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PREFACE

Becaunse of ita mysterious onset and neture,
traumetiec shock has long suggested problems of unusual
clinieal and scientific intereat. Its frequent occurrence
eapeoislly in associstion with severe wouunds and extensive
surgicsl operstions remders e& solution of these problems
perticulerly important. Notwithstending the large amount
of attention which it hes received and the resulting
voluminous literature devoted to this subject, the
conception of the ultimete nature of the phenomenon of
shock st the present time stands not in universsl
sgreement.

It would be of little practical value to
exsmine in deteil 8ll of the literature availsble on the
gubject, for many of the older ideas relevant to the
nsture of traumatic shoek have been definitely disproven.
Purthermore, much of the literature shows extenaive
recapitulation. However, reference will be made to some
of the more noteble attempts to soive the problem by
certain prominent investigators. A8 & result of observe-
tions mede during the World Wer by members of the Shoek

Commission, & number of faects stand out to disprove



meny old theories and provide & bssis for the devel-
opment of new ones. Outstanding among these rescarchers
waa Cannon, professor of physiology at Harvard, whose
brillisnt work at Bethune perhaps contributed more
toward the modern conception of traumetie shook than
that of any other investigator.

It ia the purpose of this thesia to set forth,
firat of all, the c¢linical features of shock; secondly,
associated basie factors; thirdly, theoretical ultimste
factors; fourthly, the resultant of the numerous clinical
and experimentel observetions, i.e., the modern comeception
of traumatic shock; and finally fifthly, raetional thera-

peutics ag pertains to this condition.



I = CLINICAL PICTURE

For many yeara, surgeons have noted a startling
clinical picture whieh eppears in patients following
gevere injuries. Many names have been given to this syn-
drome, adding further to the confusion of its understanding,
but notwithstanding meny objections the term shoek has
been almost universslly adopted and was first used by
Latta in 1795 to designate this condition.

Shock sppeara typicelly in patienta after ex-
tensive surgiesl operations snd in victims of burns, wer
wounds, and industrial and transportationsl accidents.
The common occurrence of this complication in the World
War led to the formetiom of & sommission of surgeons
and physiologists to study its nature. This effort which
is described in Cennon's monograph orn "Traumstic Shoek”
was productive of experimental and clinical evidence
that went far toward the elueidation of the problem.

Clinicel accounts of shock through the years
have veried somewhat since earlier observers applied
the term loosely to diverse comditions associated with
sudden weakness, fainting, unconseiousness, and sudden
death. On the other hand, there were some very accurate

early deseriptions of shock that ere in asccord with our



present-day clinical recognition of this condition.

The following is en abbreviation of an account
given by Fischer (4 ) in 1870. The patient, & strong
and perfeetly healthy young man, was atruck in the
abdomen by & pole of a carrisge drawn by runswey horses.
After careful examinstion, there wes nothing found to
indicate an injury to any of the internal organs. Never-
theless, the grave symptoms and the 2larming look which
he still presents made their appearance immedistely
after the asccident. He ldes perfectly quiet and pays
no attention whatever to events about him. The pupils
are dilated and react slowly to light. He steares
purposelessly and epatheticelly streight before him.

His skin snd such parts of the mucous membranes as are
visible are as pale &8 marble, and his hands and lipa
have & bluigh tinge., Large drops of sweat hang om his
forehead and eyebrows, his whole body feels cold to the
hend, and & thermometer indicatea & degree and & hself
Centigrede in the axille and & degree in the reectum
below normal. Sensibility is much blunted over the whole
body, and only when & very painful impression is made
on the patient does he fretfully meke & wry face end
then a languid defensive movement. If the limba are

lifted and then let go, they immediately fall as if dead.



The urine is seanty and dense but free from sny traces
of suger and albumene. The pulse is elmost imperceptible
and very rapid. The patient is eonscious, but replies
8lowly and only when repeatedly and importunely quesg+-
tioned. On being thus questioned, he eomplains of
cold, faintness, and deadneas of the wxtremities. His
voice is hoarse. His respiration is characterized by
long, deep, 8ighing inspirations alternating with very
superficial ones which are sgarcely visible or audible.
While being brought to the hospital, he vomited several
times, and nauses and hiccoughs still remein.

A typical case of wound shock as deseribed by
Cannon (¢ ) may be briefly summerized. A man belonging
to the garrison was wounded by & bomb which partly
shattered the forepart of his foot and sprinkled his
neek and shoulder with tiny fragments. His chum, stand-
ing by his side, was killed. The blood pressure, which
wae 110/70 mm Hg & short while previoumsly, was still
the seme immedietely after he wes wounded. It was a
cold night with & chilly wind msndias the men wasr-éerried
along shallow trenches winding over & hill, he became
colder and colder. At this time, too, there was occasiomal
eneny sctivity. By the time he reached the aid post, an
hour end s half later, he wass pulseless. Two hours latef,

when exasmined at the next post, he was still pulseless,



and & serious view was taken of his condition. He was
hurried on to the casualty olearing station where he
arrived with & blood pressure of 80/65 mm Hg end no
palpable pulse. After being warmed mp in bed, the
pulse soon returned and the shock passed off in the
absence of any heroic meassures of treatment.

When this characteristiec syndrome ocecurs
ghortly after trgsums or during the course of en
operation, it is designated &8 primary shoek; when
the symptdma are delayed until several hours after
&n injury or operatiom, it is designated as second-
ary shocke. The primary type is relatively transient
end resembles the nervous phenomena of fainting or
is sssocisted with 8o extensive destrusction of tisaune
88 to make continuance of life impossible. Since
guch cases either recover without treatment, at
lcaet temporarily, or are hopeless, primary shock
does not conatitute as important & eliniczl problem
as does secondary shock. Consequently, to this latter
type, laboratory and field investigators have chiefly
directed their researches. It is important to mention
here that Blalock (3 ), a recent investigator, empha-
gizes the fact that fundementeal physiologic disturb-

ances associated with primery and seecondary shock may



co-exist.

In order to clerify the course of events
in primery end secondary shock, Cowell ( 7 ) has
represented graphically the blood pressure changes
that may be seen in czses of ome or other of the

two types. Refer to fige. 1, p.8 and to fige 2, p.2.



PRIMARY WOUND SHOCK - ONSET AND COURSE
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Fige. 1.
Following the receipt of & severe injury,

sueh that death must ensue or life can be saved only by
prompt surgical intervention, instent shock appears. This
mey be fatal im a short time (A). If all precauntions are
teken in the careful transit of the patient, the blood
pressure mey rise enroute (C) or remsin level without
further drop (BE). iAfter lapse of a few hours, the con-
dition of primary wound shoeck may merge into that of

secondary wound shoek (D or E).



SECONDARY WOUND SHOCK = ONSET AND COURSE
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Fig. 2.

In many wound cases, the blood pressure will
remain level (A). In others, &s a result of hemorrhage
or exposure to cold, there will be & drop of blood
pressure with the establishment of secondary shock (B).
If the patient is at this stage well cared for and the
wound not too severe, the pressure may rise during the
next stege of the journey (C) or remein stationary (D)
and improve after admission to the casualty cleering
station (E)s In the absence of favorable ecircumstanges,
the pressure goes steasdily down snd the case terminates

fatally, usuelly in from 12 - 24 hours (F).
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The sslient eclinical features of secondery
shoeck, aa shown in Cannon®s monograph, in Blalock's

writings, and in others, may be summsrized:

l. Appearance: pale, perspiring, apprehensive.

2. Subnormal temperature, ¢old extremities.

3. Rapid thready pulse, heart sounds often imperceptible.

4, Rapid respiration ~ shallow or deepened.

6. Deelining blood pressure.

6o Reduction of blood volume with hemocomcentration
(increased red and white counts and elevated
hemoglobin;, increased viseosity and specific
gravity and elevated blood nitrogen)e.

7. Other ~ reduced oxygen consumption and lowered
basal metabolism; reduced alkali reserve;
consentrated urinme.

8¢ If progressive - apethy with blunted semsibility,
pupillery dilitation with sluggish resetion
to light, general decline of reflex excit-
ability, prostration, coms, bulbar collapse;,
and death.

It is upon these symptoms and findings,
when aeceounted for neither by hemorrhage or late

infection with toxemis, the disgnosis is mede.
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Clinieal differentiation between shock,
hemorrhage, or the two combined is often difficult.
The following poimts are at times helpful however;

l. If the pulse rate inoreases far out of proportion
%o the blood pressure fall, this is more
characteristic of hemorrhsge.

