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XII.—The Action of Chloroform upon the Heart and Arteries. By E. A. Schifer,
F.R.5., and H. J. Scharlieb, M.D., CM.G. (From the Physiological Laboratory
of the University of Edinburgh.)

(Communicated March 21, 1904. MS. received August 17, 1904, Issued separately December 14, 1904.)

The original design of this research was to determine whether the extract of
suprarenal medulla (or its active principle) has the power of antagonising the effects
of an overdose of chloroform upon the heart and arterial system. Incidentally the
research beeame extended so as to cover the aection of certain other antagonising
agents. It further appeared necessary, as the investigation proceeded, to subject the
action of chloroform upon the vascular system to renewed study. For although, as
the result of numerous recent researches, physiologists are in agreement regarding the
general effect of the drug upon the heart, there yet remain various points requiring
elucidation both as regards its effect on the heart and on the arteries.

ErrEcT oF CHLOROFORM UPON THE ARTERIES.

Singularly little is precisely known as to the effect of the drug upon the arterial
system. The most generally received opinion has been that adopted by Bowprrca and
Mixor* to the effect that chloroform exerts, besides a specific action on the heart, a
paralysing influence upon the whole vasomotor system, and that the fall of blood-
pressure which accompanies its administration is due as well to the dilatation of
vessels as to the effect which it produces upon the cardiac musculature. On the other
hand, ArRLOING,T as the result of observations on the rate of flow through the carotid,
made by means of the hemadromograph, inferred that a constriction of arterioles is
produced by the drug. DastrE} came to the same conclusion, and referred to it the
pallor of the face which is seen in chloroform administration. But it is obvious that
a diminution of rate in the carotid might be caused by dilatation of vessels in the
splanchnie area, so that these observations cannot be regarded as conclusive. (GASKELL
and SHORE,§ in their eross-civeulation experiments, obtained distinet evidence of stimula-
tion of the vasomotor centre; constriction of arterioles and rise of blood-pressure
oceurring as the result of the action of the drug upon the medulla oblongata. Roy
and SHERRINGTON || inferred that constriction of cerebral vessels is produced by chloro-

* Boston Med, and Surg, Jour, 1874 Of. Leoxarn Hiny, Brif, Med, Jour., :'hp:il 1887,
t Thise, Paris, 1879, T Les Anesthetiques, 1890,
& Erit. Med. Jour., 1893, vol. 1. |Sorer. Physiol., vol. xi. p. 87, 1890,
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form, while HURTHLE® found evidence of dilatation of these wvessels, followed by
eonstriction. NEwsmAN T observed constriction of pulmonary capillaries in the frog as
the result of chloroform inhalation. SHErRrINGTON and Sowton,] working with the
isolated mammalian heart perfused with Ringer's solution by Langendorff’s method,
observed a diminished flow of the perfusion fluid when chloroform was added to it ;
this they were inclined to aseribe to a contraction of coronary vessels under its influence.
C. J. Marrin§ has suggested that this diminution of flow through the coronary
vessels may be accounted for, without the necessity of assuming constriction of those
vessels, by the fact that a diminished action of the cardiac musculature, such as chloro-
form produces, may tend by itself to diminish the rate of eireulation through its vessels.
To this we may add that in a heart which is separated from its surroundings and fed
by the perfusion of fluid under pressure into the root of the aorta, in which therefore
the mechanical eonditions are very different from those which obtain normally, the
aortic valves do not necessarily act efliciently, but often permit of some passage of fluid
into the cavity of the left ventricle, and through this into the left auricle, and so out
by the cut pulmonary veins; and the extent of this valvular defect with the consequent
leakage will vary with the condition of tone of the heart and the foree of its contractions.

Opinions on this subject being thus divided, it appeared important in the first
instance to determine what is precisely the action of chloroform upon the arterial
system. The method which we have used for this purpose is the classical one of
perfusing the vessels with blood or saline fluid containing the drug in solution. The
chloroform used for this purpose and in most of our experiments has been Duncan &
Flockhart’s, sp.gr. 149, The result of our preliminary experiments| showed that a
solution containing from 1 gramme to 5 grammes of chloroform to the litre of cireu-
lating fluid produces a marked constriction of the frog's arterioles, and that this con-
striction is apparent whether the medulla oblongata and spinal cord are left intact or
destroyed. These observations established the faet that for high percentages of chloro-
form (5 grammes per litre is approximately a saturated solution, and 1 gramme per litre
is therefore one-fifth saturated) there is a pronounced excitation by the drug of the
musculature of the arterioles—whether operating directly or through the vasomotor
nerve-endings, our preliminary experiments did not decide—which may contract under
its influence to such an extent as almost to arrest the flow of circulating fluid.

Since the publication of these preliminary results, C. J. MArTIN§ in confirmation
of earlier experiments in conjunction with EmsLey,® has made observations upon the
mammalian kidney by the plethysmographic method which appear to indicate that
in dilute solution—the actual dosage was not determined, but the perfusing flnid
(blood) was first passed through the lungs, into which a mixture of air and chloroform
vapour was pumped-—chloroform has the effect upon the blood-vessels aseribed

* Pilitger's Arch., vol, xliv. p. 598, 1889, t Jour. Anat. and Phys, vol. xiv., 1879, . 485.
I Thompeon-Yates Laboralories Reports, 1903, vol. v. £ Private communication,

[| Communication to the Physiol. Soc. ; Jour. Plys, vol. xxix., 1903,

M Brit, Med, Jowr,, Apnl 1902,  Lancet, 1902,
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to it by BowprrcH and Mixor, viz., that of producing dilatation. In repeating and
extending our experiments we have therefore included the effeet of the perfusion of
mammalian organs with various strengths of chloroform dissolved in Ringer's solution.

Perfusion of Frog Vessels with Chlovoform dissolved in Ringer's Solution.

The Ringer’s fluid used consisted of NaCl, 6 grammes; CaCl,, 0'1 gramme; KCI,
0-075 gramme ; NaHCO,, 0°1 gramme per litre. The chloroform was either dissolved in
this solution in proportion determined by weight, or some of the fluid was saturated by
being shaken up with and kept over an excess of chloroform, and was assumed to con-
tain 1 part chloroform to 200 Ringer, this being the amount water will take up at the
ordinary temperature of the air (15° C.). This saturated solution was mixed with vary-
ing proportions of normal Ringer. A fine cannula having been tied into the bulbus
aorte of the frog (K. esculenta or R. temporaria), the fluid was allowed to pass by
gravity, at a pressure varying in different experiments from 50 mm. to 150 mm. of
water, through the vascular system, and to drip from the extremities of the toes. In
our earlier experiments the mode of determining the rate of flow was to count the
number of drops per minute ; but this method, although serving to indicate any differ-
ences of vaseular calibre which are marked, is not sufficiently accurate for slight varia-
tions, since the size of the drops is liable to vary somewhat with differences of surface
tension of the fluid, and the amount of diszolved echloroform or of intermixed blood and
lymph may affect its surface tension. In all later experiments, therefore, the amount
of fluid perfusing in a given time was accurately measured. Only the results thus
obtained are included in this communication.

The result of these perfusion experiments with Ringer’s Huid containing dissolved
chloroform may be shortly stated as follows :—

With the strongest solutions, t.e., from saturated (1 in 200) down to solutions con-
taining 1 in 500, a very marked constriction of the arterioles is the result of perfusing
with ehloroform-Ringer, so that the flow of the perfusing fluid becomes very slow, and
may almost cease. With increase of dilution the amount of constriction, as registered
by rate of flow, becomes less; but although very slight when the dilution is consider-
able, we have been able to substantiate constriction with solutions as weak as 1 in
20,000. On the other hand, no solution of any strength when perfused through the
frog’s vessels has given evidence of dilatation of arterioles, the weaker solutions having
simply shown themselves inert. If for the chloroform-Ringer which has been passed
for some minutes through the vessels, and has produced the diminutions of flow above
indicated, normal Ringer be now substituted, the flow again becomes more rapid, but
the original rate is rarely again obtained; in fact, after the chloroform solution has
been in action for some minutes, even if the strength of the solution be such as to
be insufficient to cause actual constriction of arterioles, there is a tendency towards a
gradual diminution in the rate of flow, which appears to be caused by wdema of
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the tissues:; the effect of the chloroform solution on the endothelium of the vessels
heing such as to render the capillaries more permeable to saline solution.

The following experiment will serve as an example of the results obtained with weak solutions of
chloroform in Kinger’s solution. The numbers represent the amount flowing through the vesselz in equal
periods of time,

Immediately before ehloroform perfusion ; ' 985 o,

During perfusion of fluid eontaining 1 part :.hiumff.rrln in “EI l}t}l.’,ll : : ; f : 22:5 .,

[mmediately after perfusion of ¢ ]Llf-mfnnu Ringer . ! . Lst period 175
Snd ,, : : ; L
oed: L, ; : . DB o

Perfusion of Mammalion Vessels with Chloroform dissolved in Ringer's Fluid.

