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INTRODUCTION

Traumatic shock, as defined by C., J. Viggers, is a
generalized body state which occurs following injury, and
in which there is a progressive failure of body functions,
usually leading more or less rapidly to death. It is
characterized by the symptom complex typical of circula-
tory failure due to oligemia: "A cold, moiet skin; white,
pale, grayish or slightly cyanotic appearance; grezat
thirst and often vomiting. The respiration is usually
rapid, but may be either deepsned or shallow, Patients
are first restless and very anxious, but lapse gradually
into & listless or apathetic state. Reactions to painful
stimuli are reduced. The pulse is always rapid and fee-
ble, the heart sounds are weak, and body temperature is
subnormal", (65)

A better understanding of the term can be obtained
from a clinical description of za typical case of shock.
Of the many such descriptions to be found in the litera-
ture, the following one given by J. C. Varren in 1900
is excelient:

"A patient is brought into the hospital with a com-
pound comminuted fracture or with a dislocation of the
hip joint added to other injuries where the blseding has

been slight. Ae the litter is gently deposited on the

floor, he makes no effort to move or look about him,., He
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lies stering at the surgeon with an expression of complete
jndifference as to his condition. There is no movement

of the muscles of the face; the eyes, which are deeply
gunken in their sockete, have a weird, uncanny lcok. The
features are pinched and the face shrunken. A cold, clam-
ny esweat exudee from the pores of the skin which has an
appearance of profound anemia. The lips are blocdless
and the fingers and nails are blue. The pulse is almost
imperceptible; a weak, thread-like stream may, however,

be detected in the radial artery. The thermometer, placed
in the rectum registers 96° or 97° F. The muscles are not
varalyzed anywhere, but the patient seems dieinclined to
make any muscular effort. Even respiratory movements
seem for the time to be reduced tc & minimum. Occasional-
ly the patient may feebly throw about one of his limbs &nd
give vent to a hoarse, weak groan. There is no ineenseibi-
1lity, but he is strangely apathetic, and seems to realize
but imperfectly the full meaning c¢f the questicns put to
him. It is of no use to attempt an operation until appro-
priate remedies have brought about a reaction. The pulse,
however, does not respond; it growe feebler, and finally
diseppears, and 'this momentary pause i the act of death!'
is soocn followed by the grim reality. A post-mortem e€x-
aminetion reveals no vieible changes in the internal or-

gane." (63)

Two types are recognized: Primary shock, which occurs




immediately after the injury; and secondary shcck, which
develops several hours latsr. The primary typs is either
a transient condition, rssembtling the nervcus ghencmenon
of fainting, or is asscciated with such extensive destruc-
tion of tissue as t¢c make continuence of life impossibis,
"Such cases either reccver without treatmeut, or are
hopelses and, consequently, do ncot cinetitute & clinical
groblem", (65)

Accordingly, iittle experimentzal work has been done
on primary shcck. It has been ccneidered, however, in
the absence ¢of marked hemcrrhage, to be due t¢ some de-
rangement of the nervous system, but since, for humane
reasons, this condition cannot be readily produced in the
labecratory, it has nct been adequatsly inveetigated by
experimental msethode. (43)

About the only ex_.erimental work done on this type
cf shock is that of F. L. Goltz in 1863. He demonetrated
that a reflex cardiac and vasomotor psralyeis or inhibi-
ticon resulted from striking a frog on the mesentexry. His
experiment was as follows: With a frog suspended with its
legs down, it was sharply tapped on the mesentery. The
heart suddenly stopped, and after a few minutes resumed
its beat, but was paler than befores, because the diiata-
ticn of the abdominal vessels allowed the blocd t¢ accu-
mulate there and prevented sufficient blocd from reaching

the heart. (18)




Secondary shock, on the other hand, can be readily
apsroached by experimental methoeds, and it is toward this
type that investigators have directed their researches.
It is with a discussion of the etiology of this type that
this paper deals, znd since there is etill no agrecment
on the physiology and pathology of the condition, & dis-

cussion of these topics will be taken up only as con-

cerned in each theory.




THE THEORY OF VASCMOTOR EXHAUSTION

Although G. W. Crile's theory that vasomotor exhaus-
tion is the cause of shock has been quite thoroughly die-
proved, modern experimental research really began upon
the publication in 1899 of his monograph, "An Experimental
Research into Surgical Shock." (18)

After a series of numerous animal experiments in which
he found that shock was most readily caueed by traume to
those parte most richly supplied with sensory nerves, and
that the more intense the trauma, the mcre rapid the shock,
he came to the conclusion that shock was a state of ex-
haustion, and that since a low blood pressure was the most
vital phenomenon accompanying sheck, that shock nuet there-
fore be cauesed by exhaustion of the vasomotor center, and
that the cardiac and respiratory failures and their as-
sociated phenomena were simply secondary consejuences CI
subsidiary factore to this primary cause. In support of
this, he claimed that shock could be prevented by block-
ing the nerve supply to the areas traumatized. (80)

In connection with his claim that shock could be pre-
vented by thus blocking the nerve supply, he stated that
ether anesthesia offered no protection to the brain cells
from the effect of trauma, because under ether (cr other
lipoid-sclvent anesthetics) afferent stimuli reached the

brain as before, and the brain cell changes in shock were

due to the discharge of energy in a futile effort to escape




from the injury. He claimed that lipoid-sclvent anes-
thetics broke the arc of consciousness beyond the brain
celle scmewhere in the efferent path, but offered no
experimental proof of thie somewhat astounding claim. (19)

In one article he explained his theory in the fol-
lowing manner: He first postulated a "kinetic system"
made up of a group of organs (brain, thyroid, adrenals,
and muscle) whose functicn was to convert potential into
kinetic energy, and it did this in responee to adequate
stimuli. When these stimuli were overwhelmingly intense,
the kinetic system - especially the brain - became ex-
hausted and even permanently injured, and the condition
known as shock resulted. (19) =

He demonstrated, to his own satisfaction, morphoc-
lcogical and conducticn changes in varicus tissues of rab-
bite following exhaustion. He pointed out that all cells
are composed of two colloide (nucleus and cytoplasm) sep-
arated from each cther and from neighboring cells or me-
dium in which they are immersed by selective semiperme-
able membranes. He said that esince the nucleus was acid
and the cytoplasm alkaline, the nucleus compared with the
cytoplasm was therefore poeitive, and each cell thus con-
stituted an electro-chemical unit or an electric cell.
The whole body was thus made up of these unite and each

tissue and organ was an electro-chemical mechanism. He

then stated that normal conditicns in the body cbteined




when the brain acted as the gositive pole and the liver
as the negative. He stated that he found that the effect
cf stimulation within the organism was a slow increase in
the conductivity of the cerebrum followed by a gradual
continucue decrease, and a slight decrease in the conduc-
tivity of the liver foliowed by & rapid continucus rise
to above normal as the state of exhaustion spproached. (31)
He also demonstrated to his own satisfaction that
there were actual changes in the celle - especially of
the brain - correspcnding to the degree of shock and to
the changes in conductivity. These changes were hyper-
chromaetism followed by chromatolyeis. He said that when
the differential stainablility of the nerve celle was lost
they ceased to be efficient batteries, and a state of ex-
haustion and shock resulted. Tc quote Crile's own words,
"The conception that men is an electro-chemical
mechanism supplies an interpretation of the principle
phencmena of quiescence, stimulation, and exhausticn which
constitute normal 1life; it supplies a new basis foxr the
analyeis of pathological phenomena. In accordance with
this conception, exhaustion is the result of a diminution
of the difference of potential between the poles of the
organiem, due to & decrease in the brain, which in turn
results from a decreased difference in the potential in

its constituent cells. This conception explains the iden-

tity of the phenomena of exhausticn and the progressive
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dezrees ¢f exhausticn to 'shock'. VWhen the difference in
votential reaches zerc, the organiem is dead." (81)

Other investigators have shown quite conclusively that
the vasomotor center is not exhaueted in shock. If this
center were exhausted, there should be no peripheral vaso-
constriction. Seelig and Lyon, as early as 1909, foumnd by
ophthalmoscopic examination of fundi of dogs befcre and
after the induction of shock that during shock the bloocd
vessels of the fundus were markedly contracted. (55)

