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immediately begins to distend, and the heart presently stops, with the
right ventricle engorged with blood. The heart had often, in the case
of rabbits, virtually come to a standstill within a minute of the intro-
duction of chloroform by the method described. The contrast was
most striking when ether was used instead of chloroform; the other
steps in the experiment being the same. Ether may be given for an
indefinite period without interfering with the heart. We kept up arti-
ficial respiration with ether in the circuit for an hour, not including
twenty minutes occupied in producing anwsthesia; and, at the end of
that time, the exposed heart was beating as vigorously as at first,

It was obvious, therefore, that, apart altogether from its action on
the respiratory centres, chloroform has a disastrous effect on the heart,
while ether has no baneful influence. While presenting in this

ct an enormous advantage over chloroform, it was yet apparent,
however, that ether has some fn:nt disadvantages. The chief of these
is the tardiness of its action. In comparative experiments with rabbits,
in which the anzsthetics were given on a towel, it appeared that, with
chloroform, complete anmesthesia was produced in about three minutes ;
while, in the case of ether, it took fifteen to twenty minutes to produce
this effect, although the cloth was kept saturated. It occurred to us,
therefore, to endeavour to find an agent which should be as potent an
angsthetic as chloroform, and yet affect the heart and respiration as
little as ether.

II.—ExAMINATION OF VARIOUS SUBSTANCES AS TO THEIR
GENERAL ANESTHETIC EFFECT.

In testing the various agents used, we employed the methods de-
scribed above. We administered them to animals, and watched the
effects on the heart and on respiration. We used the method on frogs
by which the effect on the keart could be observed; and, in the case of
some of the agents, we performed the experiment on rabbits and dogs,
using artificial respiration, and exposing the heart. It may here be
remarked that, in these experiments, the anasthetics were given inten-
tionally in large doses, because, if any substitute for chloroform is to be
found, it must be one which may safely be given in exceptionally full
doses. The following substances were administered.

1. Benzine (C, H,) was used with the frog. Its effects were nearly
as slow as that of ether, and it produced struggling; weakening of the
heart was apparent, but not so great as with chloroform.

2, Acetone (C,; H, O) produced only slight anzsthesia in the frog,
even after prolonged administration.

3. Lyrrol (C, H; N) produced anamsthesia in frogs with considerable
less ra%)ldiiy than chloroform, but great excitement and muscular spasm
took place before complete anmsthesia, Administered to three young
rabbits subcutaneously, it produced convulsive movements, chiefly of
the jaws and fore-paws, Anwmsthesia in these rabbits was doubtful.

4. Bichloride of metliylene (so called, but, as it has not a definite and
constant boiling point, it is obviously a mixture. Reputed formula,
CH, ClL,). With frogs, it was found that the heart became guickly
affected, and soon stopped. With rabbits, respiration rapidly deterio-
rated and slorpc:], while the heart was still beating, In an experiment
with artificial respiration and exposure of the heart (as described above),
the heart was weakened and soon stopped, but not so rapidly as with
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It was administered on cloth. Angsthesia was produced in two or
three minutes. In one case, anmsthesia was accompanied with some
excitement, manifested by squealing; the animal was a young puppy.
In another case, a large dog was kept fully anwmsthetised for half an
hour, without the slightest failure of respiration or heart., The ances-
thesia in this case was very rapid, and the administration was intention-
ally pushed with successive doses at short intervals, as evaporation took
place. The recovery was rapid, and the animal manifested remarkably
ﬁood spirits. . Two experiments were made on dogs, in which the

eart was exposed, artificial respiration being kept up. No failure of
the heart’s action was observed, although the air passing into the lungs
was saturated with the vapour of the substance. There was complete
anesthesia. On quickly removing the bottle containing ethidene
dichloride, and substituting chloroform, the right side of the heart
began almost immediately to become distended, and to be dark in
colour, and the activity of the heart rapidly failed. The contrast
between the effects of the two substances on the heart was most striking.
Practically, a dog will live for a lengthened period in a state of com-
plete anmsthesia under the influence of ethidene dichloride, while it
will die in a short time when chloroform is used.

It is worthy of observation that two substances, butyl chloride and
isobutyl chloride, which have the same chemical formula, exhibit such
different actions. The same contrast is seen in the actions of ethene
dichloride and ethidene dichloride, which are also isomeric. The first
of these produced severe convulsions, while the second promises to be
an excellent anmesthetic without any convulsive effects,

It was now necessary to test the effects of the two substances whose
results seemed promising, and of any others of similar value, on the
higher animals and on man.

