxygenated blood and tissues, e.g., the anmic, the cyanotic
those whose circulation is depreciated by fatty changes in their heart and other viscera, than upon
those betier supplied with oxygen. On the other hand, cases present themselves when, from
the nature of the operation, the chloroforming is complicated by partial asphyxia! and these
offer a contrast in that their danger reveals itself in respiratory difficulty leading even to cessa-
tion of breathing. I have found, however, that such cases responded readily to artificial res-
piration, and danger was over. Words give a poor idea of the contrast presented between
these two categories of cases, but one has only to be brought face to face with them to be con-
vinced that their difference is one of kind and not one of degree. Again, having onece seen the
heart relax and dilate under chloroform, as in Professor MacWilliam’s experiments, one recog-
nises the anatomical counterpart of the procession of events which one had encountered again
and again in the operating theatre, It would subserve no useful purpose to attempt to explain
the discrepancies which appear between the experiments undertaken by the Hyderabad Com-
mission and those of other observers, or to reconcile these results with those arrived at by the
daily observations—now hundreds of thousands in number—made by medical practitioners in
surgical cases, but it may be mentioned that it has been amply shown, by experience with the
lower animals and man, that the more highly organised and differentiated nervous systems are
more easily affected by reflex shock. Fainting caused by emotion, common in man, is not a
daily occurrence among dogs or monkeys,

It may be remarked that it is singular that Professor MacWilliam’s dilatation was not
discovered by the Hyderabad Commission. The conditions, however, were wanting, for
their animals were permitted to die or get in extremis through respiratory difficulties so that
stress of the ansmsthetic was made more evident in most cases gud the regpiration than gud the
heart, although some of the cases must undoubtedly have revealed the condition had it been
sought. A further point noticeable about dogs is that they arve peculiarly susceptible to respira-
tory failure under chloroform, and in performing physiological experiments upon them the
utmost care has to be nsed unless artificial respiration be employed to prevent death from
cessation of natural breathing,

Under the last heading I inquired what conclusions practical men must arrive at when
comparing chloroform with other anmsthetics, and here I will not press the point beyond
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it is a well substantiated fact that drugs do not always affect human heings and the lower anis
mals the same way, e.g., elaterium kills dogs but does not purge them, pigeons bear enormaons
doses of morphine, and rabbits cannot be killed with belladonna, The weight of clinical evi-
dence alike of England (Snow), Germany (Kappeler), and America, Dr, Reeve avers, is
entirely against the Commission’s finding that primary heart failure does not oceur in chloroform
narcosis, and cases are cited in which it is stated the heart stopped before respiration ceased.
He concludes by saying: “I profest, in the interest of patients, against the doctrine that ehlo-
roform can be administered with absolute safety ;” and Dr. Reeve insists that such a conclu-
sion can only be arrived at by “ignoring a vast amount of evidence, both experimental and
clinical,—evidence which outweighs all theories and all doctrines, no matter whose names may
be appended to them.” We consistently with our motto, *“ Audi alteram partem,” can at present
only weigh evidence, and are most willing to receive testimony both for and against the views
which have been advanced by Bnow and Clover on the one hand and Syme and Lister on
the other.

[Dr. Reeve’s “ vast amount of clinical evidence”, like Dr. Dudley Bux-
ton's ** considerable bulk of direct evidence pointing to the existence of primary
heart failure under chloroform”, is worthless evidence of what occurs in abnor-
mal chloroform administration. All reliable evidence supports the dictum of the
Hyderabad Commission that normal chloroform anssthesia is free from risk.]

ARTICLE IN THE LANCET, Marcu 1471, 1891.

BY

Svreeon-Masor EDWARD LAWRIE. |

Smvok the publication of my elinieal lecture in The Lancet of Nov,” 29th, 1890, 1 have
received numerous letters from Furope and from different parts of India requesting me to draw
up authoritative rules showing briefly the method of ehloroform administration which experi-
ence, hased upon Syme’s principles and upheld by the Hyderabad Commissions, has shown to

be uniformly safa:—

(1) The chloroform should be given on absorbent cotton stitched into an open cone or
cap. (2) To ensure regular breathing the patient, lying down, with everything loose about the
neck, chest, and abdomen, should be made to blow into the cone held at a little distance from
the face. The right distance thronghout the inhalation is the nearest which does not cause
struggling, or choking, or holding of the breath. Provided no choking or holding of the
breath occurs, the cap should gradually be brought nearer to, and eventually may be held
close over, the mouth and nose as insensibility deepens. (8) The administrator’s sole object
while producing answsthesia is to keep the breathing regular. As long as the breathing lﬂ
regular, and the patient is not compelled to gasp in chloroform at an abnormal rate, there 13
absolutely no danger whatever in pushing the anmsthetic till full anmsthesia is produced. '{‘-i]'
Trregularity of the breathing is generally caused by insufficient air, which makes the patient
struggle or choke or hold his breath, There is little or no tendency to either of these untoward
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plainly that the plan is faulty, if not impracticable ; in fact, it stands salf-condemned. There
is never any dangerous enfeeblement of the general cirenlation or of the heart in the method of
giving chloroform recommended by the Hyderabad Commission, Dr. Dudley Buxton can
readily satisfly himself of the truth of this statement by giving our method a thorough and
impartial trial. None of our eritics have done this yet, but if one fair-minded man of Dr,
Buxton’s calibre were to do so, he would infallibly convert himself to our views, and the
conversion of the rest of London would follow in time as a matter of course. Dr. Buxton
states that * having once seen the heart relax and dilate under chloroform, as in Professor
MacWilliam’s experiments, one recognises the anatomical counterpart of the procession of events
which one has encountered again and again in the operating theatre.” This statement goes far
to prove that there must be some fallacy about Professor MacWilliam’s experiments, As a
surgeon I care very little what happens to the heart when it is subjected to such abnormal treat-
ment as is involved in laying open the thorax and pumping chloroform into the lungs in order
to prove that it is directly affected by chloroform. We might just as well pump in boiling
water, and then tell old women they are not to inhale steam when they get bronchitis. But it
is interesting to be told by such an authority as Dr. Dudley Buxton that Professor MacWilliam’s
results form the anatomical counterpart of a method of chloroform administration which eauses
general feebleness of the circulation and of the heart, and there is very little doubt that they
do. Professor MacWilliam’s premiss that heart failure is not necessarily accompanied by a fall
of blood-pressure is manifestly unsound, and his description of rhythmic cardiac relaxation and
dilatation, under chloroform, is open to the fatal objection that he has not shown that the move-
ments of his base line, by which they were estimated, were not produced by relaxation of the
diaphragm, pushing up the heart through his artificial opening. If his heart dilatation can
really oceur without fall of pressure, or when chloroform-is properly given, it must be a
natural condition and free from risk,

The Hyderabad Commission has proved that there is no such thing as chloroform
gyncope, and that in death from an overdose of chloroform the respiration always fails before
the cirenlation, What the harmless fall of blood-pressure in normal chloroform administration
is due to, as well as what happens to the heart after the respiration fails from overdosing, which
are the only two points left open to discussion by the Hyderabad Commission, must be entrusted
to physiologists to determine. In the telling words of Dr. Bomford, ¢ it is sufficient for us
as practical men to know (1) that the heart is the very last organ to give in under the action of
chloroform, and (2) that there is no more danger of permanently paralysing it in chloroform
administration, than there is of paralysing the legs and giving the patient paraplegia.” '

LETTER FROM Dr. DUDLEY W. BUXTON,
To taE Epirors or * Tar Lawcer.”

Srs,—Surgeon-Major Lawrie’s personal reference to me calls for a brief reply. My
paper was not intended to instruct in the elementary methods of administering chlﬂrf:-funn,
so I omitted details which I thought were familiar to all who had mastered the subject of
chloroform administration, and were not so wedded to one method as to allow themselves to
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remain ignorant of all others. The open method, or that of Syme and Simpson, is so well
and fully set forth in Sir Joseph Lister’s article in ¢ Holmes’s System of Surgery,” written
in 1861, that it appeared to me to be superfluous to deseribe it in the columns of a journal
like The FLancet: but since Surgeon-Major Lawrie has received numerous letters from
Europe concerning it, and has gone to the pains of describing it, I suppose I am wrong in
supposing that the ABC of the chloroformist’s duties are pretty generally understood.

With regard to the second method to which I alluded, that in which Junker’s inhaler
is employed, I must say that your correspondent is clearly wholly unacquainted with the
method, or he would not have permitted himself to indulge in such playful eriticism. His
humour loses none of its point when read by a person who is familiar with Junker's apparatus.
I may just say that, with average intelligence and common-sense, the inhaler can be used
without necessitating Surgeon-Major Lawrie’s suggestion being earried into effect, and the
patient compelled * to do it himself.” Further, the argument which he adduces, vz, that be-
cause I had seen various degrees of heart failure and circulatory trouble, therefore my methods
are erroneous, is an instance of what logicians call a petitio principii. and proves too much. In
the first place, the open method, to which my remarks mainly referred, is precisely the method
which the Hyderabad Commission, following Syme, advocates. I as well as many others in
Europe, learnt the method before the session of the Commission, That Surgeon-Major Lawrie
has never seen the heart fail and that I have is not surprising, because he has never felt
the pulse or examined the action of the heart during chloroformisation, and I have. That
Surgeon-Major Lawrie has had many cases I do not for a moment doubt, only he has over-
looked them, and as, fortunately, in most cases respiratory rhythm is affected pari passu with

cardiac enfeeblement, he has seen the danger-signal gud the respiration, and has taken mea-
sures accordingly.

I am further stated to give no fixed principle of chloroform administration, and in my
paper, to which reference has been made, I admit such is the case, and for the reason above
stated, that my object was argumentative rather than didactic. In my lectures and practical
demonstrations I believe I am dogmatic enough, but personally I regard dogmatism in dis-
cussion upon scientific subjects in a scientific periodical as unseemly and valueless. In con-
clusion, may I draw attention to a sentence against which I am bound to enter a protest ? It
runs : “ The Hyderabad Commission has proved that there is no such thing as chloroform
syncope, and that in death from an overdose of chloroform the respiration always fails before
the circulation.” I submit the Hyderabad Commission has done nothing of the kind ; its
conclusions were based upon purely negative evidence, and were not warranted by the facts
before the profession, and I am strongly of opinion that any teaching which tells chloroformists
to ig.ncrra the pulse is fraught with danger. I am greatly obliged to Surgeon-Major Lawrie
for his courteous reference to myself, and can assure him that 1 constantly employ the open
method and obey the rules he, following Syme, advocates ; but I also watch the pulse,

I am, Sirs, your obedient servant,

DUDLEY W. BUXTON.

Mortimer-street, Cavendish-square, W.
87
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LETTER FROM Suvraros-Major EDWARD LAWRIE,

To aE Epiroks oF “ T Laxcer .

Sies,—Dr. Dudley Buxton cannot be allowed to depart from his original statement.
He described his method of giving chloroform in the following precise terms (the italics are
mine) : * My plan is to use Lister's open method or Krohne and Sesemann’s useful modifieation
of Junker’s inhaler. I also make it a rule to test the vigour of respiration by placing my hand
on the mouth, and to keep a finger upon an artery.” It is this plan which I ridiculed. Dr,
Buxton now dexterously tries to make it appear that my eriticism was directed against Junker’s
inhaler, and that he gives chloroform on Syme’s principles, though Syme never took the pulse
as a guide. Dr, Dudley Buxton’s plan is impracticable, and its absurdity is only surpassed by
the absurdity of the method of another specialist, Mr. Rickard W, Lloyd. Mr. Lloyd proceeds
to give chloroform® “ with the sprinkled lint lying on the separated fingers of my right hand
in front of the mouth, which enables me to feel the force of expiration, with my left middle
finger on the left temporal pulse, and my left thumb holding up the left upper lid of the patient
and testing the corneal reflex when necessary,” Mr. Lloyd thus endeavours to obtain informe
ation as to the state of the patient from three if not four distinet tactile impressions at the same
time, which is just as dangerous as it would be for one of my students to administer chloroform
to three or four patients all at once. Dr. Dudley Buxton further states that I must have had
many cases of heart failure under chloroform which I have overlooked, because © Surgeon-
Major Lawrie has never felt the pulse during chloroformisation,” The whole of this statement
18 a gratuitous invention. All my operations are performed in public ; I have never had a case
of heart failure, and 1 frequently take the opportunity of demonstrating that the action of the
heart and the pulse are invariably regular when chloroform is properly administered. I do not
allow the pulse to be taken as a guide as to the effect of chloroform, because I know it is no
less nseless than dangerous,

Finally, Dr, Dudley Buxton asserts that the Hyderabad Commission has not proved
that there is no such thing as chloroform syneope, because * its conclusions are based upon
purely negative evidence.,” If Dr. Buxton were as familiar with the A B C of logic as he
would have us believe he is with the A B C of the chloroformist’s duties, he would know that
proof of the absence of anything must always be negative proof. The rest of Dr. Dudley
Buxton’s letter consists of a bald statement of creed, unsupported by any explanatory reasons,
and does not call for further notice,

I am, Birs, your obedient servant,

EDWARD LAWRIE, Surgeon-Major.
May 11th, 1891

*® Vide Tee LaxoET, April 4th, 1801,
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ARTICLE BY ARTHUR R. CUSHNY, A, M.B. (Aberd.)

(FROM THE PHYSIOLOGICAL LABORATORY OF BERN URIVERBITY.)

“ The Lancet”, March 14th, 1891,

Tae report of the Hyderabad Chloroform Commission has been read with interest not
only in England and America, but also in Germany and Switzerland, where it has aroused
widespread discussion and comment, In the latter country especially, which is at present in
the throes of a discussion as to the respective merits of the rival ansesthetics, the report of the
second Commission was awaited with anxiety and received with much approbation by the
numerous advocates of chloroform. On the decision of the Commission becoming known,
Professor Kronecker of Bern, whose pupils, Ratimoff and Schemey, had already shown the
poisonous action of chloroform on the heart, suggested that I should make a fow experiments
on the subject. The details of these will be published elsewhere, and I will here state merely
the general results.

By the Hyderabad Commission no experiments seem to have been made with chloro-
form vapour of ascertained concentration, and, as this factor seems to be of considerable
weight, I have used an apparatus® in which it could be exactly regulated, This consists ot
two wash-bottles, one-third filled, the one with chloroform, the other with water. Part of the
air inspired by the animal passes through one, part through the other, and becomes saturated
with chloroform fumes or water vapour accordingly. The proportion of the chloroform
saturated fo the moisture saturated air is regulated by two graduated stopcocks (Kroneckner's
Schiebhahn). The two currents unite, and are led by a short tube to the tracheal canula,
Expiration is provided for by a small hole in the sheath of the latter, which is covered by a flap
of moist goldbeater’s skin, to prevent the inspiration of air which has not first passed throngh
the apparatus. In order to exclude all chance of asphyxial complications, and to allow a
regular amount of chloroform to be absorbed in a given time, the air was driven through
the apparatus by a machine for artificial respiration. The animals used were dogs and rabbits,
and the experiments were carried out at ordinary room temperature (15° to 17° C.). The
movements of the heart and respiration were recorded by a heart needle and diaphragm lever,
and tracings were taken in almost all the experiments, In the respiratory tracing the curves
formed by spontaneous respiration were combined with those caused by the artificial inflation
of the lungs, but could be easily distinguished, and the moment of cessation of the former
ascertained. When this oceurred artificial respiration was generally stopped for a few
seconds, to see if any spontaneous movements occurred. I may here state that the heart
needle was not found to be an accurate index of the heart beat, as in some cases
it continued to vibrate after paralysis of the ventricles, owing to the continued pulsation
of the auricles communicating a motion to the ventricles through which the needle
passed, In all cases, therefore, in which there was any doubt as to the condition of the
heart, artificial respiration with air was resumed, and the heart observed directly by opening

* Ratimoff and Schemey used the same apparatus in their experiments.
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the thorax, As soon as chloroform was applied to a rabbit (except when the vapour was
greatly diluted with air), the animal began to struggle and the respiration became irregular
with expiratory gasps, or almost ceased for a few seconds, Very soon the stage of rapid
respiration described by Knoll set in. In those cases in which the air was saturated with
chloroform (i.e., in which all the air inspired passed through the chloroform bottle), this stage
only lasted from twenty to sixty seconds. In cases in which a lower concentration was used
it lasted much longer, sometimes for two hours, but in all the spontaneous respiration gra-
dually got shallower without getting slower, till it ceased entirely. The condition of the heart
at this moment wvaried with the concentration in which the vapour had been blown into the
lungs. Of seventeen rabbits chloroformed with saturated air, in five the whole heart continued
to beat, in nine one or both auricles were in rapid motion while the ventricles were still, in one
the left auricle alone was paralysed, while in one the whole heart was in diastolie standstill,
In rabbits which were anmsthetised with a mixture of chloroform vapour and air, /.., in
experiments in which the stopcock on the water-hottle was partially open, the whole heart was
mvariably found beating, but the more chloroform the mixture contained the weaker was the
heart beat. Even when only four parts chloroform-bearing air were mixed with ninety-six parts
pure air the respiration ceased, though only after from two hours to two hours and a-half’s
exhibition of the drug. With lower concentrations than this I could not obtain narcosis, and
did not attempt to find how long an animal could be exposed fo the vapour, Ratimoff found
that rabbits could be kept narcotised for six hours without the respiration ceasing, Paul Bert,
on the contrary, found that dogs died after two hours and a-half’s constant inhalation if the
narcosis was complete. Several dogs were chloroformed by the same method, and in all of
these, however concentrated the chloroform vapour, the respiration ceased, while the heart
could still be felt pulsating, A rather higher concentration was required to keep dogs mnarco-
tised than was necessary for rabbits,

In regard to the restoration of spontaneous respiration, in both dogs and rabbits, I found
that success depended not so much on the length of the interval between the cessation of the
spontaneous and the recommencement of the artificial respiration as on the concentration in
which chloroform had been given, In dogs inflation of the lungs was successful in all cases,
In rabbits, on the contrary, it was impossible to restore life when chloroform-saturated air had
been used, however soon after paralysis of the respiration restorative measures were taken,
When a half-and-half mixture was used, three out of eleven animals could be resuscitated, and
with lower concentrations the proportion of recoveries increased ill below 25 per ﬂeu,h o
animals could be restored. In one case, in which a 4 per cent. mixture was used, an interval
of three minutes elapsed before artificial respiration was begun, and the animal still recovered
The chances of recovery after paralysis of the respiration, in fact, depend entirely upon f-hq;
condition of the heart, and therefore on the concentration in which the drug has been used
If, as is the case in rabbits, the heart is very much weakened by very concentrated dmiuis-:
tration, it is impossible to restore the respiration, If, on the other hand, the heart is com-
paratively unaffected, as in dogs, or in rabbits in which the drug has been administerad
more diluted form, the animal can always be revived provided the necessar g

ithi - e ¥ measures are tak
within a reasonable time, The essential point is that the drug bo given in sufficient dﬂuﬁ::
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to avoid its action on the heart, and if this dilution can be sufficiently provided for, observation
of the pulse is not absolutely necessary, Although I cannot agree with the Hyderabad Com-
mission that the heart always continues to beat after respiration ceases, yet the difficulty in
maintaining the concentration necessary to paralyse the heart simultaneously with the respir-
ation is extremely great, and I should think that in ordinary chloroform administration such a
simultaneous paralysis can never occur,

As, in the great majority of my experiments, death was due to the respiration alone,
some experiments were made to find the condition of the medulla oblongata during chloroform
narcosis. This question was approached by an examination of the reflexes connected with it.
I found that these all ceased hefore the respiration, and returned (in cases where the animal was
revived) some time after spontaneous respiration had set in, The more concentrated the
mixture, the shorter the interval between their disappearance and that of respiration, The
first to cease to act was the corneal reflex, then that on the respiration from the nasal branch
of the trigeminus, then the swallowing reflex from irritation of the soft palate or of the superior
laryngeal nerve ; and, last of all, Traube’s active expiratory reflex from expansion of the lungs,
The reflex in dogs were not so carefully noted as in rabbits, but in general presented no
marked differences,

The respiratory centre, as Knoll has pointed out, is affected differently in different
stages of chloroform narcosis, At first if is acted on by the reflexes first from the nose then
from the trachea and lungs. Then the rapid stage of respiration sets in. This occurs after
division of the vagi, and is due to stimulation of the vagus roots in the medulla, and not to
stimulation of the respiratory centre itself ; for, if the latter were the case, the result would be,
as Marckwald has pointed out, respiratory spasms ; whereas, after section of the medulla above
the centre and division of both vagi, chloroform breaks up the resulting spasms into regular
respirations exactly as weak tetanisation of the vagi does. Last of all, the centre is paralysed
by chloroform, and fails to respond to electrical stimulation of the medulla. The blood-pressure
was registered in several experiments in which the drug was administered in weak concentra-
tion, and I found that there occurred a slight rise and then a very gradual uninterrupted fall.
In very weak form (4 per cent,) chloroform caused no preliminary rise, but a slow fall from
the very first, though so gradual was the change in pressure that it could only be seen by
comparing the curves at intervals of ten minutes. No such sudden falls of pressure were seen
as have been noted by some ecritics of the Commission, which is perhaps to be explained by the
abundant and uninterrupted supply of air to the lungs. I may remark that in those experi-
ments in which the movements of the heart were registered directly, they never showed any
sudden change, but a gradually increasing weakness, which culminated in paralysis or passed
off, according as chloroform was continued or shut off.