They later confirmed this finding by experiments on

dogs in which they found that no matter how profound the

shock, the percentage rise in blcod pressure upcn stimu-
lation of the central end of the vagus was equal to the
percentage rise in the normal animal. They then showed
that this was due chiefly to vascconstriction and ncot to
augumentzation of the heart's action, by'cutting the ac-
celeratcr fibers to the heart through remcval of both
right and left stellate ganglia and still getting a rise
in bleccd pressure upon stimulation of the central end of
the vagus., They alsc achieved the same result with the
celiac plexuses as well as the stellate ganglia.removed., (56)
F. C. Mann confirmesd their work as to the state of
ths peripheral veas2ls in shock. In the rabbit, & large
number of the vasccoanstrictor fibsrs to the ear run in the

cerviecal sympathetic nerve. The blood vessels in the sar

of an albino rabbit show vasomotor changes quite distinctly,




and in shock thess vessels can be seen to become constrict-
ed until they are small faint lines. That this is nct a
passive condition i1s shown by the fact that the ear can be
lowersd below the level of the splanchnic area without it
becoming congested, and ssction of the cervical sympathet-
ic nerve produces noticeadbls dilataticn of thess vessels.
He concluded that these vesssls are under vasomotor con-
trol in shock, (423)

Janeway and Ewing were unable to produce shock or ex-
hzustion of the nerve centers even after prolonged affer-
ent electrical stimulation for two hours. (36)

F. C. Mann found that he could nct produce shock by
intermittent and simultaneocus stretching c¢f both sciatic
nerves, voth anterior crurals zand both brachial plexuses
for a period of four hours; nor could he produce shock oy
long continued electrical stimulation of affersnt nerves.

He also found that typical shock could be produced
after section of the spinal cord in the lower cervical or
upper thoracic region., Such section does produce a great
fall in blood pressure due to section of vasoconstrictor
fibers, but thes animal is not is shock a8 can be shown by
withdrawing the anesthetic, whereupon the animal will re~-
gain consciousness and respond to stimuli about the hsad. (43)

That there must be some other cause than vasomotor

paralysis is also shown by Caxrrel's experiments. He suc-

cezded in removing all the abdominal and thoracic organs
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from animals and keeping these "visceral organisma" alive
for many hours immersed in Riager's solution. Oxygen was
supplied by artificial respiration. These visceral organ-
isms could digest food and excrete feces and urine, and,
although the blood pressure usually remained low, in some
of his experimsnts it rces and remained at an almost nor-
mal level, (87)

W. T. Porter most vigorously opposed Crile's theoxy,
znd was very emphatic in his assertion that the vasomotor
cells in shock were neither exhausted, depressed nor in-
hibitsd. Hs was unable to bring about any significant fall
in blood pressure by such experiments as electrical stimu-
lation of spinal nerves for almost four hours, Dy crushing
or electricsl stimulation of testess of dogs, or by eisc-
trical stimulation of brachizl and scizatic nerves for two
hours. (51)

He then dstsrmined that stimulation ¢of the dspressor
nerve of cats caused about a 45% fall in blood pressurs,
and found that after the animal had besn brought to a state
of shock by painting the expossd intestines with nitric ac-
id, and had remeined in this state of shock for eight hours,
stimulation of the depresscr nerve still caueed a 45% fall
in blood pressurs. From this he concluded that, since the
dapressor nerve can zffect the blood pressure only through

the vasomotor center, this center could not be exhaustsd

during shock. (50)
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Crile's contention that there are definits morpholog-
ical and histological changes in the drain cells in shcek
has not been acceptzd by other observers. R. A. Kocher,
in a series of experiments performed on dogs, cats, pid-
geons, sparrows, frogs and rats, showed that there was no
constant differsnce in thz size of nerve cells or nuciei,
nor was there any constant deviation in histological struc-
ture. The animals wers reduced to varying degress of ex-
haustion and shock, and each exgsriment was controlled by
a resting animal. The control and fatigue animals were
killed at the same time, the nerve tissue removed immediate-
ly, immersed in the same fixing solution, imbedded in the
same block of paraffin, cut =znd mounted on the same slide,
and stained together. He fcund that there was just as much
variation between the cells of resting animals as there
was betwesn those of shock and resting animals,

He states in his conclusion that scme very swesping
generalizations have bsen drawn from inadequately control-
led sxperimentes - i.e., that fatigue, exhauatioh and shock
may lead to permansnt damage or even disintegration of
nerve cells - and citss Crile's theory as an example of
to what extremes such deductions have led. (39)

Porter concludes: "Experimental evidence shows that
failure of the vasomotcr center is due to anemiz rather

than stimulatiocn. If the blood pressure in the nutrient

capillaries falls below the critical nutrient level - &
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very low level - the vasomotor cells are at once affected.
Bulbar anemia may be a ccneequence of preclonged shock, es-
pecially when the bulb is allowed to be higher than the
trunk, for = man with shock is a gravity animal and his
cerebral circulation then depends chiefly on small differ-
ences in hydrostatic leveli, but an injury after shock is
not to be confused with an injury causing shock. In short,

exhaustion of the vasomotor center is a2 taking phrase but

it is nothing more". (54)
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THE THEJRY OF INHIBITION

In 1908, S. J. Meitzer, on the basis of his cwn ob-
servetions that irritation of ths skin of the abdomen of
rabbits by simple dissection caused a refiex inhibition
of normal peristalsis, offered as an explanation of shock
nis theory of inhibition. He stated that the various in-
juries which were capable of producing shock did so by
"favoring the development of the inhibitory side of all
the functions of the body." This inhivbitory action, he
thought, made ite first appearance in thoss functions
which were of less immediate importance to life and there-
fors ls2ss well safeguarded. Later with increasing injury
this inhibition spread to the mors vital and therefore
better protected functions of the nervous system. He went
on to say that the early inhibition of the functicns of
lesser importance could be lcoked upon as measures for the
protection of the more important functions. Thus the rest-
leasness of the body, the painlessness and mental indiffer-
ence would be most desirable conditions for the menagement
of shock of the more vital functions. (44)

This theory, although attractive in ite simplicity,
had never been given much serious consideration. As Cznnon
pointed out, the chief phenomenon upon which lieitzer based

his theory - the cessztion of geristalsis - although indeed

an inhibiticn of the activity of the intestine, is brought
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about by overactivity of the nervous system and not oy zny
inhivition. (11) Cannon and Murphy found that stimulation
of affsrent nerves resulted in an inhibition of the con-
tractions of the intestine, but that this was caused Dy
excess delivery of impulses over the sympathetic nerves. (14)
Cannon further pointed out that Meitzer did nct take
into consideration the most significant aspect of shock -
the low blood pressurs - nor did he consider that, in shock,

there is nc inhibition of the heart or respiration. Cannon

concluded that this theory had very little support. (L1)




15.

THE THEORY OF ACAPNIA

In 1908, Y. Henderson advanced the thecry that the
exhalation of carbon dicxide was responsibie for the de-
velopment of shock.

In performing a series of experiments on dogs, he wase
puzzled at the fact that frequentiy, in extensive operative
procedures, tachycardia and fatal shock developed; whiie
in other cases where equally extensive operaticnse were per-
formed, thie did not happen. Since this was 80 similar to
what happens in surgery on man, he was stimulated tC¢ in-
vestigate the cause.