III.—SPECIAL INVESTIGATION.

With reference to the physiological action of anmsthetics, our atten-
tion was, up to this time, mainly occupied with three inquiries, viz.:
1, The changes, if any, produced in the gases of the blood; 2. The
changes effected in the gases of respiration; and, 3. The effect of
anzesthetics on nervous conduction, and on mental phenomena as ob-
served in man, All these exiperiments have been of a very laborious
character, involving the use of complicated apparatus, and the methods
employed can yield satisfactory results only after considerable practice.

1. The Effect on the Gases of the Blood.—The blood was collected
by means of a graduated tube filled with mercury, and provided with a
glass stopcock at each end. The upper end was placed in communica-
tion with the aorta or the inferior vena cava of a rabbit (immediately
after it had been deeply anwmesthetised) by means of a cannula; and, by
opening the stopcocks, the blood flowed in at the upper end, replacing
the mercury, which escaped at the lower extremity of the tube. It was
thus possible to collect the blood without any admixture of air. The
small portion of the tube above the stopcock was then washed and
filled with a boiled solution of salt, and attached by an India-rubber
tube fo the tube entering the receiver of a Pfliiger’s air-pump. The lower
end of the tube containing the blood was then inserted in mercury.
On opening the stopcock of the receiver, and those of the tube con-
taining the blood, the mercury in the vessel below displaced the blood,
which flowed into the exhausted receiver, frothing and evolving gas,
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IV.—History OF ETHIDENE DICHLORIDE,

Ethidene was first employed as an anwesthetic by Dr. Snow, of Lon-
don. He administered it in fifteen cases with good results (see Snow,
On_Chloroform, efc., last paper, published in 1858). In 1870, it was
used by Liebreich and Langenbeck in Berlin (Berlin, Klin. Wochen-
schrift,, Nos. 31 and 33, 1870, p. 401). In 1871, two papers appeared :
one by Sauer, in the FPhara. Centraiblatt, No. 14, p. 140; and the other
by Steffen, in Dentsche Klinik, No. 44, p. 308, Sauer mentions one case
of death in a patient suffering from heart-disease, In thirty-three cases,
two vomited, and two suffered from nausea and headache, In 1872,
Steffen published another paper in the same journal (p. 358), in which
he gives details regarding twenty cases, and he states that the results
were satisfactory (see also Fakresh, der Medicin, 1870, 1871, and 1872,
where abstracts are given). It is worthy of note, however, that Snow,
whose work in connection with anwmsthetics is well known and much
appreciated, was the first to use the substance. 'When he obtained it,
it had been used in Paris as an application to joints in rheumatism.
What led him to give it a trial as an anasthetic, does not appear ; but
he states that the difficulty of obtaining it pure may prevent its general
use. That difficulty chemists have now removed, and there is little
doubt that, if required, ethidene may be made in a state of purity.

Since we directed attention to this substance in January, 1879, it has
been used extensively throughout the country; and, not long ago,
Mr. J. T. Clover published in the BriTisH MEDICAL JOURNAL
an account of his experience derived from 1,877 cases (May 29th, 1880).
In this interesting paper, he gives the particulars relating to a case of
death from cardiac syncope after administration of ethidene and nitrous
oxide gas, the nitrous oxide having been stﬂjzlped before the ethidene
was given. At the pos/ morfem examination, the heart was found to be
enlarged, and its fibres were shown to have undergone fatty degenera-
tion. In some of his observations in connection with the cases in which
ethidene has been used, Mr. Clover calls attention to its depressing
action on the heart, a circumstance to which we will also particularly
refer. The Committee believe that ethidene has frequently been used
on the continent and in America; but they have found no published
records except the above.

V.—CriNicAL INVESTIGATION OF ETHIDENE AND CHLOROFORM,

In a report published in the BRITISH MEDICAL JOURNAL (January
25th, 1879), we related six cases in which we had used ethidene as an
anzsthetic, and expressed our satisfaction with the results. Since then,
we have instituted a series of observations, with the object of contrast-
ing the effects of chloroform and ethidene; and, in order to facilitate
the record of these, we drew up the following schedule.

