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ON THE PATHOLOGY OF SHOCK.

e e —e

MREDERICK W , aged 49, a shoemaker by
I =Nl trade, was admitted into Mark Ward i June,
1879, complaining of a swelling in the abdomen,
: —  which, though onlynoticedfor the first time about
ten months previously, had now become such an inconve-
nience from its size that he could no longer follow his
occupation. In general aspect he was short and shightly
built, with a somewhat miserable expression of counte-
nance, though he seemed, to all accounts, to have enjoyed
fairly good health, and never to have suffered from any -
specific disorder or from intemperance. His thorax,
though not well made, even for a man in his occupation
presented, on physical examination, nothing abnormal,
with the exception of the line of hepatic dulness, which
was somewhat raised ; but the abdomen was greatly dis-
tended, evidently by a tumour connected with the liver,
extending far beyond the limits of the epigastric and
right hypochondriac regions, nearly down to the umbilicus
in the middle line, and to the spine of the ilium at the
side—firm, smooth, rounded, and absolutely dull, without
a trace of fluctuation, or of hydatid fremitus. So far as
could be ascertained, the other abdominal organs were
not affected ; the spleen did not seem to be enlarged ;
1t 1s true there was a trace of ascites, but not more than
might have resulted from the pressure of such a mass :
there was no history of icterus, nor was there any albumi-
nuria, though the specific gravity of the urine was below
normal.  After a stay in the hospital of about a month
(during which there was a material improvement in
dppearance and increase in weight) it was decided, as
there was no doubt about the diagnosis, to adopt some
further and more radical measure, the patient himself
being particularly anxious that something should be done,
as the swelling, which was slowly but steadily increasing
- size, totally precluded his carrying on his trade.
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of daughter cysts. The trocar did not seem to have
penetrated further, or to have entered any other part of
the liver. There was no marked distension of the abdo-
minal vessels.

The right auricle of the heart was opened in situ
under water ; it contained no air, only a small coagulum ;
‘the pulmonary artery was quite free, and the muscular
tissue healthy. Fluid injected down the inferior vena
cava from the thorax against the direction of the blood-
stream, could be made to escape through the puncture in
the liver with considerable freedom, but no vein of any
size was found to have been injured.

The other viscera presented nothing abnormal, with
the exception of a small eyst in the spleen, and a granuiar
condition of the kidneys, which had been suspected
‘during life, owing to the low specific gravity of the urine.

I have entered into the particulars of this case at con-
siderable length partly on account of its rarity, but mainly
because it seems to me to be a thoroughly typical example
of sudden death from the influence of shock, uncompli-
cated by the addition of any extraneous circumstance.
The operation, although one never to be undertaken
lightly, contained in itself nothing that in the ordinary
course of events would have produced such a result:
there was no loss of consciousness or sign of syncope :
‘the pain was not severe ; the patient did not even flinch :
there was no anwmsthetic to introduce an additional
element of uncertainty: the patient had never suffered
fmm-: any illness beyond the local trouble ; and although
possibly not the subject one would choose as a type of
rude health, or as more fitted than another to withstand
A severe operation, yet, post-mortem, no viscera but the
kidneys were found to be diseased; and certainly there
Was 10 lesion to which, on even the most rash hypothesis,
the result could have been attributed.

It is not absolutely um'gue, for a like result in a very
Fll:nlla.r case has been recorded by Mr. Bryant in the course
of the past year ;* and it has been stated that such

* Lancet June 8th, 1878,
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received explanation, and especially to a series of experi-
ments by which, now some years ago, he showed that
contusions of the abdominal wall, and still more of the
viscera, produce two most striking effects on the circula-
tion, of which sometimes the one, sometimes the other is,
in the frog at least, the more prominent. The first was
the immediate arrest of the heart in diastole; and the
absolute dependence of this on the integrity of the
nervous system was proved most conclusively by repeating
. the experiment, either when the animal was thoroughly
under the influence of an anmsthetie, or when either the
vagi or the splanchnic nerves were interrupted: under
these circumstances this result never followed; the
second, less conspicuous, but more permanent in its
effects, and equally serious, was the extreme distension of
the vessels of the abdominal viscera, not arterioles only,
but venules and veins as well : so that when the heart
did resume its function, so long as the fog was held in
the vertical position, no blood could reach it, and it
remained pale and half transparent, as it contracted
slowly and laboriously; like the former, this was de-
pendent on the nervous system, and especially on the
splanchnics. The eombined effect of these was to pro-
duce an anwmia of all the rest of the body, comparable
only to that which results from severe hsmorrhage, and
from this the remaining symptoms naturally followed.