The kidney, leg, and heart of the cat, rabbit, or dog were employed, and the method
of perfusion was the same as for the frog, except that the head of pressure was higher
(80 to 100 mm. Hg.). The Ringer solution had the composition: NaCl, 9 grammes ;
CaCl,, 024 gramme; KCl, 0°42 gramme; NaHCO,, 0°1 gramme; distilled water,
1 litre, and was warmed to 38" C. by being passed through a glass spiral contained in
a water-bath before heing conducted to the organ to be perfused, which was itself also
kept in a warm chamber at the same temperature. The perfused fluid was either
collected in a graduated measure and the amount flowing in a given time recorded, or
it was caused to work an automatic “tilter,” so arranged that every 7 c.e. of fluid
produced a see-saw of the tilter, and this was recorded by a magnetic signal. In some
experiments Ringer's solution, eontaining a known percentage of chloroform, was, after
the normal record of flow had been obtained, allowed to pass for a eertain time through
the vessels in place of the ordinary Ringer, and was then again replaced by ordinary
Ringer, the rate being recorded before, during, and after the passage. In other
experiments a chloroform-Ringer of known strength was injected by a fine hypodermie
needle throngh the indiarubber supply-tube of the perfusion apparatus, so as to mix
with the inflowing normal Ringer. The amount of dilution of the chloroform-Ringer
so perfused was calenlated from the amount of fluid flowing through the kidney during
the actual time occupied by the injection. This method has the advantages (1) that
the chloroform solution only acts for a short time upon the kidney vessels, and is less
liable to cause a permanently deleterious effect ; and (2) that the conditions of flow are
maintained the same throughout, for if the injection is performed very gradually, no
perceptible inerease of pressure is caused by it. (It is scarcely possible to change the
flow from one vessel to another, as in the ordinary method of testing perfusion, without
causing a temporary effect of some kind upon the pressure of the perfusing fluid.)

The results yielded by these methods show that in mammalian as in frog's vessels
the effect of chloroform solutions of a certain strength is to cause marked constriction of
the arterioles and consequent diminution in the rate of low of the perfusing liquid. If
the flow lasts for a short time only, the rate is soon recovered, but prolonged perfusion
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"_even with (so-called) normal Ringer, and much more with Ringer containing chloro-
form—is accompanied by dema and a econsequent permanent diminution in rate
of flow.

Kidney.—The strengths of solution which produce constriction in the vessels of the
kidney are from saturated (1 in 200) to 1 in 1000 (perhaps somewhat more dilute).
But whereas, in the entire frog, solutions weaker than those which eause constriction do
not produce dilatation, and have no apparent effect apart from the gradual cedema which
results from prolonged action, in the mammalian kidney the effect of weaker solutions
is, as C. J. MarTIN has stated, to cause dilatation. This result has been obtained with
solutions of from 1 to 1500 to 1 in 20,000 (in one instance); weaker solutions gave no
result. :

Coronary Vessels.—In employing the heart we have always taken the precaution of
tying the pulmonary veins, to prevent loss of circulating fluid by regurgitation past the
aortic and mitral valves. The effect of chloroform upon the coronary arteries is to produce
constriction in all strengths from saturated to 1 in 10,000. The stronger solutions of
chloroform cause so marked a diminution of the rate through the coronary vessels as to
almost arrest the flow of fluid; and this is not due to arrested eardiac action, for
on substituting normal Ringer for ehloroform-Ringer the rate of flow returns to normal
long before the action of the heart recommences. With weaker solutions the effect is
also to produce diminished flow, and at no condition of dilution have we obtained
evidence of dilatation of vessels.

Limbs.—For this purpose the hind limbs of the rabbit and cat have been used.
The results are precisely the same as in the case of the coronary arteries of the mammal
and the systemic arteries of the frog. Evidence of constriction has heen obtained with
all strengths from 1 in 200 (which arrests the flow altogether) to 1 in 10,000 (which
causes a slight diminution). More dilute solutions are inactive ; we have obtained no
evidence of dilatation in these vessels.

The following may serve as examples of the results :(—

Kidney of Bablif :

Amount flowing before chloroform perfusion . : ; . : : : 42 c.c.
. by during & = {1 in 1500 Ringer) : : : : 49 ,,
S i after i £ 4 5 : : : : : : b

The same Kidney, laler .

Awmount flowing before ehloroform perfusion . : . ; : : 39 e
- o during o 28 (1 in 700 : ; : 17:5 .,
Kidneys of Kiften :
Amount flowing before chloroform perfusion . ; ; : : : - 6T c.o.
i »  during o o (1 in 20,000) ] . : 2 g 60 ,,
1 s after " o : : : : ; ; [

In this and the next experiment, as the increase was progressive and there was no return towards
normal, it is possible that the increase of rate may not have been due to the chloroform. But
it is elear that the drug has not caused constriction of the kidney vessels.
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Lie same Klneys, fafer

Amount flowing hefore ehloroform perfusion . : G4 e
ot w  during h o (1 in H000) . : : : 6T ,,
e i during - - (1 in 2000y . \ ; AN

Subszequent perfusion with suprarenal produced strong constriction, showing that the arterioles
were still active,

I'he effects of stronger and weaker solutions upon the kidney vessels iz also well illustrated in the

aceompanying tracings, which show (in fig. 1) the effect (marked constriction of vessels with rize of prressure

(= -

Fii. 1.—Terfusion of rabbit’s kidoey with Ringer's solution, At the time marked by the signal 4 c.e. of the same solution,
containing 05 per cent. of chloroform, and at the same temperature, was slowly injected into the supply tube. The
mixture of this solution with that passing through the tube at the time gave a fAuid containing 02 per cent. (1 in 500}
actually perfused, Notice the rise of pressure due to constriction of the bloodvessels, followed after the passagn of the
fluid by a dilatation ; also the great diminutien in outflow, followed by a slight increase,

i, ]:l':.n:-'ll.'] of mercury mansrmeter -'.-. miovements of :‘-I'":!-:"\-il.'lln':“Tl.'gi'-'ll.":l"ll |l_'|' air transmigsion : each L or down move.

ment represents ¥ c.c, of luid discharged ; ¢, time in 10 sees, : o, 8igm ol line and pressure abscissa,

Fig. 2.—Tracine similar to that shown in hee. 1, bat with i.hjl.tti.nh af 4 e, af 1 in 1000 -.'|||.l|1'|.-!-ll:lnI anid actual ].Il.'l'{l'l‘-[ll'l:l
of 1 in G000, Notice the fall of pressure and the increase in rate of discharge, indicating dilatation of arteries,

and great diminution of flow) of perfusing a solution of Ringer containing 1 in 500 chloroform ; and (in
fir, 29 the effect (dilatation of vezsels with fall of ]||:|]|n]|u"lt'5¢.‘]-]'l'-*-*lih', and inereaze of rate of flow) of [IRI-'CK[H:'_:'

v zolution econtaining 1 in 6000 through the kidney.

_|r_|lra.,.4.f ._:." ot :

Amount flowing through coronary aystem hefore chloroform ; ; 7 : 44 e
= = e & i during o (1 an 10,000) . : : $1:5
'y o after 5 44 i
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Another Heart :
Amount flowing through coronary system before chloroform ; ; ; " 43 o,
- . o - - during v, (1 in 4000) . . - an
n n 11 " ¥ iIF[E.‘.II i1 2 b L L 4:3 (5]
Heart of Raldit :
Amount flowing through coronary system before chloreform ; - ; ; . 88 c.e.
i i o o »  during 15 (1in 1500) . : 40 .,
it i T & b after i : : : ; : 48 .,
The same Heart, later :
Amonnt flowing through coronary system before chiloroform ; s : ; : 48 c.c.
5 5 i o - during T (1in 1000) . ; : 34
o o 5 i i after = 432

The tracing shown in fig. 3 gives an illustration of the effect produced upon the heart by a still stronger
chloroform solution, the rate of perfusion falling during the passage of the chloroform from 21 c.c. per minute
to § e.e. per minute, and gradually recovering as the chloroform was washed away. It will be noticed that
the recovery of the vessels appears before the contractions of the heart reappear. It can also be seen that
the latency of the arterial contraction is longer than that of the heart paralysis which the chloroform produces.

Fia. 3.—Effect of Ill."l:'fll:\i.ng W e, of ehloroform- i{'ill;r‘-l' (=1 im S i) llJI'I.II.IHIJ the coropai ¥ vesgels of the rabbit,
at, tracing of manometer conmected with supply canoula ; b, register of flow from coronary veins: each interval
represents 7 c.o. ; ¢, time in minutes ; o, signal marking period of injection into supply tube.
Note the diminution in rate of flow, and subsequent commencing recovery although the heart remains in & condition of
arrest. The rate of movement of the paper is too slow for the individaal heavt-beats to be seen on the manometer tracing,

Hind Limbz of Ralilif -

Amonnt flowing through limbs before chloroform 86 c.c.

o 4 = o during = (1 in 10,000) . : 4 : T
s n " - aftor . 3 2 : B4
Hind Limb of Reblit :
Amonnt flowing through limb before chloroform ; . . : - : 44 ¢.e
Ve i > o after passage of 10 c.e. of 1 in 2000 chlovoform-Ringer b L S
. L - y»  in subsequent period . : . . - . 432

These observations show that the |{i11|]t'j.' differs from the other organs investigated
in the fact that the more dilute solutions of chloroform 1}1'I!JI|.lli'L‘ an increased fHow
throngh the kidney vessels, whereas in the other organs (heart, limbs) the effect of the
drug 15 niu.'u}-'s; in the direction of vasoconstrietion. The difference 1s a remarkable one -
but without rli.*-a:-.ur-::-:ing it at greater leneth, we may ‘Eminf out that dilatation of the
renal vessels is the normal response of the organ to all but a very few excitants, whereas
the normal response of most vessels to an excitation is contraction, and it is possible
therefore that the L&x]ﬂnrmtinn 15 connected with this difference of “habit” of the
kidney vessels as compared with the systemic vessels generally.
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The action of chloroform upon the vessels when perfused through the isolated organs
15 a direct action upon the muscular tissue, and not, as in the case of suprarenal extract,
upon the terminal apparatus of the vasomotor nerves. This is shown by the fact that
apocodeine, which in sufficient dose abolishes the effect of adrenalin,®* does not abolish
the effect of chloroform in producing vasoconstrietion.