&+ Blood volume is reduced both in hemorrhage and in
secondary shoek; but, withim 24 hours, in
the ecase of the former, hemodilution oceurs,
and, in the latter, hemoconcentration.

3. Hemmorhage, of course, when visible is confirmstive
of the same; when concesled, symptoms and
findingsa ceharacteristiec of hemorrhage in

certain regioms of the body are suggestive.
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II -~ MECHANISM: BASIC FACTORS

THE LOW BLOOD PRESSURE

There is no more important aspeet of the
complex of established shock than the state of the
circulsation as indicated by the sphyzmomanometer;
reduetion of blood pressure is probably the most
characteristic and essentisl feature. Furthermore,
the degree of reduction of pressure mey be regerded
a8 a fairly satisfectory index of the degree of
shock which is prevailing.

In & series of 93 cases of shock and hem=
orrhage, shout half of them examined at Bethune by
Cennon ( &) and others reported to the Emglish Shook
Committee by Bazett (&) and by Keith (¢ ), the
digstribution of the average systolie pressures,

diastolie pressures, and pulse pressures was 88

follows:

14 cases - Av. 8y8. p. 95 ~ diss. p. 63 - pulse p. 32
16 87 57 30

26 76 49 a7

17 66 41 25

14 58 36 22
6 47 30 i7

Breechot and Claret (¢ ) have reported that
the pulse pressure is of prognostiec value, If it remains
shove 25mm., aecordimg to them, the prognosis is

favorable; et 26mm., it is questionable; and below
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2bmm., the outlook is poor.

Although plans had been mede for seeuring
observationa om venous pressure im shock cases, the
ending of the War before these plans could be realized
rendered them futile. However, Cannon ( ¢ ) made the
observation om numerous ocecasions that when dreawing
blood for tests in shoock vietims, in moat instances,
the veins were collapsed or contracted. Experimental
evidence pointing to reduced venous pressure in
shoek has been offered by Morison end Hooker (&)
who produced shock experimentelly by intestinal
injury and noted a2 progresaive fell of pressure im
the vena ceva; by Wiggers ( ¢) who noted fall of
venous pressure repeatedly in experimental shock;
snd by Erlenger, Gesell end Gesser ( ¢ ) who induced
ahoek'by intestinel menipuletion end noted & fall

of Jjugular pressure.

BASIC FACTORS WHICH MIGHT AFFECT BLOOD PBESSDRE
The most important eeatrel problem of shock
is that of discovering the reason for the lowered
arterisl pressure. The various theoriea whiech have
been suggested to sccount for shock are all directed
toward the solution of this problem in partioular.
Normal arterisl pressure may be reduced
if the heart becomes inefficient, that is, if it

contracts ineffectively or feebly. There is,
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econsequently, & possible cardiase factor.

Arterie] pressure may be low becaunse of
diminution of peripheral resistance. Normally, the
erterioles are held in a state of tonic contraetion
by impulses delivered from the vasomotor center.

If the vasomotor center becomes impaired, there

will be such a relaxation of the smooth musele in
the walls of the arterioles as to permit the blood
to pass readily from the arterial imto the eapillary
end venous areas with sn ettendant drop in the pres-
fure level., A second possible factor, therefore, is
& diminution or loss of vasomotor tone.

A third faotor which would result in lowered
pressure is an ineufficient blood volume. Up to &
certain limit, the blood vessels are capable of
compensating by contrasetiomn for & loss of bloed vol-
uwmne. Beyond this limit, sny further reductiom in
blood volume resultes in diminished pressure.

Another wey in which the reletion between
the volume of blood end the capacity of the vessels
msy become disturbed is through enlargement of the
capacity of the vasgcular system, particularly of one
pértionsuch as the veins, The blood may them accum-

ulate there sand consequently be returned in so slight
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& 8tream a8 not to permit the heart to develop &
normal pressure within the arteries. The disturbance
of the normal relation of the volume of eireulating
fluid to the cspacity of the cireulatory apparatus
presents, therefore, another mode by which the

cireulation may become defestive or fail.

THE QUESTION OF A PRIMARY CARDIAC FACTOR

It has been observed repeatedly that the
heart characteristically beats faster than normsl
in shoek or efter hemorrhage. Hensce, the heart might

be looked to as & possible primary faector in shock.

Exhgustion of the cerdioinhibitory cecenter &s a
primery role:

In the course of experimental work in which
operations on the brein were performed, Howell ( 4 )
noted that there was produced & merked incresse in
the pulse rate. Some cases showing an extrsordinary
increase in rate exhibited only slight lowering of
arteriel pressure, leading Howell to think of shock
in two forms, i.e., cardiae eand vascular. He assumed
that in cardiae shock the most importesnt factor is
& partial or total suspension of astivity of the

cardioinhibitory center. The condition manifested
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itself in his experiments as a sudden or progressive
inerease of rate and diminution of amplitude of the
heart beat. What Howell cells vascular shock, i.e.,
& more or leas complete loss of arterial tone, he
never observed independent of cardiae shoeck; the latter
always aecompanied or preceded the fall of pressure.
The suggestions offered by Howell have been
tested by both Crile &nd Mann. Crile (¢ )} reported
that he had noted reflex inhibitiom of the heart in
animals which were in & serious degree of induced
traumatiec shoeke. In additiom, he noted that shock is
&8 readily produced in normel animels a8 in those
in which the heart is isolated from the centrsl
nervous systeme. Mann (& ) found that shock did not
develop any more quickly under experimentel conditions
when the vagi had been eut than when these nerves
were intasct. He also noted that reflex inhibition
of the heart by stimulation of the central end of
& divided vagus trunk could be obtained even in the
most extreme degrees of shocke He was able to induce
vagsl slowing of the heart repeatedly in shocked
snimels by imeresging intracranial pressure, such
glowing disappearing upon section of the vagi.
The:experiments of Crile and Menn, therefore, seem
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to prove conelusively that in traumatie shoek, the
cardise inhibitory mechanism is not exhsusted and

thet it meay be oglled into action by ususl mesns.

Tonically @ontracted heart ss & primary role:

Boise (4 ) has reported wxperiments in which
he noted dimimution of the extent of cerdisc contraec-
tions associated with & lowered arterial pressure
in shocked animals. He interpreted this as being
due to tonio contrection of the cardisc musecle.

Boise regarded this increased eardiac tonus as a
primary factor.

Henderson (& ), on the other hand, who
observed the same phenomenon in similar experiments
interpreted this tonic contraction &8 secondary to
vaseular or volume changes and the mechanism to be
a8 follows:

Primery vasculer or volume chsnges

Reduced volume of venous returm to right heart

Reduced cardiess volume with retrectiom of the heart
musele (or ineressed cardisc tonus)

Reduaed cardiéc output

Decline of arterial pressure (after limitation of

vasomotor compensation has been reached}).
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Incressed cardiasc tonus, therefore, can be aecounted
for as & result of diminution of the volume of venous
return to the right heart; There is no evidenee to
ghow this fastor to be primary. Further evidence

that inoressed cardiae tomus, such as would lead to
diminished cardise output, is not the primary cause
of shock is found in the state of venous pressure.
Venous pressure would rise if the heart were suffer-
ing from a diminished capecity to transfer blood

from the venous to the arterial side. But this is

not the case; moreover, c¢linical and experimental
evidence has indicatéd that venous pressure often
falls as8 the arterisl pressure falls durimg the
development of shock. There is no evidence, therefere,
that a tonlie contraction of the heart plays aay
primary role in shacke.

Impaired contragtile power &8s & primery role:
Impairment of the inherent contraetility

of cardiac musecle results in an insufficient transfer

of blood from the venous to the arterial aide of

the eirculetion, such impairment frequently being

the cause of death in cardiac disesse. Henderson (4 )

has argued that cardisc failure may occur in consequence
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of excegsive respiration. His experimental findings

in ganimals with regard to this together with his

interpretation mey be outlined a8 follows:

#1. Vigorous artificiasl respiratiom for 30 min.

#2. Continued stimulation of seietic nerve resulting
|

Deple?fon of €02 of blood ~ acapnia

in hyperpnes.

Insctivity of reepiratory center (loss of natursl
atimunlative faetor) - spnez vers - resp-
iratory failure

Anoxemia

Progressive decline of cardiasc contractile power

Decline in arterial pressure.