- To all appearance this experiment is complete in itself,
and the explanation it offers has been very widely re-
received as reasonable and sufficient. The facts are
beyond dispute ; and when once the veins and venules
had been shown to be under the control of the vasomotor
Bystem as much as the arteries, and when it had been
stated that the abdominal venous system alone was suffi-
clently capacious to contain all the blood in the body, the
rest followed almost as a matter of course: as soon as
the state of tonic contraction, which is normally main-
tained by the muscular wall of the vessels, had been
taken away by some influence reflected down the
Splanchnic nerves, the calibre became very much in-
creased, and, there being no longer any pressure on the
contents, the blood stagnated in them, and a heemorrhage
nto the intestinal vessels took place, no less fatal than if
16 had been external, for by it the blood was withdrawn
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it might well be argued that the real agentis the compres-
sion of the abdominal viscera, driving the blood to the
richt side of the heart. Further, it cannot be regarded as
otherwise than singular that such marked congestion of
the abdominal viscera as must ensue from the accumulation
within their vessels of at least four-fifths of the amount of
blood contained in the body should so seldom have been
noticed in the numerous pathological observations that
have been made on fatal cases. Moreover, as active
dilatation of the walls of the blood vessels is, from their
structure, impossible, it would follow that paralysis of the
nerves which govern their museular coats would allow the
maximum expansion to take place under the centrifugal
pressure of the blood column ; and most of all would this
be so when the heart is acting with its full vigour, and
sending all the blood it receives fnto the arterial system
with a force in marked contrast to the feebleness exhibited
during the continuance of shock; and yet it is found that
after section of both splanchnic nerves, though the highest
distension results, so faris the arterial pressure from falling
to a point inconsistent with the maintenance of life, that
animals, in which this operation has been performed, may
make a perfectly good recovery;* the local independent
centres assuming the functions which the central nervous
system is no longer able to carry on, and the vessels
gradually recovering their normal calibre and regular tone.
Nor is it possible to explain this by the assumption that in
shock both local and central mechanisms are paralysed,
while after section of the splanchnics, only the latter is
taken away and rendered powerless ; forif these structures
. maintain towards each other here the same relation that
holds good between them in other parts of the body, the
section of the main nerve is followed by such consequences
that the local centres along its course present mo mani-
festation of activity whatever for some considerable period ;
just as after section through the spinal cord, no reflex
movements can be excited for some time in any nerve that
1s dependent on the distal severed portion.

_ The objections are not supported merely by the naked-
eye estimate of the amount of blood contained in the
abdominal viscera ; nor on the fact of the survival of the

* Asp. Ludwig's Arbeiten, 1867.
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large hospital cases equal in the interest they excite, and
no less grave in the matter of prognosis, differmg m this,
that unless the injury is of itself so severe as to be mcon-
sistent with the continuance of life, the fatal result does
not supervene till after the lapse of some, often a con-
siderable, period of time. And they would be still more
common if it were admissible to include those instances
in which symptoms of reaction, or of more or less imper-
| fect recovery from the immediate effects, have made
| their appearance. Here, however, the question has
. become complicated by the addition of some other cause,
. such as hmemorrhage, or fatty embolism, or septicaemic
. collapse from the rapid absorption by some large serous
. surface of an irritating material, or some other gf_t.he
| numerous possibilities of surgery, sharing the responsibility
. of the result, and rendering hopeless the due allotment of
the symptoms.

% Few conditions are more characteristic than that of a
patient suffering from the graver effects of shock ; fewer
still present a closer resemblance to death itself: the
hvid pallor of the skin, with a cold, clammy sweat
hanging on the forehead and eyebrows; the vacancy of
~ the half-closed eyes, which seem to sink into the orbits,
and the total absence from the face of all expression,
often even that of pain, are such as perhaps are never met
&wﬂ.h short of death itself; and this resemblance is all
the more striking as the patient lies unmoved by anything
- that takes place around him, with limbs helpless by his
- side, as they were placed or fell of themselves, just as if
- all sensation and power of motion had gone for ever ; but
- still a paroxysm of pain more fierce than usual, or the
- urgent repetition of a request, is able to elicit an almost
- naudible voice, or the slow execution of some half-finished
‘b}nvement,. Often the pulse is too rapid to count ; some-
times so faint and feeble as not to be felt; the respira-
~ tion generally shallow and irregular, with an occasional
gasping sigh ; and the temperature fallen so low, in spite
of all attempts at external warmth, that one often doubts
the truth of one's own observation.