The following experiment may be quoted in illustration of this statement :-

Hind Ll of Raldit,—Perfusion with 1 in 2000 chloroform reduced the rate of low during each period of
time from 44 c.c. to 39 c.e.  After recovery, perfusion with 00001 gramme hemisine (adrenalin) added
to the normal Ringer brought it down to 10 c.e.  After recovery, perfusion with Ringer solution,
containing 00001 gramme hemizine and 00075 cramme apocodeine, caused only a slicht reduction,
soon disappearing,  After rvecovery, admixture with the perfusing fluid of 10 ce. of chloroform-
Ringer { = 1 in 500), containing 0°02 gramme apocodeine, eaunsed an almost complete arrest of flow
during several minutes,  Fig 4 is a graphic recond of this experiment.

In all cases the drugs were injected into the tube which supplied the normal Ringer, and the
solution beeame mixed with a certain proportion of thiz, and warmed to the same temperature by

passing through the glass spiral before reaching the organ which was perfused.

As a further proot that ehloroform acts upon the musecunlar tissue of the arterioles in

Fic:. 4.—Efect of E11J|:;-1i];;: 10 g, of 1']’|]1.l|'|||.||]'|'_|]-I‘:,'i[|.|_;|']'|: = 1 | .-‘.I]'r} containing 002 gramime n]-nn'.ulnlue Lii'l.'l'.lllf.{!! the vessels of
the hind limb of the rabbit.

a, B, g, ¢f asin jig. 3. The tm.,-'in}‘r 1= taken on @ more :."Iq:m'l.j' mn'\.‘i::g snrface than that in :ﬁg. 3. The initial pressure
of the perfusion Muid was lower in this experiment than in the experiment shown in fig. 3, and the supply less free: this,
as well ns more complete constriction of the arterioles, accounts for the fact that the manometer tracing is much affected
in the one case and scarcely at all in the other.

producing contraction may be adduced the observation that its action can be got after
the neuro-muscular end-apparatus has lost its irritability. Thus in the kidney of a
abbit, which had been killed three hours previously and in which the injection of
0-0003 gramme hemisine (adrenalin) produced no effect whatever upon the rate of flow,
injection of 20 c.c. of 1 in 200 chloroform-Ringer into the supply-tube reduced the rate
from 56 c.c. to 28 c.c.

All recent observers are agreed that the fall of blood-pressure which is cansed by
chloroform is essentially due to its effect upon the heart muscle, the action of which
is weakened and 1-‘-'t'1|T11:|”;-.' ]r:il':Ll}'.ﬂ-l] ]"."- the l]rll_g', Marrin and EMBLEY are, as we
have seen, inclined to aseribe the fall—in a minor degree—partly to the dilatation
which mav be produced in the peripheral vessels by small doses of the drug, But
since (FAsSKELL and SHORE have shown that the effect of chloroform is to exeite the
vasomotor centre in the medulla obloneata, and thus to canse contraction of the

£ Thxox, Jonr, Phye, vol. xxx., p 97, 194, Also Bromie and Iixox, thid, p. 476
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arterioles—an observation which MarTiN and Esmprey themselves confirm—it is
extremely improbable that, while this centre is in action, the dilating effect, 1if really
existent, upon the periphery would be at all apparent. On the other hand, with
stronger dosage of chloroform, the direct effect upon the arterioles is always one of
constriction. It follows, therefore, that at the beginning of a chloroform inhalation there
will be a tendency to counteract the fall of blood-pressure due to heart weakening, by

Frg, 5. —Eud of a fatal chloroform inhalation. Dog, 6570 g. Inhalation through trachea tube of air strongly charged with

chloroform vapour.

A, blood-pressure curve ; B, line 1 centimetre below zero of blood-pressure ; C, costal respiration (the small waves upon
this are heart movements) ; D, diaphragmatic respiration. Time in 10 sees. The signal marks the remeval of ehloroform.
“l.'*.-'»pi.].!ti.l:l]]:-'u ceaged 20 secs, before the heart, The subterminal rise in l-lum]-p]e.&nuru- which sometimes ocenrs is shown
in this tracing, The increase in size of the manometer excursions 15 due to a gradual slowing of the heart rhythm, and
does not represent an inerease of force of the contractions.

exeitation of the vasomotor centre, and later on, while this mav still be active® a similar
1.1-.|1r]£:|1t'-l‘grr to counteract the fall by direct exeitation of the ]}t‘!l'i];ht*]‘ul arterioles. As a
general rule, the action of the drug upon the heart is so marked as to more than
counter-balance the arterial constriction, however produced. But in certain cases a

* Reflex constriction of blood vessels can be obtained, on stimulating an afferent nerve, even if chloroform anmesthesia
i very pronounced, showing that even in deep anwmsthesia the vasomotor centre is still active, although its activity is
no doubt lessened. Cf. Bowprren and Mixor, op. cit.  Further, chloroform does not diminish the excitability of the

peripheral vasomotor nerves (ScHEINENSS0N, Centralbl, £ o mead, iz, 1869, p. 105).

TRANS. ROY. 50C. EDIN,, VOL. XLI. PART IL. (NO. 12). 15
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brief rise of pressure at the beginning of an experiment is sufficiently manifest, and in
others again there is apparent, even when the respirations are maintained, a rise towards
the end of the experiment. Sinee in these cases asphyxia is eliminated, and the heart
is probably not beating more but less strongly, such a subterminal rise ean only be
:I.*~'1'I'i]n'1] [ EH] 1'|||‘ ':‘.'l'.l‘itilﬁﬁl.'_".' action of the ll]‘n_'_f o the vasomotor centre, or c[iru{-.[l_'-.' L1
the arterioles. It 1= exemplitied in fie. 5, which shows the tracing from the latter half
of an acute ehloroform Ehlihfﬂlirl'_‘,'. terminating by a slowing and arrvest of the respirations,
followed after a few seconds, suddenly, by complete arrest of the heart. In this tracing
it will be observed that long before the failure of the |'1~.-]ji1‘;:ti.|nn begins to show itself
there is a decided tendency to rise on the part of the arterial pressure, although the

heart at this time i not beatine more but rather less strongly (the increase in size of

Fie. 6. =T 'Ll'iJ:; -:li.-lg:l show i.h;_: marked s |'l.-!|.-|:|.|_1' Fize of '|||-:.-||-i-’-l|-.-\.:l1i|1: ||l||::iI|.;‘I chloroform i.1:|||-.|[-l.'|.i1'.lll, |l]'u'1:l:|."-|.!." due to l'il.l'l.}'
failure of respiration. The chloroform was administersd between the twoe marks on the Hi;,_{lla.i line. Notice the cardiac
inhibition, which in this case is more gradually developed than usual, and the subsequent escape of the ventricle, which

continug

| to bheat I'l’!r|l|:l.' for a minnte or b, bt with ]J::I':”._',' any Fi=i |.|'1.]um|-5-|-|-mm-, .‘1.t'|i!'i.l"i..l.] n-.-|-1'|*atinn ||_'. frTm
commenced 10 minutes after natural respiration had ceased, failed to effect recovery.
iy ||]r_|||i_.!.|_| gsure ; 6, tracing from needle passed through chest wall into ventricle ; ¢ thoracic movements ; 4, dia-
|:-||t:|;_"I||.|I!‘;I.' ||-.-]-'.|a'.i(:-||.-. s 8y time in 10 nl.'l"'l":l!l.li.:"'\-; )I", .‘-i'_:ll.ll.. The horizontal line at & iz 10 mm. below the abscissa of blood
Jressure,
the arterial ]:ll|.~cu1in|1~= seen near the end is a result of .='|il'n‘~"lllj_', of the eardiac 1'}1}'lillli:|-
This rise of pressure therefore must be due to arterial constriction caused h_}' the ']I'll‘,;-
||I.“II'!‘ l']IEIIH'H!-“'f'Hi Wils ':_“'i.".""“ = |'11|l|'|'!'lr|'-'|.|,l'l] \'irE]I’]I,II_': 1}!'“']“"il]|‘_§ H]H'I]i“'iiﬂl f}{l "“]1”1’:1] ]‘i'fll‘.‘i
in one minute and death in about four minutes : but how far the constriction was due to
direct action L] 1|H' iEt'Ei’]'jfbli‘?‘. .'|]|1I ]]ir‘ﬂ.' far to an action Loy [Ill:*. VAS0motor centre,
l|||' 1"{|:II'I'iI]'H'II|_ I.l'fl'l.'* [FLED lIi'I,-'I'|r;|i;||1', rl.]u* 1-rr||1jt||[;LLi1:r| crt' l]ul I'im' j!] []Jl' [i';u‘ill_i_F Illltl}'
[u-l'h.-|||~' be ascribed to a condition produced by the eommencing failure of 1't':¢[15t'rilii?!1. the

vasomotor centre being stimulated by the venous blood; especially as it 15 .'I1‘i'f]i]IEh'lIli!.'f]

by a certain amount of eardiac inhibition. Such asphyxial rise may be very marked
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when the respirations become shallow early in the administration, as is shown
strikingly in the tracing given in fig. 6.