Uiggers ( C ) has produced by scistic stim-
uletion greatly increcased depth and rate of respir-
ation, but in no instansce, even after two hours of
stimulation, d4id permenent apnea or death from respir-
atory failure occure. Cannon ( &) states that whether
Henderson or Wiggers is correct with regard to the
effecta to be expected from excessive respiration,
aoute weakening of cardiac contresctions as 2 result
of oxygen laek do not duplicete the events which
take place in the course of shock. Pain might evoke

repid and deep respiration but elinical experience
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with shogk proves that it is not attended by conditions
whioh Hendersom showed experimentally. Commonly,
reapiration ceases8 before the final heart beats, but
cesgation of respiration is not preceded by imntense
hyperpnes due to painful stimulation. Cennon conclundes
that it caennot be considered correet that failure of
cardise contractility as & result of gpnes due to

excesgive breathing is the cause of desath.

Condition of the heart in shock:

Menn (& ) has reported after extensive study
of shoecked animals that, when the snimals are allowed
to die from shoek itself, the heart continues to
beat,though often feebly, after respiration has
cecaged end the blood pressure is practically zero.
Cennon (¢ ) has frequently observed the ssme se-
quenca of events at death in ceses of shoeck in human
beings8. In & series of experiments, Crile ( &)
obgserved that sfter animels had been reduced to a
presumebly fs=tal degree of shoeck and the blood
pressure was then raised mueh higher than normsal,
the heart gquickly recovered its capacity to do its
normal work, this probably oceurring on the basis
of improved ocoronary flow with subsequent restor-

ation the contraotile stimulus, i.e., intracardisec
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tensione.

There hag been no convineing evidence
that either the heart musele or the nervous mechanism
eontrolling it hasca:primary role in lowering arterisl

pressure in shocke.

Cardiae tamponage as & primary role:

~ Blalock (3 ), s recent investigator, has
pointed out that traumetic hemopericardium resulting
in cardise tamponage wilth progressive myocardial
weaknes® may induce the shoek syndrome. There is &
venous distensionm in contrast to the eollapsed veins

seen in peripherel circulatory failuree.

THE QUESTION OF A PRIMARY VASCULAR FACTOR

Vesomotor exhaustion a8 & primary role:

The best known support for the view that
ghoek is due to vasomotor exhaustion has ecome from
the experiments of Crile ( 4 ). He steted that this
might be due either to exhaustion of the smooth
muscle in the vessel walls or to exhaustion of the
vagomotor center; but, since adrenalin caused as
great & rise in blood pressure in shock as it did
in normal conditions, eand gince adrenalin produces

its effect by stimulating the srteriolar smooth
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musele, Crile concluded that fatigue of the blood
vessels themselves must be excluded and that shoeck
is due to an exhaustion of the vessomotor center.

Porter (s ) disproved Crile's work. He
found that, even when an animal is in extreme shock,
both pressor and depressor reflexes still occur.

Csnnon (¢ ) states that vasomotor exhsustion
cannot be the basic sause of the low blood pressure
in shoek but that it may oeccur as a result of persistent
lowered blood pressure which brings about & defiecient
blood supply to the bulber centers,

Studies by Pike, Guthrie and Stewart ( 4)
have revealed that the vasomotor center is more
capable of withstanding the adverse influence of
anemia than any of the other vital bulbar centers,
inecluding the respiratory, eardioinhibitory, etec.,
this indicating the vesomotor center to be an agent

whose funetions are extremely stable.

The condition of the vasomotor center in shoek:
Experimental studies of shoeck by Erlanger,

Gessel and Gasser (¢ ) have brought out the distinetion

between the state of the vesomotor center in early

and in late stages of shoeck. They determined directly

the variations in peripherel resistance 28 8hogk
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progressed. They consluded that in early stages of
8hock, vasomotor tone is most often sugmented, prob-
ebly as a compensstory phenomenon; later, as the
arterial pressure fells and goes beyond a critical
level, the peripheral resistance falls. Up to the
time of death, however, the vessels preserve some tone
and the vasomotor center retains slight cepacity

to react.

Clinical evidence for meintained vasomotor
tone in humen cases has been offeréd by Wallsace,
Fraser and Drummond (¢ ) ,:World War surgeons who
performed hundreds of abdominal operations on patients
in 211 degrees of wound shock without observing a
gsingle ease of primary splenchniec congestion. Lalcome
( 6) states that the more profound the degree of shock
the paler the tissues become, and that the pallor
is noted even when very little blood is lost. Further,
Cennon ( &) observed im shock cases that when the
pulse could not be felt at the wrist, it eounld be
felt easily over larger vessels as the carotid.
Fraser ( &) repeatedly noted, while opersting on
ghocked men, such strong eontraction of outlying
erteries that no bleeding oeccurred when the vessels
were eut. Ducastaing { &) has reported that in two

ceses of shock when the pulse was weak or wholly
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imperceptible, the wave became gquite readily palpable

after the sdministration of amyl nitrite, & vesodilator.

This, Ducasteing argued,:is further ewidence that in

shock peripheral vessels are constrieted.

The vasomotor faetor as pertsins to primary shock:

Evidence thusfar cited in part II has been
with reference to secondery or delayed shock in part-
iculare. The msjority of investigators have agreed
that the vesomotor fastor probably does not have a
primery role im secondary shoock. Whether or not this
fastor plays & primery pert in primery shoeck is still
& question, but modern opiniom is in favor of this
view,

Primary shock, it will be remembered, is
8 state of collapse in which charscteristic symptoms
end the low blood pressure appear immedistely on
reaeipt of some injury. Moom (/5) reeords that an
early investigator, Goltz, observed that repeated
stroking of the frog's abdomen caused & marked vaso-
dilitation, notably in the splanchnic area. Blaloek
(3) in his series of experiments has shown, that
in casea of primery shock, periphersal vagodilitation,
probably resulting from influences acting through

the nervous system, occurs,



Cannon (6 ), in considering syncope and
collapse in relation‘to shock, pointed out the follow-
ing faets.snd his ideas regarding same. Syncope and
collapse is the result of ecerebral anemis which is
ususlly associated with a depressed vascular tone
throughout the body. Sueh an event is probably on &
reflex nervous basis snd may result from some psyehic
faector as, for example, sudden bad news; this, Cannon
atates, may be labeled as emotional shoeck. Again,
this oondition may result from violent stimulus ap-
plied to certain regions of the body as, for example,
the epigastriec region or the testicle, from rupture
of an sbdominal visecus, ete. It is charscteristiec
of syncope that the individual om lyimg down or having
the feet raised or the abdomen compresse& regesins
conciousness and does not suffer subsequently. The
symptoms of shock and collapse are practically identical.
Collapse has been described as & sudden great fsll
in blood pressure such as may be seen after severe
hemorrhage or after vesomotor paralysis arisimg from
violent afferent impulses. It seems possible that
primery shoek and collapse may be regarded as pract-
ically indistinguisheble, Cannon concludes.

Phemiater (/7 ) has shown that primary




shock mey ocour from psychogenic stimuli, & simple
form being that seen in & person who faintas at the
sight of a gevere accident. The blood pressure falls,
the pulse rate slows, pallor‘develops and unconsciouns-
~ ness supervenes; the patient falls to & recumbent
position which restores cerebral eirculation, and
consciousness returns. Phemister has slso shown that
primary shoek occurs not infrequently during operations
when the peritomeum is opened, also during operations
on the stomach and biliary tract, probably ss & resnlt
of stimulation of the auntonomic fibers of the vagus
nerve. If the operative menipulations are not too
severe or prolonged, the blood pressure will return
to its previous level; or the eondition may continune
and eventually pass into secondary shock.
Blalaeéjgéfers to the mechenism of primery
shock as neurogenie,,the modus operandi being a
reflex vasomotor collapse particularly in the splaneh-
nic ares, This splsnchnic vasodilitation is probably

the most sestisfactory explanation of primery shock.

THE QUESTION OF 4 PRIMARY BLOOD VOLUME FACTOR

Attention is now turned again to secondary
shoek, and the question of & primary blood volume

fagtor will be considered.
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The evidence thus far brought forth shows
that at first, in most cases of shock, the vessomotor
center retains its efficiency and the heart is capable
of assuming sny reasonable burden which mey be placed
upon it. The only other possible factor which might
lead to & persistently low blood pressure is the
reduction of blood volume.

The essential eondition, whem the eireculatiom
feile through an insdequate return of venous blood
to the heart, is & discrepancy between the volume
of circulsting fluid and the capascity of the eircu-
latéry system. There may be, on one hand, too greet
& cepacity; but sinece, in most cases of shoeck, this
is probably not primerily the result of relexation of
the arteries and arterioles, some investigators have
esgumed that the difficulty lies in the veins -
thet there is some derangement of some venopressor
mechanism. On the other hand, the discrepency may
arise from & reduced blood volume. There are advocstes

for each of these views.