He noticed that in decge under artificial respiration,
the development of shock was apparently not dependent upon
the extent of the trauma cr the intensity of stimulation
of affersnt nerves, but upon the rate of pulmonary venti-
lation. He then found that hyperventilaticn of the lungs
caused an increase in the heart rate, and that if this was
continued there resulted a cessation of the pumping action
of the heart. The ventricles were in complete tetanus
with almost complete obliteration of the ventricular cham-
bers, If a mcre moderate hyperpnea was used, the animal
gradually passed into a condition of typical surgical shock.
The animal could then be brought ocut cf this condition,
provided the shock was not too severe, simply by increasing

the carbon dioxide in the air breathed. (239)

In support of this conception, he pointed out that
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veluntary forced breathing in man, sc far as the experi-
ment could be safely carried, induces symptoms simiiar to
thoese of shock, and that pain, ether-excitement, fear,
and other conditione inducing shock, involve excessive
respiration. (33)

In shock from ordinary traume, the acspnia, which is
responsible for the development c¢f the conditicn, is pro-
duced by the hyperpnea, which in turn is the result of in-
tense afferent stimulaticn. In abdominal operaticns, car-
ben dioxide is not cnly thus lost from the lungs, but is alsc
lost, to some extent, by exhalation from the exposed vis-
cera. He demonstrated this by measuring the amcunt of car-
ben dioxide given off by exposed geritoneal eurfaces, and
found it to be from 0.15 to 0.30 cc. per square centimeter.
He also found that the congestion and loss of tone which
abdominal viscera underwent when exposed to the air, could
be remedied by the restoration of the body's stcre cf car-
bon dioxide. This was accomplished by such measures &s
inhalation of carbon dicxide, intravencus injection of nor-
mal saline sclution saturated with carbon dioxide, and by
the introduction into the peritoneal cavity of Ringer's
solution saturated with carboen dioxide. In additicn, he
showed that shock could be prcduced simply by exposure of
the abdominal viscera to a current of moist warm air, and

that shock thus induced could be relieved by these same

reasures, (31)
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In the cases cof sheck from moderate hyperpnea that
ended fatally, he found that dezth was due, not to cardiac

tetanus, as in the cases where excessive hyperpnez was

used, but to a "failure of vascular tonus", and that this
was venoue and not arterial in character.

He explains this as followe: The failure of the cir-
culation in shock is due to failure of the "veno-pressor
mechanism"., This coneiste in part of the tonus c¢f the
tissues and in gart of osmotic processes. The tcnus of
contractile tiesue is dependent to a large extent upon
their carbon dioxide content, and this tonus srevents sta-
eis of blood by preventing a relaxation cof the capiilary
bed. Vhen this carbon dicxide content is diminished, ze
it is in shock, the tonus ie icet, ths caplliiaries become
dilated, =nd bleood tends to stagnate.

The osmectic gortion of the venc-gressor mechaniem

| | consists in the regulation of the water content of the tis-
sues and blood by the amount of carbon dioxide they. contain.
Aczapnia upsets in some way the csemotic balance ovetwesn the
plood and the tissues, and permite the passage cf fluid
from the blood stream into the tissuss. After the blcod
volume and therefore the circulation has thus been impaired
to the point that oxygen is inadequately supplied to the
tissues, an asphyxial scidosis results. The tissue pro-

teing then imbibe water and swell., Under such conditions

a fatal oligemia scon results, and if, in an attempt to




replenish the blood volume, saline is injected into a vein,
it rapidly passes out of the blocd into the tissues and |
is of very little benefit. (34)

Tc summarize briefly, shock, according to thie theory,
is produced zs a result of the follewing series of events:
hyperpnea, acapnia, failure cf the venc-pressor mechenism,
venous znoxemia, tissue asphyxia, and oligemia.

Thie theory, convincing as it sounded, was sccn shown
by other investigators to inadequately explain shock.

F. C., Mann (42) attempted to produce shock by Henderscon's
method of hyperventilaticn, and failed in all but one case.
He concluded that shock could not be produced in this way
except by artificial resgiration greatsr than would be
poseible for the anirmals to do themselves by the greztest
possible forced respiration.

C. J. Wiggers found that in no instance after affsrent
stimulation such as crushing the testis &and spermatic cord,
or stimulatiocn cf the sciatic nerves (which caused & marked
increase in the rate and depth of respiration), was there
produced, even after twc hcours of such respiration, any
case of shock or death from respiratory failure as Henderson
described following intense artificial respiraticn, (54)

Janeway and Ewing (38) also repsated Henderson's ex-
periments, and found that, while they could produce shock

by hyperventilation, it tock a rate of seventy breaths &

minute to produce = significant fall in blood pressure,
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and that in those cases where death was produced, thers
was an interetitial emphysema of the lungse becauss cf the
excessive pressure nesded.

Stilli more conclusive was their series of experiments
in which they produced identical results even though the
carbon diocxide content of the air breathed was maintained
at a proper level by adding carbon dioxide from a Vvank.

They concluded that diminution of carbon dioxide was
nct the factor which produced shock in hyperventilation
of the lungs, and looked for another cause. They found
that by hocoking a bronchus to a water manometzsr, and
hooking a czrdiometer in circuit with a recording tambour,
that a rise of intrabronchial Qressuré above 8 or 10 mm,
Hg. always caused a fall in the blood pressure proportional
to the rise of intrabronchial pressure, and a corresponding
diminution in the cardiac output. They concluded that the
excessive intrabronchizl pressure which accompanies exces-
sive artificial respiration is sufficient of iteelf %o ac-
count for the lowering of blood pressure, diminished car-
diac output, and shock.

They then demcnstrated that sxposure of the intestines
to a current of warm zair did not produce shock nor any
sizgnificant lowering of ths carbon dioxide content of the
blood, nor did it esven _sroduce any significant lowering of

the bloocd pressure, 2ven after a period of three hours.

W. B, Canaon (11) points out that Handerson's primary
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assumption that severs wounds are &sscciated with suf-
ficient 2zin to cause vigorcus respiration and conse-
quent acapnia is ncet borne out by observed facts. The
severely wounded do not experience any immediate great
pain; it is only when inflammation sets in that sevsre
paln occurs. Alsoc, =zlthcugh resgiration in shock is of-
ten faster than normal it is usually so much ahallo#er
that it actuzlly brings about a less effective ventila-
tion of the lungs.

He also points out that in casss ¢f such intoler-

201y

w0

evers paln as in trigeminal neuralgia, no symptoms
of shock ars produced.

Finally, Cannon fcund that treatment of shock based
upon this thscry is of no venefit., He found that, al-
though in animals in shock, the dreathing of carbon diox-
ide did'actually cause & rise in bloocd pressure, the eof-
fects were only temporary. Similzr results were obtained
in human cases, and in some of thess a disastrous fall in

blood pressure took place, and in none of them was any

permansnt benefit rendered.
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THE THEORY OF ACIDOSIS

In 1917, A. E. Wright, while studying gas gangreans,
observsd that symptoms of shock often occurred, and that
in these cases there was a definite reduction in aliksalil
reserve, and that in cases where such sywptoms did not
develop, there was no such reduction. He suggested that
the acidosis might be ths cause of thess symptoms. (88)

W. B, Cannon found that in shock cases received at
the clearing stations at the front during the World War,
therz was a definitely diminished alkali ressrve, and
that thers existed a rough corresgondence between the
degres of acidosis and the degrse of depresasion of the
blood pressure. He further statsd, at that time, that
surgery on shock cases caused a further drop in an al-
ready low =zlkali reserve, in addition to further lowering
the blood pressure, and thus favored z fatal issue, but
that if a solution of sodium bicarbonate was injected
intravenously befors opsration, these unfavoraole condi-
tions were obviated - the alkali reserve was raised and
with it the blood pressure. (10)

N. M. Keith found, however, that while there was this
reduction in alkali reserve, it never reached the lzvel
at which symptoms of acidosis might be expected to ariss,
(38) Cannon, after further iavestigation, came to the

same conclusion, and further states that an increass in

the H-ions of thes bloocd nscessary to bring about such a
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chengs would have to be much grezter than wouid natural-
1y bes produced by any bodily changes. (11)

C. C. Guthrie, in experiments on dcgs, found that
definite symptoms typical of shock could not be produced
by intravenous injections of lactic acid, and that re-
covery from an otherwise fatal lactic acid intoxicaticn
tock place when socdium bicarbonaté?éiven intravenously,
and that there was no recovery from shock (produced oy
traums) ugon injection of sodium bicarbonate. He conciud-
ed, thersefore, that acidosis could not be a primary causa-
tive factor in shock. (38)

Dale and Richards (working with the ledical Research
Committee of Great Britain) showed that the alkali ressrve
of the plasma could be reduced to a very low figure (from
44 volumes percent to 8.6 volumes percent) without produc-
ing any significant change in the olood pressurs. Subse-
quently divergsnt results were cbtained in other experi-
ments by this committe=s, but they finally cams to the
conclusion that, "simple acidosis, in the ssnse of a re-
duction of the 2lkali reserve of the blood, even though
it be ssevers and prolonged, does not cause shock, or, in-

desd, any perceptible impairment of the circulation or other

vital functions in an otherwise normal animal at rest." (233)




83.