While cases showing such a marked subterminal rise are uncommon. it is not
unusual to find a subterminal arrest of the fall of blood-pressure, so that the curve
remains for a minute or two at the same level, or shows a more gradual fall than
immediately before and immediately after. Such arrest of fall, when unaccompanied
by failure of respiration, may also he explained by the constricting action of the drug
on the arterioles, acting either through the vasomotor centre or directly. This con-

i

PR

[REFLLTRRETAAN
B TRadv g

Fra., ¥.—Dog, weight 7000 g, Effect of inhalation through trachea tube of air nearly saturated with chloroform vapour.
= s o - - - ' g .
The uppermost tracing (A) iz that of the blood-pressnre ; the second tracing (B) is costal respiration ; the third (C)
alxdominal respiration ; the fourth, time in 10 seconds ; and the fifth, the signal marking when chloreform was admitted

and stopped.
In this experiment the heart failed before the respiration, and alout 30 seconds later showed spontaneons recovery,

which was, however, only temporary.  There was no recovery of respiration.

striction, although insufficient entirely to compensate for the continual and gradual
weakening and slowing of the heart which is going on the whole time, interferes
with the continuous and uniform fall of pressure, which would otherwise show itself.
At a much later stage the ventricular contractions, although greatly weakened,
produce large fluctuations of pressure in the arterial system, which is then com-
paratively empty, owing to the aceumulation of blood in the great veins and in the

dilated heart cavities,
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Krrecr oF CHLorROFORM vproNy THE Heart.

Our experiments abundantly illustrate the fact, which is now unreservedly conceded,
that of all ordinary ansesthetics chloroform is the one which produces the most
deleterious effect upon both heart and I'l'r‘-[,]]ll'z'liiﬂjl.-'-_ :\'uthing 15 more :*'[t"l]{iTl;; than the
comparison of tracings from chloroform experiments, such as those shown in figs. 5, 6,
and 7, with one in which ether is the anmesthetic agent (fig. 8). We have further

i

- NNWNWW'.wm'.«'um'mmuu'.mu.q'u.nw;wmmu.wmi.IJmmm.wmmuuwumwmw.

Fic. & —This tracing was taken from the same animal as fig. 7, and immediotely before it,  Air saturated or nearly saturated
with ether was inhaled through the trachea tube, between the two points marked by the signal. Previously to this the
dog was very lightly anmsthetised with chloroform, corneal reflex being present. Compare the effect of ether upon the
1'!¢|:|1-l||_'|_----'|1||' and respiration with chloroform, in these tracings.

investigated the action of chloroform upon the heart i situ with the chest opened, after
the method nsed by M‘William ; * and also after removal of the organ from the body,
with the COronary vessels ]J!:I'ilu.-ﬁ-![ |r_".' IJJl]I_uL']I1]1F1'rEIIF method.

[n confirmation of previous observers, we find that the effect upon the organ when
its nervous connections are severed, or when the activity of the vagus i1z abolished ]r}'
:lH'rl]Ji]u- |::J|-I_!. H I 15 to ]:I'rrllut't' a gradual ‘n‘u'ﬁ'iikl'lljf!f_"' of the contractions {“‘it]mut any

marked slowing, although this may appear towards the end of a fatal {.‘."2|n‘1"lI]](:I!It}

* Tanr, f'n’-_-.'-_. vl Xill. ]:_ B8R0, 1852 + .l"lr.l'.-'.-.-r- 'z Areh - vl ]‘ki. L8 '_':lilll-“!!-‘l'.-
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affecting both auricles and ventricles ; but the former are affected much more than the
latter. This is also the case when the cardio-inhibitory centre is reflexly stimulated,
even in presence of atropine (fig. 10). On the other hand, wheu the nervous connections
are intact, the administration of a strong dose of chloroform not only greatly weakens
the force of the cardiac contractions, and thereby causes a marked and progressive fall of
blood-pressure, but often, after a primary acceleration, produces gradual slowing of the
rhythm, and this is frequently followed by abrupt and complete cardiac arrest (figs. 6
and 7). The abrupt cessation of contraction may atfect both auricles and ventricles
simultaneously, or the auricles may first stop ; the ventricles, either at once or after a

Fia, 8. —Dog, weighing about 10 kilos, The animal had received some & hours E:-I'r‘:ﬁ'jmlﬁ:lj.' V054 gramme (¢l gr.) atropine
sulphate administered hypodermically. The effect of this was to abolish arrest of the heart on stimulation of the eardio-

inhibitory contre (see fig. 10), whilst permitting a diminution in force of the beats, especially of the auricle. It will be
seen from these tracings that exactly the same effect iz produced in an animal under the influence of atropine by chloro-
form alone in strong dose as is cansed by reflex excitation of the cardis-inhibitory cemtre, exeept that the result is attained

more gradually.
«, anricnlar tracing ; &, ventricular tracing ; ¢, blood-pressure (femoral) ; o, 1'¢x[rirntur§' movements of the thorax, which

ara continued in spite of the fact that artificial respiration is carried on by perflation ; ¢, time in 10 seconds ; f, signal

short ]]t‘:l"iﬂd of arrest, |:'1_-..--_;|_:111iu5‘r their action with a 1‘h_\'!,|ltt1 of their own i:fij_:‘ra, G, 7,
and 11).

The effect entirely resembles that produced by vagal excitation, with the exception
that vagal excitation does not, as a rule, }J:_r itself l_}]_‘UI].I_J,L‘.i?: permanent arrest of cardiac
action. But at a certain stage of chloroform ansesthesia the arrest produced by
artificial excitation of the vagns may be permanent, or so prolonged as to lead to death.
The cessation of the heart's action brings the blood-pressure to zero, and by arresting the
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Fiz, 140,
one vasus—ithe other intact—in the dog from which Fri, 11, —UChloroform inhalation. Showing eessa-
the tracing given in fiz. 9 was taken, and immediately tion of auricle before ventricle, the latter then
previous to that tracing. assuming its independent rhythm, with larger
. fi i .

e, Notiee, as with chloroform, the EXCUTSI0ONS,

ereat diminution in force of the suricular beats, but without a, anricle = I ventricle: &, |.|4:m.|_-3.r._—_~:-;1:1'4-
arrest or slowing, the dimination in foree of the ventricular (the alignment of this pen @5 a little in ad-
beats being ]|-1L'-|:}' E-I'I:':'||1'ih|f'. The fall in |L|un-i_-'|::|'|_----||||- vance of the I'IT|||'I.‘-:I; el zero of '||'|1}|u|_-]||'r_'-;-.1:1'1-:
Tnay be in part doe to dd sniFesgnr action. bk a similar fall o, tina in 10 h!'l'l.u:ll.th. Artificial 'I'J,'.-pil':l.liq:un

wias obtained by stimulation of the peripheral cut vagos, hy |u']|iiitEl.'|I|.

Fia, 12, —Effect of excitation (with ecoil 100) of the peripheral vagus (second signal) during moderately deep chloroform
anesthesia, strong chloroform vapour having just previously been administered during 14 minuntes (first signal). The
result is seen to be an immediate heart arrest, with the blood-pressure falling to zero ; the respirations cease 30 seconds after
the heart has stopped, but are only gradeally arrested.  In this case the heart (ventricle 1) begins to escape from the arrest
after 40 seconds, beating at first very slowly, but after a minute faster: as the heart recovers, the respirations are also
renewed,
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circulation causes also a failure of the respiratory centre. This cause of respiratory
failure has been clearly demonstrated by ExpLey.®
The complete similarity between the tracings obtained under the influence of

chloroform alone on the one hand (when a concentrated vapour is inhaled), and of

Fie, 13.—Tracing showing the effect of moderate vagus stimulation (ceil 100) during deeper chloroform anwcathesia, In this cose
the excitation was not applied until the respiratory movements had nearly ceased. The effect is to produce complete arrest
of the heart, which, however, shows a beginning of escape from the arrest after the lapse of about a minute, and 20 seconds
later resumes beating slowly and feebly, and with bat little effect upon the bleod-pressure.  Respirations are not resnmed
spontancously, butthe animal was recovered 5 minntes after the respirations had ceased, by artificial respiration {compression
of thorax) continued during about 2 minutes, The first :-»i;:’ll.‘i'. mark shows the period of strong chloroform administra-
tion: the second that of vagus stimulation,

chloroform plus artificial vagus excitation on the other, shows conclusively that in the
former case, as in the latter, the actual cause of the arrest of the heart (and of the

Fiz, 14.—Tracing showing the effect upon the heart (1) of weak and (2) of stronger vagus excitation during extreme
chloroform anesthesin, The first signal mark shows the period of strong chloroform administration: the second that of
weak vagus stimulation : the third that of stronger vagus stimulation. The chloroform was given until the respiration
had ceased and the blood.pressure had fallen to 20 mm. Hg  Esxecitation of the vagus by induction shocks of very
moderate strength produced enly a momentary arrest of the heart, but stronger excitation cansed instant and permanent
arrest,

respiration as a secondary effeet) is inhibition excited through the wvagus. Thus

'FIIEIH, Ll 2 and 15 show such a cardiac and ]‘f‘!.*api]':ltﬁl‘}' aArrest ]}l‘nthlc‘t"tl |u_}-‘ strong

chloroform alone, and figs. 12, 13, and 14 the same phenomenon produced under

varying degrees of chloroform ansesthesia by vagal stimulation. In figs. 12 and 13 it
is seen that the ventricle has escaped from the inhibition and has resumed contraction