For the sake of comparison a few experiments were made with ether, and the same
stages were observed as with chloroform, death oceurring equally rapidly if undiluted aﬁ!mr
vapour was used, and being due to paralysis of the respiration alone or with aiccompanying
heart paralysis. In one case delirium cordis was observed after a minute and a quarter’s in=-
halation. Rabbits ansesthetised with pure ether vapour could not be revived by artificial res-
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proportions should be given, The use of the above apparatus (which will be more fully de-
scribed in the Zeitschrift fir Biologie) offers an ensy method of regulating the strength of the
inhalation, but, if the nusual method is adopted, the anasthetic should be poured on frequently
and in small quantities rather than at longer intervals and in largest doses, By the latter
method of administration the narcosis is rendered unnecessarily, and often dangerously, deep

for a short time, and then quickly passes off ; while by the former it is kept at approximately
the same depth throughout,

ARTICLE BY SurceoN-Major EDWARD LAWRIE.
“ The Lancet”, July 15th, 1891,

THE article on chloroform and ether by Dr. Arthur R. Cushny in 7The Lancet of March
14th, 1891, is a valuable and opportune contribution to the literature of anmsthetics, and is
especially welcome to the Hyderabad Commission. Dr, Cushny agrees with us in so many
important particulars that it is impossible to regard him as anything else than an ally ; and
though the cause of the Commission does not require bolstering, Dr, Cushny’s experiments and
report are the best support we have had yet.

Dr, Cushny agrees with us that the effect of ether is precisely similar to that of chloro-
form only less intense, and that it is very difficult to produce narcosis at all with ether apart
from asphyxia, On the practical question he says, “in ordinary chloroform administration
such a simultaneous paralysis of the heart and respiration can never occur,” and he further
states that “ no such sudden falls of pressure were seen as have been noted by some eritics of the
Commission, which is perhaps to be explained by the abundant and uninterrupted supply of air
to the lungs.”

On all these points Dr. Cushny is clearly a friend to be welcomed. Where he appears
to be wrong is in overlooking the effect of the residual chloroform in the lungs after he has
finished pumping chloroform into the trachea, It is obvious that artificial respiration must be
much more likely to fail when the air in the lungs is saturated with chloroform than when it
only holds a very small proportion of the poison, The Hyderabad Commission succeeded in
giving chloroform, by the ordinary method of inhalation, in such a dose that artificial respira=
tion failed to get rid of it quickly enough to save the animal’s life. This occurred in dogs
and in dogs, with Dr. Cushny, artificial respiration was always successful. In these cases he
must allow that the inspired air was fully saturated, and in all of them every by-stander, includ-
ing The Lancet's chosen representative, Dr. Lauder Brunton, was satisfied that the heart con-
tinued to beat after, generally long after, the respiration had ceased. Whether or how far the
Hyderabad Commission experimented with dilute chloroform is a matter of no consequence.
We tried concentrated vapour, in which alone Dr, Cushny can find any danger. We are quite
agreed that extreme concentration is dangerous, but this is so because it leads to the rapid
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intake of an overdose, and not, because there is any action on the heart peculiar to any particular
degree of concentration. The Hyderabad Commission’s experiments, where chloroform was
injected into the large veins of the neck, show that even pure chloroform in the blood does not

stop the heart till after it has paralysed the respiration,

It is abundantly proved that diluted chloroform, provided it is not too dilute, gradually
causes an accumulation of chloroform in the blood sufficient to produce first narcosis, then
cessation of the respiration, and finally death. A higher concentration ean only bring about
the same sequence of events in a shorter time. The higher concentration canmot have any
action on the heart peculiar to itself, unless it be that the more concentrated vapour gives rise
to spasm of the bronchioles, or in some other way impedes the oxygenation of the blood, and
so, pace Professor MacWilliam, affects the heart injuriously. It is impossible that the econcen-
trated vapour can act upon the heart in a mysterious way before it gets into the blood. It is
clear also that the harmless dilute vapour must in time accumulate in the blood ; otherwise it
could not bring about narcosis and cessation of the respiration. But we may well enquire why,
when this point is reached, it does not then have the same effect as the concentrated vapour?
The truth is that the concentrated vapour interferes with natural respiration and the natural
oxygenation of the blood ; and in the Hyderabad Commission’s report, and in that of
Dr. Cushny, it is remarkable that there is an utter want of uniformity in all experiments where
normal respiration is interfered with, and complete uniformity in all experiments with chloro-
form inhaled in the natural way. The concentrated vapour of chloroform cannot be voluntarily
inhaled by man or by animals. When a patient or an animal is forced to inhale concentrated
vapour involuntarily, qr if it is pumped into the trachéa, the danger lies in the fact that when
it is desired to stop giving the chloroform it is entirely beyond eontrol, and though the
administration be discontinued, the discontinuance does not actually commence until the
residual amount far down in the lungs has been got rid of. Long before this can be effected
either by artificial respiration or in any other way, the patient may he dead.

Dr, Cushny and the Hyderabad Commission are in complete accord with regard to the
practical administration of chloroform, and have the same object in view. That objeet is the
dilution of the anwmsthetic to a point consistent at once with full anwmsthesia and with safety
Dr. Cushny attains this end by means of an apparatus, The Hyderabad Commission attains it
with equal certainty by giving the chloroform in such a manner as to ensure normal regularity
of the respiration. Lister has demonstrated that the strength of vapour which can be naturally
inhaled on an open cone or on a towel is from two to four per cent. With regular breathing,
if the number of respirations and the number of cubic feet of air inspired in & minute are
known, the dose of chloroform inhaled in a given time can be estimated with almost uniform
accuracy, But if the breathing is irregular, the intake of chloroform will be variahle and
uncertain, and there will be danger in proportion to the uncertainty of the dose. Lastly, if the
vapour is concentrated so as to compel the patient to struggle and hold his breath, the risk of
overdosing is enormous. Asphyxia ensues and leads to deep gaeping inspirations and rapid
and, may be, irremediable poisoning. It follows from these considerations that the strongest

mpuu:ﬂuf chloroform which can be inhaled with regular natural breathing constitutes the safe
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dilution of the anmsthetic, and that the most trustworthy as well as the most universally manage-
able guide to safe dilution must be regular respiration, The essential factors in chloroform
administration are diluted chloroform and regular breathing, but whatever be the degree of
dilution regular respiration alone ensures a measured dose and alone maintains regularity of the
heart’s action and of the circulation. The sole »aison d’etre of an apparatus is to determine safe
dilution, But as this is definitely determined by regular respiration, and as regularity of
the breathing ought to be assured in chloroform inhalation whether an apparatus is employed
or not, it i3 evident that an apparatus is superfluous. Theoretically the Hyderabad Commission
has no objection to any forms of apparatus or inhaler, except that no apparatus can ensure
regular breathing ; but practically we know that their complicated nature demands some of the
chloroformist’s attention and may lead to neglect of the all-important respiration. An appara-
tus is therefore not only superfluous, but introduces an element of danger into the administration,
To keep the patient’s breathing absolutely regular during the inhalation of chloroform, and to
sustain the necessary watchfulness for the warnings afforded by the respiration and by the
reflexes whereby overdosing can be avoided, requires the undivided and unceasing attention of
the chloroformist.

I trust I have made it clear that the Hyderabad Commission has no intention of eriticis-
ing Dr, Cushny’s admirable work in anything but the most friendly spirit, We are thoroughly
gatisfied. Dr. Cushny may still think that there is theoretical danger to the heart, but he is
constrained to admit that it could not occur in practice. Having gotso far, we venture to -
express & confident hope that he will continue his experiments and observations, and that he will
yet see his way to accepting the whole truth.

THE HYDERABAD CHLOROFORM COMMISSION.
LETTER FROM Dz, RICKARD W. LLOYD,

To g Eprrors or “ Tae LaNceT .

Sing,—In his article published in Tue Laxcer of March 14th, Surgeon-Major E,
Lawrie, President of the Hyderabad Commission, emphasises the importance of the respiration
and totally ignores the circulation, s a guide in the administration of chloroform, Undoubt-
edly the respiration is essentially important, but my view, after ten years’ practical experience
of anmsthetics, is that the circulation is also sometimes an important guide to the anmsthetist
during an operation, and often most valuable. No method of administering chloroform m]l
ensure the uniform behaviour of all patients during the induction of chloroform angsthesia.
The action of chloroform upon a patient is influenced by mental and physical conditions as well
a8 by disease, The effects of the chloroform upon the circulatory, nervous, and respiratory
systems, especially when they are diseased, as well as the loss of blood and the duration and nature
of an operation (these being the conditions that have to be met by the practical anwmsthetist)
influence the respiration in such a way in some cases as to make it expedient to obtain all the
information that can be gathered of the extent of exhaustion, the probable power of endurance
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and the general state of the patient. This knowledge is to be obtained from the respiration,
the pulse, the pupil of the eye, the sensibility of the cornea, and the complexion, all of which
may be under observation at the same time without discontinuing the chloroform, when it is
administered in the manner described by me in a paper read before the West London Medico-
Chirurgical Society, and which is fully reported in 7he Lancet of March 14th. The condi-
tion of the muscular system, as to relaxation, is also somefimes useful, An anmsthetist who
rolies on all these sources for information will sometimes be able fo continue an administration
of chloroform when, if he relied upon the respiration solely, he would feel bound to discontinue
it. I have on several occasions had the greatest difficulty in satisfying myself that respiration
was in progress at all, especially in connection with some operations upon the skull for depressed
fracture or other condition in which the functions of the brain were greatly impaired, and
have found the pulse most valuable as a guide in such cases, justifying me in supplying suffi-
cient chloroform to prevent reflex movements of the patient occurring. As long as respiration
is unimpaired and there is no cyanosis it may not be necessary to go further for information, but
early in the progress of administration the breathing may be accompanied by stertorous noises
—not true stertor,—the pupils be dilated or the corneal reflex abolished, and yet the anmsthesia
may not be sufficient for operation, and in such circumstances the pulse will be found quick
perhaps, and not the slow pulse of complete chloroform anmsthesia. When an operation has
been some time in progress the respiration may still be good while the patient may have the
appearance of extreme exhaustion, and the pulse will then enable the anwmsthetist to judge
whether it is necessary to hurry or close the operation, or whether stimulants are imperatively
called for, Shallow respiration is not uncommon and, when the respiration only is relied upon,
dangerously misleading, often when not appreciated giving rise to sudden and alarming symp-
toms. In practice each of the gnides mentioned is of great service, and without them opera-
tors would often be disturbed, and sometimes unnecessarily prevented from completing their

operations. The following case throws great light upon the effect of chloroform upon the
heart and respiration,

In January, 1891, J. B.——, aged fifty-one years, came into the theatre for radical
cure of hernia, and it was my intention to give him chloroform; but on seeing him as his appear-
ance presented venous congestion, I gave him ether. After about a quarter of an hour of the
operation there was so much saliva and mucus excited by the ether that it was impossible to
keep the patient properly under, and I therefore changed to chloroform, which I administered”
with extra care, for the reason already stated, /.., in addition to simply satisfying myself that
the respiration was good, I proceeded with the sprinkled lint lying on the separated figures of
my right hand in front of the mouth, which enables one to feel the force of expiration ; with
my left middle finger on the left temporal pulse and my left thumb holding up the left ::I!PPEI'
lid of the PntiE]lt, and fl}Bﬁ]]g the corneal reflex when Necessary, Wﬂtﬂhjﬂg the T'Eﬂpimtﬂ
movements of the abdomen (which was exposed), the complexion of the face, and the pupil ?;'

the eye. After about half an hour I suddenly missed the temporal pulse, and found it was also

absent from the wrist, notwithstanding that the respiration continued, After a few ety

f‘,ha pulse rei:ur‘nfad, ﬂ]ldl the pharyngeal reflex being present I gave two teaspoonsful of brandy
in small quantities, which were swallowed, Then continuing the chloroform guardedly as
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before, after twenty minutes the pulse ceased again, and I asked the nurse to give an enema of
half an ounce of brandy with water, called the attention of those around to the absence of pulse
and the continuance of respiration, which they observed before the respiration ceased, when
a little artificial respivation so far restored the patient that the operation was continued and
completed in another twenty minutes, During this latter time a very little chloroform only
was given when the patient had so far recovered as to call out loudly. The patient afterwards
told me he felt nothing of the operation. This patient’s heart was, so far as could be ascertained,
practically sound. Here then was an operation taking place under chlovoform, during which
the pulse of the patient undoubtedly failed before the respiration on two oeccasions, the pulse
recovering on the first without cessation of respiration, and the respiration failing on the second
occasion some seconds after the pulse, and while it was still not to be felt.

I have endeavoured to show in this letter the importance of the pulse as a guide to the
anmsthetist, under some circumstances, during chloroform administration ; and it is not my
intention to express an opinion as to which of the two,—the respiration or the circulation,—
invariably ceases first in death from chloroform, believing, as I do, that it is sometimes one
and sometimes the other.

I am, Sirs, yours faithfully,

RICKARD W. LLOYD,
Russell-road, Kensington, W., March 15th, 1891,

REPORTS TO THE SCIENTIFIC GRANTS COMMITTEE
OF THE BRITISH MEDICAL ASSOCIATION.

REPORT ON AN EXPERIMENTAL INVESTIGATION OF THE ACTION
OF CHLOROFORM AND ETHER.

Read in Abstract in the Section of Medicine at the Meeting of the British Medical
Association at Birmingham, July 1890,
By JOHN A. MacWILLIAM, a.., Regius Professor of the Institutes of Medicine
in the University of Aberdeen.

[Reprinted from * British Medical Journal” of Oct. 18th, 25th, & Nov, 1st., 1890.]

TuE following research was systematically commenced in 1888, and has been carrmd on
at intervals since then. The experiments have been conducted upon animals of various kinds,
chiefly upon cats and rabbits, The most important experiments were performed on cats, and
all the results detailed in this paper are to be taken as being applicable to that animal.
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PART L

The experiments may be divided into two classes, The first class ﬂﬂl.:ﬂpl'iﬂﬂﬁ. those
experiments in which chloroform was given in the ordinary way by in]m]nf.;mn, while t-l?e
respiratory movements and the blood-pressure were graphically recorded. This method, in
addition to leading directly to certain conclusions, gave results which were largely nsed for
comparative purposes.

The second elass of experiments comprises those in which a new method of stndying the
condition of the heart and vascular system was employed. By this method a simultaneous direct
graphic record of the action of the auricles and the ventricles was obtained, alongside of a tracing
of the arterial blood-pressure ; precise information as to the state of the different parts of the
heart was derived directly from the organ itself. There can be no doubt that blood-pressure
tracings alone are entirely unsafe guides as to the strength and character of the heart’s action,
or even of the ventricular beats. The oscillations in a blood~pressure tracing eaused by the
ventricular beats do not furnish any sure indieations of the condition of the ventricular action,
A weak ventricular beat may cause a very large oscillation in the blood-pressure trace, and
vice versd. 1 have shown in a former paper that when the heart recommences beating after a
period of inhibition (from wvagus stimulation), the abnormally extensive oscillations in the
blood-pressure tracing caused by the recommencing beats are often due to systoles that are
much weaker than normal, The oscillations in a blood-pressure trace depend upon the amount
of blood thrown out by the heart into the aorta, and the conditions obtaining in the arterial
system at the time. Hence it is evident that blood-pressure records cannot be relied upon as
giving accurate information as to the state of the cardiac action,*

Mode of obtaining Direct Graphic Records of the Cardiac Action and Blood-pressure
Tracings simultaneously,—The animal to be experimented upon was completely anasthetised
with chloroform in a box, and was then made fast in the usual manner upon a Czermak’s
holder, a tin of warm water being interposed to maintain the temperature as far as possible,
A canula was inserted into the left carotid artery, and connected with a Ludwig’s kymograph,
80 as to give a blood-pressure tracing in the ordinary way. Tracheotomy was then performed,
and a canula tied in the trachea, through which artificial respiration was maintained by means
of a bellows worked steadily and regularly (by a small motor) at a known rate and in such a
way as to supply a uniform amount of air at each stroke. The expired air escaped through side
apertures. The rate and extent of the artificial respiratory movements were made to correspond
as far as practicable to the rate and extent of natural respiration under ehloroform,

The thorax was then laid open, the part of the chest wall over the cardiac region—in-
cluding the lower part of the sternum—being removed. Ligatures were tied round the ribs
before they were cut through, in order to prevent hemorrhage. The internal mammary arteries
were clamped, and when necessary hmmostatics were applied to prevent oozing from bone
&c. The pericardial sac was then laid open, and the recording apparatus placed in pnzmsitil::nz]+
The whole proceeding was accomplished with only a very trifling loss of blood, ‘

* Journal of Physiclogy, Vol. IX., p. 868.
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The recording apparatus employed to register the heart’s action was one which 1 have
already deseribed in the Journal of Physiology, vol, ix. It is adapted for recording the move-
ments of one auricle and one ventricle simultaneously, Either auricle can be registered ;
sometimes the one and sometimes the other was used. A thread was attached to the tip of
the aurieular appendiz, and this thread led to a receiving tambour which communicated with
a recording tambour ; the latter inscribed its movements on a smoked surface. In order to
prevent possible displacement of the auricle in the course of the experiment, its dorsal part -
was steadied by fixing in a clamp the parietal pericardium close to the auricular tissue, cara
being taken not to include any of the auricular substance in the clamp. The clamp was held
firmly in position by means of a brass rod, With such an arrangement each contraction of the
auricle eauses a pull upon the thread and a movement of the lever of the recording tambour.
Henece the contraction and relaxation of the auricle are expressed by up-and-down movements
of the recording lever upon the smoked surface. Moreover, distension or dilatation of the
auricle causes—by slackening the thread—a change in the level of the recording lever ; the
arrangement of the apparatus is such that the lever rises. On the other hand, during collapse
of the auricle the thread is subjected to increased tension, and the level of the recording lever
falls, Thus any continued distension or collapse of the auricle will be attended by u.curraﬁpnnd-
ing displacement of the recording lever.