Venous stony a8 & primary role:
There is little or no availeble evidence
indicating venous stony to be a basic faetor in the

production of shoeke. However, Cannon ( &) believes




thet it is probable that venous stony plays a sec-
ondary role after the onset of shock thusly:
Prolonged low blood pressure

Exhaustion of vesomotor center - or centers

!
Arteriolar atony - venous atony.

Reduced blood volume a&s & primary role:

The guestion of reduction of blood volume
wag eonsidered by Keith (4 ) in his study of a series
of 29 humen cases during the Wordd:Wer. The method
employed consisted essentially of introdueing into
the bloodstream & known amount of vital red, a non-
toxic nom-diffusible dye, and later comparing the
color of the plasme with & known stenderd. In the
geriea of eases Keith studied, each patient weas
weighed before the test was made, and values for
total blood volumes ®md for plasme volumes were
compared with those of normel men of the same weight.
Total blood volumes were found to be constsmntly
reduced in soldiers suffering from wound shock.
Purther, the diminished blood volume was recognized
a8 bearing & definite relationship to the severity
of the patient's clinical state. In 27 of the 29
cageg of wound shock, the estimated blood volumes
renged from 52 - 85% of the normsl, and there wag &

corresponding reduction of plasma volumes whieh
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ranged from 62 - 90%. In the remaining two cases,
direct determinations were not made, but there was
other evidence to indicate & reduction of blood
volume.

On the basgis of e¢linical observation
and the degree of reduction of blood volume, Keith
found that the cases of wound shock fell into three
groupae. Refar to fige. 3, p.30.




SECONDARY WOUND SHOCK - THREE GROUPS

Group I - Compensated caaes.

Group II - Partially compenssted, borderline cases.

Group III - Uncompenssted cases.

Grp{ Genersl Pulse Sys«B.P.| Blood Plasma
condition| rate mn. Hge | volume %| volume %
I | good 90 - 110| 100" sot gs?t
II | fair 120 - 140| 70 - 80 65 -~ 75| 70 - 80
I1II| poor 140* 80~ 65 ~ 60 -~ 65
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Keith pointed out that regardless of the
presence or sbsence of hemorrhage in these cases
of wound shock blood volumes were consistently re-
duced. Referring again to fig. 3, it will be noted
that in group I, the reduetiom of blood volume wes
less than the reduction of plasme volume; in group
II, the reduection of blood volume was about equal
to the reduction of plasma volume; snd in group III,
the reduction of blood volume was greater than the
reduction of plesme volume. This is of signifiecance
a8 will be later seen in part III.

Experimentally, Gasser, Erlanger and Meek
(¢ ) induced shock in animals snd observed quite
constantly & reduotion of blood voluma; Robertson
and Boeck ( &), in their e¢linical observations which
comprised o series somewhat smaller than that of
Keith's, noted that with & blood pressure below
95 mm Hg. the blood volume is under 70%, and that
with & blood pressure below 80 mm Hg. the blood
volume is unaer»saﬁ.

By this evidence, it is concluded that
secondary shock i basieally due to & diminished
volume of eireulating fluid, the phenomena of shock

and hemorrhage being placed on similer planes.



32

III - MECHANISM: ULTIMATE FiCTORS

Meny suggestions have been presented in
the past to account for the low blood pressure of
shogk and for its general phenomena. Some of the
viewsa are untenable in the light of modern knowledge
of bodily funoction, end they will not be considered
in this treatise. Theories that have been set forth
to account for the development of the persistent
low blood pressure of secondary traumatic shock
are in relation to the basic factors heretofore
mentioned in part II.

Theoriesa in whieh the heart is regarded
a8 the primary factor in the development of shock
mey be discounted in view of evidenee in part II
thet has shown that neither in the action of the
cardieec muscle nor in the nervous control of the
heert is there & defect which would account either
for the prompt reduction of pressure in primary
shock or for its gradual reduction in secondary shock.

Theorief in whieh reduced vasomotor tone
is regarded as the primery factor in the development
of secondary shoek.mey be reviewed briefly, since

meny investigators in the past have looked upon
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ghock from this point of view.

The Exhaustion Theory:

Aeeording to Crile (¢ ), a primsry progressive
exhaustion of the vasomotor center causes s general
dilitetion of peripheral arterioles which results
in an accumuletion of blood in the veins of the
8planchnie area and & fall of arteriel pressure.

In this menner, the blood trapped inm the mesenteriec
and portal veins feils to return to the heart and,
by reducing its filling and discharge, eloses the
vicious circle by causing a further fall in arterisal

predsure.

The Inhibition Theory:

Meltzer (& ) concluded that the injuries
bringing on shoek do so by favoring the development
of the inhibitory side of reflex funetions, for ex-
ample, in the case of the ecirculation, converting
preasor to depressor reflexes. This conception, like
that of the preceding, involves depression of the
peripheral vasomotor mechanism and pooling of blood

in the viscersae.
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The Fatty Embolism Theory:

Porter (¢ ) has sdvanced the concention
that shock is due to embolism of the vasomotor center.
He pointed out that fatty embolism of the pulmonsry
vessels 1s a frequent cause of death after fractures
and after injury to fetty tissue as well as a sequel
to operations; he also pointed out that the lumgs
do not act as perfect restrainers of fat entering the
venous system. These facts are not disputed. The chief
evidence reported by Porter consists in the fact
thaet not only intravenous but also intra-arterial
injections of fat emulsions cause, providing the
fat reaches the medulls, & rapid failure of the vaso-
motor center. Other investigators have not been
able to demonstrate this. It might be added that
Porter emphasized that the viebility of the vasomotor
center remaing unimpaired until the end (part II),
and, in almost self-contradiction, he postulates that
primery failure of the vasomotor center resulting
from fatty embolism is respomsible for the circu-

latory failure of shock.

The Aeidosis Theory:

The demonstration that cases of low blood
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pressure due to shock often have a low alkali re-
gerve suggested the posaibility that secidoeis might
be & fundamental cause of shock by bringing about
peripheral vesodilitation. The suggestion, however,
proved to be short lived, for experimental tests
have shown that acidosis by itself does not cause
shock. Dele and Richards ( & ) have shown that e
large smount of aecid may be injected into the blood-
streem and the glkali reserve thereby reduced to

8 low degree without eny fall of blood pressure

to & shock level. They eonclude, therefore, that

the concomitant fall of blood pressure and alksali
reserve in shoaek should not be regarded as indicating
that & ceuse of shock is to be found in the lessened

alkalil content of the blood.

The iLcapnia Theory:

Henderson (6 ), in his scapnia theory,
meintains thet as & result of pein or stimulation
of afferent sensory neurons, an increase in respir-
atory volume occurs, thereby decreasing the C0Z2 in
the alveolar air and blood. Aecording to Henderson's
eonception, this directly reduces the tone of smooth

muscles and thereby diminishes the veaacular support,
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&nd,this, in turn, causes & stagnstion of blood.

The Adrenal Exhaustion Theory:

On the basis that chromaffin tissue as
well as adrenalin content of the sdrenals is de-
ereased in shoek, it has been suggested that the re-
moval of this secretion from the eirculation results
in peripheral dilitation of blood vessels, this being
produetive of shocke. Short ( ¢ ), who used a very
delicate test, reported that the adrenslim eontent
of the adrenal glands in fatal cases of shock is
not noticeably reduced; furthermore, others have
reported thaet the adrenslin seeretion remains un-

altered during shocke

The six preceding theories may be refuted
and be coneluded to be insdequate in view of evidence
set forth in part II. There chief and common defect
is that they fail to aescount for the occurrence of
& reduetion of bleood volume..Suffisient evidence
hes been presented in pert II’that a primery. ree-
duced vasomotor tone does ﬁot occur in secondary
shock but that on the contrary & eompemsatory im-

ereaged peripheral resistance is the rule. This
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alone disproves the basie ides sround whieh these
eonceptions have arisen. Furthermore, there is
considerable clinical evidence, as cited in part II,
that pooling of the blood in splanchniec areas does

not oceur but:vas reported by World War surgeons,

a8 8 rule the splanchnic orgene during secomdary: shagk
appear extremely pale.