* I'JJ].-_ el
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'I.‘l'i.1|| H A i.'lliifqﬂ'“l:h'!l[ |:.“:|.1:I".'I-'l"]'} J'll_\'[]]ll], Irl .'|“ Z‘:!ll'.ll Cases A= EIII.'FLI_',' ['!'_‘C['_I\'L"'[':..' I]l;t}r .I]-l.'_‘I
effected 1if artificial t'i*r-']:'ll'.'ltiml be started =oon {1i_u__[_ ]."}}_ hefore the |'1-.~:]p'11';:t:}1'}r centre
has been allowed to remain too long under the influence of the chloroform plus ansemia ;
or if the anwesthetisation be not very deep, there may be spontaneous recovery (fig. 12).
[n other cases the ventricle does not escape spontaneously (fiz. 14); but it may be
caused to contract by rhythmic compression through the chest wall (fig. 15). The
arrest of the heart (and, secondarily, of the respiration) is due therefore to an exeitation
by chloroform of the cardio-inhibitory centre.®* Arvoine showed that it does not oecur
".'t-it I:I C "--il_'_'hi.L HH". TEIi."‘: i."‘ -’|.|."C|| l']‘l‘l‘l?llil?“'i:‘cl"fl El:\' I‘:.‘LH‘”.]"."&'L mMorecsver, i[, 1]“1_’!.‘5 not ocenr if‘
il Hfi"l]i f|.|'|.“'|.' “'rl Fll”l'l'lllilhll' |'|.1'|.3': ]FI;"E"'“ i}[""\'i'i”:"]}' :-_"'i.\'i"l] [8ee III"]!H-‘L-.. l]. HEHL “tlll it 111:1-}’ H_]_!':U
fail to be apparent after prolonged anmsthetisation with chloroform in moderate dosage.
[t fails to ocenr also in certain individuals, which seem to be less suseceptible than

others to the cardio-inhibitory effects of the drug. Instances are shown in fig. 22, A and

Fiz. 18, =Tracing showing (secondary) inhibition of heart from strong chleroform inhalation, with simultaneous cessation of
respiration, Kecovery, after 30 seconds® arrest, by means of artificial respiration effected by chest compression.
er, 1espiralion ; b, arterial pressure ; ¢, time in 10 seconds ; o, signal line (2 mm. alove abseissa of blood-pressure).

also in fig. 16 ; the latter from a dog in which the inhalation of air strongly charged with
chloroform vapour was pushed until respirations had ceased, the heart continuing to
beat with great regularity five minutes longer, but during the last three minutes at a
slower rate (probably the result of independent ventricular action).

In connection with this .~=u|1jw:t, we have ii]\'i_'.‘-;l.'t}_j':il'.i.*.ii the effect of "-'-'l;._:Fl] excitation
upon the heart in different stages of chloroform anesthesia, and the effect of small
doses of atropine upon the result of wvagal excitation, In light anwesthesia, an
:L-|l'1'l|l.'|.lt- stimulation of the Vignus [ul‘lulul-v-'__ as in absence of aneesthesia, 1::1]]1]}!:!1u
arrest of cardiac movements with a fall of blood-pressure to zero. But even if the
excitation be continued, this condition does not last, for although the auricles may

# The above tracings make it abundantly evident that the assertion of Lawrie (Lancet, 1890, vol. i. p. 1393),

founded on the repart of the “_1.'-|I.'I'.|.]|.|l'! Commizsion, ¥ that sudden death from stoppage of the heart is not a risk

of chloroform 1tself,” 15 « |-'_..:.'||-:|,-|'L' Erronenis,
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remain quiescent, the ventricles escape from the inhibition and resume contracting, at first
very slowly, afterwards more quickly, although often somewhat irregularly, so that the
blood-pressure again rises. On ceasing to excite the vagus, the heart beats more rapidly
and more strongly, and there may be a temporary rise of blood-pressure above the
normal average just before the excitation. This characteristic effect is shown in fig. 18.

In chloroform anwsthesia the effect upon the heart of vagal excitation is more
pronounced and permanent.® The complete arrest of cardiac action may last long
enough to cause a concomitant arrest of respiration, and when this occurs, even if the

i b ok} i),

T TS P

pari 0 W

Fre, 16.—Shows o tracing of respiration and blood-pressure under inhalation of air strongly charged with chloroform vapour.
This tracing illustrates the type of result obtained when cardinc inhibition doss mot oceur to the extent of cansing
complete arrest of the heart, but merely a slowing (which may be suddenly inereased), the heart failing quite gradually.
The chloroform inhalation lasted 44 minutes, at the end of which period respiration had ceased, and was not again
renewed until the heart had nearly stopped, when a *staircase’ group of 25 slow gasping respirations showed them-
selves—the so-called ‘respirations of the death-agony.” The lid reflex, which was present immediately before the
inhalation began, disappeared within one minute,

ventriclezs resume aection, their rhythm is very slow, and their force insufficient to
raise the blood-pressure much, so that, as a rule, respirations are not spontaneously
resumed although artificial respiration may effect recovery. Or it may happen,
especially with a strong excitation, that the recovery of the ventricles does not occur
at all, and even heart massage, which can be effected by compressing the chest, to
which the ventricle may at first respond, may be incapable of causing it permanently
to resume its action.

* DasTRE states that this inerease of vagal excitability under chloroform was first noted by Vorerax (O r. Soc,
Diol., 1883, p. 243). According to FRaxgois-FRanck (ibid,, p. 255), it disappears with increase of anmethesia, but this

is not in accordance with our experience so far as concerns direct excitation.

TRANS. ROY. 80C. EDIN.,, YVOL. XLI. PART II. (NO. 12) 40
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[f the chloroform be pushed until respirations cease altogether and the blood-
pressure is reduced to a few millimetres of mercury, the only sign of life being the
slow beat of the heart, adequate vagal excitation will still cause inhibition, which
under these ecircumstances lasts as long as the excitation: the removal of excitation
being immediately followed by a resumption of the slow, weak beats. Such inhibition
can be obtained as long as there is any perceptible beat (fig. 17).

We have also re-studied the effect and dosage of atropine in preventing inhibition
through the vagus. The results obtained are illustrated in the tracings reproduced in
fig. 19. (See also fig. 10 for its effect on reflex vagal excitation.)

[f a dose of sulphate of atropine of 000002 gramme per kilo. be given hypodermi-
cally in the dog, the effect upon the vagus is manifest about fifteen to twenty minutes

Fri. 17. —Eftfect of moderate ‘.':l.:.;:l.] stimulation in the
last stage of chloroform anmsthesia, the respira-
tion having long ceased, and the heart Leating
slowly, fesbly, and irregularly. The signal marks
the period of vagal stimulation. (The alignment
of the signal is a little too much to the left.)
It will be seen that excitation of the peripheral
vagus still causes arrest of cardiac action, which
i at this stage probably entirely ventricalar,
after administration, and lasts about three hours. The result of such a dose is in
some cases to abolish for a time all vagal influence upon the heart (fig. 19, L.). But in
most cases, although there is not complete abolition, nevertheless the strongest vagal
excitation is unable to produce, in any stage of chloroform ansesthesia, complete cardiac
arrest (fig. 19, II. to VL.). There may be, even with comparatively weak excitation, a
slowing of the heart and a consequent fall of blood-pressure ; but it is no greater with
strong than with weak ﬁ*.‘s’tfituti{m, and 1s never :u'.::n‘:u[,lanliﬁ'rl h}' 1'ﬂ.‘~'pi1':ltﬂ1‘}’ arrest, unless
in using a very strong excitation there is escape of eurrent to the central end of the
nerve. This peculiar condition, in which vagal excitation is unable to cause arrest, but
only slowing and diminution in force of the heart, persists for nearly three hours, the
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slowing becoming as time proceeds gradually more marked, and the consequent fall of
blood-pressure lower. But cardiac arrest does not show itself until the influence of the
atropine has completely passed, and the former conditions can be then restored by a
similar dose.

There is no reason to believe that the human subject is less susceptible to the
influence of atropine than the dog, and the opinion which has been expressed, that an
enormous dose would be required to abolish the power of the vagus to cause cardiac
arrest, appears therefore to be erroneous.®

Fra. 18.—Normal effect, in the dog, of vagus stimulation of moderate strength (coil 100 mm.) with light anmsthesia, showing
the temdency of the heart to escape from the inhibition. This was taken immediately before and from the same dog as
the (reduced) tracings shown in figs. 12, 1%, and 14, but chloroform was administered in the interval, and the tendency to
inhibition is seen in thess to be much more promouneed,

Since abrupt arrest of the heart and of respirations can be absolutely prevented by
prior administration of a small dose of atropine, the conclusion forces itself upon us
that the precaution of such administration is one that should never be omitted.
Atropine cannot, as we shall see, prevent death where a dose of chloroform
sufficient to produce paralysis of respiration and complete “ paralytic dilatation” of

* Bee on this subject remarks by H. C. CrovcH and T. G. Bropig in Trans. Soe. Aneesth., vol. vi. pp. 70 and 81,
1904. J. HarLey { Brit. Med, Journ., vol, ii., 1868, - 320) recommended a dose of from |1]i-| grain to {4 grain in man,
DasTRE (Soc. Biol, 1883, p. 242) states that a dose of ;Ll;rrr]}ine :L'|nm1z:|,i,n_g to 0-0015 gramme (=44 grain) 13 sufficient
for the purpose indicated. Lawerois and Mavmraxae (drch, de Phys., 1895, p. 892) recommend the employment’ of
oxy-sparteine in place of atropine.
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Fic. 19 —<Tracings to illustrate the influence on cardiac inhibition by vagns excitation of a small dose of atropine sulphate

(00054 gramme= ¢}z gr.) administered toa dog weighing 28 kilog. =614 1hbs,

I., tracing taken 15 minutes after the atropine was administered by injection into the ]ﬂm:r.L] cavity ; 11,
after : I“, 45 minutes : IV, 1 hiox 1|-' 1' hours s "-I _' honrs after administration.