In order to obtain a ventricular tracing a boat-shaped vuleanite trough was first slipped
underneath the ventricles, so that the latter had a firm bed to rest upon 3 the vulcanite trough
was rigidly held ¢n situ by a strong iron rod. Then a float attached to a light lever was made
to rest upon the ventral surface of pither ventricle, and this lever was connected with a system
of tambours in such a way that any movement of the float was communicated to a recording
tambour, and inscribed on the smoked surface beneath the tracing simultaneously written by
the action of the auricle. The beats of the ventricle canse up-and-down movements of the float
resting on its ventral surface, and these movements are recorded on the smoked paper by an
up-and-down movement of the recording lever. Further, any dilatation of the ventricle causes
an elevation of the float and a corresponding elevation of the recording lever ; and any collapse
of the ventricle or diminution of its dorso-ventral diameter is attended by a lowering of the float
and a corresponding lowering of the recording lever. Thus while the recording lever indicates -
the beats of the ventricle by a rapid np-and-down movement (excursion), it also indicates con=
tinued distension or collapse of the ventricle by a continued elevation or depression of the level
from which it starts on its rapid up-and-down movement (excursion). Distension of the ventri-
cle causes an elevation of the general level or base line of the tracing inscribed by the record-
ing lever on the smoked paper ; collapse of the ventricle is attended by a depression in the
general level or base line of the tracing,

It is impossible for me to enter fully into the principles and mechanism of this mode of
recording the heart’s action ; it is sufficient for my present purpose to state that ﬂ]iamethﬂi_i':
has been found, by an extended experience of its working in experiments of many different
kinds, to give accurate indications of changes in the rate and energy of the cardiac action, nn.d
also of changes in the state of the heart’s chambers as regards distension or the opposite condi-
tion. The results obtained with this apparatus have been tested and controlled by the employ=
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ration of the chloroform was somewhat more rapid in the earlier stages than in the later, when
most of the chloroform had volatilised and the surface of fluid exposed to the air was diminish-
ed ; but, even allowing for this, it is certain that at no time was the amount of chloroform
vapour in the air over 3 per cent., and even when more chloroform was added before the first
minim had evaporated, the strength was always kept under 4 per cent.

Different samples of chloroform (obtained from Messrs, Morson and Son, Martindale, and
others) were used. Hach of the samples was carvefully tested, and the following results were
obtained :—

(1) Appearance and smell characteristic of pure chloroform ; (2) specifie gravity 1407 ;
(3) absolutely neutral to litmus paper ; (4) when dropped into distilled water transparent
globules were formed, with no milky halo of opalescence ; (5) not coloured on agitation with
sulphurie acid ; (6) when shaken with distilled water nitrate of silver gives no precipitate ; (7)
no green colour with chromic acid ; (8) iodine gives a violet colour,

When ether (specific gravity 0°725) was used instead of chloroform the amounts injected
into the bottle were much larger—15 to 25 minims at a dose.

(For the sake of brevity I shall refer to the bottle in which the anmsthetics were admin-
istered as the * anwmsthetic bottle.”)

PART II.

Mode of Conducting the Euperiment—During the whole progress of the experiments the
animal was kept in an unconscious state. In addition to the necessity of obviating any chance
of suffering, it was essential for the accurate working of the registering apparatus and the
suecess of the experiment that the animal should be motionless ; the slightest movement or
displacement might seriously interfere with the precision and regularity of the graphic records.
And of course the use of other drugs, such as morphine or chloral, was contra-indicated, as they
would complicate, and might vitiate, the results. The animal was accordingly kept under
chloroform during the whole of the time, excepting the periods when ether was given instead
of ehloroform, Thus the experiments consisted in the administration of a further amount of
the anwsthetic to an already unconscious animal, so as to induce a deeper anwmsthesia. When
the increase of chloroform was about to be given, the condition of the animal was frequently
_ such that it was unconscious and motionless, the heart action and blood-pressure steady and
regular, the majority of the réflexes abolished ; but unconscious winking of the eyelid on touch-
ing the conjunctiva was commonly present. A further amount of chloroform (usually T minim
at a time) was then injected into the anmsthetic bottle, and there it evaporated and mingled
with the air pumped through the boitle by the bellows. Only a small portion of the air passing
through the bottle entered the animal’s lungs ; the greater part escaped through the side tub?ﬁa
Thus only a small portion of the chloroform introduced into the bottle reached the pulmonary air=
cells, Meanwhile the state of the conjunctival reflex was closely watched, and it afforded very
valuable indications ns-to the action of the drug, In many cases chloroform was given in sufficient
amount to cause a complete abolition of the conjunctival reflex ; but frequently thero were
changes of a marked character both in the state of the heart and the blood-pressure before the
influence of the chloroform was sufficient to cause a disappearance of the conjunctival reflex,
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The chiefeffects of chloroform shown by these experiments I shall now proceed to describe.

Fall of Blood-pressure—The fall of blood-pressure well known to result from the in-
fluence of chloroform was seen in the usual forms, slight and severe, gradual and rapid. In
some cases the fall was preceded by a slight temporary rise.

Diminution in the Force of the Heart Beat.—When the blood-pressure has fallen consider-
ably from the influence of chloroform, there is seen a marked diminution in the force of both
the auricular and the ventricular beats, indicated by a lessened excursion (or up-and-down
movement) of their recording levers. The height of the curves inseribed on the smoked paper
by the systole of the auricle and ventricle is markedly reduced.

Now such a reduction in the contraction force of the heart is not necessarily due exclu-
sively to any direct influence of chloroform upon the organ. For a marked lowering of the
blood-pressure from causes not directly affecting the heart, (for example, arterial relaxation) leads
to a diminution in the force of the cardiae beat. The fall of blood-pressure involves, among other
conditions, a lessened resistance to the discharge of blood from the ventricles and a reduction
of the blood supply to the heart itself through the coronary vessels, In such circumstances the
cardiac systole becomes diminished in force, as can easily be demonstrated with such a record-
ing apparatus as the one ahove described. Henece the weakening of the heart’s beat under
chloroform may be in part attributed simply to the fall of blood-pressure brought about by the
drug. But though a certain diminution in the force of the cardiac beat may be explained by
the associated fall of blood-pressure, such a cause certainly does not account for the marked

depression of the heart which oceurs under chloroform, and becomes expressed by a dilatation
of the cardiac chambers,

Dilatation of the Heart.—When chloroform was given in sufficient amount to abolish
the conjunctival reflex completely, and very often before that point had been reached, distinet
dilatation of the heart commonly occurred. This change involved both auricles and ventricles
right and left. Whether the tracings were taken from the right auricle and ventricle or from
the left auricle and ventricle, the results were substantially the same ; more or less pronounced
dilatation of the whole organ was clearly present. The general level or base line of the tracings
(auricular and ventricular) became elevated to a greater or less extent, indicating an elevation
of the portion of the auricular and ventricular walls connected with the racording apparatus.
This depended upon a continued increased distension or imperfect emptying of their cavities,
causing an increase in the dorso-ventral diameter of the various chambers, After a time, unless
the dose of chloroform had been too great, the phase of dilatation passed away ; the parts of
the heart resumed their former size ; the tracings sank back to their former level or base line
and resumed the characters they had borne before the chloroform had been given, :

These changes were caused over and oyer again with remarkable constancy in the same
animal by repeated doses of the anmsthetic. Dilatation and recovery followed one another
w;frith 'grant regularity, as the chloroform was given again and again. The ocourrence of dilata-
tion is often remarkable for its suddenness ; its commencement frequently begins to be visible

in the tracings within a few seconds (often under five seconds) of the inject]
into the anmsthetic bottle, ) of the injection of chloroform
1]



306

In some cases the cardiac dilatation affected the whole organ with tolerable uniformity.
In other instances the auricles and the ventricles were unequally affected, sometimes the auricles
and sometimes the ventricles being more readily influenced. Occasionally the laft auricle
became very prominently distended. The distension of the auricles may, in some cases, be in
part a secondary change. Their dilatation may be brought about or contributed to by a pre-
ceding distension of the ventricles, whereby the auricles are rendered unable to discharge their
contents in a normal manner, and so become distended. But in all probability the auricular
dilatation is partly a primary change caused by the direct influence of chloroform, and not
simply by the obstacle to their emptying themselves offered by the presence of an already
existing ventricular distension. The fact that the auricles sometimes become affected much
more readily and extensively than the ventricles supports this conclusion.

The cardiac dilatation that occurs from the influence of chloroform is independent
of any distinet change in the rate of the heart’s action. There is no slowing, or indeed any
characteristic alteration of rhythm. The rate of action commonly remains unimpaired, even
when all the chambers of the organ have become greatly distended. When the dilatation has
become extreme the heart fails in its function at the central organ of circulation. Though
it continues to contract rhythmically, its action is feeble and entirely ineffective, and its eavities
remain gorged with blood. In this condition evidence of rhythmic movement may still be
obtained in the intact animal by passing a needle through the chest wall into the heart (as was
done in many of the experiments of the Second Hyderabad Chloroform Commission).

Relation between Dilatation of the Heart and the Fall of Blood-pressure.—The occurrence
of cardiac dilatation from chloroform is usnally associated with a marked fall of blood-pressure.
Now, a fall of blood-pressure involves various changes, nutritive and mechaniecal, in the heart ;
a5 already mentioned, there is a diminished resistance to the ventricular systole and a lessened
blood supply through the coronmary arteries. But it can be clearly shown that the cardiac
dilatation above described is not due to the oceurrence of a fall of blood-pressure and the
changed conditions of heart action dependent on that fall,

The amount of dilaiation is not always proportionate to, and does not always run parallel
with, the fall of blood-pressure, Sometimes there is a marked lowering of the blood-pressure
with little or no cardiac dilatation ; while, on the other hand, dilatation not infrequently begins
before the fall of blood-pressure has commenced, and, indeed, even during the temporary rise
of pressure which sometimes precedes a marked fall, Again, at other times dilatation occurs
in marked degree when the fall of pressure is being recovered from, when the pressure has
risen to some extent, and is still rising.

Farther, cardiac dilatation may, though rarely, be induced in a pronounced degree by
the influence of chloroform without any appreciable change in the blood-pressure.

Causation of the Cardiae Dilatation—Many years ago it was shown that chloroform in
considerable strength is able in certain circumstances to cause contraction of small arteries ;
this would lead to an increased resistance to the outflow of blood from the large ﬁameh.
Hence, the possible influence of chloroform upon the pulmonary vessels has to i
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sion of this sort 85 a result of the administration of ether. Indeed, in more than one
instance when the periodic depression was strongly marked and kept recurring again and again,
a dose of ether was speedily followed by a complete disappearance of the phenomenon in ques-
tion. The heart’s action improved in a remarkable way ; it became strong, steady and regular,

It may be noted that the oceurrence of this great depression of the cardiac action in cats
some time after the administration of chloroform, and after partial recovery from its effects,

has a curious parallel in the records of some cases in the human subject.

Effect of Ether compared with those of Chloroform,—The results obtained with ether
have been strikingly different from those following the use of chloroform The ether was
administered in the same way as chloroform--by injection into the anmsthetic hottle—but
larger quantities were used (for example, 25 minims at a time), and the dose was
less gradually given. Instead of being gradually introduced drop by drop into the
bottle, it was very often thrown quickly in from the syringe. The condition of the con-
junctival reflex was closely watched. Often the dose was given ata time when unconscious
winking on touching the conjuctiva was distinetly marked. Then a sufficiency of ether was
given to cause a complete abolition of the reflex. The blood-pressure unusually fell to some
extent, but the cardiac condition was very different from that seen under chloroform. Instead
of becoming markedly dilated as with chloroform, the heart showed, as a rule, no dilatation ;
or there was very slight and transient dilatation lasting only a few seconds, attaining no
serious proportions, and speedily passing away. The occurrence of even a brief and
fleeting phase of slight dilatation was chiefly associated with those experiments where
ether was given in large amount with great suddenness. In very many instances
there was not the slightest indication of cardiac dilatations. On the contrary, a change in
the opposite direction was on several occasions observed—a rapid recovery from the attacks
of periodic ventricular depression that have been described as sometimes following doses of
chloroform, The difference between chloroform and ether in their relation to cardinc dilatation
is strikingly illustrated in the tracings obtained in the way I have already described. Again
and again in the course of a prolonged experiment the conjunctival reflex was abolished by
the use of ether without any special effect upon the heart, whereas in the same animal chloro-
form, administered in the same way brought about a marked dilatation of the cardiac chambers—
when given gradually, mixed with abundance of air, in an amount sufficient to abolish the con-
junctival reflex, and indeed often before that point had been reached. In some experiments
the anmsthetics were alternately given, and the characteristic results of the two were alternately
manifested with great constancy and precision. Chloroform (always under 4 per cent, of
chloroform vapour in the air) was given, leading to partial or complete loss of the conjunetival
reflex and pronounced dilatation of the heart. When these effects had passed away and the
original condition had been restored, ether was given in such an amount as to abolish the con-
junctival reflex ; this was usually attended by no cardiac dilatation. When the effects of
other had disappeared, chloroform was given with the same results as before ; then ether again
with its characteristic difference of effect, and so on.

When ether is given with the result of causing a fall of blood-pressure, thereis at
the same time a reduction in the force of the heart’s beat, This reduction appears, as a rule,
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the vaso motor centre prior to the depression of its activity., It has already been stated that
when chloroform is given in such an amount as to cause a marked fall of pressure, there com-

monly occurs at the same time a more or less marked dilatation of the heart. In the healthy
animal the latter change does not, in the earlier stages of a fall of blood-pressure, appear to play

nearly so important a part in lowering the pressure s does the depression of the vaso motor
centre induced by the influence of the chloroform, The pressure is, as a rule, much more

readily lowered by the action of chloroform on the vaso motor centre than by its action on the
heart, But in the latter stages of a great fall of blood-pressure, when the anmsthetic is given
s0 as to produce a profound effect, the cardiac dilatation becomes a factor of prime importanee,
and it becomes impossible to raise the pressure by any means affecting the arterial system alone ;
the pressure can only be raised by restoring, in some measure, the pumping power of the heart,

or by the supplying of some mechanical substitute for this power, for example, by rhythmiec
compression of the ventricles with the hand.

The relative susceptibility of the vaso motor centre and the heart to the influence of
chloroform appears to vary considerably, Commonly the vaso motor centre becomes markedly
depressed before cardiac dilatation is evidenced in any considerable degres. In some instances,
however, the cardiac dilatation begins early, before the vaso motor centre has suffered any
depression and even while it is stimulated, as sometimes occurs as a primary result of the action
of chloroform upon this centre.

Possibly a good deal depends on the state of the heart at the time. If the heart is
strong and possesses a considerable reserve of power over and above what is necessary to expel
its contents in ordinary eircumstances, it can readily be conceived that a considerable amount of
chloroform might be taken without causing any evidence of failure, the reserve of power
making up for the depressing influence of the chloroform ; meanwhile, the vaso motor centre
being acted upon by the chloroform, the blood-pressure would fall. On the other hand, if
the heart is, to begin with, just able to perform its function, it is intelligible that a comparatively
slight depressing influence exerted on it by chloroform would soon cause it to exhibit signs of

dilatation. Many nervously weak hearts possibly come into this category.

Some Effects of the Falls of Blood-pressure~—The fall of blood-pressure is, in a certain
sense, protective ; it retards the continued access of the angesthetic to the vital organs. L have
frequently been struck with the great resistance shown to the influence of both chloroform
and ether in animals where a very low pressure was present from arterial relaxation, due to
causes other than anmsthetics, for example, voso motor paralysis. In such conditions large
doses of chloroform and ether can be given—mixed with the air entering the' lungs—with little
or no effect on the heart and blood-pressure. On the other hand, the fall of blood-pressure
may become excessive and prove a source of great danger. Fatal failure of some of the vital
organs may be determined by the defective blood supply attendant on an insufficient pressure,
and this in all probability more readily in certain morbid conditions than in the healthy animal.

Modes of counteracting the Fall of Blood-pressure in the Carotid Artery caused by
Chloroform.~—When a great fall of blood-pressure has been caused by the inhalation of ohlﬂ—
roform in the ordinary way, inversion of the animal has been found to exert a slight effect in
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within the lungs is negative, (It is not probable that this difference is of importance, for
there is much evidence obtained by different workers which tends to show that the effects of
chloroform depend upon the amount of its reaching certain parts in a given time, the exact
mode of its introduetion not making any essential difference. But direct proof on this point
will be adduced presently.) Further, in the experiments above described, the pericardial sac

was laid open, the heart was exposed, and recording apparatus was brought into connection
with it,

How far such abnormal conditions may invalidate the results obtained, as far as their
application to the ordinary inhalation of chloroform is concerned, has now to be considered,
I hold that they do not materially interfere with the applicability of the conclusions arrived at.
It seems to me that there is conclusive evidence showing that the action of chloroform, in the
respects above detailed, i3 essentially similar in the conditions under which my experiments
have been conducted, and during ordinary inhalation in the intact animal. I shall now proceed
to state briefly some proofs of this conclusion,

1. With regard to the possible influence of the presence of recording apparatus upon
the cardiac action, it is important to notice that the more considerable changes in the state of
the heart ean be verified by direct inspection of the exposed heart without the use of apparatus,
though, of course, such a mode of examination is insufficient to detect the finer changes that go
on. The hroad fact of the occurrence of cardiac dilatation 1 have often verified by simple
inspection of the heart without the use of any recording apparatus, Hence it is plain that this
change is not dependent on any interference with organ from the application of the recording
apparatus ; and, indeed, there can be no doubt that when the recording apparatus is used the
action of the heart can hardly be disturbed in any serious degree, for it continues to work
during long periods with very remarkable regularity and efficiency. Moreover, for compara-
tive purposes (for example, the relative effects of chloroform and ether) the influence of the
apparatus cannot interfere, as it is constant,

2, In regard to the opening of the pericardial sac, I shall only remark here that I have
heen able to observe distinet changes in the heart, of the nature already described, even through
the intact pericardium.

3. With reference to the altered respiratory conditions present when the results
deseribed in Part II. were obtained, I have made a number of experiments to compare
in the same animal the influence of a certain amount of chloroform (a) during the ordi-
nary inhalation of chloroform in the intact animal, and (#) when air containing chloroform
was artificially pumped into the lungs. The method adopted was the following :—A cat,
anmsth etised with chloroform, was fastened on a Czermak’s support, and the left carotid artery
was connected with a kymograph, so as to give a blood-pressure tracing in the ordinary way.
The animal was then made to breathe through the anmsthetic bottle, inspiring the air by its
spontaneons respiratory movements, This was done by connecting the bottle (&) with an air-
tight bag tied over the animal’s mouth or nose, or (b) with a canula inserted into the trachea.
The connection between the anmsthetic bottle and the hellows used for artificial respiration was
removed. With this arrangement the animal in breathing inspired atmospheric air through
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the anwmsthetic bottle, through the same channel traversed by the air passing into the lungs
when artificial respiration was used. Chloroform could readily be added (by means of the
hypodermie syringe) to the air as it passed through the bottle : and thus definite doses of the
anmsthetic could be administered to the animal, inhaled by its own spontaneous respiratory
movements, The effects of accurately measured amounts of chloroform (given in this way)
upon the blood-pressure, the conjunctival reflex, and the general condition of the animal were
cavefully recorded, Then, after an interval, when the effects had been recovered from, artificial
vespiration was substituted for the spontaneous breathing, the other conditions of the experi-
ment remaining unchanged ; air was pumped through the anwmsthetic bottle into the lungs,
instead of being inspired in the ordinary way ; an equal dose of chloroform was administered
and its effect wateched. The influence of the anmsthetic was found to be remarkably similar to
what was seen during spontaneous inhalation, provided the rate and depth of the artificial
respiratory movements were made to correspond with the rate and depth of the spontaneous
respirations. Two or three minims of chloroform induced similar effects, as evidenced by the
blood-pressure, the conjunctival reflex, and the general condition, whether the chloroform vapour
was taken in by the spontaneous breathing of the animal or was artificially pumped into the lungs,
Hence it may be concluded that the intake of chloroform is substantially the same whether it
is given by spontaneous inhalation (in which case the pressure within the Iungs during the
inspiratory movement is negative), or by artificial vespiration, when the pressure within the
lungs during the phase corresponding inspiration is positive. The abnormal conditions
of artificial respiration do not apparently make any essential difference in regard to the effects
of chloroform, provided the number and depth of the respiratory movements are the same, and
the percentage of chloroform in the air taken into the lungs is identical in the two cases,

4. The nature and extent of the fall of blood-pressure caused by chloroform is, as a rule,
an excellent guide to the degree in which the influence of the drug has been exerted upon the
general condition of the animal, When the fall is sudden and extensive it gives ground for
apprehension that an overdose has been administered ; on the other hand, when the fall is
gradual and moderate we may safely assume that the amount of chloroform in the circulation
is not too great. Now, applying this test to the experiments described in Part IL., we find that
dilatation of the heart is present when the fall of pressure is no greater or more sudden than
often occurs— without arrest of the respiration or other serious result—swhen an animal (with
intact thorax) inhales chloroform in the ordinary way. For example, in an animal taking
chloroform by natural respiration the blood-pressure—as shown by a kymograph connected
with the left carotid artery—was reduced by chloroform from 160 millimétres to 80 millimétres
ﬂnfl again from 160 millimétres to 94 millimétres, without stopping the respiration. In the same
ilI!J.mﬂ.l after the thorax had been opened and the cardiac recording apparatus applied, a much
slighter reduction of pressure by chloroform—from 112 millimétres to 94 mi]iimﬁtles—wug
ﬂﬂﬂﬂmpﬂ?iffd by .prnnmtncud dilatation of the heart. Moreover, in one instance, chloroform
ﬂsiiﬁlfiii:;:;z; ;]:ﬂ:;l:::;l thﬂe the pressure re.nmiucd tolerably st&ml:ff at about 106 millimétres,

s Yy that cardiac dilatation may occur at a time when the amount of
chloroform in the cirtulation is not excessive—when there is reason to believe that the anms-

ﬂlmﬂ;}ﬂ present in no larger amount than during ordinary inhalation.
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5. Evidence of great importance in regard to the question under consideration is
afforded by the state of the conjunctival reflex.* We have seen that pronounced changes may
oceur in the heart before the conjunctival reflex is completely abolished. This shows plainly
that the amount of chloroform in the circulation was not excessive, else the reflex would not
have been present. We know that the conjunctival reflex is, as a rule, abolished long before
there is any danger of respiratory paralysis. The presence of the conjunctival reflex during
cardiac dilatation makes it plain that a comparatively small amount of chloroform— less, indeed,
than is commonly used for deep ansesthesia—can affect the condition of the heart in a notable
degree. There could hardly be a stronger proof. The abnormal condition of the experiment can
scarcely interfere with the abolition of the conjunetival reflex at least not more than operative
procedure of various sorts, Further, it is clear that, as a comparative test of the action of
chloroform and ether, the presence of the conjunctival reflex is of prime importance. Any in-
fluence exerted by abnormal conditions of experiment is present equally in both cases ; hence
they cannot interfere with the fair comparison of the two ansmstheties,

6. Another form of experiment may be brought to bear upon the question under
consideration. A cat is deeply chloroformed by natural inhalation in the ordinary way, by
holding a cloth with a small quantity of chloroform near the animal’s mouth and nose. Deep
ansthesia is brought about, the conjunetival reflex being completely abolished, while the respi-
ration goes on regularly. Then the chest is rapidly opened and the heart examined. In some
cases I have caused artificial respiration—by means of a canula thrust into the trachea—to be
performed as soon as I began to open the chest, in order to avoid any chance of error from an
asphyxial condition being developed during the short period elapsing between (z) the cessation
of the natural respiration (on account of the theracic wall being cut through), and (b) the
moment at which the state of the heart became visible. By this mode of experiment I have
seen distinct evidence of cardiac dilatation cansed by the inhalation of chloroform in the usual
way, even though when it had not been carried to such an extent as to paralyse the respiration,
and when there were no abnormal conditions to be considered.