Finelly, theories in which reduced blood
volume is regarded as the primery faector may be con-
sidered. There have been theories put forth notably
by Maloom, Starling, and Erlanger and Gessell &s
reported by Cannon ( ¢ ) that postulate & primary
vagoconstriction with a consequent capillary congeation
end reduetion of blood volume, but these theories
fail in that they do not suggest how a vasoeonstriction
capable of bringing about & reduction of blood volume

would occure.

The Theory of Adrenal Cortex Deficiency:

Since death following adrenslectomy pre-
sents a form of cireulatory failure &nd blood volume
changes whieh are similar to those found in traumatie
shock, and since animals practically moribund a8 &

result of profound surgicel shock could be revived
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by intravenous injection of cortical hormone, Swingle
(10) and his associates advanced the conception

that the adrenal cortex is deranged in shock and that
shoock is caused by & deficiency of cortical hormone.
Wiiggers ( ¢ ) stetes that it is searcely likely that
an insufficlieney of cortieel hormone could operate

a8 seutely as the speedy development of surgical

or traumatic shoek would require.

THE PROBLEM OF THE "LOST BLOOD™

Since evidence of reduced blood volume
hes been found in both clinicel and experimental shock
without eny indication of external hemorrhage, the
question of the locatiom of the "loat blood" remains -
one of the most diffieult to snswer in the shock
complex, Cennon ( ¢ ) states that there are no in-
dications that the missing blood is in the heart
or lungs; it must be, therefore, in systemiec art-
eries, cspillaries, or veins or in the tissues.

It has been sufficiently proven that the
lost blood is not in the arteries, Cannon states.
With an efficient vasomotor eent&r and & capable heart
an adequate amount of blood in the arteries would
be secompanied by satisfactory arterial pressure,

this, of course, not being the case.
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The view commonly held in the past has
been thaet, in shoek, blood is stagnant in the large
venous rservoirs of the chest and abdomen. Cannon
(&) stetes that this view has been based largely
on experimental evidence which has been rather un-
eritically accepted. For meny years, the most certain
way to produce shock im & lower animel was by ex-
posure and menipulation of the intestinea, resulting
in stagnation of viseceral vessels notably in the
mesenteric veins, Cannon pointed out that suech a state
is not astually seen in humen shock cases. The test-
imony of surgeons# who have had extensive experience
in the receant war, notably Wallace, Fraser, snd
Drummond (part II) is opposed to such an idea. They
testify that on opening abdomens of shocked humsns
they failed to find any evidence of splanschniec con-

gestion.

Blood concentration in the capillaries:

In eliniecal studies made by Cannon (¢ ),
the first typical charseteristic of the blood which
we8 noted in secondary shock was & high capilleary
red count. In:s series of 27 cases, hemorrhage was,
a8 & rule, & complicating faetor. This faetor, of
eourse, had the tendency, in itself, to reduce the

red count. The inerease in red count, therefore,
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in virtue of the presence of associsted hemorrhage

is more striking. By his observations, Cennom eon-
cluded that in secondary shock & eonscentration of

tHe blood, at least in superficisl capillaries,iis

& typiceal occurrence. Whether or not the eoncentration
found in capillary blood is true of all the blood

was determined by eounting capillary and venous
samples taken simultaneously, &uch procedure revealing
& more or less merked diserepancy between the two
counta., The eapillary samples were taken from widely
separated parts of the body and the venous samples
from an sarm vein. Cannon plotted his observations

on 16 cases a8 follows: Refer to fige. 4, p.4l.
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Control observetions masde on normel in-
dividuals 4id not reveal greater differences than
3% between capillary asnd venous counts, and compar-
ative seamples of capillary and venous blood drawn
before rising from bed in the morning proved that
the disgerepancy was not due merely to inactivity.
Cennon pointed out that the difference between cap-
illery and venous red counts varies roughly with
the degree of shoek and sinece the venous count is
approximately at the normal level or below it, the
difference must be due to concentration of the blood
within the cepillariea. Hematocrit determinations
of volume % of corpuscles as well a8 hemoglobin
determinations of espillery and venous samples con-
firmed observetions mede by eountinge. Observations
of concentration of blood in the peripheral cap-
illaries have been comfirmed by Teylor ( &) and
alac by Robertson and Boek ( (). Cennon states that
when shoek is complicated by marked hemorrhage,
the capillary red count beecomes low but when com-
pered with the venous red ecount the diserepaney
between the two at once appears, the venous red count

being lower still.
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Trensudation of plasma:
The conecentration of blood is commonly

accounted for by sssuming that there is & passage

" of fluid from the vessels into the tissues. Careful

studies mede by Gasser, Erlanger and Meek (¢ ),
however, have shown that, in shock, the protein
content of the plasma undergoes no marked change
during the proecess of concentration of the blood.
This indicates thst the reduced blood volume is
due to an escape of plasma &8 & whole.

In the normel individuwal after hemorrhage,
there soon occurs a dilution of the blood due to the
passage of fluid from the tissues imto the bloodstream,
& compensatory mechanism to meintain an adequate volume
of circulating fluid. The mechanism of this is ex~
plained by Starling (¢ ) &s due to sueh reduectiom
of blood pressure in the ¢apillaries thet the fil-
tration pressure from within them no longer offaets
the greater osmotic pressure of the plasms &s com=
pered with the lymph, and consequently water passes
into the bloodatream. It is one of the unexplained
features of shock that with the low arterial and
venous pressures this process does not occur. Instead

the plasme as & whole mekes its escape through the
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vessel walls. It seem3a probgéble that plasma trans-
udetion is not compensable by influx of tissume fluid
into the bloodstream 28 in hemorrhage bescsuse of the
faet thet in the former condition osmotically active
proteins leave the bloodatream snd enter the tissues.
Though in both shook end severe hemorrhage, blood vol-
ume is reduced, the processes oecurring in the cep-
illary regiom in the early steges of the two eonditions
are probably opposed; im shoek, fluid passes outward
through the capillery wells causing hemocomcentration
and s reduction of plasma percentage; in hemorrhage,
fluid pssses inward to the bloodstream, compensating
for the lost blood and reducing the eoncentration of
sorpuscles., With regard to shock, it is not known
whether increased capillary permeability is uniform

throughout the body or increased only in certain areas,

The Theory of Traumatic Toxemia:

The theory of secondary shock which has
hed, of late, an especially strong support ia.the
traumatic toxemia theory of Cennon (4 ). This theory
was developed as & result of the practical observation
thaet secondary wound shoeck is frequently associated
with extreme demage of the muscle tissue and occurs

frequently after operations involving large muscle
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megses.

Cannom postulated that & toxie faetor pro-
duced at the site of injury in the damaged tissues
is the ultimete causative factor initieting secondary
shoek. It operates by paralizing capillary walls
resulting in their dilitation end pooling of blood
in the traumetized zone and by ineressing their perm-
eability resulting in marked plesme tranﬁuéation,
corpuscular eoncentration in the capilleries, and
local edema, It ie further postulated that the toxie
faotor by its absorption from the traumatized zone
exerts & similar but less defined influenee uniformly
throughout the body. By considersble plasma transu-
dation, there is a diversion of large quantities of
fluid from the vasenlaer tree resulting in reduced
venous pressure and return to the heart, reduced
volume of cerdisc systolic diseharge, and finally
reduced arterisl pressure, the latter provimg fetel
when fallings below the level essential for nourish-~
ment of body tissues. Cannon emphasizes that the
toxie factor is not usually working alone to bring
about the shock state but also other factors, notably

hemorrhage, e¢0ld and exposure. Bayliass states, as

reported by Cannon, that though 25% of the blood

mey be lost with no permenent fall éf pressure, this
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loas, when eombined with injury may bring about

promptly the signs of shocke.

Clinical Evidence:
1.

Secondary shock does not appear immediately
after injury. Consequently it is not of the nature
of & nervous effect, Furthermore, the stateiis usually
well eatablished before infection snd therefore it
is not of baescteriel origin.

2.

Seeondary shoek is chsracteristieslly
observed in association with extensive damage of
muscleda or with multiple wounds. The increase of urine
nitrogen and of blood N.P.He in shock cages msy be
accounted for as a consequence of absorption of material
from the trsumatized srea and also, perhapa, a8 the
effect of tissue damage done by cireulsting toxins.

Se

Everything that favors absorption at the
region of injury is favorable to the development of
ghocke. The development of shoeck is most severe when
the region of damage communicates with the exterior
by only 2 small orifagce. The negative aspect of this

evidence i8 presented by eases in whieh & large fleshy
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mas8, along with the skin which eovers it, is ecarried
gway by & missile; in such cases, shock is slight
or wholly absent.