THE THEORY OF FAT ENBOLISM

W, T. Porter (50) on the basis c¢f personal observa-
tions made on over a thcusand consecutive cases fresh from
the front line trenches during the World War, came to the
conclusion that, aside from zbdominal cases, "the only
shock was that caused by fracture of the femur or by mul-
tiple wounds through subcutaneous fat - conditions in which
fat emboliem ie known to take place." He then proceded
to work out a series of experiments which proved to his
satisfaction that fat embolism of the vasomotor center was
a cause cf shocck.,

In his early experimente in 1917, (49) he simply in-
jected varying amounts cf olive oil, cottoneeed cil or
cream intravencuely in animale and found that he could
thereby produce a marked fall in bleocd pressure accompanied
by symptoms of shock.

In his later experiments, completed in 1935, (50) he
apparently demonstrated quite conclueively that it wae em-
belism of the vasomotor center and not of any other part
¢f the body that produced the shock,

He injected neutral olive c¢il intc the vertebral ar-
tery of animals and found that the injecticn ¢f but 0.8 cc.
would produce a lecwered blocd pressure and shock. That
it was the bulbar vasomctor region that thie affected and

not portione of the brain antericr tc the bulb was demon-

etrated by the fact that the whole ¢of the brzin anterior
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tc the bulb may be sepzrated from the bulbar region with-
cut lowering the‘blocd pressure. In casges in which shock
was thus produced, fat emboli were demonstrated in the
bulbar regicn by microsccpic sections etained with Schar-
lach R.

The shock thus produced cculd not have been due to
pulmonary fat embolism because the amcunt of this 0.8 cc.
of 0il which would have passed through the bulb into
veins and thus to the lunge would have been toc minute to
have had any such effect. In addition he showed that mas-
give fat embolier of the lung did not groduce shock pro-
vided the o0il wae prevented from reaching the meduliary
center., He did this by meane c¢f a crossed circulation be-
tween two cate, arranged so that the brain of cat A was
supplied with blocd from cat B, Then 1 cc, of olive oil
wee injected into the jugular vein of cat A. The systemic
blcod pressure of cat A did not fall even though its lungs
were so filled with oil that the resulting pulmonary edema
caused foam to pour from its trachesa.

Finally he demonstrated that after an animal was re-
duced to shock by fat embolism of the vasomotor center,
this center was definitely damaged, for setimulaticn of the
depressor nerve no longer brought forth any response.

Porter did not contend that this was the only cause

of shock, but that it was simply one among a number of
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causes such as hemorrhage, dilataticn of the abdominal
vessels, vibration injuries (concussicn of brain), poiscns,
etc., but he overemphasized it, It apyears rather strange
that he should in criticism of Crile's thecry ineiet so
strongly that the vasomotor center is intact to almost the
very end in shock, and then turn around and try to show
that shock is due chiefly to embolism of that center - a
condition which, as he demonstrated himself, definitely
damages the center.

Moreover, as Cannon (11) points out, if shock is to
be attributed to the plugging of the vessele of the vaso-
motor center, it is sur?rising that one should think that
of all the vital centers sc closely related tc one another
in the floor of the fourth ventricle, the vasomotor center
should so exclusively suffer. One would expect, in damage
to this region, to also get marked disturbances c¢f, for
example, swallowing and respiration. This does not occur.
Furthermore, in proved cases cf fat embolism of this re-
gion, there are also other disturbances such as stupor,
cramps, paralyses, and usuelly a high temperature, even

up to 104° to 105° F. These symptoms are not characteristic

of clinical shock.
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MINOR THEORIES

There have been a number of minor theories advanced
28 to the etiology of traumatic shock. On none <f thess
has much work besn dons, yet they do bring cut certain
features of the problem, and some of them havse been em-
bodied and more completely worked out in later theories,

In 1893, J. D. Malcolm had aliready wade the observa-
tion that the arteries are actively contracted in shock,
and in 1995, he advanced his theory, based almost entire-
{f ly on clinical experience, that shock was the resuli of
prolonged constriction of the arteries, produced as a re-
sult of traumatic irritation of nerves. This constric-
tion, he thought, caused the blood to accumulate in the
veins, and in plasma being mechanically expressed from the
vessels into the tissues. This brought about a decreazse
in vlood volume and a reduction in biood pressure, with
their attendant symptoms of shock. Death resulted from a
deficiency in the nourishment of the vital nerve centers. (¢1)

In 1907, E. Boise endeavored to demonstrate that the
essential causzs of shock was excessive sympathetic irrita-
tion, manifestated mainly by a tonic contraction of the
heart and arteries. He did demcnstrate, in a series of
experiments on rabbits, that in shock there was increzsed
aystole of the heart, decrezsed diastole, lessened output

of blood from the heart, and therefore iow blood pressure.

(¢ ) Essentially the same theory was more complately
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worked out by K. E. Freeman. This will be discussed un-
der a separate topic. (2g)

L. Hill, 1910, was of the opinion that shocck was
caused by a paralysis of the sensory synapses. He rea-
soned that since the stimulation of a reflex arc left it
momentarily depressed, excessive stimulation would result
in paralysis and the development of a primary nervous
shock, with a secondary fall in blood pressure. (35)

E. H. Starling, 1919, believed that the essential fac-
tor in shock was the stagnation of the blood in the dilat-
ed capillaries. These, by a process of exclusion, he as-
sumed as being in striate muscle. In explanation of this,
he suggests that a man in battle is under a state of great
teneion, and the arteries and artericles have an increased
tonicity. When a man in injured, this hypertonicity is
suddenly increased, and at the same time there is an in-
hitibion of all striate muscle. The result is stasis of
blood in the muscle capiliaries, less blood in the circu-
lation, a fall in blood pressure, anoxemia, acidosis, and
further dilatation of the capillaries. A vicious circie
is thus set up which eventually results in death. (58)

Erlanger and Gesser, 1919, found that the capiliaries
and venules of the iantestinal villi were enormously dis-
tended and solidiy packed with red vicod corpuscies, and
made the suggestion that the failure of circulation was,

A%t least in part, due to the resultant mechanical obstruction

to blood flow. (33)
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THEORIES OF AN ADRENAL FACTOR

Two opposing theories have besen advanced as t¢ the
role plzyed by the =zdrenais in shcck: one, that shock
foliowe exhaustion of the adrenals; ths cther, that shcck
is due to overactivity of ths adrenzls,

In 1907, Bainbridge and Parkinson found, after an
examination of the adrenal glands in fifty consecutive
post mortems, that adrenalin had entirely diszppeared in
cases of deeth from acute gensral infecticne and from
poetoperative shock, whereas it was normal or almoest ncr-
mal in amount in cases of death from chrenic diseases,
Control cbeervations showed that the amount of chromaffin
gubstance was not appreciably lessened in the interval
between dezth and the post mortem. This apparentiy in-
dicated exhaustion of the adrenale in shock. (1)

In 1915, J. F. Corbett fcund that the epinephrin
content of the blood of animals in shock wae reduced to
8% of normal. He concluded that epinephrin exhausticn
wae the precdominant factor in shock. Hcwever, he gave
no detaile of his experiments. (17)

In 1218, J. E. Swezt made the stztement that the cn-
ly way in which he could experimentally oring about a
ccndition comparable o surgical shock was by the com-
plete ramoval of both adrenzls. Ugon thie finding, and

upon the fact that in Addiscn's disszee, in which the

adrenals are affected, thers is = low blcod pressure,
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and upon the fact that ths injescticn of adrenalin raissse
01004 pressurs, he based his assumgtion that shock was
the result of exhaustion of the adrenals. (80)