Anmsthetic, . » Quantity used,

Fosture of Patient, and Mode of Administration,

Date, . MName, . Afe, Ward,
Occupation, .« Disease,

Operation, Condition of Patient,

General }fah:l::..

Administration begun at .  When completely under
Administration stopped at . Time under
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that there was so change in the condition of [the conjunctiva, 5l signifies
slight; and N, with a figure before it, shows the length of time the vomit-
ing or sickness lasted, h. %vein:; a contraction for hour. N., in columns vi
and 1X, mean #e vemiting or sq:kne_“ occurred. Inthe columns shuwnqg the
appearance of surfaces, (. signifies that the colour was goad; P., that it was
pale: W., that the skinwas soarwn; C., cofdl; M., meoist ;o and D., dry; 1,
that the conjunctiva was fitfecien.

In Table 1, the observations, as recorded in the ethidene schedules,
are inserted so as to show at a glance the history of each case, and, at
the same time, in such a form as to facilitate the comparison, not only
of individual cases, but also the general results of our investigations, It
will be observed that, at the foot of the first four columns, figures are
given showing the average time in minutes required to put the patient
under the anwmsthetic; time under the anzsthetic; time occupied in
recovery ; and the average dose in cubic centimétres. The same plan
is adopted in Table 11. Let us first contrast these results. It may be
here stated that, before making up these tables, our general impressions
as to the comparative results were somewhat different from what is
shown in the figures before us,. The average dose of ethidene may be
stated as 40.3 c. c.; or, in other words, 1.8 c.c. for each minute during
which the patient is under the anmsthetic ; whereas, in the case of
chloroform, the average dose is 31.8 c. c., or 1.7 c. c. for each minute.*
It will be further seen, that the time required to put the patient
under chloroform is greater by 1.1 minute (5.4—4.3) than what is neces-
sary to anmsthetise with ethidene. In connection with these observa-
tions, there are several points which must be taken into consideration.
First, owing to the average time during which the chloroform patients
were under the anmsthetic being less (18 m.) as compared with those
who had ethidene (22.3), the dose per minute (1.7 €. ¢.) is proportion-
ately increased in the case of chloroform ; for it is during tﬁe first few
minutes that the greater quantity of the entire dose is administered.
When the patient is once under the anwesthetic, a comparatively small
quantity is required to keep him under. The same cause may also
account for the difference in the time necessary for recovery from the
effects of the agents. In chloroform, the average time required is 4.8,
with ethidene 4.4, minutes. The chloroform average is considerably
augmented by the fignres given in Cases 1, 3, 5, and 6; in all of
which the time occupied was more than twice, and in one case (No. 15)
more than three times, the average. Deducting these five cases, the
average will be found to be 4.1 in the place of 4.4 minutes, There are
only three cases in which the time necessary for recovery from ethidene
was more than double the average (Nos. g, 18, and z1).

Intwo cases in which ethidene was employed, sickness during the oper-
ation is recorded. In Case No. 2, it is accounted for by the fact that the
patient, shortly before the operation, had taken a glass of milk. (The
usual practice in the Western Infirmawsy is to-allow the patients to have
a cup of beef-tea five or six hours before the operation, but nothing
after that time.) The sickness in the other case (No. 40) occurred as
the patient was recovering from the anzsthetic. In twenty-four cases,
sickness is recorded as occurring within twenty-four hours after the
operation, in fifteen of which it was associated with more or less vomit-
ing. In most of the cases, the vomiting was slight; in three cases

* The method we adopted for administering the anaesthetic (on a towel) prevents
us from arriving at a conclufion as to the actual amount of anmsthetic vapour which
entered the patient’s lungs : the results in respect to the doses given are, therefore,

enly comparative,
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33, in six to between 35 and 40, and in five to 40 or slightly over it;
in one case (No, 37) to 72 respirations per minute. With chloro-
form, as with ethidene, in some cases there is particular regularity in
both the pulse and respiraticns, as in case No. 33 (the one in which
the pulse-respiration changes are least marked), the mean number of
respirations per minute is 24.2, the maximum 26, and the minimum 23;
whilst the pulse mean may be stated as 96.8, the maximum 108, and
the minimum g2 per minute, The cases are, however, few in which
chloroform does not produce a greater effect upon the pulse and respira-
tion. In a certain class of cases, the pulse-respiration ratio is greatly
altered, the pulse falling as the respirations rise. With ethidene, such
cases are comparatively rare, and the changes observed are not so
marked. Out of fifty cases in which chloroform was given, nine show
the changes to which we refer ; whilst in only two of the ethidene cases
are they seen, and even in these they are not very striking.