4,

Anything that delays or ehecks sbsorption
from the injured region delays the development of shoek;
but if there is & sudden removael of the cheek, serious
results follow.

5.

Suppression of the injured region, i.e.

removal of the damaged part from the body, if not

to0 long delayed, causes shoek to disappear.

Experimental Evidence:
1.

Crushing of hind limbs of animals produced
shock and circulatory failure after lapse of 20 - 30
minutes.

2.

The objeetiom that the fall of pressure
after trasumatization might be regarded as due to
loss of blood end lymph into the damaged tissues
since there is always a considerable swelling of the
injured region was refuted by the following test:

Cannon removed the hind limbs of the exper-

imentel enimgls as symetricsl units, ome normal, the
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other injured, end weighed them (post mortem). The
difference in weight which in some instances was
only 10% of the estimated blood volume would not
represent enough extravasated blood to account for
the fall of pressure. On the other hand, Cannon
admits that loss of blood by extravasation even when
glight mey play & role in the subsequent development
of the low blood pressure.
3e

The objection thet the circuletory failure
might be due to nervoms impulses aroused by traums
which on passing to the eentral nervous syatem might
80 effeet it as to produce profound depressiom of
nerve cella or reflex inhibition of the vasoeonstrictor
center as has been suggested by theorie& heretofore
mentioned, wes refuted in the following msnner:

Cannon repeated &xperiments wherein the
hind legs of animals were crushed but preceded the
tests by cutting nerves supplying the regiom or by
transectioning the cord sbove the lumber roots and
obteined the same results. Thus Cennon showed that
there is no essential relation between the production
of secondary shock and an excessive stimulation of

the central nervoua system.
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4.

The objeetion that local injury would permit
a sufficient amount of fet to be liberated to cause
the blood pressure to fall was refuted thusly:

In & pumber of cases, post mortem examin-
ations of the experimentel animsls by expert pathol-
ogiatas failed to reveal any fatty secumunlatione in
the lungs.

5.

The absence of hyperpnee for sometime
after injury in shocked experimental snimels, although
the fixed CO02 capecity of the plasme wes falling,
rules out scapnia as a cause of the lowered blood
pressures.

6.

Capnon postulated that a toxiec faetor
produced &t the site of injury is the ultimate caus-
ative factor in initiating secondary shock. He tested
this idea in the following menner:

On & number of ocecasions, he ligated the
iliae artery and vein in enimals; following this
he erushed the limb muscles supplied by the artery
end veim thet was tied. For some.time after the

average period for development of seeondary shock
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in animals whose vessels are left untied, there was
no fall of blood pressure. A8 soon a8 the blood fiow
wag restored, however, the pressure promptly fell

to & low level.

Evidence supporting the inference that
damaged tissue itself induees shock has been obtained
by Me Iver, as reported by Cannong.He established a
crosSsed eireulation between two animsls; he erushed
the museles of the hind limbs in one and after an
intervel of 20 - 30 minutes, the blood pressure began
to fall in both. Delbet and Karajonapoulos ( ¢) found
that injection of autolytie producta of crushed
musclee into experimentsl animsls proved to be ex-
tremely toxice.

Dale and Lsidlow ( &) called attention
to reduetion of blood pressure induced by injection
of extremely minute amounte® of histemine intraven-
ously into experimental animsls. Histamine is de-
rived from the amino se¢id histidine by the removel
of €02, Leter, Dale, Laidlow and Richerds ( ¢) called
sttention to the shogk-like chsracter of the reaction
following histemine injection. The arteries are con-

gtricted, there is oligemia, an increased ratioc of
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eorpuscles to plasme, and failure of the cardiae
output. If the chest is opened, the heart is seen
besting regularly, but ité chambers contain little
blood. lloreover, by the use of vitasl red, Dele demon-
streted that & conaiderable part of the blood passes
out of eurrency. Dale and Richards (( ) have further
snalyzed the setion of histamine. They point out
the low blood pressure is apperently due to & series
of ehanges in which dilitation of the ecapillaries
and pooling of blood withim them, poisoning of their
endotheliel walls so that they are gbhnormelly perm-
sable, sgcape of plasams through these walls iamto
tissue spaces, and consequent comecentration of the
eorpuscles are the main festures.

Abel and Kubota, a8 reported by Viggers
(2/), have demonstreted that histamine or histamine-
like subgstences are formed when tissuves are injured
or proteinsa partially digested, and that these sub-
stances are present in the intestingl mucose and meny
glanduler secretions, The final link was completed
to formulate & toxemie theory of shock which satis-
faetorily expleing not only the onset of various
forms of secondary surgiesl and traumestie shoek, but
which may be extended to include shoek following

intoxicetions and infections as well &s snephylactie
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shocks

Lewis, a@ reported by Wiggers (z/), states
that since essentially similar responses are evoked
by & great variety of irritants - mechanicel, thermal,
chemical, electricsl,: and nervous - aiuce injeetionﬂ
of minute guantities of histamine csuse similar resc-
tions, and since histamine or related substances
are knoun to be formed by more extensive deatruetion
of tissues,vtha triple response following any irritation
may be assumed to be the result of the local formation
of histamine~like substances. The primery capillary
dilitation and inereased permeability is thus logically
referred to direct chemical setion of the histamine-
like substaznce,and the antidromie (exom reflex) arter-
iolar dilitetion surrounding the zone of irritation
may be sattributed to stimulation of sensory nerve
endings by this substance.

Cennon (¢ ) statea that the significance
of these observations is that the aetion of histamine
may reasonably be regerded as typifying the action
of & large cless of poisonous protein derivatives,
i.es produets of partial digestion, of bacterial
action, and of tissue extrastion.

Dele ( &) states that since traumstic shoeck

is probably due to action of toxins arising in injured
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tissue, places it in the same general category with
anaphylectie shock, for that likewise is probably
the consequence of poisoning by protein cleavage
products. The shock-like condition produced by toxie
substances arising from intestinal obstruetion whiech
Whipple (¢ ) has done much to elucidate becomes re-
lated to trasumatic shoek in Cancon's opinion. Agein,
there is much to indicate, aceording to Cannon,

that shoek following burns is closely related to

traumstiec shoock.

More recently Blalock (/ ) and his eo-
workers,,in & long series of experiments, have pre-
sented some very interesting end significant evidence
as pertains to the ultimete mechanism of shoek.

Blalock emphsasizes that the mecheanism of
the producetion of all types of shock is not the
game and thset they eannot all be satisfactorily be
explained by ome theory. He points out that the group
of findings e¢harseteristic of the shoek syndrome
may be encountered under & variety of c¢ircumstances:
following extensive burns, traume, operatiom, internal
or external hemorrhage, following perforation of a

hollow viscus, complicating the infectious fevers,
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in scute pancreatitis, in pulmonary embolism, assoc-
isted with eontinuved vomiting or disrrhea, in heat-
stroke and is meny other cecomditions. He points out
the elose relationship of shock and hemorrhage and
groups them both under the heading of seute circu-~
latory failure. Blaloek believes the central problem
in the study of shock should be the determinstion

of agenecies responsible for the deéreaae in venous

return to the heart.. ...

Experimental Findings of Blalock and Co-workers:
1.

Blalock repeated the experiments of Cennon
which eontributed the msin evi&enea for the toxemisa
theory. In Usnnon's experiments, it will be remembered,
after one of the extremities of an experimental eanimal
wag traumetized, there wesm not found sufficient bleed-
ing into the traumstized area to sccount by itself
for the redustiom in blood pressure; it wes then assumed
that the continued fall in blood pressure following
traume wes produced by the absorption of some depres-
gant substance. Blalock observed that the swelling
which followed the injury was not limited to the
aree directly treaumetized but extended into the loosze

tissues of the groin and flank. Cannon, in ecomparing
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the weights of the traumatized end non-treaumatized
limbs, in attempt to determine the amount of loeal
losa of fluid into the injured part, performed their
eamputations by symmetrical cuts across the upper
thighs, Blelock, in his experiments, amputated higher
and above the site to which the swelling extended in
the traumatized limb, and the difference in the
weights of the injured end non-injured parts weas
determined., This difference indicated the loss of
approximately 50% of the total blood volume into

the injured area, &and a comparison with experiments

in whiech death was produced by uncomplicated hemorrhage

showed that it was suffieiently great by itself to
gccount for the decline of blood pressure. Parsons
an& Phemigter confirmed these experimental observa-
tions. (el
2e

In another series of experiments, Blaloek
burned about one half of the body surface area of
deeply anesthatized sanimals. This resulted in the
escape of a sufficient volume of blood plesma into
the injured tissue spaces to account for, by itself,

the decline of blood pressure which ensued after a

few hours. Marked hemoconcentration was noted.
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Shock associated with traume is charscter-
istically accompanied by hemoconeentration and cap-
illary congestion, while uncomplicated hemorrhage
from & large vessel is characteristieally accompanied
by hemodilution and cepillery anemia. Buft Blaloek (¥4 ),
by evidence obteined from one group of his experiments,
hes attempted to show that findings in shoek due to
hemorrhage are not necessarily different from those
in shoek due to trauma.