Other observers have been unable to ccnfirm these
findings. A. R. ghort coculd find no significant change
in the epineghrin content of the adrenale in shock. The
method he used for testing the amount of epinephrin in
the adrenal glands wase able to detect c¢ne part in five
hundred million ¢f Parke, Davis znd Company's adrenadiin.
Therz was no appreciable difference bstween thz shock
ceess and the control cases. (57)

Glsy and Nuinquard ran a large series of sxpsriments
to determine what part, if any, epinephrin, as sscreted
into the blood stream by the adrenals, played in maintain-
ing the tonus of thes sympathetic nervous system, and in
maintzining the arterial dlood pressurs. They obtained
the following results: The arterial sressur: was main-
tained at = normal level after bilatsesral adrenalectony,
and aftsr bilateral iigature of the adrensl veins., The
splanchnic nsrves retained all their irritability after
either of thsse two operations. (37)

F. C. Mann found that animais could live for several
days after remcval of all suprarenal tissue, and bz kKept
in an appzrently normal condition. (43)

The thesory that overzctivity of the adrenais might be

a cause of shock weas first zdvocated by Bainbridge and
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Trevan in 1917. They injected adrenalin slowly intra-
venously into enesthstized dogse for twenty minutes or
longer, at a rate sufficient to maintain the arterial
pressure at & suprancrmal level comparable with that ob-
tained by moderate stimulaticn of a sensory nerve. Dur-
ing the injecticn, the portal pressure rose and remained

4

at a high level, whils th

[

systemic venous preseure was
not significantly altersd. Meanwhile, hemoglobin and
hematocrits readings showed 3 steady decrease in voiume
of plasma compzred with ccrpuscles, and zn increase in
the visccosity of the blocd., When the injection of adren-
zlin was stopped, the arterial pressure fell rapidly to a
low level, while the portal pressure remained high, and
the animal passed into & stat2 of shock. The relation of
20rtal and systemic pressures indicated some obstructicn,
but they had not investiga~ed what this might have been.
With the injection of adrenalin stopped, ths splanch-
nic vesssle dilatsd sufficisntly to allow =z large amcunt
of vlocd to accumulate thersin, and because of ths inzde-
quate amount of blood returned to the heart, thers wue a
diminution of cardiac output =nd symptoms of shock. (2 )
Erlanger and Gasssr zlso found that they could pro-
duce symptoms of shock following the centinuous injection
of spinephrin., Howevser they zattributed the failure of

the circulation to the constricting action of the spineyh-

rin on the arteries. They considered thie to be simply
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= mechanical effect similar to the effect of partialliy
occluding the acrts or vena cava. (34)

Investigators have not besn abie to ccme to an agrse-
ment 28 to whether there is cr is not an increased out-
put of epinephrin in shock., E. A, Bedford tzseted the
blocd taksen from ths adrenal vein before znd at succes-
8ive pericds during shock, and fouand that increased quan-
tities of eyinephrin were thrown into the blood stream
during conditions of low blood pressure and shock. He
thought that this was due to an actusl increase in the
a2ctivity of the glands and not simply to a relesase of
stered matsrial. (4 ) Stewart and Rogeff, on the cther
hand, found that after the blood pressure had been low-
erad by such procsdures as sxoosure and handling of the
intestines, partial occlusicn of the ianferior vena cavs,
hemorrhage, and by injections of peptone, there wes no
differsnce in the amcunt of spinephrin produced., (59)

In 1935, Swingle and Parkine still further compli-
catsd the question 28 to the role played by the adrenalis
in shoeck, by apparently demcnstrating that the cortical hor-
mone of thes adrenzl ziand played an important pzri in
shock. They worked out = seriss of exgeriments on the
effesct of traumza on doge with and without adrenal giands.
They found that if both adrenals wers remcved, the dog

soon went into shock and died, unless daily maintenance

dcses of cortical hormonzs were given. If this was done
’
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tozsther with the injection of adrenalin to prevent hypoe-
glycemiz (the injection of adrenslin zlicns did not pre-
vent shock), the animals could bs restcred and maintzainsd
in an aspparsntly vigorous healthy statse, They found,
however, that such adrensdiectomized animals went iato
shock after =z negligivble amount of traums - traume which
had no dsmonstrable zffzct on dogs with the adreunals in-
tact. They then found that the injection of corvical
hormons would restors thess animals to normal, and that
if previocus to the traumstization, the animals were
orimed with a large dosz of cortical hormone, the same

amount of trauma did not produce shock, They concluded

that the cortical hormone must play an impertant rcle in

-

the prevention of and recovery from traumatic sheck. (81)
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THE THEORY OF HYPERACTIVITY OF THE SYUPATHETIC NERVOUS SYSTEM

Related to the adrenal theories is the theory thatl
shock is brought about by hyperactivity of the sympathetic
nervous system. This theory was advanced by N, E. Freeman
in 1933, He resasoned that, if all factors at present kuncwn
to produce shock, or to aggravate the condition if present,
were examined, it would be fouad that they have one physiol-
ogical action in common, that is, that they are all adequate
stimuli for producing hyperactivity of the sympathetic ner-
vous system. Vasoconstriction and increassd ocutput of ad-
renalin, both of which are indices of generaiized sympathet-
ic hyperactivity, have vbeen found to be produced by each of
the following: hemorrhage, cold, fear, pain, asphyxia, and
low blood pressure,

The question which was the basis of this author's in-
vestigation was: Does hyperactivity of the sympathetic ner-
vousg system in itself result in a diminished blood voiume;
s8incs shock is characterized by a reduction in the circu-
lating bloocd volume, and since shock-producing factors stim-
ulate the sympathetic nervous systen.

He found that he was ablie to .roduce an average de-
crease in blood volume of 14%, in cats, by the continuous
intravenous injection of adrenalin in physeiciogical amounts
(0.271 to 0.006 mgm. per kxilogram per minute), and that

guch = decrezse did not occur if the vasocconstrictoer action

of the sympsthetics was inhibited by ergctoxin.
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He also found that thers was an average drop in blocd
volume of 31.9% in cats brought into the pseudocaffective
state by decortication via the orvits. In this pseudozf-
fective state there is evidencs c¢f & greztly increased pro-

duction of adrenalin: =z rise in bloocd pressure, 2 rise in

I

blood sugar, and sham rage - evidenced oy struggling, cliaw-
ing, panting, lashing of tail and erection of hairs, How-
ever, if ergotoxin was administered in such experiments,
the drop in blcood volume was prevented, even though all the
above mentioned symptoms were present.

Then, to rule out any zcticn of ergotoxin, he repeated
the experiments on the pseudoaffective state in completely
sympathectomized cats, znd found that hers zlso thers was
no drop in blood volume.

He concluded that prolonged hygeractivity of the sym-
pathetic nervous system, whether resulting from the injec-
tion of adrenalin in physiclogical amounts, or from the
spontaneous emotional activity of the pseudoaifective state,
caused a decrease in the volume of circulating blood.

He suggestsd that the following sequence of events
took place in the development of shock: hyperactivity of
the sympathetic nervous system, vasoconstriction, tissus
asphyxia, increased permeability of the capillaries, pas-
sage of fluid from the biood etream intc the vissues, Lies-

sened blood volume and increased concentration of the blood,

incrsased resistance to the flow of blocd, a sliowing of
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the blocd stream and eventual stagnation, and shock. (36)
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THE THEORY OF TRAUMATIC TOXEMIA

In 1918, ¥, B. Cannon, together with other membders
of the Medical Reseaxch Committee of Englaad, brought
forth the thzery that toxic material was formed in danm-
aged tissuss, and that this material, upon being carried
throughout the body in the blood and lymph, 80 injured
the blood vessed walls or their control as to result in
2 lowering of artsrial pressure zad the bringing on of a
state of shock., There was considerable experimental and
clinical evidence to support this theory.