The following charts show the comparative effect of ethidene and

=11 L S —— A ]
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chloroform in this respect ; the ethidene case is selected as the most
marked of the two; the chloroform one shows about the average of the
nine cases above referred to, ;

_ Take first the chloroform chart (Fig. 1). The normal line is fixed a
little below that of the ethidene (Fig. 2), on account of the difference in

RESPIRATION
gkl o ETHIDENE
MINUTES 0 2 4 6 8 18 20 22 24 26 28 30
Bk S 7 -2 B S 8 D O T

T

IB0 45

s

H
=

Fig. 2.
the ages of the patients: the one (chloroform) aged 40, the other 11
years. The continuous line shows the respiratory, the dotted line the
pulse curve. The most striking feature in the chart is the great rise in
the respirations, and fall in the pulse below the normal line. Shortly
after the commencement of the administration of chloroform, thereis a
,-.]ight fall in the ]m[s.e (from 80 to 68) and the rcﬁ]uiralinn (from 18 to
16), followed by an increase from 68 to 8o in the former, and 16 to 17
in the latter. For the next ten minutes, there is a continuous fall of
the pulse (to 48 per minute) and rise in the respiration (to 44 per minute).
Within the next two minutes, the pulse rises to the normal line, and the

L R —-__M—
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respiration falls to 32. This change corresponds with an interruption
in the administration of the anzesthetic for four minutes. The subsequent
administration of the chloroform is followed by a similar, though not so
extensive, alteration in the pulse-respiration ratio. It will be observed
that the fall in the pulse is concomitant with the rise in the respira-
tion. Itis also to be observed that, in those cases where the pulse-
respiration ratio was considerably altered, the pulse showed a tendency
to become dicrotic, so that a double impulse was communicated to the
finger. Thus, a pulse where the beats equalled sixty per minute might
easily be mistaken for one where the impulses were a hundred and
twenty. Associated with these changes, we have also indications of
low arterial tension.  Although the ethidene case is selected as being
the one in which pulse-respiration changes are most marked, yet there
is a manifest difference as contrasted with the chloroform one. There
is a slight rise in the pulse for the first four minutes, followed by a gra-
dual but almost continuous fall from 108 (at four minutes) to 68 (at
twenty-two minutes), succeeded by a slight rise, corresponding with the
stop of the administration. The first risein the pulse is in advance
of a fall in the respiration, and the subsequent rise in the respiration is
ed by a diminution in the frequency of the pulse; after the four-
teenth minute, the respiration slowly rises to 26, and again falls to 25
before the administration of the ethidene isstopped. In only one case
in which ethidene was given, did the pulse become dicrotic. g
So much for our researches from a clinical point of view ; we will
now call attention to a series of experiments performed with the object
of investigating the conditions of blood-pressure in animals under chloro-
form, ethidene, and ether. -

VII. INFLUENCE oF CHLOROFORM, ETHIDENE, AND ETHER ON
Broon-PRESSURE.

In the report of a Committee* of the Royal Medical and Chirur-
gical Society, to inquire into the usesand eftects of chloroform, pub-
lished in the Transactions for 1874, vol. xlvii, there is a very excellent
but brief record of the blood-pressure under chloroform and ether. The
instrument used in these experiments was the hxzmadynamometer of
Poisenille, which consists of an U-shaped tube, with mercury in the bend.
One limb of the tube was connected with the femoral artery, and the rise
of the mercury in the opposite limb indicated the blood-pressure. By
means of this instrument, the committee were enabled to report that, on
administering chloroform, there was at first a transient rise of the blood-
EE’EE&HIE ; after which, there was a gradual, but not a regular, fall.

ey also noticed that, when the force of the heart was reduced by
chloroform to the full extent, the respiration of fresh air was at once
followed by a rise of the mercury. In regard to ether, it was found
that the primary rise in pressure was greater and more constant than
with chloroform ; and that the depressing effect was very slight or alto-
gether absent,

Inour experiments, we have been able to amplify these results; and,
b}' means of more delicate instruments, to obtain more exact records.
We have used a very complete kymograph, in the Physiological Labora-