7. The evidence obtained from an inquiry into the mode in which chloroform proves
dangerous gives information of great importance. Undoubtedly, in the great majority of cases
of chloroform collapse, the respiration stops before the heart action has become entirely
ineffective. Indeed, in healthy animals, at the time the respiration stops and for a variable
period afterwards, the heart, though dilated, is, as a rule, quite able to play its part in ma.in-
taining a blood-pressure which, though low, is compatible with the continuance of life.
This is, T believe, by far the most common condition in healthy animals. The heart is directly
acted upon by chloroform, with the result of inducing a more or less extensive dilatation of
its chambers ; but this depression does not, inthe majority of cases, assume lethal propor-
tions until the respiration has been arrested. The cardiac change is usually not sufficient by
itself to induce a fatal result ; when death occurs, the depression of the heart is commonly
associated with vaso motor and respiratory failure. But since the heart is directly acted on by

chloroform, and that to a variable extent, it would not be surprising if, in some cases at

* The conjunctival reflex is, in cats, an excellent guide to the general conditions of the animal, though, os in the
human subject, there are occasionally slight variations in the time at which it becomes abolished.
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the heart inspected. The organ was found to be greatly dilated in all its parts, while
extremely feeble rthythmic contractions were still present, utterly incapable of discharging the
contents of the cardiac chambers, Rhythmic compression of the ventricles was then employ-
ed, and kept up for nearly twenty-five minutes, at the end of which the regular action of the
heart was restored—more than thirty-five minutes after the collapse had oceurred. The
ordinary blood-pressure was soon regained, the respiratory centre speedily showed signs of
activity, the conjunctival reflex was restored, and the condition of the animal kept up throngh
the whole duration of a long experiment as if no collapse had oceurred.

Casg IIL.—Corresponded in all its details so closely with the history of Case II., that
it is unnecessary to relate the sequence of events in detail. The spontaneous respiration
continued for fen minntes after the exposed carotid artery had become collapsed and
pulseless. Recovery was brought about in the same way as in Case II.

The phenomena presented by all thesze cases were most closely observed, and recorded
immediately afterwards. The features of the collapse showed a remarkable resemblance to
what has often been deseribed as oceurring under the influence of chloroform in man. Care
was taken to leave no room for doubt as to the nature of the spontaneous respiratory move-
ments which went on so long (ten minutes) after the circulatory failure. They were no
deceptive movements of the chest without proper entrance of air ; each respiratory effort
was attended by a free passage of air into the thorax. The reason why the spontaneous
breathing movements continued long even after vigorous artificial respiration was instituted
was, in all probability, that though abundance of air was supplied to the lungs by artificial
respiration, the collapsed state of the circulation prevented the due conveyance of oxygen
from the lungs to the respiratory centre in the medulla oblongata ; hence that centre went on
sending out impulses to the respiratory muscles.

It is evident the collapse was not dependent upon vaso motor paralysis ; firm pressure
immediately applied to the abdomen produced no beneficial result, as it would have done had
the heart not been rendered functionally incapable by the influence of that chloroform,

It is extremely probable that a condition of cardiac failure occurred in some of the ex-
periments of the Second Hyderabad Chloroform Commission. In their Report™ (Section 25)
they state that it is never in any case certain that artificial respiration will restore the natural
respiration and blood-pressure, no matter how soon it is commenced after the respiration stops.
And they found that in some cases, even after the spontaneous respiration had been restored,
the pressure continued to fall and respiration again ceased ; artificial respiration then failed,
Such results were in all probability due to the heart being greatly dilated and unable to perform
its functions.

Occasional Occurrence of slowing of the Heart’s Action under Chloroform.—A temporary
but marked slowing of the cardiac rhythm under chloroform I have seen in varions intances.
Such a change was first illustrated, as an effect of chloroform, by the tracings of the Chloro-
form Committee of the British Medical Association (Glasgow Committee) in 1879, As far as

* Laneet, January 18th, 1800,
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A large amount may be given in half an hour with a continuous but slight effect upon the

several functions, but a mere fraction of this quantity given in half a minnte may be suffi-
cient to cause death,

Now, variations in the effects of chloroform in any particular animal appear, in ordi-
nary circumstances, to be effected more powerfully by changes in the number and depth of
the respirations than by any other factor. When chloroform is given by inhalation in the
usual way (upon a cloth held near the mouth and nose), an amount of the drng which may be
used with safety during ordinary easy breathing may speedily produce dangerous results when
the respirations become rapid and deep. On some occasions I have tested this matter in a
slightly different way—by causing an animal to breathe through the anwmsthetic bottle, and
observing the influence of certain definite doses of chloroform (a) during easy breathing and ()
during rapid gasping respiration, the state of the blood-pressure and the general condition of
the animal being similar in both instances. The chloroform was given by being introduced
into the anwsthetic bottle, throngh which the animal’s (spontaneous) breathing was carried on,
The difference in the effects of a few minims of chloroform in the two cases was very striking ;
a dose that had only a slight influence during easy breathing was productive of powerful effects
when given during rapid and deep respiration.

In experiments where artificial respiration was carried on by pumping air into the
lungs, I have often tested the same point. Respiration was first carried on at a moderately
slow rate (20 to 30 per minute), and the extent or depth of the respiratory movement was
such as to resemble easy breathing., A certain amount of chloroform was injected into the
angmsthetic bottle, and its effects on the blood-pressure, conjunctival reflex, ete., recorded,
When the results of this administration had passed away, a change was made in the artificial
respiration ; the movements were accelerated (to 60 per minute), and rendered more extensive;
then chloroform in the same amount as before was introduced into the bottle, It was found
that equal doses of the anssthetic, administered in the two different conditions of (a) moder-
ate respiration, and () exaggerated respiration, had remarkably different effects. With moder-
ate respiration, the results of a certain dose (for example, two minims), were very slight,
whereas the same dose during exaggerated respiration cansed great depression—extensive fall
of blood-pressure, ete. In these experiments the thorax was intact, and the animal was unin=
jured save for the introduction of a canula into the carotid artery for the purpose of obtaining
a blood-pressure tracing, and a canula into the trachea for artificial respiration,

Similar results were obtained in experiments conducted with thorax laid open and
recording apparatus applied to the heart, as deseribed in Part II. of this Report. The minuteness
of the doses of chloroform required to produce very marked results in many of my experiments
(described in Part I1,) was in close relation with the rapidity of the artificial respiration carried
on. Such a respiration was necessary in order toavoid the manifestation of spontaneous efforts
at breathing, Moreover, this rate is no greater than what is very frequently seen in the
spontaneous breathing of the cat under chloroform,

From the great variation in the influence of a definite amount of chloroform, Fﬂﬂ?‘l‘d"ﬂg
to the rate and depth of the respiration, it is evident that the ensuring of free dilution of
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At times sudden exaggeration of the respiration and a rise of blood-pressure may result
from a temporary obstruction of the breathing, And in some instances it is possible that exag-
gerated respiration may be due to a directly stimulating effect of chloroform on the respiratory
centre, but in this case it would probably not be so sudden in its development.

Influence of certain Changes in the Action of the Heart and in the Blood-pressure upon
the Effects of Chloroform Inhalation.—I have seen no grounds for believing that changes in the
action of the heart alone (for example, changes in rate) can influence the results of chloroform
administration, except in so far as such changes affect the blood-pressure. A great increase in
the rapidity of the heart’s action may be attended by little or no rise in the blood-pressure,
I have frequently seen a great and sudden acceleration of the heart without any important
change of pressure ; and, conversely, a marked slowing of the cardiac rhythm may be accom-
panied by no fall of pressure. Tt is really the alteration brought about in the blood-pressure
that is directly productive of marked effects in regard to the influence of chloroform, Changes
in blood-pressure do undoubtedly modify in every important degree the results of chloroform
or ether inhalation, The great resistance towards both chloroform and ether during certain
conditions of low arterial tension (for example, from vagus stimulation or section of gplanchnies)
has been already referred to, and is quite in accordance with the observations of the
Hyderabad Commission on the same point. An amount of chloroform which may be given
during a state of low arterial tension (depending on causes other than the anwmsthetic) without
marked effect may lead to grave results if the pressure be suddenly raised by artificial means,
for example, by compression of the abdominal aorta. The dose of chloroform then reaching
the vital organs is largely increased on account of the great angmentation of the blood stream
in the head and upper part of the body. In this way a sudden change of pressure may be
productive of dangerous effects,

During a condition of low arterial pressure the occurrence of an asphyxzial condition may
cause a great rise in the pressure, and thus lead to considerable variations in the amount of
chloroform reaching the vital tissues, especially if the elevation of pressure be followed by the
occurrence of exaggerated respiratory efforts, as may readily happen on the removal of a
mechanical obstruction to breathing,

When a low arterial tension is dependent on the depressing influence of chloroform
there is little or no chance of any important rise of pressure being brought about by irritation
of sensory nerves ; the anwmsthetic prevents the occurrence of such a vascular constriction from
sensory excitation.

But during émperfect anwmsthesia a moderate pressure may suddenly be converted into a
high pressure by strong irritation of sensory nerves, causing stimulation of the vaso motor
centre and increased vaseular tone. 'When such an elevated pressure is combined with violent
respiratory efforts, there is danger of an overdose of chloroform being taken in unless great
care be exercised,

The danger involved in the abrupt change from a low pressure to a high pressure is due
to the fact that when the pressure is low chloroform may be given in comparatively large
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not more marked or notable than alterations in the respiration occurring at earlier phases of
chloroform administration and attended by no serious consequences, though the giving of the
angsthetic was not suspended, or any remedial measures adopted,

The sudden and precipitous fall of blood-pressure above referred to as giving warning
of an overdose was, I have no doubt, attended by a marked change in the pulse—such a change
as could have been appreciated had the pulse been felt during its occurrence.

The period intervening between the indicafion of danger given by the blood-pressure
and that afforded by the respiration in these cases is a short one, but there can be no doubt
that in such cases the gaining of even a very short time may be of extreme importance. The
difference of a very brief period as regards the moment when the further administration of
chloroform is stopped, and remedial measures adopted, may turn the scale in favour of recovery
or death.

PART V.

General Conelusions.

1. During chloroform anwsthesia the blood-pressure is lowered and the heart’s action
is weakened.

& .
9. Dilatation of the heart occurs to an appreciable extent, even when chloroform is
administered gently, mixed with abundance of air (under 4 per cent. of chloroform vapour in

the air).

3. Dilatation may occur even before the conjunctival reflex is abolished.

4. The dilatation affects all parts of the heart more or less—the left side as well as the
right. It is not due to changes in the pulmonary circuit.

5. The dilatation is not due to the accompanying fall of pressure, to the diminished
resistance to the ventricular systole, or to the diminished blood-supply through the coronary
arteries. Dilatation does not result from a gimilar fall of pressure brought about by means
other than chloroform, for example, arterial relaxation caused by section of vaso motor nerves.
Dilatation under chloroform often occurs very quickly, before there is any fall of pressure,
Moreover, when the dilatation has followed a fall of pressure it is not removed by artificially
raising the pressure, for example, by compression of the abdominal aorta.

6. There is no distinet change in the rate of the heart’s action when dilatation occurs.
A sudden and complete cessation of the cardiac rhythm is never caused by the inhalation of
chloroform. Cardiac failure oceurs by a more or less sudden enfeeblement and dilatation of
the organ ; not by a sudden complete cessation of rhythm.

7. The tone of the heart muscle is depressed, the cardiac walls become relaxed, and
the functional efficiency of the organ is impaired,
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17. The fall of blood-pressure under chloroform is in its earlier stages due mainly to
the depressing effect of the ansthetic on the vaso motor centre, preceded often by a slight
stimulation ; the later stages are associated with failure of the heart as well as of the vaso mo-
tor centre.

18. The relative oceurrence of cardiac dilatation and vaso motor depression varies,
Sometimes the heart begins to dilate early—before there is any fall of pressure ; at other times
a large fall of pressure may occur before cardiac dilatation becomes marked.

19. The lowering of the blood-pressure is in a certain sense protective ; it retards the
access of more chloroform to the vital organs. But, on the other hand, the fall of pressure may
become excessive and produce dangerous effects,

20. In certain circumstances, when chloroform is very suddenly taken in, a dangerous
dose may be absorbed, and the heart may become seriously affected before the vaso motor
centre has had time to be much depressed.

21. When a fall of carotid pressure has been brought about by the gradual inhalation
of chloroform in the ordinary way, firm pressure applied to the abdomen causes a marked rise
of pressure—very much more than can be obtained by inversion of the animal. And even
when the fall of pressure is due to the sudden inhalation of an excess of chloroform, pressure
on the abdomen commonly, but not in all cases, leads to a decided rise in the carotid pressure.
The existence of cardiac failure may prevent the possibility of such a change.

99, Changes in the respiration exert a most important influence upon the effects of
chloroform administration. An amount of chloroform which can be given with safety during
easy breathing may speedily become dangerous during deep, rapid respiration.

93. TFree dilution of chloroform with air—the restriction of the percentage of
chloroform vapour to 4 or 4} per cent.—gives no security against an overdose. A percentage
that gives safe anssthesia during ordinary breathing may lead to fatal collapse if given during
exaggerated respiration.

24. (hanges in respiration may be excited by sensory stimulation (operative interfer-
ence, too strong chloroform vapour, ete.,) during imperfect anwmsthesia. Rapid, gasping
respiration oceurring in such circumstances is usually accompanied by a rise in the blood
pressure, and, as there may be already a considerable amount of chloroform in the cireunlation,
there occurs a combination of circumstances specially favourable for the speedy and sudden
development of dangerous collapse.

Note.—I hope soon to publish tracings illustrative of some of the experimental facts
described in this report,
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These views of the action of chloroform were confirmed by the Commission of the Medico-
Chirurgical Society, London, in 1864, and again in 1879 by a committee of the British Medical
Association, in their report on the action of anmsthetics ( British Medical Jowrnal, 1879, Vol, I,
pp. 1 and 921), stated that * chloroform has sometimes an unexpected and apparently mpri:
cious effect on the heart’s action. Chloroform may cause death in dogs by primarily paralysing
either the heart or the respiration. The wvariations in this respect seem to depend to some
extent on individual peculiarities of the animals (?) In most cases respiration stops before the
heart’s action, but there was one instance in which respiration continued when the heart had
stopped, and only failed a considerable number of seconds after the heart had resumed,”

The whole work of the committee tended to prove the conclusions arrived at by Dr,
Snow, that under certain conditions chloroform did affect the heart before the respiration,
though failure of the respiration was the most common cause of death,

The Hyderabad Chloroform Commission have come to a conclusion similar to that arrived
at by Mr. Wakley in 1848, and the Commission of the Society of Emulation of Paris, in 1852,
viz., in death from chloroform the heart continues to beat after the respiration has ceased,
results in contradiction to the previous London Commission of 1864, and the Glasgow Com-
mission of 1874,

There may be several objections taken to the unreserved application of the conclusions
of these experiments to man.

First, there is the difference which may exist in the action of chloroform on the heart
of man and of animals, There is the possibility that the habits of life, the taking of stimulants
and narcoties, especially the habitual use of drugs like tobacco—for the condition of the vagus
centre is shown to be of great importance in relation to chloroform narcosis—may have some
affect, if not in altering the behaviour of the heart muscle or its innervation, at least in modify-
ing that chain of events upon which depends the absorption and distribution of the chloro-
form by the blood. Amongst other points of difference between man and the animals experi-
mented on are the relation of the vital capacity to the size of the animal, and the interference
with complete filling of its lungs, resulting from holding of the animal,

It has often been shown that the suddenly fatal cases are rare in human subjects in
which there is any impediment to the free expansion of the chest, e.g., Clover has pointed out
that a phthisical patient is less likely to take a fatal dose of chloroform than one with
healthy lungs, because his chloroform-absorbing capacity is diminished. Again, it has been
noted that few patients die suddenly from chloroform, when it is inhaled lying on the side; also
fow, if any, sudden deaths are reported in case of ovarian tumours. The explanation of these
cases is that the interference with full expansion of the lungs by the position or the presence
of the tumour prevents the lungs taking in the necessary fatal dose.

On the other hand, the greater number of the suddenly fatal cases occur in people with
healthy chests and large vital capacity, ¢g., in reducing dislocations of the shoulder, and in
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The idea was that by certain combination of these several factors, the maximum quantity
of chloroform was absorbed by the blood in the lungs and hurried to the heart, the next organ
in the order of the circulation, not merely distending its cavities with chloroform-saturated
blood, but also being distributed by the coronary arteries to every part of its substance, and so
causing paralysis. This result is also assisted by the condition of distension of the heart and
the venous condition of the blood.

That the arrangement of these various factors—respiration, pulse, efe.,—has an im-
portant bearing in the action of the drug on the heart, is well shown by these experiments of
the Commission, These showed that by varying the methods of administration in different ex-
periments it was possible to make the heart cease beating at intervals of from one to twelve
minutes after the cessation of the respiration., It is not impossible that by further variations
the time might have been reduced until the stoppage was simultaneous with, or even preceded
the cessation of respiration, and the experiments would have been thus made to accord with
certain reported fatal cases in man,

The cases in which the heart ceased soonest after the respiration were cases complicated
with asphyxia, that is, cases in which semi-asphyxia was produced, presumably followed by
deep inspiration ; under these circumstances the heart ceased beating one minute after the res-
piration stopped. Now it is under conditions similar to these in man, that the so-called cardiac
syncope oceurs, and it is by working on these lines that atfempts to produce it in animals should
be made ; but it appears that the Commission only made some four of these experiments hardly
a sufficient number upon which to base an important statement.