Back in 1903, Vincent and Sheen performed a series
of experiments in which they injectied various tiszue ex-
tracts (nerve, musclie, kidney, etc.) intravenocusly in
dogs, cats and raboits, and fcund that thie czussd a tenm-
porary fall in blood pressure. (83)

The experimental evidence ugon which this theory is
vased consists chiefly in the following work of Cannon
and Bayliss: Under urethane snesthsesiz, the thigh mus-
cles of a cat, while supported by an iron olock, were
struck repeatedly with a hammer. The muscies were thus
saversly traumatized and cccasicnalliy the femur was brok-
en, but usually nc break in the skin resulted. After a
pericd of twenty minutes or a little longer, the dlood
oressure would begin to fall and usually within about an

hour it had fallen to shock isvel. That the urethane was

not o factor was shown by repesting the sxXperiments under
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ether and gradual.ly lightening the anesthesiz as the
symotoms of shock increased. (13)

It was suggested that ther: might have bezn suffi-
cient lcss of blood and lymph intc the damaged tissuss to
account for the fall in blood pressure. They test=d this
by removing thz normal and traumatized 1limbs post mortem
by symmetrical cuts through the upper thigh regloa, and
found that the difference in weight bstwesen the two was
in soms cases only 10% of the estimzted blood volume.
This amount of blood loss would be insufficient t¢ account
for a fall in bloocd pressure to shock level,

To rule out the shock being due tve affersnt nervous
impulses, the sxperiments were regeated with The nerves
to the injured limb seversd, and the same results wers
obtained,

Acapnis ss a factor was ruled out by kseping the
bre=zthing unifocrm by artificisl respiration.

To orove that the lowered blsod pressure must be
caused by toxic producis carried in by way of the blcod
stream, they repeated the experiments with the olcod ves-
gels to the limb tied off. ©No shock resultsed. Then when
these ligatures were removed, shock developed.

Te further demonstrate this, they traumatized the
muscles as before, and after the blood gresesure had bezun

tc fall, they clamped the vessels to the injured limb.

Th= fall in blood pressurz ceased, and in many cases evan
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2 littls rise tock place. They supposed thersfore that
whatever the substance criginating in the damaged tissues
wa8, it was fairly promptly eliminzted and the effect was
thersforse not permanent.

They alsc found that massaging the traumatizsd limb
czused a more marked fall in blocd pressure, and assumed
that the reason for this was that the massaging facilitatsd
the absorption of ths toxinse. (13)

The work of lMcIver and Haggart tended to support this

theory. They established a crossed circulation betwesn
two cats. One of the cats was traumatized in the thigh
region by the method of Cannon and Bayliss, and the sffect
on the blood pressure of the other cat noted. In nine

casss out of tweive, shock developed in the other cat.

They concluded that some substance capable of producing

shock was produced in the traumatized area. (47)

An explanation of the mechanism of shock, based cn
this theory, is found in the work of Dale, Laidlow and
Richards. In experiments on cats under ether anesthesia,

they found tha the injection of 1 to 3 mgms. of histamine

per kilogram ocdy weight caused first a steepy fall in the
blocd pressure, asscciated with a dilataticn of the right
chambers of the heart, then a rise bescause of a constric-
tion of the arteries, and finally a steady moderateliy rap-

id decline from a normal of abour 150 mm. Hg. to 40 or 50 mm.

in four or five minutss. The respiration faiied at about




60 mm,, and the institution of artificial respiration
failed to arrest the downward ccuree ¢f the blocd pres-
sure. With artificial respgiration continued, thes chest
was opeéned, and the heart was found to be beating strong-
ly, but there was very little obioocd in it. The venae
cavze were found to be flaccid and half emy iy, and, upon
opening the abdomen, the abdcminal vena cava was ssen to
be poorly filled, and the portal vein was fiatl and aimost
enmpty. The arteriss similarly appoeared to contain littlie
bloed, =nd were constricted. The liver and spleen were
pale. They thought therefore that the blocd must de in
the capillaries. Inspection of ths bowel showed that,
while ths arteries and artericles contained but little
blood, the bowel was of a diffuse dusky red congested ap-
pearance. This appezared to confirm their supposition.
And, since the same lowering of blcod pressure could be
produced after removing the viscera, it was assumed That,
although ths muscles showed no macroscopic changed, the
caplillaries here wer:z in the same condition., lorscver,
if the volume of blood was increasad oy transfusion vefors
the producticon of the shock, the accumulation of bioovd in
the capillaries of the muscles Decame very apparsent.

They explained the action of histamine 28 foliows:
Normally only & small portion of the capilliary network is

functicning at any one time. Under the infiuence of his-

tamine, the capillary tone, which sermite onliy this smali
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portion to function, is lost, and the whois of the poten-
tially patent capillary bed oveccomes open. There is then
a rapidly diminished venous return to the heart, its out-
put declines, and the arterial pressure falis. In addi-
tion, thes histamine causes a change in the permeacility
of the capiliary walls, aliowing the passage of plasme
from the biood stream into the tissues.

This sequence of capillary dilatation, with an open-
ing upy ¢f channels which under normzi conditicns have on-
ly a potential existence, pius an asbnormal permeability
of the capiliary walls, leading to transudation of plasms,
and finally the tendsncy of the blocd thus concentrated by
loss ¢f plasma tc stagnate in the widened channels, is
familiar ae a local effect, namely, inflammztion. It is
such an effect as occurs in the formation of a wheal from
the lash of g whip, or in the formation of a boil from
bacterial action. It is also known, they argued, that
vactarial toxins, which loczlly produce an iantense inflam-
matory reaction, will produce shock-like coliapse when
suddenly disseminatsd throughout ths ovody.

Histamine produces a reaction of the infiammatory
type when locally restricted, and shock-like failure of
the circulaticn when its action is gensralized by injec-
tion into ths blood stream. Thus by analogy, they rea-

soned, products frowm injured tissues, which locally cause

an inflemmatory reaction like that of histamine, like
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histamine, produces a shock-like condition if liveratsd in
such quantity as to be rapidly zabsorbed intc the generzal
circulation. (83)

Considerable clinical evidence accumulated during the
World War in support of this thecry. In 1817, previous
to any experimental work on this thecry, E. Quenu had ai-
ready made the sugszesticn that shock was probavly due to
the absorption of toxic materiali from the wounded area.
He bassd this idea upcn clinical experience, and cited a
case iliustrative of this. A sclidisr was severely wounded
in the foot and was brought in with tourniquet tightly ap-
plied arcund the leg. At this time there was no evidence

of shock, and the patient eappeared to e in goocd conditicn.,

A consarvative operaticn was done and the tourniquet re-
moved., Three hours later, although thers had been no hem-
orrhage or other untoward complications, the man was 1in
intenss shock. Quenu explained this as probably peing
due to the zbscrption of toxic products from the wound
upon the removal of the tourniquet. (53)

Cannon cites a case in which a tourniquet had obeen

in place on the upger arm for an undetermined pericd. The

wound, which wae on the hand, was 80 slight that the sur-
geon simply cleaned it and rsmoved the tournigquet. Before

1 removal of the tourniquet the patient was in goocd condition;

= short time aftsr removal he went into profound shock and

died.




Cannon 2lsc cites the experiences of numerous sur-
geons during the Vorld War, who found that amputation
proximal t: 2 tourniguet prevented the development of
shock, and that the earlier damaged tissue was removed,
the less likely wae shock to develcp, and often the re-
moval of damagsd tissuss was followed by the rscovery cof
patients already in shock.