" The members of this committee were T. B. Curling, Thomas Bryant, Samue
Cantwright, Arthur Farre, Geo, G. Gascoyen, Geo. Harley, Prescott Hewett, F, W
Mackenzie, William Marcet, Charles H. Moore, James Paget, William 0. Priestley,
Richard Quain, Francis Slbson, R. Dundas Thomson, Charles West, Septimus \{;
Sibley, George W, Callender, John Birkett, and J. T, Clover, assisting.
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After twenty-nine of these pulsations, the breathing stopped, while the
pulsations went on regularly as before. Alfter a few seconds, artificial
respiration was used, by alternately compressing the chest and leaving
it to expand, This being prosecuted for thirty seconds, spontaneous
respiration was resumed, and the pulsations became more marked,
having a rather higher excursion than before, but still returning to a
ressure of zero between each two pulsations. - This continued for about
orty-two seconds, when the pressure began to rise; and this went on
continuously till, in a hundred and sixty seconds, a height of 100 milii-
miires was reached. :

We have dwelt in some detail on this last experiment, because we
regard it as one of unusual interest and importance. It is to be remem-
bered that this animal got chloroform in the usual way, by a cloth
saturated with the agent being held over his mouth and nose. He re-
ceived no overdose, and the administration only lasted seventy seconds.
As bearing on at least 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 unfrequent 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 1s even
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 insuffi-
ciency of its subsequent pulsations, were the cause of the failureof respira-
tion. Insucha state of the circulation, the respiratory centres would
probably be insufficiently supplied with blood, and be consequentlyliable
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,

We now resume consideration of thissetof experiments. Theanimal
was allowed to recover considerably, and the pressure had reached 106
milliméires, when ethidene was administered. There was a slow but
steady fall of pressure, the lowest point being reached in about 120
seconds, when the height was 36 millimtres. Continuing the adminis-
tration, there was a slight rise, up to 50 m#/fimitres, when the adminis-
tration wasdiscontinued. Duringtheadministration, thecardiac pulsations
were regular in frequency, with slight variations in the height of the
waves, probably depending on respiration,

Il_‘i'i'ﬂl not be necessary to give our further experiments in such
detail. In one set, we kept up artificial respiration by means of the
":Empl.l. administering the anmsthetics by passing the air through a

olff’s bottle containing the respective agents, In these experiments,
chloroform promptly reduced the pressure, which began to recover
almost immediately on its removal.  On continuous administration, the
pressure fell much more gradually than by the ordinary method, and
the lowest point reached still represented a considerable pressure, about
65 millimitres, The initial pressure was 132 millimétres. Ethidene

* That there was no fallacy here, was'determined b i i
F y testing the instrument after-
waird_iu_;:&m the ::rofulmc q;:_faiun’d to indicate no pressure. 5
, +0e apparatus for artificial respiration used in the Physiological Laborato
University of G i -pi idolnh gu,
ot e hliisgg:rém!ttl:-e double-piston pump, made by Rudolph RmFl: of Prague,
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the circulation acting through the nervous centres governing it. The
research now reported has reference to the effect on the pulmonary cir-
culation.

At the very outset, it was found necessary to devise a special appa-
ratus for mmin;.]} on artificial respiration in the frog; so, before con-
sidering the results of the experiments, it will be requisite to describe it,
and narrate the mode of procedure.

t. The agpmatuﬁ, a drawing of which is shown in Fig, 3, consists of
two graduated cylinders, B and c, capable of holding 100 c.c. each;

the former being a reservoir for air, the latter containing a supply of
anwesthetic vapour. Associated with each of these is a series of tubes,
the connections and uses of which may be seen by referring to the
drawing, From the pressure-bottle (A) passes a tube (a), which
divides into three portions, two of which (# and ¢) pass under the keys
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manometer. ‘To save the trouble, however, of measuring the quantity
for each inspiration, the following method was adopted. The lung
having been distended by a suitable quantity of air (from 3 to 4 c. c,,
according to circumstances), and a certain point brought into focus, the
condition of the circulation was observed. By opening the key a?,
the lung collapsed. Now, instead of inflating, and again focussing, the
microscope was kept fixed, and gir or anmstl etic vapour, as the case
might be, passed into the lung till, by distension, the same point
as before came into view. The focus may be as accurately fixed
by gently pressing upon the keys x* or x?%, as by the adjustment of the
microscope. This method had not only the advantage of submitting
the same portion of lung for examination, but also guaranteed ils