The blood-pressure and ¢ x!untfi an theu ation are approximately the same in all.

The strength of stimulus was the same in all, and was adequate to produce strong inhibition in the absence of atropine,
Note that this effect is abolished in 15 minutes, and does not reappear in the same form and extent during at least 23
hanrs, although there is a gradually increasing amonnt of inhibition shown as the atropine is becoming eliminated. But
even 2§ hours after the injection the strongest stimulus (coil at 0) failed to produce any more effect than that shown in VI,

i, hland presaure curve 3 b, respirations ; e, time in 10 sees. 3 o, signal showing period of vagal exeitation.

30 minntes
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the heart has been administered, but this is a condition which no anssthetist has any
right or occasion to produce. On the other hand, it can prevent the sudden cardiac
arrest which may show itself even at a comparatively early stage of chloroformisation,
and which may be produced by the drug itself acting on the eardio-inhibitory centre,
with (or without) the assistance of an effect reflexly produced upon that centre by
the operation which is proceeding ; or by some other concomitant, such as the incidental
oceurrence of dyspncea, which is well known also to cause inhibition through the vagus.®
Whether the vagi be cut or their terminal branches blocked by atropine, or whether
they be left intact, the ultimate effect of chloroform upon the heart, if its inhalation be
pushed, is to produce complete arrest in diastole, a condition being observed which has
been termed “ paralytic dilatation.” The condition is a peculiar one, for the cardiac
muscle 1s not only paralysed and ineapable of contracting spontaneously, but is in a
permanently vefractory condition, and incapable of responding to stimuli of any sort. f
To all forms of direct stimulation the heart gives no response, although the
muscular tissue is not dead, and it suffices to remove the chloroform by producing a
flow of unpoisoned blood or circulating fluid through the coronary vessels to restore its
rhythmic eontractility and its power of responding to artificial stimuli.] This shows
that the refractory condition is due to the influence of the drug upon the heart, and
it is commonly assumed by writers upon the subject that chloroform enters into
combination with the contractile substance of the cardiac musele and thereby deprives
it of irritability. That this assumption is not justified is clear from the fact that no
such effect—in doses which are more than sufficient to paralyse the heart—is produced
upon either skeletal or upon plain museular tissue. It is impossible to believe that the
chemical constitution of these forms of contractile tissue is so different from that of
heart muscle, that the one combines with chloroform and is thereby rendered devoid
of irritability, whilst the others show no tendency to combine with or to be materially
affected by the drug. It is much more probable that the effect produced is one of
excitation of the terminations of the inhibitory nerves, the heart being thereby
rendered irresponsive to stimuli. The argument that may be urged against this
hypothesis, that if this were so the effect of chloroform in paralysing the heart would
be prevented by atropine, is met by the statement that, although atropine blocks the

* An instance of the last-named complication is illustrated in fig. 20.  Tn this animal the breathing was laboured,
owing to obstruction of the air-tubes by mucus. There was marked dyspneea, and the heart-beats were very slow
and even arrested whenever the dyspnea became intense. The violent respiratory efforts succeeded from time to time
in clearing the air-passages, and this was followed Ly partial recovery. This pronounced inhibition was due to
asphyxia, which, if more marked than in the instanee given, may lead to entire arrest of the heart. Such inhibition
from asphyxia does not occur with cut vagi. The condition is one which is not unfamiliar to anmsthetists, who are
cognisaut of its cause and danger. It is not liable to occur if a prior dose of atropine be administered, partly on
account of the effect of this on the vagi and alse because atropine tends to prevent the secretion of the mucus which
canses the obstruction to respiration. This reason for the administration of atropine will apply equally to ether as
to chloroform anmsthesia.

+ SHERRINGTON and SowTow (op. cit.), in the isolated and perfused cat’s heart arrested by chloroform, obtained
a renewal of the contractions on stimulation of accelerator nerves, But it is doubtful if this ecould be obtained with
4 strong dose of chloroform,

T SHERRINGTON and Sowrox.
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inhibitory path, there is no conclusive evidence that it acts npon the inhibitory end-
apparatus in the muscular fibres.  Aceording to this view the chloroform-heart—
provided that the dose is insufficient to kill the contractile tissues generally—is in a
condition of active inhibition rather than in one of passive paralysis. In support of
this, it may be stated that although, if the chest be opened immediately after death,
the heart may be completely irresponsive to all forms of stimuli, after a little while it

often happens that it begins to respond and even exhibits feeble spontaneous contraction,
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Fra, 20, —Cardiae inhibition produced during chloroform inhalation by dyspooea resnlting from accumulation of mueus in
alr- Il:t"\.'l;_'\.i'.'\-'.

A, bloed-pressure ; A', line 1 centimetre below the zero of blood-pressure ; B, costal respiration : C, diaphragmatic
respiration, The dyspnmic condition is shown by the extreme rapidity of the respiratory movements at the left hand of
tracing, About the middle of the tracing the obstruction to the passage of air was removed, and with the ||EM[|-F|{':1.!H1'|-:"('
of the dyspoea the heart resumed its normal rate of thythm.

although the chloroform has not been washed away. The phenomenon may be explained
if we assume that the inhibitory end-apparatus has died before the contractile substance
of the museular fibres.

To sum up this part of the subject, the coneclusions which it appears justifiable to
draw recarding the causation of death from the effect of chloroform upon the heart
are as fn“u'ﬂ.'-« v - -I:' 1) Hl-:11]| ey ]w 1-,'|||_='|=qi 'it: 1]|4- t':lt'!il'*—CT HI."I_E_"I.' Hl:' .'Il]l]]ill]':-:l'.l"'ll'_illrl |r_u' th[’.

action of the drog upon the ecardio-inhibitory centre, the stimulation being reflex.
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For convenience of description, this may be termed ‘ primary " inhibition, It is prob-
able that it occurs but rarely in man, and some altogether deny that it ean produce
a fatal result; it is, however, impossible to explain the well-anthenticated instances
of sudden heart failure at the very commencement of administration without assuming
that under certain conditions such primary inhibition, which, when it oceurs in other
cases, is usually quite evanescent, is occasionally persistent and fatal.®

(2) At a somewhat later stage of administration death is liable to occur from
sudden heart failure due to inhibition produced by the action of the drug on the
cardio-inhibitory centre, aided by its action on the neuro-muscular end-apparatus of
the heart itself, and also by increasing venosity of blood caused by failing respiration.
The liability to this form of inhibition, which may be termed *secondary™ (as well
as to that mentioned under 1), can be removed by the prior exhibition of a moderate
dose of atropine, which, by diminishing or abolishing the effect upon the heart of
excitation of the eardio-inhibitory centre by chloroform, deprives it of the power to
produce sudden cardiac arrest. This precautionary measure was long ago suggested,t
and all recent work on the subject emphasises the importance of its adoption.

That the prolonged administration of chloroform itself tends to diminish its
excitatory effect upon the cardio-inhibitory centre in the medulla oblongata is probable
from the fact that a dosage of chloroform can be given with impunity at the later
stages of a long operation which would be highly dangerous if given at earlier stages.

The respiration in these “ secondary ” cases of inhibition may stop simultaneously
with, or shortly before, or immediately after the heart. We have frequently succeeded
in effecting resuscitation by artificial respiration in animals, in which both heart and
respiration had completely stopped at this stage of poisoning after even a minute or
two of cessation of heart-beats, and in two cases as long as three and five minutes
respectively after complete cessation; but in other instances we have failed to obtain
recovery after three minutes or more of cessation.

The two cases just referred to are of exceptional interest. In the one the animal had been under ether
for about an hour (the anmsthetic being inhaled through a Y-shaped trachea tube), when chloroform, at first
with considerable intermixture of air, was substituted for the ether. The effect was to produce a gradual
fall of blood-pressure from 100 mm. Hg. to about 40 mm., after which both it and the respiration, which was
much shallower than under ether, remained nearly constant. After five minutes the lateral air-inlet was eut
off, and the dog received a much stronger dose of chloroform, The result of this was immediately apparent
in a further fall of blood-pressure, and a slowing and irregularity of the respirations, which ceased altogether

about two minutes later, although the heart continued to beat regularly and the blood-pressure was maintained
and even rose slightly. About one minute twenty seconds after cessation of respiration the heart suddenly

* This mode of producing inhibition has been especially emphasised by Anvose (Thise, Paris, 1878), who describes
the effect of chloroform in producing heart failure in terms very similar to those which we have employed.