In ordinary practice, the several conditions giving a fatal result from cardiae syncope
are combined about once in every two or three thousand administrations, Because the Com-~
mission did not obtain it in some 600 attempts they conclude that it cannot exist. This is
scarcely reasonable, especially as the bulk of their work was not upon the lines which promised
the nearest result, viz,, those of deep inspiration after semi-asphyxia,

The manner or means by which the movement of the heart was tested are of some mo-
ment, as explaining the discrepancy between the results of experiment and practice. Most of
the cases were tested by a needle introduced into the heart, or by opening the chest. These
methods will indicate the merest quiver of the heart muscle,—movements that would give no
indication of their presence to ordinary observation, and movements that would probably be of
no fanctional use, i.¢., in no sense contractions. It has been noticed by other observers, that
fhe hearts of animals killed by chloroform show fibrillary irritability, after the heart muscle, as
a whole, is incapable of contraction,—a condition similar to this would indicate movement
tested by the above, but such movement would be fallacious.

It would be interesting to know the degree of action exhibited by the heart after cessa-
tion of the respiration. Was the power of propelling blood retained ? If the action consisted
only of muscular tremors it would be of little value, and hardly what is understood by action
of the heart.
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have signalled any danger some seconds later, There can be little doubt but that the pulse in
such a case, where the patient was quiet and breathing tranquilly, would have exhibited some
decided alteration had it been observed.

In the second portion of the report it is shown that the essential action of chloroform on
the system is to cause a fall in the mean blood-pressure. This fall is proportionate to the amount
of chloroform inhaled and absorbed into the system. [It would have been interesting to have
known the relation, if any, the condition of the blood-pressure bore to the state of ansmsthesia. ]

This fall in blood-pressure bears some relation to the respiration, but what this relation
is, is not distinctly stated, and the cause of the fall in pressure is also not clearly assigned, except
(Sec. 19) that it is not due to the direct action of chloroform on the heart, and must be due to
paralysis of the vaso motor centre. This is important when taken in conjunction with the fol-
lowing parts of the report (Sec.3): “ . . . If the chloroform is pushed further, thero
comes a point not easy to define when the blood-pressure and respiration will no longer be
restored spontaneously, although the heart continues to beat after the inhalation has stopped.”
And also (Sec. 25) : % . . Itisneverinany case certain that artificial respiration will
restore the natural respiration and blood-pressure, no matier fiow soon it is commenced after the
respivation stops.”

This exposes a comparatively new and insidious danger in chloroform administration, and
one as difficult to treat as the old ecardiac syncope. It is quite conceivable that under certain
circumstances the dose necessary irretrievably to damage the vaso motor centre may be inhaled
with extreme rapidity, and that while the respiration and pulse are still present, the centre may
be almost paralysed before much warning has been given.

From a record of fatal cases in man, it appears possible that this paralysis may, in certain
conditions, be effected almost instantaneously, and before complete insensibility has been

produced.

Tn Section 20 injection of chloroform into the jugular vein caused no paralysis of the heart,
1t should be noted that this is not the most direct channel by which the heart can be reached ;
and the experiment, when compared with inbalation, is open to ecriticism. Ghlorﬂfom:: in-
jected into the jugular vein passes with the venous blood to the right auricle, where it is mme:i
with the blood of the inferior vena cava from the liver ; from the right side of the heart it
passes to the lungs, where the chloroform, being volatile, and the air in the alveoli of the lungs
free from chloroform, a good deal may be lost ; finally, what remains of it reaches the heart.

Chloroform given by inhalation is much more likely to reach the heart directly in large
doses passing into the air cells ; about one-fifth of the whole blood of the body is at once
exposed to it. This blood, saturated with chloroform and unmixed with any nﬂnuchloruforlmelﬂ
blood, goes direct into the left auricle and ventricle, and by the coronary arteries is ﬁrs't distri-
buted into the very substance of the heart itself. As Dr. Snow puts it: “In inhalation the
heart is always a little in advance of the rest of the body ns regards the amount of chloroform
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it was proved that the respiration alone was attended to throughout the inhalation.,” This is
surely a mistake ; there are several fatal cases where the respiration only was attended to, one
of which is quoted here, and there are many more in which respiration was attended to as fully
as possible,

Then reference is made to the teaching of what are termed antagonistic schools : Syme
taught—* We are guided as to the effect of the chloroform not by the circulation, but entirely
by the respiration.” Erichsen teaches: “ When fully anmsthetised the patient requires the
most careful watching by the person who administers the chloroform ; his finger should never
be off the pulse, nor his eye taken away from the countenance of the patient.”

Surgeon Lawrie considers these opinions *absolutely irreconcilable”. They are
nothing of the kind. FErichsen’s directions are only a little fuller and more complete than
Syme's, and not incompatible with his.

I do not know the wording of the earlier editions of Frichsen, but in recent ones
(edition of 1884, Vol. L, p. 24), in addition to the words quoted, it is stated, *“The breathing
must be carefully observed,” It is unlikely that it is not mentioned in some part of the
earlier editions, especially as Dr. Snow, with whose works Mr. Erichsen would no doubt be
familiar when writing the above, constantly emphasises the necessity for observing the state of
the respiration and in reference to this point says :—* The importance of attending to the res-
piration of the patient has previously been noticed, and it is 5o obvious a symptom that it can
hardly be disregarded if any one is watching the patient ; it speaks, moreover, almost to one’s
instincts, as well as to one's medical knowledge.” (* Snow on Anssthetics,” p. 258, 1888).

Apart from any action which chloroform may have on the heart itself, the experiments
made supply abundant reason for a careful observance of the pulse during the administration
of the drug, and it is surprising that this point has not been referred fo in the Practical Con-
clusions, Its omission looks suspiciously like the result of prejudice against it.

In the report it is shown that the amount of chloroform inhaled (the intake ") depends
upon the respiration, but that the effect of this “intake,” the way in which it is utilised, lies
with the cireulation, with the force and rapidity of the pulse or the reverse.

It is shown that, with a slow pulse, concentrated chloroform vapour can be exhibited with
impunity, but with a full, bounding pulse dilute chloroform vapour may be dangerous. These
variations oceur in practice, from the quick full pulse of “a patient with a high temperature to

the slow pulse of a patient with jaundice.

There have been fatal cases in man distinctly due to a non-consideration of these points.
[ Case reported in British Medical Journal, 1887, Vol. IL., p. 951, where ether was given first,
and then a small dose of chloroform proved fatal.] This is again illustrated in Experiment 177,
Section 84, where sudden quickening of the pulse, from cessation of vagus inhibition, suddenly
placed the animal in a condition of “extreme and unexpected jeopardy”. Yeb from some red
son, though stress is laid upon these points in the Report, they are omitted from the Practical
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In summing up the results of the latest Commission on chloroform it is to be remem-
bered that, in the opinion of many persons, as regards the first part of their work, w/z,. the

investigation of the point, does chloroform paralyse the heart ? nothing new has been added to
our knowledge.

The result has been to confirm the work of some of the previous experimenters, but
without explaining how the theory of cardiac paralysis appeared to be borne out by the experi-
ments of Dr, Snow, There has always been since the discovery of chloroform sufficient
evidence to prove that it is very difficult, if not impossible, to produce sudden cardiac para.l_',fsia
by it in animals, and an equal amount of clinical evidence to justify the supposition that such
ean oceur in man,

To estimate the value and importance of the second part of the report, it must be noticed
that the action of chloroform on the heart was [by the advocates of this angesthetic) considered
to be the only objection to its general use. It was this supposed power of causing irremediable
cardiac paralysis which made people afraid of it, If this property could be shown to be non«
existent the harmlessness of the drug would be established.

This is easily understood, from the facts that artificial respiration is so readily ecarried
out, and cessation of respiration remedied by artificial respiration so commeon, that the impres-
sion is prevalent that it is easy to breathe for a person, but the remedying of the cessation of
the heart-beat presents insuperable difficulties, :

It was not imagined that chloroform might possess other dangers—it is for a knowledge
of these that we are indebted to the Commission, viz,, the importance of the part played by
vaso motor paralysis in the causation of death, and the fact that the paralysis of the respiratory
centre may be final at the moment that attention is drawn to the cessation of respiration.

If the conclusions of the Commission are accepted in full without reserve, chloroform
has no power of paralysing the heart ; one danger is removed, but it is replaced by one as great
in every respect, viz., paralysis of the vaso motor centre, This may set in very suddenly, with
hardly any warning ; it is as far beyond treatment as cardiac paralysis, and it is as fatal. If
the cardiac paralysis from chloroform does not exist, vaso motor paralysis must have been the
cause of the numerous deaths recorded against chloroform ; and how sudden and irremediable
this is the reports of fatal cases abundantly testify. '

When death occurs from vaso motor paralysis it is clearly imaginable that the vaso
motor centre may be hopelessly damaged or rapidly reaching that stage, while the pulse is still
present and the heart attempting to keep up the pressure, So that for some seconds there may
be a deceptive condition in which both pulse and respiration are present, yet a fatal termination
is imminent. That this death from vaso motor paralysis does occur in man is shown by the
very rapid running pulse mentioned in some cases as preceding the fatal termination.

The extensive experiments of the Commission have left the chloroform question in the
following condition : It was not found possible to directly paralyse or affect the heart by
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before. As far as I am aware there is no text-book on surgery of the present day, except
Sir Joseph Lister’s article in * Holmes’s Surgery,” that does not recommend that the pulse
as well as the respiration should be watched for signs of the effect of chloroform, and it is new
to prove, as the Hyderabad Commission has proved, that to watch the pulse at all is both wrong
and dangerous,

The photograph of fwo original tracings of Experiment No, 186 which accompanies this
paper demonstrates the futility of attention to the pulse in chloroform administration. For
example, in Tracing IIL., Ludwig, though the pulse of the dog experimented on was appa-
rently much better at 2 hours 55 minutes than at 2 hours 54 minutes, it was not really so.
Dr. Gaskell has shown that when the blood-pressure is high the pulse must necessarily be
better than when the blood-pressure is low. The pressure at 2 hours 54 minutes was much
higher than at 2 hours 55 minutes, and the pulse was therefore in reality better in proportion,
though it was smaller in the tracing.® On the other hand, the danger of waiting for signs in
the pulse of failure of the heart under chloroform is well shown in the Tracing 1V., Ludwig,
at the end of which the failure of the pulse at 3 hours 19 minutes 15 seconds, was a sign of
impending death. :

The two tracings demonstrate all that it is possible to know regarding the safe adminis-
tration of chloroform, and are well worth careful examination, (Everything which oceurred in
the experiments was marked and recorded on the tracings as the drum revolved, and nothing
except what is written in red inkt was added afterwards.) The most remarkable points they
exhibit are (a) the uniformly gradual and regular fall of blood-pressure which occurs when
chloroform is administered in such a way that the breathing is perfectly regular, and (%) the
entire absence of danger if the administration is stopped when the animal or patient is * under”,
Formerly we were told that chloroform lowers the blood-pressure ; that this in itself shows that
its administration is dangerous ; and that occasionally the fall is so unexpected and capricious
as to produce sudden death by stoppage of the heart. The Hyderabad Commission has shown
(1) that the lowering of the blood-pressure, which chloroform and all ansmsthetics cause when
efficiently administered, is in itself’ a harmless event, if the respiration alone be attended to and
taken as a guide, and if the administration be stopped when the patient is fully anmsthetised ;
and (2) that the sudden falls of pressure which the Glasgow Committee asserted are dangerous,
and attributed to chloroform, are due to stimulation of the vagus, and, by slowing the ecircula-
tion, are a safeguard against overdosing. The Hyderabad Commission has further proved that
all irregularities in the fall of the blood-pressure and in the eirculation under chloroform, in-
eluding such an irregularity as dilatation of the heart, which never occurs when chloroform is
administered properly, are due to improper administration, with irregular breathing and in-
sufficient air,

There is no loophole of escape for the opponents of principles which Syme long ago
showed to be essential for safety in the administration of chloroform. Tracings 8 and 4 of Ex-
periment No, 186 of March 6th, 1890, were not produced accidentally, but are examples of what

[ * This statement is open to correction. + Black in the diagram.
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happens in every case of chloroform inhalation without exception, whether inman or in animals,
where the breathing is perfectly regular. Any one who is taught to give chloroform in the
right way can obtain the same sequence of events clinically, which the tracings pourtray experi-
mentally ; and [ undertake to produce them invariably in any laboratory or operating room in the
world. My students do it here every day, and if we can do it anybody can do it The irregula~
rities in the tracings of the Glasgow Committee, and Professor Macwilliam’s more recent bogey
of dilatation of the heart, are due to obstruction of the circulation in the lungs through interference
with, or irregularity of, the respiration. The proof of this is furnished by the experimenters
themselves. The Glasgow Committee state that in their experiments the anmsthetic was ad-
ministered in a cloth, saturated with chloraform, held over the face, i.c., with insufficient air.
In Professor Macwilliam's experiments the chloroform was pumped into the lungs with bellows.
Professor Macwilliam states that only a certain percentage of chloroform, 1 to 5 per cent., Was
allowed to get into the air, in the experiments he performed in this manner. Defore we can
accept his conclusions, however, he is bound to demonstrate that air containing from 1 to 5 per
cent. of chloroform, blown into the trachea with bellows, is incapable of producing obstruction
of the circulation or respiration in the Jungs. Obstructed circulation in the lungs and a
rapidly falling blood-pressure are more than enough to account for the dilatation of the
whole heart, which occurred in his experiments and which he wrongly attributed to the direct
action of chloroform. It is amusing to contrast Professor Maewilliam’s statements regarding
the danger of dilatation from the direct action of chloroform on the heart in the laboratory
with Dr. James Dunlop’s clinical experience, as natrated in The LZancet of September 27th,
1890, that in typical cases of death from the divect action of chloroform the heart is empty and
flaccid. Perhaps Mr. Alexander Wilson will assert that Professor Macwilliam’s statements * are
only a little fuller and more complete * than Dr. Dunlop’s, and that they are * not incompa-
tible,” which is the view he takes of Erichsen’s teaching that the pulse should always be taken
as a guide, and Syme’s teaching that it should never be taken as a guide in chloroform
administration.

I am satisfied to leave the question of chloroform administration to the judgment of
the readers of the Meptcar, CuroxtcLe. I have always understood that, mext to saving life
the prevention and relief of pain are among the most important duties of our prufession:
According to the teaching of the Hyderabad Commission, pain may safely be prevented and
relieved with chloroform by any intelligent and properly taught medical practitioner; and there
can be no question that every medical man ought to be able to give a dose of chloroform
with as much precision and certainty as a dose of morphine, or of any other poison. The
practical outcome of the disastrous teaching of the Glasgow Committee, backed up by Professors
".Wuod and Macwilliam, is that the relief of pain by chloroform is to be handed over to special-
ists, who alone are to administer it, though their own declarations and statistics show that the
{:El.]l[lﬂt-gifﬂ it with safety. Exactly in proportion as this teaching gains ground the bulk of th::;
pro.i'esawn suffers loss in eredit and in pocket, and the advantuges chloroform confers are most
seriously restricted and curtailed. There is no more necessity for the anmsthetist, with his inhaler

and '3'1];91' apparatus, than for a hypodermic morphia injectionist, or other poisonist, If the
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anesthetist is to be tolerated hereafter-at'all, it must bé bocause he is a man of pleasant presence

and cheerfil countenance, who knows how to comfort and re-assure the patient until ehloroform
oblivion is secured. :

ARTICLE REPRINTED FROM THE MEDICAL CHRONICLE
OF FEBRUARY 1891,

By JOHN A. MACWILLIAM, m.p.,
Professor of the Institutes of Medicine in the University of Aberdeen.

In the Medical Chronicle of January, 1891, Surgeon-Major Lawrie, in an article on the
Hyderabad Chloroform Cémmission, makes'some comments on certain results obtained by me in
a recent investigation on the action of chloroform and ether, published in the British Medical
‘Journal, October 11th, 18th, and 25th, 1890, In my paper I deseribed the frequent oceurrence
of dilatation of the whole héart under the ‘influence of anwsthetic doses of chloroform. Such
dilatation was not due to changes in the pulmonary circuit or to a fall of arterial pressure.

Dr. Lawrie urges that the cardiae dilatation was due to obstruction of the cireulation in
the lungs, or to this along with a fall in the blood-pressure. He says :  The irregularities in
the tracings of the Glasgow Committee and Professor Macwilliam's more recent bogey of dilata~
tion of the heart, are due to obstruction of the circulation in the lungs through interference with
or irregularity of the respiration.” And later : “ Obstructed ecirculation in the lungs and a
rapidly~falling blood-pressure ave moré than enough to account for the dilatation of the whole
heart; which occurred in his experiments, and which he wrongly attributed to the direct action
of ehloroform.” .

Now this hypothesis of Surgeon-Major Lawrie's can be briefly and conclusively disposed
of. There is an abundance of decisive evidence available. First, as regards the alleged influ-
ence of obstruetion of the eireulation in the lungs in causing dilatation of the heart. In my paper

.in the British Medical Journal 1 stated the fact that such an explanation was incompetent to
-explain the cardiac condition, since the whole organ was dilated in my experiments, Dilatation
of the right side of the heart might conceivably (if there were no evidenco to the contrary)
‘be aceounted for by the presence of pulmonary obstruction. But dilatation of the left side
(e.g., the left auricle) could clearly not be accounted for in the same way, since pulmonary
obstruction necessarily diminishes in largo measure the flow of blood into the left auricle and
this part becomes small and collapsed, This seemed so obvious to me that I did not discuss the
matter at any great length,

I shall now state briefly some facts in regard to Surgeon-Major Lawrie's hypothesis of
obstructed cireulation in the lungs :—

(1) There is no proof whatever of the occurrence of pulmonary obstruction from the
administration in mammals of ansmthetic doses of chloroform sufficiently diluted with air, as
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the action of chloroform ; and that the hypothesis of pulmonary obstruction may at once be
dismissed as entirely insufficient and inapplicable, as far as an explapation of the cardiac
dilatation oceurring under chloroform is conecerned,

Seeing that it is easy to dispose of the question of pulmonary obstruetion in regard to
the effects of chloroform upon the heart, I shall now advert briefly to the possibility of cardiac
dilatation being dependent on a rapidly falling blood~pressure, as alleged by Dr. Lawrie, This
is a matter which I carefully considered in my paper, and in regard to which I was able to state
definitely that the cardiac dilatation is nof due to a fall of blood-pressure, This is conclusively
proved by the following facts :—“ (1) Dilatation of the heart does not by any means always
run parallel to the fall of pressure which ordinarily resulis from the administration of chloroform,
Sometimes there is a very marked fall of pressure, with little or no dilatation of the heart ;
while at other times the heart begins to dilate before the pressure begins to fall. (2) Moreover,
the heart in some instances begins to dilate during the temporary #ise of pressure which at times
precedes the fall. (3) Further, there may be distinct dilatation of the heart without any change
of pressure at all. (4) Lastly, it can easily be shown that a simple fall of pressure, equal in
amount to that which ordinarily occurs under chloroform, induced by means which do not
directly affect the heart (¢.g., section of a vaso motor nerve, heemorrhage, efe.), does not cause
dilatation of the organ as chloroform does,”

It is clear, then, that the dilatation of the heart brought about by chloroform cannot be
due to obstruction of the cirenlation in the lungs, or to a fall of systemie blood-pressure ; it
must result from a depressing influence exerted by the anwmsthetic on the organ (1) directly, or
(2) through the vagus nerves.

Finally, as this depressing influence, leading to dilatation, is readily manifested after
section of both vagi, it is obvious that chloroform must act upon the heart directly,

I cannot help feeling that even a comparatively slight amount of actual observation of
the festures and results of a simple lowering of the blood-pressure and of real pulmonary
obstruction would have prevented Surgeon-Major Lawrie from putting forward and adhering
to such a hypothesis as I have here discussed,—a hypothesis at once insufficient, absolutely
untenable, and in conflict with large and somewhat elementary facts in the physiology of
the eirculation.

ARTICLE py Surcron-Masor EDWARD LAWRIE.
[ Reprinted from the © Medical Chroniele ” of May 1891.]