The thecry of traumatic toxemia may be sunmed uys as
follows: As a resulit cf tissue injury, histamine-iike
bodies are formed. They at cnce causs a dilatation of
the capillzries and & change in the permeability of their
walls. The resultani tzndency toward a lowersd oblocd
oressure is at first compensztsd for by an arterias vasco-
constriction and an increassd heart rate. However, &s the
condition _rogressee, this compeneztion begiuns to fail.
This further aide capillary stasis already D2zun Dy the
relaxation of the ca.ill~riee, and vencus return t< the
heart is reduced. Thers resuits an insufficient voiume
of blocod to maiantain the circulation, and tissue asphyx-
ia and death results,

This theory for meny years constituted the pbest ex-
planation we had of the mechanism of shock. However, sven
vefore the development of this theory, Carlson, Woelfel,

and Powell (15) had tested the =ffects of the intravencus

injection of extracts of a number of different tissues cf
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ths body, =znd had found that muscle extract weas aming
those having the least effect. And, in 1938, J. B. Collip
found that tissus extracts contained a presscr ae well zs
s, depreseor principle. He was able oy extraction with
acetone to obtain = substance which would cause & rise in
blood pressure upy to 300 mm. Hg. (18)

Becausz Collip hsd found that the chemical extracticns
of tissues contained both presscr and degressor subsitances,
Roomz and Wilson (53) attemyted to determine the effsct
of eimple mechanical (hydraulic prees) extracticns. They
found that the injection of the whole extract ¢f tissue
from a traumatized 1limb (after hepsrinization of recipient
to prevent coagulation of the bloocd by the tissue gxtrzact)
caused not 2 fall but a ries in clood _.reesure. Injecticn
of the bloody fluid from the traumatized ilimb caused a
slight rise usually, and the injection of musclz extract
caused = slight fall in blood pressure. All thesz changes
in blood pressure were only transitory.

Then, beginning in 1930, there has accumulated during
the development of the "Theory of Blood Loss" a mass of
experimental evidence which apparently quite conclusively

disproves the "Thecry of Traumatic Toxemia". A discussion

of this theory follows,
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THE THEORY OF BLOOD LOSS

In 1930, Parsone znd Phemister advanced the thecry
that the symptome of shock resulting from trauma to a
limo were due to hemorrhage intc the traumatized tissue.
They ran a series of exgeriments con doga in which they
compared the resuits cbrtainsd by trzuma tc a limb with
the results obtained by hemorrhags alone. They found
the traumatized 1limbas tc bs considerably swolien, and
when the limbs were removed by symmetrical amputztions
aleng lines of attachment tc the innominats bones, that
there was an increazees in weight of the iajured limb equai
te from 43% to 59% of the estimated blocd volume; and
that in doge that wers brought into & state cf "shcck"
from hemorrhage =zlone, from 44% to 53% of the estimated
blood velume was drawn to accomplish this. They found
the swelling tc be due to hemocrrhage and edema - chiefly
hemorrhage., This agparently showed that encugh bdlicod was
lest into the trzumstized tissue tc account for the symp-
toms of shock on this basie =a2lone. licresover, they aleco
found that red blood cell cocunte after hemorrhage and
after trauma decrezsed approximately the same amocuat in
both cases. This further substantiated their contention
that both cases are really simply casee of hemorrhage,
rather than one being a case of hemorrhage and the octher
a case of shock. (48)

About the same time, Blalock snd Bradburn begen working

| ﬁ



on the problem from a slightly different angie, and came
t¢ the same ccnciueione. They ran z series of sxperi-
mente on dogs to determine the oxXygen content of vencus
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8, in shock preduced by

bleccd from differsent lcca

histamine, by traume tc the intestinal tract, by traumsa

to the brzin, and by trauma to cne c¢f the gosterior ex-
tremities. Blocd was cbtained from th: following sites:
external jugular (from orain), portal vein (from intes-
tines), femoral vein (from muecle), right heart, and
renal vein (from kidney). They found that there was a
striking similarity between the valuee cf the oxygen con-
tent of the blocd from the varicus sites in normeadi ani-
mzls, and between the lower values cdbtained in casges cf
shock from hemcrrhage, from the injecticn of histamine,
and from brein trauma. This indicated that in shcck oy
these methods, thers is a fairly unifeorm diminution in
the volume c¢f circulating blocd in ali garts cf the bedy.
In cases of shock yroduced by intestinal trauma, c¢n
the other hand, the oxygen content of the portal vein
wze markedly higher than that obtzined elsswhere; and in
cagesg c¢f shock produced by traums tc a posterior extremity,
the oxygen content ¢of the femoral vein of the traumatized
extremity was higher than that cbtained elsewhere, includ-
ing that of the opuceite femecral vein, Thesse results suz-

gested that in traumatic shock, thers was an accumulaticn

of blood in the traumatized ares, and a decrease cf blocd
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in cther =areas,

Their conclusions were as folleows: "It would seem
that trauma to the intestinal tract or to an extremity
produces its effect by a local accumulaticn of blood and
not by an increase in capillary permeability in the gen-
eral circulaticn with & loss of fiuid into tissues such
s is attributed to histamine". (8)

On the basies of the above werk, Blaiock worked cut
group of experiments tc determine whethser the low odlocd
pressure following trauma was due to some substance ex-
erting a general boedily effect, se advocated by Cannon
and his cc-workers, cr whether it wes due simply to locad
hemorrhage into the tissuss,

He first repezated the exeriments of Can.con and
Bayliss, and focund that hs could produce shock by trauma-
tization of the thigh muscles of an animal, but that this
could not be done without there being a sufficiently lerge
amount of blood loet into the injured tissues 1o account
for the low blocd pressurs. He explained the discrspancy
between his and Cannon's work as being due to the differ-
ence in methods employed in determining the weights of
the traumatized and nontraumatized limbe. Cannon and
Baylies amputated the extremitiees by symmetrical cute a-
creoss the thighs. Blalock goints out that theres are a

number of cbjsctions to this methoa, First, it is im-

possible to be sure that the level cf amputation is the
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same on both limbs because of the irregular contour of

the thigh; sscond, that cne cannot maks such a cut through

such traumatized tissus without scme loss ¢f blocd; thirq,
that trauma to the thigh resulte in some bleeding into
the locse tissues ¢f the groin as well as irnte the thigh,

Blalecck overcame these objecticne by amputating in the

midabdominal region =zfter ligation of the abdominal zorta
and vena cava and clamping ths ilizcs cn both sides. In

control experiments, in which no trzuma was done, the
weights ¢f the twc limbs wers sracticadly identicszi. The
differsnce in weight of the two limbs where shock was
produced by *trauma to ons 1limb, amcunted tc at least 4%
of the body weight, or almost one-half the calculated

blocd volume., In other control experimsnts, he found
that a loss ¢f blood amounting to only 1% of the body
weight was sufficient to produce a low blocd pressure and
sheck,
The fact that animals could withstand a larger losas
of blcod into tissuss than by direct hemorrhage, hs ex-
lzired by the fact that there was a proporticnatsely

ater loss of glaems into the injured tissuees than of

o
L2
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red blocd cells. He determined this by the fact that the
hemoglobin content of bleody fluid from the traumatized

tTissues was lz2se than that the blood.

Hz thsn ran & scsries ¢f experiments to determine
whether there was any toxic suvbstznce sbscrbed from the

injured tissues.
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In determining this he first ran scme preliminary
experimasnts as folicwe: He first shcwed that the avsorp-
ticn of histamine (and therefore of any cther toxic sub-
stances) from & limb could be .revented with certainty
cnly by removal of the upper part of the femur and then
applyving & tourniquet tightly at this point. Any abscrp-
tion of histamine would have Ddeen demcnstrated by a drop
in blood pressure. Then he repeated this with the femor-
al artery dissected looss and not included in the tourni-
quet. Thers was s8tiil nc abscrption of histamine. 1In
these experimente, therz was no significant fail in oiood
pressure incident to the coperaticn for removaei of this
perticn of the famur, nor when the tourniquet was subss-
quently applied.

Then in doge in which the upper part of the femur
had been thus removed, the femorai artery and vein dis-
sected looee (vein occluded by a clip), and a tourniquet
applied around the thigh beneath these vessels, he tried
the following set of experiments:

The removal of the cliip on the vein reeulted in a
temporary rise in blccd pressure, follicwed by a fall to
the level that existed befcre the cliip was removed.

Then, with both artery and vein occluded, the Limbd
wae traumatized. No fall in blood pressure tock place

until the clis was removed from the artsry. The blood

pressure then declined rapidly at first, then slowly,




and when the blcod pressurs had thus bsen reduced by
varying amounts, ths cliy was removed from ths veiln.
There wee an immediate smzll rise in blocd pressure, foi-
lowed by a gradual declirne which was not s0 rapid as that
which had been taking place before the vein was relezsed.