uable distension throughout the experiment, and so obviated fallacies
which might arise from variation in the quantity, or in the pressure of
the atmosphere in the lung, The average quantity of air or vapour
used to inflate the lung of a good-sized male frog equais 4 c. ¢., and
the pressure 55 mm. (water manometer). During the experiment, the
exposed surface of the lung was kept moist with a few drops of saliva
anﬁeﬂ occasionally, We will now give a few examples from a series
o ;

experiments,

Experiment 1.—A frog was placed in a bell-jar containing a piece of
blotting-paper saturated with chloroform ; the web of the right foot (the
one to be subsequently examined) being, however, kept outside the jar.
In two and a quarter minutes, when reflex action was destroyed, the
cannula was introduced into the glottis, the frog laid upon the cork
plate, and its right lang exposed, as described above, On inflating the
lung with air, the circulation both through the capillary and large
vessels was found to be active; pulse 18 per minute. Artificial respira-
tion was now carried on by means of the apparatus, 50 c.c. of an
atmosphere containing chloroform being inspired in fifty seconds. Fif-
teen seconds after the first inspiration, a distinct change could be
observed in the rapidity of the flow of blood through the capillaries,
even though the circulation in the larger vessels was unimpaired, ancd
the number of the heart’s impulses remained unchanged. By fifty
seconds, however, not only had the pulse become diminished in number
to a fourth, but the capillary circulation of the lung and web ceased ;
and by seventy-five seconds the flow of blood through the large vessels
both of the lung and foot entirely stopped; while the heart-beats, as
observed through the thoracic walls, were four per minute. Air was
now substiluted, and 400 c.c. passed through the lungs in eight
minutes, By this time the heart-beats had increased to nine per
minute, and the blood began to flow slowly through the larger vessels
of the lung. No movement could be detected in the web. When,
however, ¢.c, of air had been expended in artificial respiration
(the time occupied being twelve minutes), the pulse rose to 15; the
flow of blood through the lung became as vigorous as before; while
the circulation in the foot gradually increased, and in a few minutes
became as active as belore chloroform was administered by artificial
respiration.

LExperiment 2.—This experiment was performed in exactly the same

manner as the last, with the exception that ethidene dichloride was

n place of chloroform. Instead of taking two and a half minutes,

as with chloroform, to lose reflex action, it required nearly five minutes,
G
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Chloroform.| Ethidene. Tther.

. Time required to produce 1::-m.p!:t¢}

stoppage of pulmonary circulation .. 75 seconds | x8o seconds |.20 seconds
2. Amount of anmesthetic vapour employed.. | soc.c. 250 C.C. 00 C.C.
3. The quantity of air necessary to re-esta- | | 5.0, o ¢, 250 C.C. 200 C.C.

hhish circulation in IUOE ... euisws s
4. Time occupied in restoring the circulation, | 720 seconds | 240 seconds | 180 seconds
5. Heart's impulses before artificial respira- | 18 a3 o4

B o T o o 3 e AT aEE e ae
f. Heart's impulses when circulation has i

stopped. 4 7 6%

The difference in the action of these anmsthetics will be seen, from
the above table, not only to depend upon a variation in the amount of
anzesthetic vapour required to produce complete stoppage of the circula-
tion in the lung, but also on the want of uniformity in the quantity of air
necessary to restore it to its former condition. For instance : the chlo-
roform vapour necessary to stop the circulation is 50 c.c., administered
in 75 seconds; ethidene, 250c.c., administered in 180 seconds; and
ether, sooc.c., in 270 seconds. Now, it might be expected that the
amount of air required to eliminate the ethidene taken up by the lung,
during its exposure to the action of 250 c.c. of vapour, should be greater
than that needed to free the circulation from the effects of soc.c. of
chloroform ; and more particularly when it is observed that the time
during which the ethidene vapour was in contact with the lung amounted
to almost two and a half times as long as the chloroform. But this is
not the case. In fact, the contrary may be affirmed. The longer it
takes to place the circulation in abeyance, and the greater the amount
of anzesthetic vapour used, the shorter is the time requisite to re-establish
the pulmonary circulation, and the smaller the amount of air necessary
to do so ; in other words, the length of time and the amount of air em-
ployed in artificial respiration, with the object of restoring, is in an
inverse ratio to time and amount of anzsthetic vapour required to stop,
the circulation. The impulses of the heart, hntﬁ in relation to their
frequency and other characters, will be more carefully studied further
on.