CONTROVERSIES on medical topics, even where great principles are involved, are apt to
degenerate into mere word-quibbling or wrangling. I shall endeavour in the present article
on chloroform to conduet the discussion between the Hyderabad Commission and Professor
Macwilliam into a channel of agreement which will interest the whole profession, by whose

judgment the question in dispute must ultimately be decided,
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heart dilatation can really ocour without fall of pressure, it must be a natural condition and
harmless, We have no right to expect the heart to do anything more than maintain pressure
in the aorta, That is its sole function, and if pressure be maintained the heart cannutli;.& aaid
to fail. Professor Macwilliam’s description of rhythmical dilatation is also very suspicious, If
the dilatation were due to the chloroform action on the heart musele it would assuredly go on
increasing to the end. Professor Macwilliam assumes dilatation to exist because his base line rises
whereas a rise of base line might be produced by anything that raised the heart as a whole.
The entire arrangement is so artificial that it is very ditficult to accept any of his results, or to
believe that he can make all his levers and tambours, six in number, work in the perfect way
he describes, and at the same time that he can watch the condition of the pulmonary artery so
narrowly (in the cat !) as to be able to assert that it was soft and compressible, and that the
pressure within it was low, The fourth fact is meaningless. No one would expect the heart
to dilate with loss of blood. In bleeding, the blood is removed from the arteries and stored
outside the body. By chloroform poisoning blood is not lest, but is removed from the
arteries, the pressure falling in consequence, and stored in the veins, perhaps in the heart
itself. Granting, however, that Professor Macwilliam’s cardiae dilatation is real, its depressing
influence is a pure assumption and is opposed to the very facts on which he relies to prove his
case,

The truth is that the Glasgow Committee in 1879, and Professor Maewilliam in 1890
drew conclusions from an inadequate number of experiments, The Glasgow Committee mu.ci;
their observations on less than half a dozen animals ; Professor Macwilliam made his on 75 cats,
Just as the Hyderabad Commission and Professor Macwilliam have shown that the fall of
pressure, which the Glasgow Committee considered - dangerous in chloroform administration, is
harmless, and may be a safeguard, so some future observer will show that Professor Macwilliam’s
cardiae dilatation is not only harmless but is a safeguard also. It would not be surprising if
Professor Mucwilliam’s dilatation of the heart turns out in this way to be an important
physiological discovery of the same kind as Dr. Bomford’s discovery of the safeguard action of
the vagus nerve. It is likely enough that the whole vascular system is relaxed by chloroform,
including the walls of the heart. Under such circumstances the safeguard action of dilatation.
may consist in an arrangement to allow the blood naturally to collect in the heart, which s
the best place for it, ready to be pumped into the aorta at a moment's notice, and so restore the
pressure. Suppose the heart is completely relaxed by chloroform, as the systemic muscles are,’
it will go on again if respiration is kept up. In any case there is no danger elinically from
cardiac dilatation in ehloroform inhalation,. Clinical results cannot be accepted only when they
favour the view that chloroform is dangerous, FProbably as much chloroform is used in India
as in the whole of Europe, and we have no evidence of dilatation of the heart, as a dangerous
effect of chloroform, from one end of the year to the other, -

The Hyderabad Commission did not discover the key to the safe administration of ehlo=
roform, until they had made observations upon 565 animals and had reached their 148th mano-
meter oxperiment. The fracings of this experiment are produced here, and ought to be com-~
pared with the tracings of the experiment of March Gth, 1890, which were so beautifully engraved
in the January number of the Medical Chronicle, In experiment No. 148 chloroform was at
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guards ; and their experimental data correspond with clinical experience, The immunity from
fatalities enjoyed by Syme and by hundreds of his pupils, in whose practice deaths from chloro-
form have been altogether exceptional, and amount to nothing like the London statistics of 1
death in every 1,236 administrations,* cannot be set aside as accidental or due to chance,
Professor Macwilliam’s present position is untenable, and his theory that dilatation of the heart
is a danger of chloroform, and that therefore the pulse must be watched during its inhalation,
has received ifs death-blow from one of his own supporters. In Zhe Lancet for December 13th,
1890, Dr. Dudley Buxton describes a method of chloroform administration, in which feeling
the pulse and taking it as a guide is an essential principle. This method causes, according to its
author, general feebleness of the circulation with * distinet and unmistakable cardiac enfeeble-
ment,” which “ is progressive, and likely, it has appeared to me in more than one case, to end
in cardiac syncope unless prompt and vigorous measures were used.” Dr, Buxton goes on to
state that the anatomical counterpart of this faulty method is to be found in the relaxation and
dilatation of the heart in Professor Macwilliam’s experiments, It is probably true that Professor
Macwilliam’s experimental data correspond, as Dr. Dudley Buxton says they do, with * the
procession of events which one has encountered again and again in the operating theatre,” but
there is little doubt that this agreement between the two is equally damaging to both, no less
so to Professor Macwilliam’s experimental methods than to Dr. Dudley Buxton’s plan of
giving chloroform.

The Hyderabad Commission takes its stand on the fact brought out by its own experi-
ments, and since verified clinically, that the only way to keep the pulse regular under chloroform
is to keep the breathing regular. This requires all the unceasing skill, care, and attention of
the chloroformist. Chloroform is administered in practice by inhalation. If the breathing
is regular the anmsthefic will be inhaled in regular quantities ; regular breathing constitutes
in reality the only reliable means of measuring the dose ; and no capricious or irregular eftects
can be produced on the circulation or the pulse. 1f the breathing is irregular, the chloroform
will be inhaled in irregular quantities, which will give rise to irregularities of the ecirculation
and of the pulse, and danger will always be imminent. It is obyious that without special risk
to the patient the pulse cannot be taken as a guide by which danger can be averted under chlo-
roform, Failure of the pulse indicates heart-failure,t and is a sign, like pallor of the face and
dilatation of the pupil, that a dangerous stage has already been reached; and danger in chloro-
form inhalation implies improper administration and overdosing, either from irregularity of
the breathing or from the anmsthetic having been pushed too far, Those who take the pulse
as & guide unconsciously allow * distinet and unmistakable cardiac enfeeblement ™ to occur, and
then proceed to rescue the patient by * prompt and vigorous measures,” The Hyderabad Com-
mission seeks to entirely avert danger in chloroform administration by keeping the breathing
regular, which is the only possible way of protecting the heart and circulation. In short, the
object of the chloroformist must be to give chloroform in such a way that danger can never

* Vide Mr. Roger William's lettor in The Lancet of February Bth, 1880.

[+ There is one exception to this rale. Failure of the pulse and sudden pallor may indicate inhibition of the heart's
action through stimulation of the vagus, These symptoms are in themselves harmless, and are unquestionably a safeguard;
bat the mere fact that the safegnard action of the vagus is brought into play is dangerous, as it shows that the anmsthetic
has been improperly administered with insufficient air ; and it demands the immediate employment of artificial respiration.]
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in what manner the anesthesia is induced. Death from primary cardiac syncope never took
place.” Furthor, *“ With regard to the anwmsthesia produced by ehloroform in dogs, once in-
sensibility is brought about, so long as respiration is kept up, there is no fear of a cumulative
effect, the drug is rapidly eliminated. Interference with this eliminative process brings about
changes in the respiratory mechanism, which ought to arouse suspicion and prepare us for arti-
ficial respiration. The keenest watchfulness of the respiration was indispensable from the begin-
ning to the close of chloroformisation, if safety was to be guaranteed.” I am thoroughly
convinced that the same remarks hold good with regard to chloroform anssthesia in the
human being.

These conclusions were arrived at from simple observation, and record of the pheno-
mena oceurring during the chloroformisation of dogs. They were adequately substantiated,
supplemented and placed on a scientific foundation by the experiments of the Second Hydera-
bad Chloroform (‘ommission, und have not, as far as 1 have been able to glean from the various
discussions that have arisen on the question, been as yet successfully controverted.

Before the conclusions of the Second Hyderabad Chloroform Commission were made
known, the fact that respiration is always affected before the heart caused the most scrupulous
attention to be paid by the adherents of Syme's prineciples to the condition of the former during
chloroform anwsthesia, and it was found that if the respiration ceased, which it occasionally did,
there was always time to restore the patient by artificial respiration. Under this old system of
administration, in all probability overdosing with the vapour not unfrequently took place, but
the rapid elimination effected by the prompt artificial respiration, which was sometimes demand-
ed, rendered the patient exempt from real danger. Surgeon-Major Lawrie has gone a step be-
yond his former teaching: he now removes the anwmsthetic as soon as there is any impediment
to the respiratory mechanism, beginning it again as soon as uniform breathing is re-established.
He now insists o (1) chloroform being given in such a way that the respiration is regular
throughout the administration, and (2) the anwesthetic being entirely removed, and the patient
taking a breath of fresh air if any struggling, holding of the breath, or irregular respiration
ocenrs, The observance of this simple practical rule is an absolute safeguard against overdosing
with chloroform vapour, and with this plan of administration it is difficult to 1magine a death
from chloroform inhalation taking place otherwise than under a combination of fortuitous
circumstances, or as a purely uccidental event. Formerly the respiration was watched for
warnings whereby danger might be arrested, now it is attended to in such a way that danger

can never arise,

One great lesson to be learnt from the results of the Second Hyderabad Chloroform
Commission’s experiments is that regularity of the respiration is to be maintained throughuni:.
the administration of chloroform, and that a continuance of the anwsthetic during any inter-
forence with regular respiration is associated with danger. Previous to the announcement ui: the
conclusions of the Second Commission, all those who give chloroform on the late Professor
Syme’s principles watched the respiration, knowing that when it became shallow, embarrassed,
or ceased, danger was to be apprehended if prompt artificial respiration was not resorted to; .bllt
now, in addition to watching the respiration, it is incumbent on us to the utmost degree possible
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chloroform four or five times daily in the Afsul Gunj and Residency Hospitals, and I hazard
the statement that they do so with a saveir faire that would be in no way discreditable to
special anasthetists.

To my reasoning, the whole theory of safe chloroformisation might be summed up in the
aphorism—Use pure chloroform, watoh the respivation and keep it vegular. This may appear to be
a most dogmatic assertion, and coming from one with my meagre experience may tinge of
presumption. Still, I have given chloroform for over eleven years ; I have seen it given by
Burgeon-Major Lawrie for many years, and I have worked with both the Hyderabad Chloro-
form Commissions, and may on these grounds claim to be in a position to express an opinion
on the subject.

In conclusion, I would state that the more widespread the knowledge of the late Profes-
sor Syme’s principles of chloroformisation, and the more universally they are put into practice,
the greater will become the confidence of the profession in this much maligned anssthetic, and
the fewer, I believe, will be the deaths under chloroform from * accidental causes.” To
Surgeon-Major Lawrie the profession is indebted for his unswerving endeavours to restore
chloroform to its proper position amongst anwmsthetic agents,

ARTICLE By Svrceon-Major EDWARD LAWRIE,
President of the Hyderabad Chloroform Commission.
[ Reprinted from the * British Medical Journal ” of June 13th 1891, ]

Tue British Medical Journal has performed a signal service to the Hyderabad Commis-
sion in placing before the profession Dr. Julliard’s views on chloroform and ether. Dr. Julliard
had a death with Chloroform. Then instead of learning to give it safely he took, apparently
with great reluctance, to ether. He has now learned to give ether safely and minimises its
disadvantages by giving morphia, People who have been taught to give chloroform with
safety are not likely to follow his example, Moreover the leading article in the Journal of
April 25th, 1891, is incomplete, and ought to have included the London statistics so opportunely
brought forward by Mr, Roger Williams in Z/e Lancet of February the 8th, 1890,

According to Dr. Julliard’s statistics, deaths from chloroform amount to 1 in 3,258 and
from ether to 1 in 14,987 administrations, According to Mr. Roger Williams the statistics of
the London hospitals show that deaths from ehloroform amount to 1 in 1,236 and from ether
to, in 2,764 administrations. On the other hand, the statistics of chloroform administered on
Syme's prineiples form an unbroken accord of inhalations from 1848 to 1891 without a death. The
British Medical Journal regards Dr. Julliard's figures as a * most valuable statistical summary,”
but this summary would obviously be much more useful if it were accompunied by a deserip-
tion of the method of administration pursued in all the cases from which it is compiled. There
are two distinet methods of chloroform administration in vogue. In one the pulse, us well as
the respiration, is taken as a guide : in the other, the pulse is never, under any ecircumstances,






LECTURE ON CHLOROFORM
By Svreeon-Masjor EDWARD LAWRIE,

Dr. Lawrig, President of the Hyderabad Chloroform Commission, delivered a lectﬁre on
Chloroform in the Grant Medical College, Bombay, on Monday, June 29th, 1891 before a large
assembly of the medical profession, Surgeon-General Pinkerton, who presided, briefly introduced
the lecturer, saying he had much pleasure in introducing Dr, Lawrie, of the Bengal Service, to
them. He had come there that day to tell them about his experiments at Hyderabad. It was un-
necessary for him (the chairman) to say much, as they would have read all that had been said on
the subject, and Dr, Lawrie, he believed, was very anxious to give those who had taken it up a
fair field and no favour. Thoroughly imbued with the results of his ohservations, he naturally
wished to have the sympathy of all medical men, especially of all medical men in India,
After Dr. Lawrie had given his views, he would be very glad if they discussed any point upon
which they might differ, or which might not be clearly understood.

Dr. Lawrie, who was received with applause, then proceeded with his lecture. He said ;

¢ Mg, PresipENT, LaDIES AND GENTLEMEN,—Few people who have read the preliminary
report of the Hyderabad Commission are aware of the real liberality and public spirit displayed
by the Nizam’s Government in issuing the Commission. His Highness’s Government paid
Dr. Lauder Brunton a fee of £1,000. The Government also paid the whole of the expenses of
the Clommission, including a complete set of invaluable photographs of the tracings of the
experiments, and entertained the Commission royally during their stay in Hyderabad. In
addition to this, Government defrayed the whole of the expenses connected with the report,
Many people I have conversed with appear to think that it gave me an immense amount of
trouble, and that I had to employ a great deal of persuasion to get the Commission appointed.
Gentlemen, I never spoke to the Nizam but once about the appointment of the Commission.
The Nizam is one of the cleverest men in India, and directly I explained to him what was want-
ed he understood it exactly, and after a short conversation he said he would issue orders for
the Commission. It is needless for me to say anything further regarding the extraordinary
and unprecedented liberality and interest with which the Minister, Sir Asman Jah, and every
member of His Highness’s Government, carried those orders into effect,

¢“In 1855 Mr. Syme published a clinical lecture, in which he said : ‘the points that we
consider of the greatest importance in the administration of chloroform are, first, a free admix-
tare of air with the vapour of the chloroform, to ensure which a soft porous material presenting a
pretty large surface is employed, instead of a small piece of lint or any apparatus held to
the nose. If thisis attended to, the more rapidly the chloroform is given the better till the effect
is produced. Then,—and this is a most important point—we are guided as to the effect,
not by the circulation, but entirely by the respiration. You never see anybody here
with his finger on the pulse while chloroform is given. So soon as the breathing be-
comes stertorous, we cease the administration.” The Hyderabad Commission does not pretend
to have done more with regard to chloroform than prove that Syme's principles are right,
and I hope to be able tolay the proof clearly before you this evening. Notwithstanding
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Syme's teaching, two distinet methods of chloroform administration are, and always have
been, practised. In one the pulse, as well as the respiration, is taken as a guide, and deaths
have been numerous. In the other, the pulse is never, under any cireumstances, taken as a
guide, and in Syme’s practice and in my own, extending over a period of forty-three years,
no deaths from chloroform have ever occurred. In 1879 the British Medical Association
appointed a Committee in Glasgow to experiment with anmsthetics. They made a limited
number of observations on dogs and rabbits with self-recording apparatus, and they showed
by tracings that chloroform lowers the blood-pressure, and that sometimes during chloroform
inhalation the fall is unexpected and capricious. The lowering of the blood-pressure the
Glasgow Committee called the normal, hut dangerous, effect of chloroform. The sudden falls
with slowing of the heart indicated, in their opinion, a source of extreme danger. The tracing
and report of the experiments of the Glasgow Committee appeared to demonstrate (1) that
lowering of the blood-pressure is due to weakening of the heart’s action ; (2) that this effect
is peculiar to chloroform and is never observed with ether ; and (3) that death may occur
at any time during chloroform inhalation by sudden stoppage of the heart. The terms * primary
and secondary chloroform syncope’ crept into use and settled themselves in the nomenclature
of medicine. The effect of the Glasgow (‘ommittee’s report was enormous, far-reaching,
and disastrous. No blame is to be attached to the Glasgow Committee, because they
published their tracings, and anybody is at liberty to form his own opinion about them.
Having accepted them, we made ourselves just as much responsible for them as they
were. No one stopped to inquire whether a general fall of blood-pressure is harmless
or dangerous, or whether the fall of blood-pressure registered in their experiments
was due to direct weakening of the heart or not, Common sense -was cast to the winds,
and two erroneous principles became established on a pseudoscientific basis. One is, that
the pulse must be felt during chloroform administration, and the other is, that ether is not
only a safe anwsthetic, but is, under all circumstances, a cardiac stimulant. To such an amazing
pass have these two principles been pushed that the public have been made to believe that
feeling the pulse isa safeguard in chloroform administration, and that it requires a
specialist to do it. On the other hand, the blind and unfounded belief in ether as a cardiac
stimulant has led to its employment hypodermically in cases of chloroform-poisoning, and
even in ether-poisoning itself. The clinical experience and statistics which the Lancet call-
ed for after the Hyderabad Commission’s report was published, have only brought out the
nu_riuus fact that all chloroform deaths now-a-days are possibly the result of hypodermie
injections of ether, which is always resorted to as soon as possible after symptoms of danger
appear. It would be justas wrong to give subeutaneous injections of chloroform in ether-
poisoning as to give subeutaneous injections of ether in chloroform-poisoning.

“The report of the Glasgow Committee was accepted by the whole profession as practi-
cally final. I remember, when it was published in 1879, I felt at first as if Syme’s position
was no longer tenable. As time went on, however, and it was found that chloroform eould
still be given on Syme’s principles with the same safety as before, 1 began to realise that there
 must be some flaw in the experiments or conclusions of the Glasgow Committee.
Accordingly in 1888 Sir Asman Jah, the DMinister of Hyderabad, sanctioned the
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appointment of a Commission  with Surgeon P. Hehir as president, to make further
experiments with chloroform. Dr. Hehir's Commission proved that in death from
chloroform the breathing always stops before the heart, and in his report he made
the original observation that aslong as breathing is kept free there is no danger
of a cumulative effect, and chloroform can be given with absolute safety. This conclusion was
not accepted by the profession. It led to a tardy discussion, and in 1889 His Highness the
Nizam appointed another Commission. Through the enlightened liberality of His Highness'’s
Government, the Lancet sent out Dr. Lauder Brunton to represent it on the Commission, and
at the same time the Government of India deputed Surgeon-Major Bomford. His Highness's
Government was represented by Surgeon P. Hehir, Dr. Rustamji, and myself. No better
selection could possibly have been made by the Lancet than Dr. Lauder Brunton. He came
out to India thoroughly convinced that chloroform paralyses the heart. During the whole time
the Commission worked, he tried to stop the heart in every conceivable way, and failed. The
(Jommission found that shock and chloreform are not associates but incompatibles, 1t 1s im-
possible to produce cardiac syncope, or even vaso-motor depression, by any form of shock in
any stage of chloroformisation. 'When it was found impossible to produce any effect upon the
heart by any form of shock under chloroform, Dr. Bomford suggested that we should give
chloroform and then stop the heart by electrical irritation of the vagus nerve, and see
what happened. This was done, and what happened was this. We found that so far
from being a danger under chloroform, stopping the heart actually proved to be a
safeguard against poisoning, by slowing the circulation and delaying the conveyance of
chloroformed blood to the brain and spinal cord.