At other times again, in place of this death-like quiet or
Succeeding to it, 1s a condition of the most extreme
Testlessness and excitement, when the patient tosses
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due to intense emotion, fear, or joy, are in reality to be
ascribed to shock, complicated by syncope as an accessory.
That the latter is not essential is clearly shown by the case
the details of which I have given at the commencement ;
here there was no apparent emotion of any kind; there
had been a decided wish expressed ; throughout the whole
operation there was no complaint of pain ; the symptoms
sudden as they were did not come on till near the end ;
and, as was remarked at the time, the patient’s face was
not so much pale as hivid.

It is scarcely necessary to bring forward at any length
evidence to prove that in syncope the anemia of the
cerebral hemispheres is the pathological condition that
underlies the symptoms. There is no anatomical diffi-
culty in the explanation ; the cranium is no longer regarded
as a closed cavity which must receive each instant the
same amount of blood that it loses; those instances of
deformity or accident, in which it has been possible to
mvestigate the conditions of the arachnoid space in the
spinal canal, have shown most incontestably that it has
communication with the intraventricular cavities suffi-
ciently free to enable the greater or less arterial pressure
within the eranium to receive immediate compensation ;
and it would indeed be strange if the striking pallor of the
face, generally the first symptom observed, were not
attended by a change in the same direction, affecting the
deeper structures. A consideration of the simpler and
more easily understood causes which can produce it points
divectly to the same conclusion; for example, when,
through ignorance of all the ordinary princple of nursing,
a patient mn the later stages of a protracted or wasting
disease is allowed to sit up suddenly; all colour at once
leaves the face, and a fainting fit comes on, soon recovered
from if proper measures are adopted, but fatal equally
soon if the same position is allowed to be maintained.
In such a case there can be no room for doubt as to the
actual state of the brain, no matter what may be the
Immediate cause of the deficient supply of blood it
receives ; whether it arises from the extra labour thrown
on an already enfeebled heart, and the actual increase of
Wweight in the blood-column of the ecarotids, which can
Ieceive no compensation from the side of the veins; or

om a cause which Lister has pointed out, and to which
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aralysis of the heart, for though the pulse wave falls
soon after the ligature is tightened, 1t shows no sort of
relation to the other phenomena of portal occlusion, and
should rather be regarded as the consequence of the
deficient supply of blood received, for 1t rises again as
soon as a fair quantity can reach the central organ.
Moreover every slight pressure on the body, and every
spasmodiec movement, cause the mercury in the manometer
to rise again temporarily ; so that there are still pathways
to the heart left open to the blood. In short, this experi-
ment presents an example of loss of arterial tension, com-
mencing at once, not due to storage in an outlying part
of the eireulation, or to paralysis of the central organ,
yet rapidly proving fatal by its influence on the nerves of
the heart and the vessels, which are as dependent on it
for their life as are those that govern sensation or

motion.

Pathological examples in illustration of this are not
wanting : 1t is true there is no case on record of any
simultaneous lesion of both splanchnic nerves; but in
mjuries to the spinal cord above the first dorsal nerve
instances may be found even more remarkable ; for not
only are the visceral vasomotor nerves then paralysed,
but those also that supply the vessels of the whole body,
head and upper extremities included ; so that in cases of
complete division, absolute paralysis of the whole vaso-
motor system must ensue; and if dilatation of the abdo-
minal vessels were the main factor in the production of
shock, it would follow & fortiori that the consequence of
such an injury as this must be immediate death ; while,
as a matter of fact, instances are not unknown of recovery
from the shock, which undeniably is severe, and of con-
tinuance of life with complete paralysis of motion and
sensation in all parts below the seat of injury, the normal
arterial tension being restored and maintained by means
of the peripheral mechanism.

It will, I think, be admitted that these objections are
fatal to the theory that dilatation of the abdominal vessels
and enfeebled action of the heart are in themselves
sufficient to account for the extreme degree of the fall in
arterial tension met with in cases of shock; and that so
simple a modification in the distribution of blood in the
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rect way through the blood supply), they regain the
power of keeping up their own state of contraction, and
of varying it in compliance with local stimuli.