The next question which presents itself for our consideration is one of
considerable importance and interest, namely: what are the changes
which take place in the lung when anwsthesia is pushed to its utmost
point ; and how are these alterations to be explained? We will first
attempt to describe the changes, and then proceed to the consideration
of the causes which bring them about,

When anzsthetics are administered in excessive quantities, the first
change poticed in the circulation in thelung is a diminution in the
rapidity of the flow of blood i the capillaries ; and this, notwithstand-
ing that the number of the heart's impulses remains unchanged, and the
circulation through the larger vessels is unimpaired. Very shortly after
this, instead of the flow of blood being constant, it gradually becomes
intermittent—first in the capillaries, afterwards in tir:arterinles, and
subsequently in the larger vessels. This intermission in the flow of
blood is followed a swinging to-and-fro movement of the cor-
puscles, just previously to the stoppage of the circulation through the

i:allrlllm.

t must now be observed that the stoppage of the circulation in the

lung takes place first in the capillaries, then in the arterioles, and, last
c 2
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protoplasm. Further, the limitation of the meshes themselves (Fig.
5, B) es so indistinct, that it is with considerable difficulty that the
course of the capillaries can be traced. This difficulty is increased by
the tendency of the corpuscles to aggregate themselves at certain points
(Fig. 5, A), and so leave empty spaces where the capillaries, partly on
account of this deficiency, become invisible (Fig. 5, B}, The want of

clearness inthe definition of the capillaries is not, however, entirely due
to the absence of corpuscles; for even where the corpuscles are abundant
(Fig. 5, A), the capillary walls are less distinct than when the circula-
tion is active, As regards the calibre of the arterioles and capillaries,
it may be roughly stated that the former contract a sixth, the latter a
ninth, from what they were previous to the administration of the anzs-
thetic vapour by artificial respiration. The causes of this Wnﬂ:ﬂcﬁun
will be considered hereafter. Should repeated supplies of air be now
passed into the lung, the condition of that organ will be restored to
what it was before tﬁe angesthetic was given. °

The corpuscles themselves appear also to be altered by the action of
the anzsthetic vapour, in so far that, at some points, they appear as if
they had become completely disintegrated, and their place filled by a
mass of a reddish-coloured material, which disappears on the re-estab-
lishment of the circulation.

The granular appearance presented by the contents of the meshes,
and the disintegrated condition of the corpuscles, are not represented
in Fig. 5, in which figure the outline of the corpuscles is too distinctly

In order to determine the effect of anmsthetics upon the cardiac
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IN.—SUMMARY,

From the observations recorded, we fecl warranted in drawing the
following conclusions.

A —CLINICAT,

1. The dose (admininistered on a towel) is greater with ethidene
than chloreform ; but the time necessary to anmsthetise the patient is
longer with the latter than the former agent,

11. The number of cases of sickness and vomiting is about the same
with the two agents, but the duration is considerably protracted in the
case of chloroform ; the occurrence of these symptoms have no rela-
tion to the length of time the patient has been under, or reference to
the quantity of anmsthetic administered in a given time,

1. With both agents, the pulse-respiration ratio is considerably
altered in a certain number of cases, the pulse falling as the respira-
tions increase in frequency, With chloroform, this change is not only,
much more marked, but its occurrence is also more frequent than
with ethidene; the proportion, in our experience, being nine of the
former to two of the latter. There is also a greater tendency in cases
of chloroform to retardation of the heart’s movements, and to dicro-
tism.

B,—PHYSIOLOGICAL,

1. The effect of anmsthesia with chloroform is to increase the amount
of carbonicacid exhaled in a given time. The results of our investiga-
tions, in connection with the effects of anmsthetics on the gases of the
blood, are not sufficiently reliable to permit us to give results.

11. Both chloroform and ethidene, administered to animals, have a
decided effect in reducing the blood-pressure ; while ether has.no appre-
ciable effect of this kind.