Blood preassure waes graduslly reduced to &
lomtlevel in:a number of dogs by slow withdrawel of
blood from the femorsl e&rtery. Local anesthesia was
used. Some of the animals died after & short period
of time, and & few of these showed hemoconcentration
and capillery congestion. In cases where death weas
delayed by transfusion, the blood pressure being
kept at low level for several hours, all died despite
the faet more blood 28d been introduced than removed.
In these cases, hemoconcentration, cepillary congestion,
end hemorrhages in many of the tissues were consist-
ently noted. From these observations, Blalock concludes
that hemorrhage alone may present the same findings

88 shock due to trauma if the blood pressure remains
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at & low level for & considerable time preceding
death. These findings are not observed in patients
succumbing to uncompliceted hemorrhage, Blalock
states, because death follows rather repidly usually
without a prolonged period of low blood pressure.
4o
Bvidence a8 to the mechanism of the pro-
duction of different types of shock wag obtained

in another group of Blalook®'s ( /3) experiments in

whieh the cardiae output end blab& pressure were

determined frequently during shoek development in

the experimentel animels used. Briefly, the following

points were noted:

(2)+ Slow withdrawal of blood wes gssociated with
en early decline in cerdise output enéd s
subsequent decline in the blood pressure.

(b)s Traume to an extremity was followed by alter-
etions similer to those in (&).

(¢)e The injection of histemine was assoaiated with
an early decline in blood pressure and &
gsubsequent diminution im cardiase output.

(d)s The injection of proceine in excess intraspin-
ally was followed by alterations similar
to those in (¢).
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These observaetions have been confirmed by
Roome, Keith, and Phemistex (/§). With regard to
ghock mechaniesms, Blelock assumes that in both (s)
and (b) there was & primary desresse in blood volume
a8 2 result of loss of whole blood, obviously, in
(a) and e8 2 result of locel loss of whols blood
end of loeal plasme transudation in (b), the latter
sgsumption being opposed to the toxemis hypothesis,
With & gradusal primery decresse in blood volume,
the sequence reduced venous return to the heart -
reduced cardisc output - declining asrterial pressure
is resdily understandable. Blalock further assumes
that in both (e¢) and (d) there was & primary per-
iphersl vasculer dilitation, thet in (¢) this was
due to direct action of histamine on the vessel
walls, that in (4) this was due to indirect sction
through the nervous system, and thet (e¢) and (d)
may be eonsidered as forms of primery shock. iiith
e sudden widespread vascular dilitatiom, the segquence
fall in arterial pressure - reduced venous return
to the heart - reduced cardise output is understand-
able.

Blalook has classified peripheral cire-
culatory faeilure from & physiologiceal point of view
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thualy:

l. Hematogenie Shock

Hematogenie shock is the typical trsumatiec
ghock is whieh the important primary change is &
reduced blood volume. This is followed by reduced. vea=-

one:return to the heart and reduced cardiac output

and finelly by & decline in arterisl presaure. 4
compenseatory vasoconstriction usually inmt&istely
follows the primery chenge and mey maintein the
blood pressure near the norxrmal level., If the blood
volume continues to diminish, the blood pressure
declines in spite of vasoconstriction, and if the
process continues beyond a certain point, the vasa-
sonstrictor mechanism feils and vasomotor eollapse
reaulte. At this stage, many other factors produce

& viecious circle in which the inadequate ecirculation
further increases the severity of the condition.
Conditions associated with hemorrhage and with trsume

to muscles are examples of this type.

2. Reurogenie Shoeck
Neurogenie shock includes that group of
conditions spoken of ag primery shoek or collapse.

4 primery peripheral Gregodilitetiod Gcours as &
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result of & diminished constrictoxr tone due to ad-
verse stimuli from the nervous system; The srterisl
pregsure falls immediata;y; this may be restored soon
if the eonditiom is not serious or may ceontinue |
resulting in diminution of venous return to the

heert and cardiae output. Neurogenie shock mey be

due to action om the nervous system direétly, as

by spinal smesthedia, or it mey be reflex, as from

& severe blowm to the epigastrium or testicle.

3. Vesogeniec Shoek

Vasogenie shock is basicelly similer to
neurogenie shoek, i.e. the primary change is a per-
ipheral vasodilitatiom, but this ehange is brought
sbout by direct sction of substanees om the vessel
welle. Histamine mey produce its characteristic effeoct

in this m&nner.

4., Cerdiogenie Shoek

Shoek occurring &8 & result of primary
disturbance of the heasrt is rare. The rapid scoum-
nlgtion of fluid in the pericardisl cavity, as from
traumatic hemopericerdium, may cause this effect and

is known as cardiac temponsge. There is a venous
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distension in contrast to the collapsed veins seen

in peripherel circulatory failuree.

5. Multigenie Shock
Many instences of shock in man are compli-
cated and involve combinations of the asbove forms

as causative to its initiatione.

Blsloek concludes that in =11 casses of shock
there is a disproportion between the volume of blood
in asetive circulation end the capacity of the vascular
bed. This might be due to & primary iehzngec of either
of the two or both.
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IV - PERSONAL REFLECTIONS

In the msin, conflicting opinions a8 to
the neture of shock appear to-dey to be centered
about the questions a8 to whether or not, in secondary
traumatiec shock, toxiec absorptiom from the site of
injury with loeal and generalized plasms transudation
88 maintained by Cennon in his tresumstic toxemia
hypothesia, or local extravasation at and sbout the
gite of injury by itself as maintained by Blalock
is the existing initiating meehanism.

I have in my mind & series of experimental
tests that might be tried whick, perhaps, could be of
gome velue in saffirming or denying the theory of
traumetic toxemia &8 perteins to seeondary traumatie
shoek. I am teking the liberty, at this point, to
outling in brief whet my plsn of approach would be,
and, at the seme time, I invite my resders® inevitable
eriticisme.

The work would necessitate the use of three
dogs for ome complete experiment, and, in event of
significant results in the first experiment, three
dogs for each successive c¢onfirmetive experiment. The

three dogs of any given group preferraebly would be
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members of the same litter and eaech of sbout the same

gize and weight.

A. Experimental Procedure

Préliminary vWork:

Select two dogs of & group of three, matech
each dog's blood against the other's for any possible
egglutinative intereetion, end, if negative, mutuelly
trensfuse the seme two dogs by & direct method and
with volumes approximately equal to the estimated
blood volumes of either animal, (both animals should
be of approximetely the same body weight). The bloed
in either dog then should consist of a good sdmixture
of the bloods of both. Observe the animals closely for
about one hour following transfusion gnd at intervals -
for & period of 24 hours in attempt to detect possible
transfusion reactions.

Experiment Proper: - after 24 hours,
Pert I:

Anesthatize dog #1 (one of previously trans-
fused animels) with evipal rectelly. This anesthesisa
has been used, of late, in certein experimental in-
vestigationa at the University of Nebraska, College

of Medicipe, Department of Physiology with satisfactory
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results. 48 soon &8 animel is well under the surgieal
degree of anesthesis, i.e. when good relaxation is
obtained, errange blood pressure equipment to take

& continuous carotid arterisl tracing. When this is8 in
order, crush the muscles of both lower extremities
with some heévy blunt objects If,in accordance with
previous experiments of this nature, the onset of sec~-
ondary shock should be from 15 - 30 minutes after
injury as evidenced by declining arterial pressure.
Significent signs as respiratory alterations, mucus
membrane pallor, ete. should be noted. About ten
minutes after the omnset of shock (or less if the cire-
uletion seems to be failing rapidly), doubly ligate one
upper extremity high and tight enough to completely
impede all circulstion, withdraw &8 much blood as
possible by artery and veim, repleee with an equel
volume of 10% srgyroll, amputate between ligatures
and ley extremity aslde. ‘“hen the dog's respiration
begins to fail, withdraw a8 much blood as possible
from the animel by artery and vein, add oxXalate erys-
tele in suffiecient guantity, end messure:the volume
obtained.