+ Prraa (1861, quoted by Dastre); J. Hanuey, Brit, Med, Journ, vol. i, 1868, p. 320 ; ScHAFER, Brif, Med.
Jowrn,, vol. il., 1880, p. 620, Fraser (Brit. Med, Journ,, vol. ii., 1880, p. 715), Browx-Sfquarp (. r. Soc. Iiol., 1883,
p- 288), and Dastre and Morat (Lyon M., 1852, and . r. Soc. Biol, 1883, pp. 242 and 259) have made a similar
recommendation, but have suggested the addition of morphia, and this combination has often been used (first
gystematically by Aveert, C. r. Soc. Fiol., 1882, p. 626). Put morphia is in some ways antagonistic to atropine, and
tends by iteelf to exalt the irritability of the cardio-inhibitory centre. Without atropine it would undoubtedly
inerease the danger of heart-arrest in chloroform administration.
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stopped and the blood-pressure fell to zero.  Artificial respiration (by the pump) was now started, and main-
tained for five minutes, and two injections of 4 c.e. adrenalin ehloride (1 per mille) were meanwhile made
into the pleural eavity without the least result being apparent, the heart remaining quiescent and the blood-
pressure at zero the whole time.  Intermittent compression of the thorax was now substituted for perflation,
and the heart responded to this by a pulsation with each compression, although in the intervals the blood-
pressure returned to zero,  After continuing the compreszion for a little over a minute, the heart commenced
beating spontaneously and the average blood-pressure rose to 50 mm. Hg, It reguired, however, another
three minutes of artificial respiration before the diaphragm began to act and the intermittent compression
could be desisted from for a time; but even then (although no more chloroform had been inhaled) the
respirations aganin gradually failed and ceased after ten minutes. A second spell of intermittent compression,
lasting two minutes, now, however, effected complete restoration. When thizs was established and the lid
reflex had become brisk, the blood-pressure being 110 mm. Hg, chloroform was again administered in
strong form. The blood-pressure gradually fell. In two minutes the lid reflex had disappeared, and in
another minute respirations had eeased, followed in twenty seconds by complete cessation of heart
beat. Five minutes was now allowed to elapse, during which the animal was to all appearance dead.
Artificial respiration by chest compression was then recommenced, and two more doses of 3 c.e. adrenalin
ehloride solution were successively injected. Five minutes after the artificial respiration was commeneed
and immediately after the final dose of adrenalin, the heart began to beat spontaneously, and the blood-
pressure, ab first very low, gradually rose in about four or five minutes, during which artificial respiration
was maintained, to about 100 mm. Hg. Natural respiration was, however, not again resumed, the medulla
oblongata having to all appearance been deprived for too long a time in this instance of blood,

In the second dog a lethal dose of chloroform vapour was administered twice. The first time both heart
and respiration (the latter ten seconds before the heart) had stopped after three and a half minutes’ adminis.
tration. Half a minute later the ehloroform was removed, and 4 c.e. of 1 per 1000 adrenalin chloride solution
was injected into the pleural cavity. This produced no apparent effect. Three minutes after cessation of
heart and respiration, chest compression was begun. Cach cmnpnrs.ttiﬂh produced a heart response, and the
blood-pressure rose from zero to a few millimetres,  After four minutes' chest compression another similar
doze of adrenalin was injected into the pleural eavity, chest umnl'rn-.-:.-aiuu being eontinued. The blood-
pressure then began to recover, the heart now beating slj;_:ht]_:,‘ more rapidly than the chest COTPTEssIon, but
natural respiration {(diaphragm) was not resumed until another six minutes had elapsed. As in the last
case, however, the natural respirations gradually beeame shallower and slower again, although no more
chloroform was given, and fifteen minutes later ceased altogether, the heart and blood-pressure also becoming
weak and low ; the administration at this stage of a decoction of pituitary, and later of another dose of
adrenalin, with the idea of restoring the heart’s action, ipﬁnltlt('ll no visible effect. After two minutes'
cessation of respiration (the heart still beating feebly), recourse was again had to chest compression and then
to artificial respiration by the pump. This was very soon followed by recovery of heart and blood-pressure,
and a few minutes later natural ru.-;]rimt.ions were resumed and maintained, and artificial l‘ES]Jimtiun Wis
discontinued ; recovery was, in fact, complete,

(3) In late stages of administration the heart is paralysed by the direct effect of the
drug, acting either upon its muscular tissue (as is usnally assumed), or (as we believe)
by exciting the neuro-muscular inhibitory end-apparatus, and through this rendering
the muscular tissue non-excitable. This effect can probably only oceur with a consider-
able dosage of chloroform in the blood, and the respiratory centre is invariably first
paralysed, so that the vespirations become slow and shallow and cease before the heart;
the time difference between the cessation of heart and respiration being considerably
longer than when the cessation occurs early in the administration. This final effect
upon the heart is nof antagonised by atropine. The heart is found to be entirely
inexcitable, and no treatment is of any avail short of removal of the poisoned blood
from the coronary vessels and the substitution of blood free from chloroform. It is
conceivable that this substitution might be done by heart massage, or even by com-
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pression of the fhorax in attempting artificial respiration; and, as a matter of fact,
ScHIFF, BareLii, and others® have succeeded in restoring the circulation by heart
massage combined with artificial respiration (both in dogs and cats, and in one or two
rare cases in the human subject), even although a considerable time (fifteen to twenty
minutes) had elapsed after complete cessation of the eirculation. We ourselves have
not succeeded in restoring an animal after the condition here described appeared to be
fully established, and we should be disposed to regard the possibility of resuscitation
in such cases as remote.t

ANTAGONISING AGENTS.

(1) Atropine.—I1t is apparent from the results obtained by other experimenters, as
well as from our own observations, that the chief danger to be guarded against in the
administration of chloroform is the inhibitory influence which it produces upon the
heart. As we have already pointed out (pp. 328, 329), this influence can be in great
measure controlled by the prior administration of a moderate dose of atropine, at least
in so far as the primary and secondary instances of inhibition are concerned, and these
are the most dangerous because they are apt to occur without the warning which
manifests itself in the case of the final heart paralysis, by the prior arrest of respiration.
Atropine is therefore to be placed first in the list of antagonising agents; a dose of
o 2r- to 45 gr. for an average man being administered hypodermically half an hour
before the administration of chloroform.

(2) Adrenalin Chloride.—The employment of this has been suggested in chloroform
poisoning by GorrLiee.] In the two instances which we have recorded on pp. 333 and
334, which were attended by an entirely unusual measure of success so far as resuscitation
after apparent death from chloroform had occurred, we administered successive doses
of adrenalin, injected into the pleural cavity, as part of the treatment. These happened
to be the first two experiments of the series undertaken by us, and we were led to ascribe
much of the success which attended them to the use of this drug, and formed high hopes
of the value of its administration in cases of chloroform poisoning. Subsequent experi-
ence showed, however, that adrenalin by itself is of little or no avail to restore a heart
paralysed by chloroform, and even in conjunction with other remedial measures—of
which the most important is without doubt artificial respiration by chest compression—
we are not in a position, as the result of a number of trials, to affirm that it is able
materially to contribute to the process of resuscitation.

(3) Ammonia Vapour.—RiNGer§ first showed that in the frog's heart ammonia acts
as a direct antagonist to chloroform, and may even set in aectivity a heart which has

# For references see M. Bovrcarr, Rev. med. de ln Suizse Romands, October 20, 1903,

+ This is no doubt the condition referred to by RicEer (Dict. de physiol, article * Anesthésie” 1895, p. 523)
when he avers that when cardiac syncope occurs artificial respiration never succeeds in effecting restoration ; for
the statement does not apply to the syncope cansed by the secondary inhibition previously referred to.

1 Arch. f. Path. w. Pharm., Bd. 37, p. 98, 1896, See also Breon, Wien. Min. Wochenschr., 1896,

§ Practitioner, vol. xxvi. p. 436, 1881,

TRANS. ROY. SOC. EDIN,, VOL. XLI. PART IL (NO. 12). 50
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been arrested by chloroform ; and since it also has a stimulating action on the heart and
respiratory centre, it is likely that it may prove useful as a restorative in cases in which
the pulse and breathing have not altogether ceased. We have investigated the effect
in dogs of causing them to inhale a mixture of chloroform vapour and ammonia, made
either by dropping echloroform and ammonia upon the cotton-wool of the inhaling
bottle, or by mixing chloroform in definite proportions with aleoholic ammonia, using
for this purpose a solution of ammonia in absolute aleohol containing 68 per cent. of

T T P Y N P .
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Frg, 21.=— Instantancous heart failure cansed by inhalation, at the moment marked ]l}' the signal; of air L;h:l.l'gl.‘il with vapour
from o mixture of 20 e chloroform and 5 ¢.c. ammoniated aleohol,
A, blood pressare ; B, respirations, The latter continued to show themselves at a slow rate for 3 minntes after the
heart had stopped.

ammonia, prepared for us by Messrs Duncan & Flockhart. A mixture of chloroform
and ammonia vapours, even if it contain a comparatively small proportion of ammonia,
is too pungent to be administered in the first instance, the irritation it causes to the
sensory nerves of the mucous surfaces rendering it practieally irrespirable. And if the
proportion of ammonia be considerable, this excitation may result in powerful cardiae
inhibition, and the heart may instantly and permanently stop (fig. 21). If, however,
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the proportion of ammonia be less and the animal be already completely under the influ-
ence of an ansesthetic, the etfect of the addition of the vapour of ammonia or ammoniated
alcohol to the chloroform inhaled is strikingly beneficial. The blood-pressure falls but
slightly even during a prolonged period of inhalation—the strength of the heart is well
maintained—and the tendency to failure of respiration, which is so marked a feature
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Fiz, 22.—Tracings showing in a comparative manner in the same animal the difference of effect between inhalation (A) ol
pure chloroform, (B) of a mixture of chloroform with ammoniated aleohol (9 to 1), and (C) of a mixture of chloroform and
absolute aleohol (9 to 1).