1. Chloroform reduces the pressure much more rapidly, and to a
greater extent, than ethidene,

1v. Chloroform has sometimes an unexpected and apparently eapri-
cious effect on the heart’s action, the pressure being reduced with great
rapidity almost to z#/, while the pulsations are greatly retarded, or
even stopped. The occurrence of these sudden and unlooked-for effects
on the heart’s action seems to be a source of serious danger to life—all
the more that, in two instances, they occurred more than a minute after
chloroform had ceased to be administered, and after the recovery of the
blood-pressure.

v. Ethidene reduces the blood-pressure by regular gradations, and
not, sofar as observed, by these sudden and unexpected depressions.

vI. Chloroform may cause death in dogs either by primarily paralys-
ing the heart or the respiration. The variations in this respect seem to
depend to some extent on individual peculiarities of the animals ;: in
some the cardiac centres are more readily affected, in others the respira-
tory. But peculiarities in the condition of the same animal very pro-
bably have some effect in determining the vulnerability of these two
centres respectively; and they may both fail simultanecusly,

Vil. Io most cases, respiration stops before the heart's action; but
there was one instance in which respiration continued while the heart
had stopped, and only failed a considerable number of seconds after the
heart had resumed,
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rha reater importance is the danger from interference with
?#::’ ;fog:r agﬁfn of the %mrt—pm}:ulnrly when it is remembered
that, by artificial means, we can combat the former contingency. It
might even be advisable, in certain cases, to introduce a tracheal-tube
by the mouth—so as to enable us to force air into the lungs by means
sumilar to those adopted in experiments with animals ; or, in circum-
stances where such a procedure was impracticable, tracheotomy might
be performed, with lﬁc same object in view. Artificial respiration
should be continued, even though all evidence of cardiac action has
ceased.

1v. As regards comparative danger, the three anasthetics may be ar-
ranged in the following order : chloroform, ethidene, ether; and the
ease with which the vital functions can be restored may be conversely
stated, thus: the circulation is more easily re-established when 1its
cessation is due to ether than to ethidene ; and when the result of ethi-
dene, than when chloroform has been used. The advantages which
chloroform possesses over ether—in being more agreeable to the patient
and more rapid in its action, in the complete insensibility produced by
it, and the absence of excitement or movements during the operation—
are more than counterbalanced by its additional dangers.

v. 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 respiration. The danger with
ether approaches from the pulmonary rather than from the cardiac side
—so that, by establishing artificial respiration, we have a means of
warding off death. Its disadvantages are, to a great extent, obviated
by the use of ethidene ; whilst the dangers of chloroform are also re-
duced to a minimum.

FuTURE (STUDIES.

In the event of the Scientific Grants Commiltee considering it ad-
visable for us to continue our observations, we propose the following
lines of research. 1. Specific action of anzesthetics upon the heart ;
to determine whether they act, @, on ganglia ; 4, muscular protoplasm ;
or ¢, on both. 2. The action of anwmsthetic agents on the medullary
centres ; &, cardiac; &, respiratory; ¢, vaso-motor, 3. Specific action of
anzesthetics on pulmonary tissue.

The Committee now feel that it is unnecessary for them to undertake
clinical observations, except in the way of taking simultaneous tracings
of the pulse and respiration ; and for this purpose they have devised a
special apparatus, They would respectfully suggest that schedules,
similar to the one in this report, be now circulated, at home and abroad
—so as, if possible, to collect information of the kind required regard-
ing chloroform, ethidene, and ether, or other anzsthetic. They espe-
cially think it desirable to get specific information from America, as
they have found it impossible to get cases of ether administration, in
this country, sufficiently numerous for the purposes of comparison.*

The apparatus used by the Committee for taking simultaneous tracings
of the heart’s impulses and the respiratory movements is represented in
Fig. 7. For the sake of description, it may be divided into two

were not aware, at the time of writing this report, that the use of ether is

rapidly making way in this country, and that it is now sclely used in several large
provinecial hospitals.
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Fig. 7.
Description of Plate.—1. Tambours, x. Horizontal Bars, sliding in slot and fastened by Screw k. 7. Tube to Cardiograph. v. Tube
to Pneumograph. 2. Levers. a. Drum. n. Stage. c. Plane Roller, moved by clockwork. b. Flanged Roller. . Spring
for pressing » against c. . Spring contrelling A. c. Ribben of Paper. u. Eccentric for pressing back p, 1. Finching-
Serew for fixing stage. . Drass Plate; supported on wooden stand, w. Scale, i,
