Of the third factor on which the maintenance of the
arterial tension depends, the peripheral resistance, much
less is known. Its very nature is obscure—how far it may
be due to the mere physical force of friction, or how far 1t
may depend upon the processes of vital interchange that
take place between the tissues and the blood; but one
thing is certain, that even supposing its continuance to
depend on the unbroken activity of trophic nerves, these
cannot yet be isolated in their action from those that

overn the smaller arteries; so that for all practical con-
siderations, these two may be associated together, and in
the question as to the influence exerted by the nervous
gystem in the maintenance of arterial tension, only the
share taken by the heart on the one hand, and the smaller
arteries on the other, need be discussed. And in spite of
the great apparent difference in the methods by which
these sections of the vascular mechanism are controlled,
the principle is essentially the same : each owes the con-
tinuance of its existence to independent ganglionic centres,
and the regulation and harmony of its work to stimuli that
pass through the cerebrospinal system. The difference is
simply this:—that in the case of the one the inde-
‘pendently acting centres (whether really automatic or only
reflex) remain peripheral, in the other they have become
centralised and more plainly form the channel by which
the influence of the cerebrospinal action is conducted ;
and it can be readily understood, from prineciples of physio-
logical economy, why nerve ganglia which must have been
widely scattered through the body, if they were to remain
in the immediate neighbourhood of the vessels under their
control, should have been gathered together into centres
of progressively higher co-ordination, from ganglia of the
Sympathetic chain to spinal cord, and from thence to
the great regulator centre of the medulla, in immediate
pProximity to the others that govern the functions of
respiration and secretion ; while the vessels still retain, as
tissues and organs so often do, some traces of that primi-
tive power of independent maintenance which, for the
sake of the whole organism, must be subordinated to some
central authority. And thus it may fairly be argued that
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the two main structures which sustain and regulate arterial
tension are not only under the direct control of the same
series of nervous elements (only that in the case of one
the ganglia are, for the sake of economy, gathered together
and placed centrally), but that they are governed in the
same way, and would be influenced by the same stimuli ;
and accordingly that the whole mechanism of the circula-
tion may be regarded as one, only that some parts of it
have become highly specialised ; and these, owing to the
minuteness and distance of their ramifications, have more
need to be brought into union with a single central regu-
lating organ than that which is endued with simpler and
more purely mechanical functions. One impulse then
could act at once and simultaneously on the whole
circulation, and a reduction in the blood pressure could
result, not from the paralysis of one part, such as the
heart, but of the whole at once. And this is the change
that takes place in shock. It is not the heart or the dilated
abdominal vessels, or both of these together, but the more
or less complete paralysis of the entire muscular portion of
the circulatory apparatus, in heart and arteries alike ; and
with this possibly the cessation of those relations between
tissues and blood that normally are carried on through the
capillary wall. No change of less extent can uccount for:
so sudden and so extreme a loss of arterial tension: it is&
lesser degree of that which normally takes place during the
death of an animal ; and shoek itself seems but a lesser
degree of death. The history of its development bears
out this view of the unity of the circulation. Equally m
the growth of the individual and in that of the race, 1ts
structure 1s perfectly uniform and simple at its first
appearance ; then, step by step with the increasing sizé
a.ng complexity of the other parts of the body, in accord:
ance with the ordinary principles of the division of labour,
its duties become divided andriuca.}ised, till at length some
portions attain so high a degree of specialisation that they
are usually thought of and studied as if they were indepen-
dent : in reality the whole mechanism still remains one,
and in its connection with the nervous system, however
diversified this may seem to be, there may be fouud the
trace of that original union which binds the specialised
parts into one consistent whole.

v

It yet remains to show how it is that the nervous system



the great conception of which points rather to the con-
veyance of stimuli to action, can exert such a powerful and
mniversal paralysing influence.
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. It has been suggested that, as in syncope, the imme-
diate cause of the symptoms is to be found in the anemia
of the cerebral hemispheres, so a more general diminution
in the amount of blood throughout all the nerve centres
s in shock the source of this suspended action, either
irectly or by the fall in the arterial pressure, which
Mayer has shown would result from such a condition;
and that if this latter were the case the capillary circula-
ion through the nerve centres would suffer equally with
that of the rest of the body, and thus the already existing
state of depression would be intensified and prolonged.
The only experiments, and from them alone can proof be
derived, which would tend to support this theory, are
those already mentioned of Mayer,* on the influence of
erebro-spinal ansgemia ; and some of Brown Sequard,t
its production. The former consisted in inducing
ifferent degrees of bloodlessness of the nerve-centres for
arious lengths of time by deligating or compressing the
ain arteries ; and then, after a sudden release, noticing
he effect produced—a fall in the blood-pressure so
Extreme as to be called * paralytic,” and proved, with
& fair amount of probability, to be due to paralysis of the
iﬁisﬂmﬂtc}r fibres running in the upper part of the cervical
gord : the latter, even more complicated, were conducted
With a view to show the contraction of the vessels in the
a mater of the cord resulting from such an injury to the
abdominal viscera as passing a ligature round the hilus of
4 kidney, or tearing out one of the supra-renal bodies;
1t these experiments are of such difficulty, and have been
‘peated by subsequent observers with such slight success,
Wat Vulpian considers it very doubtful if the conclusions
Iawn from them are justified. It seems very much
more reasonable and more simple to refer phenomena of
s kind to that power of inhibition with which, especially
8 manifested on the vasomotor system, every one 1is
P&fﬁiﬂlﬁla-r; and indeed the difficulty is rather to determine
whether this power in which all nerve structures have a
’]?ﬂ-IE, and which probably is brought into play during