In order to demonstrate that toxic procducts, had
they bzen present, could have besn abecroed from the in-
jured limb, histamine was injected into the 1limb, with
the vein closed, and when the vein was then rslieased,
thers was a prompt and rapid fall in olood pressure.

Canncn's theory that the fall in blcood pressure after
trauma is caused by abscrpticn of toxic products was thus
apparently proved to be erronsous, since the greztest
fall in the preesure took place upon allowing blood to
flow into the injured Llimb, rather than when the olcod
was allowed to flow from the limb into the general cir-
culstion.,

To add further proof, he reduced a docg te shock by
traumz, and then injected ite blood intravenously intc
normal doge, and found that, instead of a fail, & rise
in blcod pressure took place. (5)

Freedlander and Lenhart repeated and confirmed Blia-
iock's experiments, and‘in addition they =xcluded the ner-
vous system as = factor, They accomplished this by sev-

ering all the peripheral nerves tc the limb, severing the

sympathstic chain, doing an arterial sympathectomy, and




cutting thes lower dors=zl cord. This was done aseptically
in stages, and the anim=l was alicwed to recover before
deing thes shock experimente, The szme resulte were cob-
tained as with the nerves intact. (35)

Beard and Blalcck, after examination of the fluid
that escaped from the blood vesseels after trauma tc an
extremity or to the intestins, found that the chlcrides,
sugar, nonprotein nitrogen, and total proteine were prac-
tically the same as in odlcod plesma, From this they rea-
scrned as felliowe: In ordinary hemorxhage, the bloocd ilcset
is rapidly replaced by fluid from ths tissuss, Dscause
the reduction in blood pressure no longer offsets the
greater osmotic pressure of the plasma, as cqmpared with
the lymph, and fluid passes into the blood stream. In
shock, on the other hand, there has bs=n an escape of
whole plasma from the injured capillaries at ths site of
trauma, with the result that the escaped fluid has the
same composition and osmotic pressure as plaema. The
fluid that has esczped cannot therefore be reavscrbed.
The diminution in capillary pressurs prooably does draw
fluid into the bloocd streanm from the noninjured areas,
but the increzse in mechanical pregsure simply results
in further fluid loss at the site of injury. (3 )

Blalock then attempted to show that the mechaniem

of shock produced by trzuma tc the intestines was the

gsame as he had already demonstrated in shock from trauma
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to muscles,

He proceded as folleows: The average weight ¢f the

intestinal tract vetws:n the ligament of Treitz znd the

appendix was detsrmined on a group of normal dogs Then
dogs were brought to a state of shock by pinching re-

peatedly this portion of the gut and oy pulling on the
cmentum, The fluid that accumuizted in the peritunesald
cavity during the course of the experiment was gathered
in weightd sponges. These were then reweighed afterwards
and the amount of fluid lost in this manner thus deter-
mired. Then at the end of ths sXperiment, thes portion
of gut bstween thes ligament of Treitz and the apendix was
remcved and weighed and compared with the averaze normal
weight of this section of gut, as previcusly determined.
From this, the loss of fluid into and from the trauma-
tized area was determined, and was found to average 4.48%
of the body weight. The variation in the different ex-
ceriments was from 1.88% to 8.283%. As he had determined
in previous experiments, this amount represents a suffi-
cient lcss of blced volume to account for the lowered
blocd pressurse and shocCk.

The average increase in the hemoglobin of 38% indi-
cated a marked concentration of the blood due to the tre-
mendous loss cf plaema in thies type of trauma.

He concluded that "the loss of fluids into and from
the traumatized area wes the chief if nct ths sole cause

for the reducticn in the blood pressurse". (&)
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In spite of the fact that this theory most adequate-
é ly explains traumatic shock, and rssts upon thorough and
well controlled exgerimental work, it has not Dbeen accepved

without question. W, B, Cannon warns against the unreserved

dropping of the theory cf toxemia., He states that even
though proof of the presence in damaged tissue of a speci-
fic shock inducing agent, thers stiil remaine the clinical
testimony that "material abscrbed from dead and dying tis-
sues and distributed in the organism may e toxic - sc
toxic as to play a role in leessning the quantity of cir-
culating blood". (13)

N. E, Freeman, in working out his thecry of the pro-
duction of shock by hyperactivity of trhe sympathetic ner-
vouse system, etates that it is impossible to account for
the shock he produced, on the basis of the theory of oiocca
loss, because whers he simply injected adrenalin at &
chysiclogical rate, no trauma was produced; and where traumsa
to the brain was produced, the rigid cranial walis pre-
vented swelling ¢f the tissues, and mcreover, this szme
amount of damege tc the brain in the sympathectomized ani-
mal caused no decrease in the blcod volume. (38)

And, in view of the support given the thecry of tox-
emia by lMoon and Kennedy, this factor must be considered.
pfter a series of observations on shock in experimental
animals and in human cases, they came tc the following

conclusicns: "The shock syndrcocme is accompanied by gross

=
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eand microecopic changes op,o8ite in CharaCter te those
produced by hemcrrhage. The changes include dilataticn
and engorgement of capiliaries and venules, permeability
of capilliary walls, as indicated by petechial hemorrhages
and edema, and frequently effusicn into sercus cavities.
Increzsed concentraticn of the blocd is = charactieristic
phenomencon in shock,

"These vasculer phenomena are widesprsad, but axe
most prominent in the pulmonary and gastro-intestinal
tracts.

"Thess circulatory effects can be produced by trauma,
by intravenous or intrsperitoneal injecticns of extracts
of normal muscle, or by implanting muscle substance into
the psritconeazl cavity. This tends tc corroborate the view
that prqducta absorbed from injured tissues produce the
shock syndrome, and that these act by causing diiatation

and increased permeability of the capiliaries and ven-

ules". (46)




CONCLUSIONS

From a considerstion of the foregoing theories of the
etiology of shock, it is evident that, in spite of the
large amount of work done on the problem, thers is still
no unanimity of opinion, even among equally ccmpetent ob-
servers,

V. H. Moon is of the cpinion that shock is present as
2, terminal factor in the majority of deaths from all causes,
and that the degree to which shock is operative varies
within wide limits. For example, it is the dominant fac-
tor following extensive trauma, and a minor terminal fac-
tor in various diseases. He maintains that shock, instead
of being of various types, is a definite entity, even
though it may originate from various sources. He further
mzintains that it is accompanied by distinctive changes
which are demonstrable both ante mortem and post mortem,
that thess changes ars directly related to its mechanism
of origin, and that this mechanism is one of toxemia. (45)

A. Blalock makes the sugzestion that the terms pri-
mary and secondary shock be abandoned. He contents that
a state of traumatic shcck may follow directly the receipt
of an injury, and there may be no intermissicn in the symp-
tome until the syndrome is terminated by recovery or death,
and it is therefore unwise to classify the condition ac-
cording to the time separating the injury and the decline

in blood pressure. He sugsests that the following terms
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be used to designate different tyges of shock: hematogen-
ic, neurogenic, and vasogenic. By hematogenic shock, he
meant the type in which there was a decrease in 0lood VOl-
ume, as a result of hemorrhage, dehydration or 1oss of
blood or plasma into or from an injured zrea; Dy neurogen-
ic, the type in which there was vascdilatation becauss of
infiuences acting thrcough the nervous system; and by Vaso-
genic, the condition in which thers was a loss of peripher-
al vascular tone caused by agencies which acted directly
on the blood veesels. He concludee that the mechanism of
the production of all types of shock is noct the same, and
that they cannot therefore be explained by cne theoxry. He
advises the abandonment of such attempts. (7 )

F. C. Mann and H. E, Essex sum uyp the problem as fol-
lows: In an sttempt to account for the causes of the clin-
ical syndrome known as traumatic shock, theory after theory
hae been advanced. Each thsory, when more thoroughly test-
ed clinically and expgerimentally, has bsen found inade-

! quate, but has served to focus attention on certain asgectis
of the problem, and has besn of value as a stimulus to fur-
ther research. Thus through the effcorts of many investiga-
tors, the mystery that surrounded the yrcblem at the be-

ginning of this century, has been replaced by certain def-

inite facts, although our knowledgs concerning the condi-

tion is far from complete, (43)
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