“The next phase of the Commission’s research consisted in demonstrating that the
so-called normal fall of the blood-pressure under chloroform, which the Glasgow Committee
considered dangerous, and the unexpected and capricious falls which they thought excessively
dangerous are in themselves harmless. The cause of the gradual falls I shall refer
to at a later period. We were able to prove that the sudden and capricious falls are due
to inhibition or stoppage of the heart from stimulation of the vagus nerve from abnormal
respiration or over-dosing, and are as much a safeguard against poisoning with chloroform
as I have just shown that the inhibition caused by electrical stimulation of that nerve
is” Dr. Lawrie here handed round and distributed among the audience several photographs
of the tracings of the Glasgow Committee’s experiments, and of No. 148 of the H}*deimbad
Clommission’s experiments, and pointed out that the tracings of the Glasgow Committee’s
observations A & C are identical with observations 8, 9, 11, 15, and 16 in Tick tracings ii & iii,
which were produced by chloroform and by ether. Dr. Lawrie explained that the. Glasgow
trace could always be reproduced by (a) stimulation of the yagus and by (b) Imphﬁl.ﬂ ; and he
further added that it was frequently produced accidentally during the experuneut& 'uf
the Hyderabad Commission, by the animal holding its breath or st;fugghng (vide
experiment No. 148 and many others), or by stoppage of the respiration from over:
dosing with chloroform.

«In the third phase of the Commission’s labours, it was diffﬁﬂflﬂf PT?"‘E‘I
that uniform results can always be obtained with chloroform, provided it 18 sufficient= .
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the respiratory museles, and during this time the blood-pressure is falling—regularly and
gradually if the respiration is normal and not interfered with, The relaxation of the systemic
and respiratory muscles is due to narcosis, or sending to sleep, of the central nervous system,
and not to any direct action of chloroform upon the muscles themselves. After the muscles of
respiration are relaxed and respiration ceases, the heart can no longer obtain nourishment.
The animal then gradually dies, and the heart stops beating. The next point with regard to
this most interesting subject is that the work of the heart is not kept going either by a cardiac
centre in the brain or spinal cord, or by the ganglia in its own substance. At first this may
sound a little like heresy, but the tendency of modern physiology, and of modern physiologists
headed by Gaskell, is to show that the heart is a self-acting muscle, and a recent discovery by
Dr. Arthur Meigs of Pennsylvania gives ground for the belief that this conception is literally
true. The fibres of ordinary muscle derive their nutrition by absorption from delicate capillary
blood-vessels which run between them. Dr, Meigs has demonstrated that the muscular fibres of
the heart have a circulation peculiarly their own, He has shown that in the heart a capillary
blood-vessel enters into the substance of the muscle fibre, and there can be no doubt that each
fibre iz nourished, and at the same time stimulated to aetion. by the blood flowing in its interior,
The muscular fibres of which the heart is composed are, if this view is correct, automatic hearts
in miniature, and the heart itself is thus a self-acting organ stimulated to rhythmic beating
throughout the whole of life by the very blood which nourishes it. Dr. Meigs's discovery
explains and accounts for the vigour of the eirculation in the heart as well as the high state of
its nutrition. It also shows that each successive beat of the heart is produced by the beat
immediately preceding it. We have seen that the heart is independent of the central nervous
system, and there isno more ground for supposing that chloroform acts directly upon its
muscular tissue than that it acts directly npon any other muscular tissue, It is, therefore, a
fair inference that the heart can never be directly affected by chloroform. We now come to the
last link in the chain. Chloroform narcosis affects first the brain, and then the spinal cord.
The vaso-motor centre is situated in the upper part of the spinal cord, in the medulla oblongata,
and it must be narcotised like the other nerve centres. The vaso-motor muscles are thus
relaxed, and the blood-pressure falls. As the relaxation of the vaso-motor system is not vital,
the fall of blood-pressure is harmless,”

Dr. Lawrie now handed round photographs of the tracings of the Hyderabad (‘ommis-
sion’s experiment No. 178, Ludwig I and Fick I, and of Experiment No, 186 of March 6th, 1890,
Ludwig I, I, I1I, and IV. Referring to the Ludwig tracing II of experiment No. 178, he said :

% In this observation chloroform administration was commenced at 2h, 51m. 40s. The
blood-pressure fell in the usual way, and at 2h. 54m. 35s. the breathing and heart both stopped,
A reading was taken on the Fick manometer, and the complete arrest of the heart’s action for
over a minute is well shown at Fick 13. This reading is remarkable as showing that the
blood-pressure had already fullen as low as it could get before the heart stopped, and it did not
fall further after this happened. The fall must, therefore, have been due to vaso-motor
dilatation and mnot to weakening of the heart. I must now ask you to examine ﬂl'ﬂ'
tracings of Experiment No. 186 of March Gth, 1890. Ludwig I shows the harmless effect of
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have adopted, as it at once caused a further fall of the blood-pressure, and kept it down nearly
to zero for considerably over a minute, So far from heing a dangerons procedure, however,
it saved the dog’s life ; and this fact alone is sufficient to upset the hitherto accepted belief
that general lowering of the blood-pressure is dangerouns, or that it is due in chloroformisation
to weakening of the heart. The last point to notice with reference to Ludwig tracing I1I is,
that it is evident that the pulse beats increased in force from the time chloroform was admin-
istered at 2h. 53m, 85s. till the commencement of the artificial fall of the blood-pressure at
2h. 56m. 10s,, and that at the end of this fall at 2h. 57m. 25s. the pulse tracing was at first
pretty large, and that as the animal’s pressure rose during recovery it gradually got smaller
and smaller. If the lowering of the blood-pressure were due to weakening of the heart, the
reverse of this ought to have occurred, the pulse ought to have become smaller and smaller
up to the stop, and afterwards begun by being very small and gradually increased in size as the
animal recovered.

“ Finally, with reference to the fall of the blood-pressure in all the tracings exhibited this
evening, it is to be observed that the sudden (unexpected and capricions) falls, which the
Glasgow Committee considered exceptionally dangerous, did not actually prove to be so in their
experiments (their animals did not die) ; and have been demonstrated in ours to be a safeguard.
It the sudden falls are a safeguard, a fortiori the gradual falls, which occur in normal chloroform
adminiztration, are a safeguard also,

“We have now the proof, why normal chloroform anmsthesia is free from danger.
It is because chloroform never, under any circumstances, directly affects the heart,
and that the fall of blood-pressure is due to vaso-motor dilatation, and, so far from being
a risk,is in all cases, if not harmless, a safeguard. I have ounly one word to add in
conclusion. If you examine the tracings you will see what splendid work was done by Dr.
Bomford for the Commission, Each tracing is a work of art ; but each one was completed by
Dr. Bomford, and everything that oceurred was written on it as the drum revolved at the
time of the experiment. Nothing was added to any one of them after the experiment was over,
so that nothing was trusted to any one’s memory. In the second place, Dr. Bomford discovered
the safeguard action of the vagus nerve, and this proved to be the key to the safe adminis-
tration of chloroform. In everything I have written since the Commission ended the physiology
is a reproduction of Dr. Bomford's views, generally in his own words ; and I feel prond to think
that work so permanent and lasting as that of the Hyderabad Chloroform Commission was
carried to a successful conelusion mainly through the instrumentality of a member of that
Service to which I and so Imnn}‘ of my hearers have the honour and the happiness to

belong—the Indian Medical Service.” (Loud applause.)

Dr. Wellington Gray then said he had been for a long time connected with f.hﬂ J. .
Hospital, and had seen many more than 10,000 administrations of chloroform, Since tha
sitting of the Chloreform Commission he had watched the administrations of chloroform with
incrensed care and interest. No doubt there was much to be discovered, and much to be







PART IX.—CLINICAL RESULTS.

[Br TaE PRESIDENT.,]

The system of note-taking in chloroform administration, now in force in
the Afzulgunj Hospital, has been developed very gradually since the comple-
tion of the experiments of the Commission. In the first 272 cases in which
an accurate record of chloroformisation was kept, the notes were taken by
students, The average time to produce anmsthesia in these cases, which
include children and adults, was 3m. 44s. In 820 per cent, abolition of the
corneal reflex, in 168 por cent. stertorous breathing, and in one cass complete
relaxation of the muscles was tha first sign of full anesthesia. There was no
instance of respiratory embarrassment or of accident or delay of any kind due
to over-dosing, and the patient was mnever allowed to inhale the ansesthetic
while the breathing was in any way irregular,

From Case No, 273 the notes were taken by the surgeon, The system of
administration and note-taking was improved by the adoption of suggestions
made by two of the most distingnished surgeons in Europe during the discussion
on anmsthetics in Glasgow. Sir George Macleod stated that in all his publie
operations he administers chloroform himself until full ansesthesia is produc-
ed, Dr. William MacEwen said that during chloroform inhalation every one of
the patient’s respirations should be registered on the chloroformist’s tympanum,
Effect was given to both these principles. Sir George Macleod’s method has
been practically followed by the surgeon himself taking notes of every case
of chloroform administration in the presence of the clinical class, while the
admiinistration has been entrusted to students as before. In this way the
responsibility for the whole case rests with the surgeon as it always ought to
rest, unless we are to go back to the days of barber surgery when the surgeon
simply did as he was told ; at the same time the students, without exception,
have the opportunity of becoming skilful and safe chloroformists. Throughout
the inhalation the chloroformist carries out Dr. MacEwen’s rule to the letter and
every one present is kept informed of the rate of the patient’s respirations by
an assistant who stands near the chloroformist and taps the table after every
completed breath the patient takes,
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Cases of elloroform admindstration at the Afzulgunj Hospital,
August 22nd, 1891.—No. 273.

Temperature of operating room 73:7°F. Healthy Mahomedan male tat
29. Disease—hydrocele. Operation—excision of sac. Chloroformed by student
Krishtiah at 8h. 18m. 30s. Anwsthesia complete at 8h, 17m. 45s. : operation
commenced at 8h. 18m. Os. ; finished and patient removed from table at 8h,
44m. 30s. Retched and brought up a little frothy mucus at 8h, 41m. 55s.

Observations.
w
5 ¥

A, 8 13 30.—Chloroform on cap ; patient blowing hard,

B. 8 14 20.—Apnwa; cap entirely removed till 8h. 14m. 43s. :
one breath fresh air,

Q
g

14 45.—Chloroform ; regular breathing,

D. 8 16 10.—Struggling ; regular breathing. Struggling con-
tinued till 8h. 16m. 50s. when one breath of
fresh air was given, and the struggling ceased.

E. 8 17 0.—Snoring ; at 8h. 17m, 30s. the snoring was accom-
panied by noisy expiration.

F. 8 17 45.—Breathing stertorous ; stop chloroform.
(. 8 17 b55.—Cornea insensitive,

H. 8 18 0.—Operation commenced.

I. 8 44 30.—Operation completed.

In this and in all subsequent cases, unless it is expressly stated to the
contrary, the anasthesia was continued until the completion of the operation and
the application of the dressings, in the usual way, by giving chloroform from
fime to time,

August 22nd, 1891.—No. 274.

Temperature of room 76:3°F, Shurfun Bee (female infant), atat 1 year,
Disease—abscess. Operation—inecision.  Chloroformed by student Miss
Williams at 9h. 3m. 0s. Anwmsthesia complete at 9h. 4m, 10s. Chloroform
stopped and operation finished at 9h. Tm, 15s.
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August 24th, 1891.—No, 277.

Temperature of room 731° F. Weakly Mahomedan male, Shaik Jamal,
setat. 30, Disease—abscess. Operation—incision. Chloroformed by student
Krightiah at 8h, 13m. 50s. Full anzesthesia at 8h, 18m, 50s, Administration
stopped at 8h. 24m, 30s,

2

o w

SR

o o

H. M,
8 13
8 15
8§ 15
8 16
g0
8 i
8 18
8 18

Observations.
B,

15.—Chloroform on cap ; blowing very rapidly into the
cap, 68 times a minute,

0.—Cap close to face,
10.—Breathing irregular ; one breath of fresh air,
0.—Regular breathing, 24 respirations a minute,
10.—Snoring.

30.—Two breaths of fresh air while more chloroform
was added,

45,—Noisy expiration.
50.—Cornea insensitive ; chloroform stopped. Adminis-
tration afterwards continued till 8h, 24m, 30s.

August 24th, 1891.—No. 278.

Temperature of room 731° F. Healthy Hindoo male, Ramiah, wtat. 20.
Disease—needle in the buttock. Operation—excision. Chloroformed by
student Krishtiah at 8h. 31m. 50s, Full anwmsthesia at 8h. 36m, 5s. Adminis-
tration stopped at 8h. 40m. Os.

.A.l

B‘-

C.
D,

E,

H. M,
8 31
8§ 31
8 32
8 32
8 32

Observations.
8.

15,—Chloroform on cap ; blowing rapidly 52 times a
minute.

50,—Talking.
5,—Cap close to the face.
10,—Apncea ; cap removed.

90,—One breath of fresh air. Cap re-applied. Regular
breathing 24 times a minute.













366

H, o @
G. 8 56 b50.—Breathing irregular again ; one breath of fresh air.
H. 8 57 30.—More chloroform poured into cap ; took two breathe

of fresh air.
I. 8 58 30.—Talking.
J. 8 59 0.—Rapid regular breathing.

K. 8 59 50.—Cornea insensitive ; administration afterwards con-
tinued till 9h. 3m. 40s.

August 25th, 1891,—No. 284,

Temperature of room 784" F. Weakly ill-nourished child, stat. 1 year,
Mahomed Saheb. Disease—abscess. Operation—incision. Chloroformed by
student Ismail Khan at 9h, 54m. Os. Anwmsthesia complete at 9h, 55m, 45s,
Administration stopped at 10h. 1m, 30s.

Observations.
A ol
9 54 0.—Chloroform on cap ; regular breathing,
54 30.—Two breaths of fresh air given without any parti-
cular reason.
C. 9 55 0.—Regular breathing, 32 a minute,

D. 9 55 45—Cornea insensitive ; cap removed. Administration
continued till 10h. 1m. 30s.

August 26th, 1891.—No, 285.

Temperature of room 74'7° F, Healthy Hindoo female, Rungoo, wtat. 30,
Disease—whitlow. Operation—incision and removal of necrosed phalanx,
Chloroformed by student Miss Williams at 8h. 20m. Os. Full anwmsthesia at
8h. 24m, 15s. Administration ended at 8h. 26m. 55s. The breathing became
stertorous fifteen seconds after the chloroform was stopped when the cornea

became insensitive,

B
0w

Observations.

H, M. 8.
A. 8 20 0.—Resisting and breathing irregularly ; struggled

violently and eried till 8h, 20m, 50s,
B. 8 21 10.—Gasping noisy inspirations,
C. 8 21 15—One breath of pure air,
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In this case after the patient had been removed one of the most intelligent
students was made to describe from memory what had happened during the
administration. He could only recall very imperfectly and inaccurately what
he had seen a few minutes before, For example, he was under the impression
that full anssthesia had been produced in four minutes instead of six. The
experiment was repeated in every case subsequently, with the result that,
though the by-standers were always warned to pay particular attention with
a view to giving evidence afterwards, in no single instance could the witness
give anything like an accurate description of what occurred during the admi-
nistration of the anmsthetic, The fact that it is extraordinarily difficult to
remember precisely what takes place when every thing is normal during an
administration, shows how entirely unreliable and worthless statements made
from memory by “ the competent witnesses who have recorded human deaths
under anasthesia”® must be, when they are obscured by the shock of a patient
dying, and by the excitement of frantic efforts to restore animation.

August 26th, 1891,—No, 287,

Temperature of room 77°7° F. Sickly Hindoo male, Gowkari, wtat. 22.
Disease—abscess. Operation—incision. Chloroformed at the Afzulgunj Hos-
pital by student Krishtiah at 8h. 58m. 10s, Full anwsthesia at 9h, 5m, 55s.
Continued until 9h, 8m, 35s.

Observations.
H, M. &

A, 8 58 10,—Chloroform on cap : blowing gently, 32 times a
minute.

B. 8 59 20.—Cap brought close to face.

C. 9 0 10.—Holding breath ; cap entirely removed.

D. 9 0 80—Gasped pure air ; cap re-applied.

E., 9 1 0—Regular breathing, 24 a minute.

F. 9 1 20.—While more chloroform was being poured on cap
took two breaths of fresh air,

G. 45,—Regular breathing, 24 a minute,

H 9 38 20—While more chloroform was being added, took three

breaths of fresh air.
I. 9 3 25—Noisy expiration.
J. 9 3 45—Raising arms.

* Vide Professor Wood's Address on Anmsthesin—page 268,
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August 28th, 1891, —No, 202,

Temperature of room 74'2° F. Unhealthy feverish Hindoo, Ramiah, etat,
30, Disease—suppurating hydrocele. Operation—incision, Chloroformed at the
Afzulgunj Hospital by student Krishtiah at 8h, 33m, 50s. Ansesthesia complete
at 8h, 39m, 30s. ; continued until 8h, 43m, 50s,

Observations.
H, M, S.

A. 8 33 50.—Chloroform on cap ; rapid blowing, 44 a minute,

B. 8 34 50.—Cap broughi close to the face,

o 8 35 0.—Apncea ; cap entirely removed,

D. 8 35 20.—One breath of fresh air ; regular breathing. Chloro-

form again,

E. 8 36 40.—While more chloroform was being added took three
breaths of fresh air,

8 37 20.—Regular rapid breathing, 40 a minute,

=

G. 8 37 40.—Struggling ; regular breathing,

H. 8 37 50,—One breath of fresh air ; stopped struggling.

I. 8 38 30,—While more chloroform was added took five breaths of
. fresh air, ;

J. 8 39 0.—Noisy expiration and struggling.

K. 8 39 20.—Stertorous breathing. Chloroform stopped, Continued

afterwards till 8h, 43m. 50s. Vomited bile. Tem-
perature 102° F, in the mouth before the operation,

August 28th, 1891.—No. 293,

Temperature of room 74'2° F. Very weak and emaciated Mahomedan
male, Mahomed Bekan Khan, mtat. 76. Disease—senile gangreen of the foot.
Operation—partial amputation. Chloroformed at the Afzulgunj Hospital
by student Krishtiah at 9h. Om. 0s. Anwsthesia complete at 9h, 4m. 30s, ; con-

tinued until 9h. 8m, 30s,
Olservations,
b i e

A, 9 0 0.—Chloroform on cap.
B. 9 0 40,—Rapid respirations, 40 a minute.
9 1 5—While more chloroform was being poured into the
cap took 2 breaths of pure air.

+n
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Augugt 28th, 1891, —No, 295,

Temperature of room 78:7° F, Young healthy Mahomedan male, Hussain
Khan, @tat. 30. Disease—abscess. Operation—incision, Chloroformed at the
Afzulgunj Hospital by Lady Superintendent Miss E, A, Lawrie at 9h, 44m, Os,
Aneesthesia complete at 9h, 47m, 558. Continued until 9h, 50m, 30s,

=

[ — —_—
G.} : i || e
- - *

Qbservations,

M'l E‘i

9 44 0.—Chloroform on cap ; blowing quickly, 30 times a minute,

9 46 0.—While more chloroform was being poured into the cap,
took three breaths of pure air.

9 46 45.—Regular breathing, 24 a minute,
9 47 5 —>Snoring.

9 47 30,—Deep gnoring,

9 47 50.—Stertor ; stopped chloroform.

9 48 0.—Cornea insensitive, Administration was kept up until
9h, 50m, 30s.

August 29th, 1891.—No. 296.

Temperature of room 74'2° I, Strumous Mahomedan child, Morad Sahib,
atat. 4, Disease—sinus, Operation—incision. Chloroformed at the Afzulgun;
Hospital at 8h, 29m. 0s. by Miss E. A. Lawrie. Full anwsthesia at 8h. 31m. 30s.;
continued until 8h, 37m. 5s,

oR P

= O

Observations.

H, M. B8

8 20 0.—Chloroform on cap ; erying but breathing regularly,

8 29 55.—Cap close to face ; regular respirations, 24 a minute,

8 30 45.—Coughing,

8 31 10.-—Noisy expiration,

8 31 30.—Cornea insensitive and breathing stertorous simulta-

neously, Stop chloroform ; afterwards adminis-
tration kept up till 8h. 37Tm. bs,
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August 29th, 1891,—No, 299,

| Temperature of room 74:7° F. Unhealthy Hindoo male, Jumnadas, itat, 30,
Disease—abscess, Operation—incision. Chloroformed at the Afzulgunj

Hospital by Surgeon-Major Lawrie at 9h, 33m, 58, Anwmsthesia complete at 9h.
35m. 45s., and continued until 9h, 37m. 30s.