* Bitzung: d. k. Acad.: d. Wiss : in Wien. Band, 79. Heft. I.
t Archives Generales de Médécine, 1856, Tome VIIL
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the co-ordination of every nerve impulse, instead of indi-
rectly causing the symptoms of shock through its action
on the vascular system, may not be the direct and imme-
diate agent influencing the nerves that govern sensation
and motion and wvolition, as much as those that control
the walls of the blood vessels; whether the paralysis
of sensation and motion and the impairment of reflex
action, instead of being secondary effects produced
through the intermediate agency of the circulation, may
not be due to the direct influence of some molecular
change in the nerve centres. It is highly probable that
many of the so to speak accessory consequences of in-
juries, the immediate dependence of which on the actual
damage is not apparent, are due to some cause closely
analogous to this ; and especially is this true of injuries
to the nerve-centres, and of consequences, that make
their appearance at once, and gradually disappear. A
powerful stimulus applied to a sensory nerve can entirely
obliterate a slighter one. After laying open the spinal
canal, irritation of the posterior roots is for some con-
siderable time followed by no result. After section of the
cord, reflex phenomena are not witnessed till the inhibitory
influence is wearing off ; and if, when these have returned,
and the animal has recovered, so far as is consistent with
the continuance of paraplegia, a second section is carried
through higher up, only those parts of the body are
affected which are indebted for their innervation to the
portion of the cord above the original section. Those
below, severed from all nerve connection with the injured
portion, manifest no diminution of reflex excitability,
none of the symptoms of shock, only a contraction of
their blood vessels consequent on a loss of pressure in the
rest of the body.* The spinal cord and the peripheral
nerves are not the only nerve structures which furnish
examples. Violent emotions, fear or joy, can either
increase the normal inhibitory power of centres that are
in continuous activity, or can check the action of others
that seem thoroughly independent, and this 1is equa]l
true of the very highest manifestations of nerve power of
which the brain is capable.

Further, as by such influences as excessive emotion, or

* (boltz. Pfiiger's Archiv. 1875,
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an electric shock, it is possible, without the production of
any structural alteration, to interrupt the continuance of
those molecular changes which constitute nerve force, so
that they can never be resumed, it does not seem altogether
unwarrantable to assume that there may be other influences,
depending either upon the condition of the individual or
of the smrroundings, which can modify them in such a
manner as to alter the normal effect of stimuli ; and in
this way it may be possible to explain the different degrees
of vital depression that may result from apparently the
same injury at various times, and the difference in the dura-
tion and the gravity of the symptoms. Heemorrhage and
prolonged nerve exhaustion are beyond question influences
which possess this power ; for it has been shown experi-
mentally that a stimulus applied to an exhausted nerve
centre is only followed by an increase in the depression ;
and a similar reversal of the crdinary effect of a stimulus
18 known to occur when certain poisons, of which chloral
18 one, are circulating in the blood in sufficient quantity.

The most prominent phenomenon then in shock, the
extreme diminution in arterial tension, is primarily due to
the power of inhibition which is one of the inherent
properties of the nerve centres; and which, under some
conditions, of which we have as yet only an idea, is capable
of affecting simultaneously the ganglia that control the
Whole vascular system. It is a question how far the symp-
toms are due to the immediate influence of inhibition on
other nerve centres ; and how far to the secondary effects
produced through its influence on the blood pressure. There
18 one observation made by Weir Mitchell (New York Med.
Journal, 1866) which would point to the former being at
any rate sometimes true ; that in the variety of the cerebral
Phenomena presented by cases of shock, there is evidence
of & change, less constant in its effects, than would be that
of mere alteration in the amount of blood.
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