Note in A the rapid fall of blood-pressure and the speedy failure of respiration ; in this case the heart continued to
beat after the respirations had ceased. After a respiratory arrest of more than a minute, during which the heart showed
strong tendency to inhibition, artificial respiration by chest compression was resorted to (the beginning of this is shown):
in rather more than a minute the blood-pressure rose—the natural respirations were then resumed, Note in B and © the
very slow and slight fall of blood-pressure, and the complete maintenance of respivation during the whole time of adminis-
tration. In all three cases the air of respiration was charged as strongly as possible, at the ordinary temperature of the
laboratory, with the vapour to be inhaled.

e, tespirations ; b, blood-pressure ; ¢, time in 10 secs, ; o, signal showing period of administration. In all cases there
was diatinet corneal reflex immediately prior to the administration, and this disappeared within 1 minute.
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of strong chloroform inhalation, is considerably diminished. The comparative effects
of inhalation of chloroform alone and of chloroform plus ammoniated aleohol are shown
in the tracings A and B reproduced in fig. 22, and the beneficial results of substituting
a mixture of chloroform containing alecoholic ammonia for pure chloroform are illustrated
in the tracing given in fig, 28.%

(4) Alcohol Vapowr.—In order to determine how much of the beneficial effect of
the mixture of alcoholic ammonia with chloroform was due to the aleohol used as a
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Fia. 23, —Beneficial effect (L f-l.-::-l--]-|||-|-.-.-1|||'|-: 'ill-:lrll and Tl'-|li..':i|:EI|I| of substituting ammoniated aleohal and ehiloreform I:'_I to
9) for the pare chloraform whicl was being administered to a |!1’4{_
f, '||'|:;m|.-]|r.--s.\||l|- s by heart-hents, reconded h_'.' a needle passed through chest wall ; ¢, respiration ; o, time in 10 secs.
Notice the increasing strength of the heart-heats and of the respiratory movements.
It is also seen that the dropped heart-beats doe to vagal inhibition which were occurring during ehloroform alone
gradually disappear as the result of adding ammoniated aleohol to the ehloreform,

vehiele for the ammonia, we next proceeded to investigate the results of using for
inhalation the vapour given off from mixtures of chloroform and alechol. We were
somewhat surprised to find that the results were nearly as beneficial when aleohol alone
was unsged, as when aleoholic ammonia vapour was employed. The difference between
the effect produced upon blood-pressure and respiration by inhalation of pure chloroform
in the one case, and by inhalation of a mixture of chloroform containing 1 part in 10

* The addition of ammonia gas to the chloroform to be used for inhalation was advoeated by J. DUNCAR
Mexzies (Brif, Med, Jour., vol. 11., 18895, p. 871)
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by volume of absolute alcohol, is exemplified in fig. 22 (A and C). It will be observed
that the effect of the addition of 1 part absolute alcohol to 9 parts chloroform is to largely
prevent the fall of blood-pressure, which is recognised as being one of the most serious
dangers attendant on chloroform inhalation, and at the same time to maintain the
respirations at a force and frequency very little less than normal. The administration
was made in both cases on the same animal by the same method, and using the same
quantities of the solutions,

It may also be observed how much more readily recovery takes place after removal
of the mixed vapour than after removal of the chloroform. On the other hand,
disappearance of the lid reflex oceurs a little sooner when pure chloroform is used, but
the difference is not great.

We have tried other proportions of aleohol and chloroform, but have obtained no
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Fie, 24. —Administration by inhalation of air strongly charged with pure ehloroform during 3 minutes to dog weighing 11
kilog. which had received (14 hr. and 1§ hr. previously) two doses of “00027 g. (4 gr. in all) atropine sulphate, The vagus,
tested immediately bofore this tracing was taken, gave no slowing and only a slight fall of pressure, even with coil at 0,

Notice (1) the preliminary rise of blood.pressure due to excitation of vasomotor centre, succeeded by (2) a rapid and
regnlar fall, less stesp towards the end ; (3) entire absence of slowing of pulse ; (4) increase of rapidity, but decrease of
excursion of respiratory movements, which became irregular, and eventually hardly perceptible.

i, blood-pressure curve ; b, respirations; ¢, time in 10 sees, ; d, signal of chloroformisation and abscissa of blood.
pressure,  The heart was still beating 4 minutes later, but the blood-pressure was at zero, and the respirations had wholly
ceased, The animal was then subjected to artificial respiration by chest compression, and in 1 m. 40 secs. natural
respirations were resumed, and the heart and blood-pressure rapidly recovered. The tracing shown in the next figure
was taken prior to this one.

better results. Indeed, with a 20 per cent. aleohol ehloroform the respirations appeared
to be more affected than with the 10 per cent. mixture.

The beneficial effect can hardly be due to the mere dilution of the chloroform
vapour by aleohol vapour; moreover, dilution with ether has not this effect, but
the result is then practically the same as is obtained with undiluted chloroform.
It is therefore to be ascribed directly to the beneficial action of the aleohol on the heart
and respiratory centre. We are of opinion that a mixture containing one part by
volume of absolute aleohol to nine parts of chloroform should be used when chloroform
i3 indicated as the anmsthetie, since these results show that it is far safer in its action
than pure chloroform. "There seems reason to believe that the greater safety of the
A.C.E. mixture over chloroform depends upon the aleohol it contains, and that the ether
is unnecessary ; it may further be noted that the aleohol in this mixture is in needlessly
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large proportion.® The beneficial effect of adding absolute alcohol to the chloroform
used for inhalation is seen in atropinised as well as in normal animals. The respective
effects of administering pure chloroform, on the one hand, and chloroform containing 10
parts per cent. of absolute alcohol, on the other, to a dog weighing 24 lbs., which had
previously received two successive doses of ‘00027 gramme of atropine sulphate, are
illustrated by the tracings shown in figs. 24 and 25.

A mixture which is frequently used by anmesthetists in place of the A.C.E. is one
of ether and chloroform without aleohol ; but from the facts here put forward it would
seem better rather to omit the ether than the aleohol. This remark is not to be
understood as implying that ether by itself is not a safe anssthetic—far safer than
chloroform, however diluted—Dbut Im*l't.‘]:r that it has not the same .'Llllugnniﬂi;lg influence

as aleohol upon the dangerous tendencies of ehloroform.
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FI!-':. :._r_—'l't::l.'illj_: showing the ofect of the inhalation of air st |1.-t||__f|_l,' -;:h:u'}_'q'-l with the VApOUr from a mixtiure of @ l'nu.l'ls pure
chloroform and 1 part absolute alcohol. The inhalation was continmed during nearly § minuntes. The tracing was
begun 10 minutes before that shown in the preceding figure, and is from the same animal (under the influence of
.ﬁ.!!l-:hpiilv.-'e xll]ph.ﬁ.h'}. T'{ll[il'l', as r_:||1:|t]|:|1'|:-.| with !i;_:. 2-1, “:I the much more -'1”'5"1"'-“'3 fall of bllllni-]lf:'aﬁur{:r l'l.'hi::]i even after
nearly & minutes of administration still keeps fairly high, (2) the effect on the respirations, which are far less influenced
than by the pure ehloreform, being well maintained during the whole time. On desisting from the inhalation, recovery of
blood.pressure was rapid, and the lid reflex, which had disappeared early during the inhalation, was brisk 5 minutes after
the chloroform and aleohol mixture had been removed,

¢, blogd-pressure ; &, respiration ; ¢, faime in 10 secs, ; o, signal.

Post-morTEM CoxpiTioNs AFTER DEATH FROM CHLOROFORM.

Althoueh these conditions have been often described, it may not be out of p]:li:lt to
il!ll"l_ Onr Owll 1’_‘[E]l'|'i|:"||1'1‘ .'I]ll]. ”}]"l.‘.l"'l'i'i[i:f]“.“ﬁ.

Heart—In all the cases which we examined immediately after death, all the
avities—with, sometimes, an exception for the left auricle—were distended with
blood, the right auricle and great veins of the thorax enormously so. The left
ventricle always contained a considerable quantity of blood, but rather less than the
richt ventricle. If, however, the examination were made some little time after death,
the left ventricle was always found empty and firmly contracted. This change from
the full flaceid condition to the empty firm condition took place in one case within
twenty minutes, while in others it did not show itself for forty-five minutes.

* {f. on this subject, Quinguann, (. v, Soe, Eiol., 1853, P 425 ; and Doeors, dd,, po 441,
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Lungs.—The pulmonary arteries are greatly distended with blood. Otherwise the
lungs usually present a perfectly normal appearance externally. But in cutting them
open we found, in six out of twenty cases examined, a considerable amount of frothy
mucus in the bronchial tubes.

Abdominal Viscera.—These exhibited marked venous congestion, especially well
seen in the liver, which may be greatly swollen and project beyond the thoracic cage.®
It is thus exposed to some risk of rupture if artificial respiration be attempted by the
Howard method. This happened in one of our cases, although we were aware of the
danger, and always endeavoured to avoid it by compressing the chest well above the
liver.

All these appearances are very similar to those which result from asphyxia due to
deprivation of air, whether caused by drowning or otherwise. But they are produced
independently of any asphyxia caused by paralysis of the respiration by the drug, for they
show themselves equally when artificial respiration has been maintained by perflation,
and the drug has produced death solely by its action on the heart. Nevertheless, the
ultimate effect upon the heart of chloroform and of deprivation of air respectively is
strikingly similar. In both cases the final result is a condition of * paralytic dilatation,”
or, as we have preferred to term it, * inhibition paralysis,” in which the heart is absolutely
refractory to all kinds of stimuli. In the case of chloroform the exciting cause is
doubtless the drug itself; in the case of asphyxia, it is probably the carbon dioxide
which has accumulated in the blood and tissuesf

¥ Tg observe this condition of the liver and abdominal organs, it is necessary to open the abdomen before the
thorax. For if the contents of the latter be first laid bare, and any of the great veins injured, the congestion of the
abdominal viscera at onee subsides, owing to the escape of blood from their vessels,

+ Cf. on this subject the Report of the Committee on Suspended Animation, Trans. Med., Chir. Soc, 1904,
Suppl, p. 63,