Observations.

by ‘M. B

9 33 5.—Chloroform on cap; regular respirations, 36 a minute.

9 33 15—Cap brought close to face. Regular breathing.

A
B
C. 9 33 30.—Noisy expiration.
D. 9 34 5—Talking.

E

.9 34 25,—While more chloroform was being poured on to the cap
two breaths of pure air were taken.

F. 9 35 b5—Violent struggling ; regular breathing,
G. 9 35 30.—Noisy expiration.

H. 9 35 45,—Cornea insensitive. Stopped chloroform, Chloroform
afterwards administered until 9h, 37m, 30s.

Chloroform was administered in Case No. 299 by the surgeon. The
students were becoming timid, in consequence, it was supposed, of the
weekly reports of deaths under anwmsthetics in the English medical journals ;
and were taking from six to eight minutes to produce anmsthesia instead of
from three to five. In Case No. 209, full anwsthesia was produced, with regular
breathing throughout the administration, in two minutes and forty seconds.
Dr. Lawrie afterwards said, “1 never wish you to give chloroform against
time, but, provided the respiration is normal, there is nothing to be gained by
slow anasthesia. If the breathing is regular you need not be anxious about
the patient, as no danger can arise before anwmsthesia is complete, whether the
chloroform is administered slowly or quickly. Until the stage of complete
narcosis is reached therefore your anxiety should be to make the patient breathe
regularly while he inhales the anmsthetic, and you should not allow him to
inhale any chloroform when the breathing is irregular, Beyond this you need
have no anxieties whatever.”
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August 31st, 1891,—No, 302,

Temperature of room 75-8°F, Healthy Mahomedan male, Mahomed
Karimoolla, @tat, 22, Disease—Fibroid tumour of serotum, Operation—excision.
Chloroformed at the Afzulgunj Hospital by Shivram Balkristna (his first
administration) at 7h. 51m. 45s, Full anwmsthesia at 7h, 57m, 53s ; continued
until 8h, 8m. 45s,

Observations.
H, M, #
A. 7 51 45—Chloroform on cap : blowing hard, 40 times a minute,
B. 7 52 10.—Cap brought close to face,
C. 7 52 20.—Apncea ; cap entirely removed.
D. 7 52 35.—One breath of pure air. Cap re-applied,
E. 7 52 55.—Regular respirations, 20 a minute.
F. 7 53 25.—While more chloroform was being poured on to the
cap, took three breaths of pure air.
G. 7 53 55.—Regular respirations, 24 a minute,

H. 7 55 0.—Moaning.

L 7 55 55.—While more chloroform was being poured on to the cap,
took four breaths of pure air.

J. 7 56 30.—Snoring.

K. 7 57 50.—While more chloroform was being poured on to the cap,
took two breaths of pure air,

The cap was not re-applied till later as, while the chloroform was being
renewed, and before any more was inhaled, the cornea became insensitive
and the breathing stertorous.

August 31st, 1891.—No, 303.

Temperature of room 75'8° F. Thin Mahomedan male child, Fakeer
Mahomed, wtat. 5. Disease—stone in the bladder. Operation—Ilateral lithotomy.
Chloroformed at the Afzulgunj Hospital at 8h. 31m. 15s.,, by student Shivram
Balkristna. Full anwsthesia at 8h. 33m. 45s. Continued until 8h. 44m, 30s.
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Olbservations,
8.
10.—Chloroform on cap ; breathing regular, 32 times a
minute,

.B65.—Cap brought close to face,

55.—Btruggling ; one breath of pure air.
50.— Do, do. do.
10.—Regular respirations, 20 in a minute.

45—While more chloroform was added to the cap,
took four breaths of pure air,

0.—Regular respirations, 24 a minute,
20.—Noisy expiration and moaning.
30.—Cornea insensitive ; chloroform stopped, and after-
wards continued until the dressings were applied.

August 31st, 1891.—No. 306.

Temperature of room 81'7° F. Sickly Mahomedan male, Mahomed Ismael,
Digeage—cellulitis, Operation—incisions, Chloroformed at the
Afzulgunj Hospital at 9h, 17m, 30s. by Miss E. A, Lawrie. Full anmsthesia
at 9h. 23m. Os ; continued till 9h. 27m. 30s. "

swotat. 51,

H. M.

Al B 1T
B 4 19
¢ 9 20
D. 9 20
B, 9 21
e 9 21
& o ||
H. 9 22

L.=9. 23

Jo 9 Eh

Observations.

K.
30.—Chloroform on cap ; rapid regular breathing, 40

in a minute,
50,—Regular breathing, 20 in a minute.
5 —Coughing,
40,—While more chloroform was being added to the cap,
took four breaths of pure air.
10,—Noisy expiration,
25.—Violent struggling, Regular breathing,
45.—O0ne breath of pure air,
15,—Struggling ; regular breathing.
45.—Snoring,
0.—Cornea insensitive. Stopped chloroform. Continued
afterwards until 9h, 27m. 80s.







M.
19

20
21
21

22
23

382

30.—Apncea ; cap entirely removed until 8h, 20m, 20s.
(50 seconds,)

20.—One breath of pure air ; cap re-applied.
0.—Noisy expiration.

25.—Two breaths of pure -air while adding more
chloroform,

40.—Noisy expiration.

20.—Cornea insensitive. Anasthesia maintained by giv-

ing more chloroform from time to time until
8h. 26m, 15s,

September 1st, 1891.—No, 309.

Temperature of room 76 6° F, Old worn-out feverish Mahomedan male,
Dawod Khan, etat. 81. Disease—cat-bite. Temperature in mouth 1027° F.
Operation—excision, Chloroformed at the Afzulgunj Hospital at 8h, 32m, 20s,
Fully aneesthetised at 8h, 36m. 40s,

by Miss Lawrie,

e
on

s ol H e

oo 0o Q0 go GO OO0 QO oo OO

M.
32
33

33
33
34
34
34
35
36
36
a7

Observations,

i,

20.—Chloroform on cap ; rapid blowing, 52 times a minute

5.—Cap brought close to face ; regular breathing, 32
a minute. '

20.—Apnecea ; cap entirely removed,
30.—One breath of pure air ; cap re-applied.
0.—Struggling ; breathing regular,
40,—Holding breath ; cap entirely removed.
55.—Gasped pure air ; regular breathing. Cap re-applied.
15.—Struggling ; regular breathing.
0.—Noisy expiration ; 36 respirations a minute.
40,—Cornea insensitive ; stopped chloroform.

h.—Stertorous breathing ; no more chloroform had been

administered from 8h. 36m. 40s. (Vide remarks
after Case No, 278.)

1
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H, M, H.

E. 9 54 20.—While more chloroform was added to cap, took
three breaths of pure air,

F. 9 54 40.—Coughing ; one breath of pure air.

G. 9 5 10— Do do. do.

H. 9 55 30.—Noisy expiration,

I 9 55 50.—Holding breath ; cap entirely removed.

J. 9 56 15—Gasped in pureair; cap re-applied ; regular breathing.
K. 9 56 25—Moaning.

L. 9 56 45 —Stertorous breathing ; cornea- at same time insen-

sitive. Stopped chloroform ; afterwards con-
tinued until 10h. 1m. 5s.

September 2nd, 1891.—No, 312,

Temperature of room 72:9° F. Delicate Hindoo child, Baloo, ataf. 4. Disease
—phymosis., Operation—circumeision, Chloroformed at the Afzulgunj Hos-
pital at Th. 22m. 35s. by student Miss Williams. Full anwsthesia at Th. 24m. Os.,
administration ended at 7Th. 28m. 30s.

Observations.

H. M. &

A. 7 22 35.—Chloroform on cap ; crying.

=
-1

23 25.—Regular respirations, 24 a minute.

C. 7 24 0.—Cornea insensitive ; stopped chloroform ; anzsthesia
afterwards kept up in the usual way unfil the
operation was finished at Th. 28m. 30s.

September 2nd, 1881.—No. 313.

Temperature of room 73'0° F. Healthy young Mahomedan female, Abbass
Bee, mtat. 20. Disease—eystic tumour. O pBl‘ﬂlﬁiGD—-—-ﬁEﬂiEiﬂn.. Chloroformed
at the Afzulgunj Hospital at 8h, Om. 45s. by Miss E A, Lawr_m, Full anws-
thesia at 8h. 6m. 20s, Anmsthesia maintained until the operation was finished
at 8h. 15m,. 30s.
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September 3rd, 1891.—No. 318,

Temperature of room 74 5° F. Very sickly Hindoo male, Kristna, stat. 25.
Disease—spreading gangrene. Operation—exploration. Chloroformed at the
Afzulgunj Hospital at 9h. 24m. 50s. by Shivram Balkristna. Full anwsthesia
at 9h. 30m, 5s.

Obzervations.

H. M. 8
A. 9 24 50.—Chloroform on cap ; blowing 40 times a minute.

B. 9 25 20.—Cap close to face ; coughing.

. 9 26 10.—Took one breath of pure air while more chloroform
was added to the cap.

D. 9 26 45.—Struggling ; one breath of pure air.

E. 9 27 10.—Regular respirations, 28 a minute.

9 28 55.—Took three breaths of pure air while more chloroform
was poured into the cap.

G. 9 29 10.—Snoring.

H. 9 30 5.—Cornea insensitive ; stopped chloroform.

=

September 3rd, 1891.—No. 319.

Temperature of room 745° F. Old decrepit Mahomedan, Sayyad Ashraf,
wtat. 82. Disease—senile hypertrophy of the prostate. Operatiﬂn—perineal
soction. Chloroformed at the Residency Hospital at 11h. 30m. 15s. by student
[smail Khan, Full anwsthesia at 11h. 33m. 50s. ; continued until the operation

was finished at 11h. 37m. 13s.

(Observations.
H, M, B.
A. 11 30 15.—Chloroform on cap; blowing gently 36 times a
minute.
B. 11 30 45.—Cap close to face.
C. 11 31 5.—Regular breathing, 98 times a minute.
D. 11 31 30.— Do. do. 20 do. do.
E. 11 31 50.—Took two breaths of pure air while more chloroform

was added to the cap.
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September 5 th, 1891.—No. 322.

Temperature of room, 74'5° F. Sickly Hindoo male, Sayhoo, wmtat. 25.
Disease—bubo. Operation—excision of the inguinal glands, Chloroformed at
the Afzulgunj Hospital at 8h. 32m. 10s. by Shivram Balkristna. Full anses-
thesia at 8h, 36m, 358, Continued until 8h. 42m. 30s.

Observations.
H. M. &

8 32 10.—Chloroform on cap; blowing gently, 44 timcs a minute,
8 32 50.—Cap close to face ; regular respirations, 20 a minute.
8 33 20.—Irregular breathing, one breath of pure air.

8 33 30.—Regular respirations, 24 a minute,

HEoQuk

8 34 30.—Took two breaths of pure air while more chloroform
was added to the cap.

8 35 0.—Struggling, one breath of pure air.

8 35 15.—Regular breathing, 28 times a minute.
8 35 55.—Snoring,

8 36 20.—Spluttering.

8 36 35,—Cornea insensitive and breathing stertorous simul-
taneously ; stopped chloroform ; anwmsthesia after-
wards kept up till 8h. 42m. 30s,

Septen{ber 5th. 1891.—No. 523.

i == T

Temperature of room 74'5° F, Weak Hindoo child, Nursoo, wtat. 2.
Disease—abscess.  Operation—incision,  Chloroformed at the Afzulgun)
Hospital at 8h. 45m. 55s. by Miss Williams. Full anwsthesia at 8h. 47m. 50s.
(Continued until 8h. 51m. 30s.

Observations.
H. M. B

A. 8 45 55 —Chloroform on cap ; crying.

B. 8 46 30.—Cap close ; regular respirations, 27 a minute.

C. 8 47 40.—Took four breaths of pure air while more chloro-
form was added.

D. 8 47 50.—Cornea insensitive ; stopped chloroform ; con-
tinued afterwards until the dressings were
applied at 8h, b1m, 30s.
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is all the chloroformist has to produce, chloroform syncope will become a
figment of the past. The clinical and experimental data of the Hyderabad
Commission completely expose the fallacy underlying the wide-spread beliefin
the direct action of chloroform upon the heart, a belief which is founded

mainly on fatalities under chloroform that have never been proved to be due to
anything but abnormal inhalation,

Much discussion has taken place lately with reference to the quality of
the chloroform as a factor in anmsthesia, It may therefore be as well to note
that in all the second and in more than half the first series of cases reported in
this section, the anasthetic employed was Duncan and Flockhart’'s methylated
chloroform, and that vomiting occurred in less than five per gent, of the admini-
strations,

The Commission does not attempt to make its conclusions retrospective,
It is sufficient to recall the fact that deaths with chloroform have, with few
exceptions, happened in the practice of those who take the pulse as a guide
as to its effects, and to repeat that the pulse can only give indications of actnal
danger and of abnormal administration. When it is considered how universal
has become the custom of taking the pulse as a guide in chloroform inhalation,
more especially during the last ten years, it is evident that but for natural
safeguards which surround the administration of chloroform, namely, lowering
of the blood-pressure, stoppage of the respiration, and stoppage of the heart,
the mortality from abnormal inhalation would have been considerably higher
than the one in so many hundreds or thousands shown in the useful statistics
of Mr. Roger Williams and Professor Wood.

The Commission desires to prove that in the practice of surgery death
from chloroform should be impossible. The question is: Will any surgeon
henceforth accept the responsibility of refusing to follow the teaching of the
Hyderabad Chloroform Commission, seeing that it demonstrates how normal
anasthesia can invariably be secured ?
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VI. In children erying ensures free admission of chloroform into the lungs ;
but as struggling and holding the breath can hardly be avoided, and one or two
whiffs of chloroform may be sufficient to produce complete insensibility, they
should always be allowed to inhale a little fresh air during the first deep inspira-
tions which follow. In any struggling persons, but especially in children, it is
essential to remove the inhaler after the first or second deep inspiration, as enough
chloroform may have been inhaled to produce deep anwmsthesia, and this may only
appear or may deepen after the chloroform is stopped (vide supra sub-paragraphs
2 and 9 of conclusions in paragraph 30). Struggling is best avoided in adults
by making them blow out hard after each inspiration during the inhalation,

VIL.  The patient is, as a rule, anmsthetised and ready for the operation to be
commenced when unconscious winking is no longer produced by touching the
surface of the eye with the tip of the finger. The anmsthetic should never,
under any circumstances, be pushed till the respiration stops ; but when once the
cornea is insensitive, the patient should be kept gently under by occasional inha-
lations and not be allowed to come out and renew the stage of struggling and
resistance.

VIII. As a rule, no operation should be commenced until the patient is
fully under the influence of anmsthetic so as to avoid all chance of death from
surgical shock or fright.

IX. The administrator should be guided as to the effect entirely by the
respiration. His only object, while producing anesthesia, is to see that the
respiration is not interfered with,

X. If possible, the patient’s chest and abdomen should be exposed during
chloroform inhalation, so that the respiratory movements can be seen by the
administrator, If anything interferes with the respiration in any way, however
slightly, even if this occurs at the very commencement of the administration ; if
breath is held, or if there is stertor, the inhalation should be stopped until the
breathing is natural again. This may sometimes create delay and incunve::_:i—
ence with inexperienced administrators, but experience will make any adminis-
trator §o familiar with the respiratory functions under chloroform that he will,
in a short time, know almost by intuition whether anything is going wrong, and
be able to put it right without delay before any daunger arises.

XI. If the breathing becomes embarrassed, the lower jaw should be
pulled, or pushed from behind the angles, forward, so that the lower teeth
protrude in front of the upper. This raises the epiglottis and frees the larynx.
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lecture Syme said, “ The points that we consider of t]lE greatest practical
importance in the administration of Chloroform are’—

(1) * First a free admixture of air
with the vapour of chloroform, to en-
sure which a soft porous material is

employed * ® © we use no apparatus
whatever.”

(2) Syme said, “ Secondly, if this
[viz. a free admixture of air with the
vapour of chloroform] be attended to,
the more rapidly the chloroform is
given the better till the effect is pro-
duced ; and hence we do not stint the
quantity of the chloroform.”

(3) Thirdly, Syme said, * we never
continue beyond the point when the
patient is fully under the influence of
the anasthetic.”

(4) ** Then—and this is a most im-
portant point—we are guided as to the
effect, not by the circulation but en-

(1) The Commission has. shown
that a free admixture of air with the
vapour of chloroform alone ensures
normal respiration and normal anwms-
thesia,® and that no form of apparatns

or inhaler can determine regular
breathing.

(2) The Commission has demon-
strated that there is nothing to be gain-
ed by slow anwmsthesia, and that the
strongest concentration of the vapour
of chloroform that is compatible with
regular breathing constitutes the safe
dilution of the anwmsthetic.} This does
not mean that the patient is to be
forced to
vapour, Any concentration, or any
method of administration whatsoever,
which interferes with or stops the
patient’s respiration must impede the
inhalation, and by importing into the
administration the risk of asphyxia
must produce abnormal ansthesia,

mhale over concentrated

(3) This point is now self-evident.
Normal anwmsthesia is all the chloro-
formist has to produce.

(4) This is the only point on which
the Hyderabad Commission has im-
proved upon Syme's teaching. The

* Vide especially Experiments Nos, 148, 168, 169, 170 and Ludwig I1T and IV of 186,
t Vide page 208, and experiment No. 41 page 41.
1 Vide page 807,













PART XI—PLATES.

Nore ox Exrermmest No, 169,

Experiment No, 169.—One Ludwig tracing—reading from left to right,
and one Fick—reading from right to left. The Ludwig tracing consists of
respiratory and pulse curves ; and the pulse curve is also shown from time fo
{ime on the Fick tracing. The Ludwig trace shows that after anwsthesia was
produced at 11h, 27m. 40s., the respiratory curves became smaller and smaller,
and at 11h. 30m., before Fick reading 3, they entirely disappeared. The pulse
curve then failed rapidly and, after Fick reading 4, is to be seen as a mere line
till the heart stopped. A needle was inserted into the heart after the respira-
tion stopped and moved, vigorously at first and then more and more slowly,
until 11h, 34m, 45s,

Observations.
H, M. 8§,
A, 11 27 5 Chloroform gently and continuously with regular breath-
ing,
B. 11 27 40 Cornea insensitive.
C. 11 30 55 Respiration stopped. Needle in heart.
D. 11 34 45 Heart stopped.

Experiment No. 169 shows the effect of uncomplicated chloroform poison-
ing pushed till death, Anwmsthesia was produced at 11h. 27m. 40s. The
administration was kept up afterwards for 3m. 15s., during which period the
respiratory function was failing, and at 11h, 30m. 53s. all respiratory move-
ments had come to an end, No atbempt was made to restore the animal, and it
died. Ttis obvious that the supply of Oxygen to the blood, and through it to
the heart, was diminishing, in direct proportion to the deepening of the narcosis

of the respiratory centre and the increasing inefliciency of the respiratory

function, during the three minutes before the respiratory movements quite

ceased. The weakening of the heart, which is perceptible in the pulse-curve

of the Ludwig tracing, was, therefore, clearly due to gradual arrest of its

nutrition from failure of the respiration ; and it cannot be attributed in any

degree to the direct action of chloroform, unless the effect of failure of the

respiration on the heart is entirely ignored. After the stoppage of the respira-

tion, the heart's action became more and more enfeebled, until its nutrition was

finally arrested owing to the fact that its supply of Oxygen was completely

exhausted ; and the heart ceased to beat at 11h, 34m, 458,
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Expt. No.188. Fick tracing I.
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Photo. No. 319. Expt. No. 148.
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hoto, No, 421, (Continued on Plate X1) Expt. No, 188.

Photo. No. 422. (Continued on Plate XI1.) Expt. No. 188,




Ludwig tracing I. Reads frem left to right.

Ludwig tracing 1I. Reads from left to right. See pages 141, 836 and 354.

Plate Xl.










Photo, No, 428, (Continued on Plate XIII) Expt. No.188. Ludwig tracing 111,

Photo. No. 424, (Continued on Plate XIIL) Expt.No.186. Ludwig tracing 1'V.

Plate XII,




See pages 141, 336 and 28 4.

Reads from left to right.

Reads from left to right. See pages 141, 83€ and 354.

Plate XII,



