Part II:

Anesthatize dog #2 ae¢ in part I, transfuse
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blood obteined from dog #1 into dog #2 by femorsl
vein and 8t the same time withdraw sn equal volume of
blood from the opposite femoral vein. A continuous
blood pressure treeing should be taken 28 in part I.
If seecondary shock supervenes, approximately ten min-
utes after its onset (or less if the circulstion seems
to be feiling rapidly) repeat upper limb procedure &s
in part I.

Part III:

inesthetize dog #3 and repeat upper limb
procedure a8 in paxrt I. |
Pert IV:

Remove hair from the three smputated ex-
tremities end have prepared three frozen seetions tsken
traneversely throngh: the soft tissues &t corresponding
levels of eseh of the three limbs. Examine the nine
sections microseopically for relative quantities of

extravasated silver.

B. How Possible Resulta Might Be Evaluated

1.
If dog #2 should develop secondary shock,

this wounld indicate, I believe, that secondary traumatic g§hock

is, at leasat in part, due to toxie absorption from the
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gite of injury, such toxie factor probably exerting e
widespread influence on the vascular bed tending to bring
gbout & disproportion between the blood volume and the
capacity of the vaseular tree by either periphersal
vesodilitation or an ineréase in capillary permeability
with plesme transudation or bothe 4 possible trznsfusion
reaction simulating shoek would be improbesble in case of
negative results in preliminary work.

2.

If considerable quantities of silver were found
to be extravesated in the sections from amputated ex-
tremities of doga #1 and #2, and none or a megligtble
emount in dog #3, this, I believe, would smggest that
¢ generalized incressed capillary permeability with

rlaema transudation aceompanies secondary traumatie shock.

If positive results eould be obtained in this
experiment and in repeated omes, it could be concluded
that secondary traumetic shock is probably, &t lesst in
part, on & toxemic basis and that & generalized increésea
capillary permeability with plasms plesme transudation
is a8t lezst pert of the modus operandi.

If results were found to be repeatedly negative,

it could then be essumed that secondary trasumatie shoek
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probably is meinly initisted by losal extravasation

at and about the site of injury.
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Y - MODERN CONCEPTION

A8 a means of summerizing the salient
faots and inferences heretofore presented, it is a
good plan, I believe, to sttempt to bring together
in resumé the verious lines of evidence as to the
nature of trsumatic shoek. This may beat be done,
I believe, by graphic correlation of essentisl points
both faetual and theoretical.
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TRAUMATIC SHOCK
INITIATION:

SECONDARY OR HEMATOGENIC

TRA UMA

70

SHOCK ~ delayed and progressive

I
HEMORRHAGE - locsl

(secondary compensstory
hemodilution on basis

of reduced capillary
hydrostatic pressure
whieh then fails to off-
set the osmotie pressure
of the plasme whieh is
greater than thet of the
tissue fluids)

II

Liberation of histamine-like toxin

1.

2.

in damaged tissue

Local capillary parelysis and
dilitation, inercesed permeability
and stasis with pooling of

blood in treumatized zZone end

Eﬁgggg TRANSUDATION
oxie absorption with generslized

inereased capillary permeability
end plasme transudation (%)

(secondary hemoconcentration in
the capilleries on basis of
plesma transudation)

L, IX, or :Boi:h—.L

a8 from rupinre of ebdom-

!

PRIMARY, NEUROGENIC OR VASOGENIC SHOCK -
sudden transient or iatal

I

I
REFLEX NERVQUS REACTION

insl visens = or direct
nervous reaction as from
gpinsl eord injury

DIRECT ACTION ON
VESCULLR BED by
foxic nistamine—

like substances

CARDIOGENIC SHOCK

uncommon

Ex. Traumatic

Hemopericardium

!

[OLIGEMIA with chlorid loss| l

' CIRCULATOR!iFAILURE WITH DECLINING |

[VASOMOTOR COLLAPSE}

[CLRDIAC INGUFFICIENCY|

— Peripheral Vasculer Demage (vieious:cyecle)

LO0OD PRESSURE and pallor|

MORBID TEEND:

Increased Sympathetic ietivity:

1. Repid Thready Pulse (rapidity on basis of carotid sinus
and arch reflexes; smallness on basis of reduced intre-

ecardiac tension)

2. Compensatory Vagoconstrietion (on basis of sbove re-

flexes)

3. Elevated Blood Sugar (probably on basis of adrenalin-

hepetie mobilizetion)

4, Increzcsed Sweat Secretion

|(BoPe below eriticel level of 8Omm Hg.)

1
DEFECTIVE METABOLISM ARD PROGRESSIVE TISSUE DEVITALIZATION

1. Subnormel Temperature

|

2. Subnormel Alkeli Reserve with scidotic tendency

Hyperpnea of Hypercapmnia

3. Terminel Stages:
Bulber Collapse:
Reapiratory Failure

Pinel Vesomobor Collapse

Cardioinhibitory Helease with

Fig, 5

Cardiee Dilitation

Genersl decline of reflex exeitability,

coma, death.



VI -~ MANAGEMENT

&, PREVENTIQN

The beat treatment as pertains to trsumatic
shoeck, of ecourse, is preventiom, but thia is routinmaly
possible as & rule only in those cases of eleated
aurgical traums. However, in cases of accidentsl traums,
early and proper treatment does much to minimize the
geverity of shock end &t times probably prevents
seocondary shock 28 has been pointed out by Cannon ( ¢)
in regard to wound csses during the Var.

Blaloek (3 ) points out that the incidence of
shock essociated with surgery has markedly declined in
recent years and this has been due cehiefly to better
hemostasis, gentler handling and lecs exposure of
tiasues, snd to sdvances in anesthesis. Prior to an
operative procedure, Blaloeck states, patients should be
given ample fluids except in grave emergencies and
fluids should be administered during the operation if
seme is protracted. imddock z2nd Coller () have pointed
out the great fluid loss during end after operations.
They found that the sick surgical patient needs 2000ce
of water to replece that lost by vaporization, 1500ce
to replace that lost im the urine, and additional
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quantities if vomiting and diarrhea are present or

in cases with hemorrhage, trensudation, or exudation.

A pstient particeularly dehydrated before operation
8hould be given even larger quantities. Other important
precautions include insuring sdequate liver glycogen by
edministration of dextrose when indicated, transfusion
in casea of snemis, preoperative sedation, proper choice
of anesthetiec, sbsolute bedrest warmth and control of
pein efter operatiom, and careful observation of the
pulse and blood pressure during the recovery period

for any evidence of impending shock.

In cases of aceidentsl traume, early snd
proper treatment mey prevent fatal shoek. Eliminstion
of factors that contribute to the produetion of shock
other then the injury itself is important according
to Cannon (& ), notably exposure to dampness and cold,
thirst and starvetion, and exhaustion. Control of
hemorrhage, splinting of fraetures, early surgicsal
trestment when indicated, sontrol of pain and restleas-
ness, and conservation of body heat are importent
first eid aspects.

1. Control of Hemorrhage:
Repestedly, Cannon (¢ )} noted that during

the War individuals who have been severely injured
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and are in an unstable condition mey be readily re-
duced to shock by relatively slight hemorrhage.
Furthermore, in sssocietion with serious wounds there
is likely to be & comsiderable loss of blood and there-
fore en urgent need for hemostesis.

The hendiest method of checking hemorrhage
when & limb has been wounded is by the application of
a tourniquet, but this procedure is at times attended
by & certain degree of danger. Cannon has cited cases
in which long exelusion of the cireulatiom from & part
of the body will result in the production of shock
when the flow is restored to the anemic part. In most
ceges of hemorrhage inecident to trauma the concensus of
opinion is that direct compression to the wound itself
is sdequetely effective in most cases incstopping
hemorrhage permasnently or temporarily until ligature of
the bleeding point itself is performed..Wallsce and
Freser §8 Yeported by Cannon state that if an artery is
tied it should be tied proximsl to the imjury; that the
use of the tourniquet should be limited to ceases in
which & limb is so badly mangled that it cannot be
saved and when emputation is performed it should be
proximal to the tourniquet to protect the patient

from absorption of toxic material in the traumatized
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area; end that very occasionally the tourmiquet may
be used in less serious wounds when there is merked
uncontrollable bleeding but release of the tourmiquet
et intervels and sttempts to stop bleeding by direct
gompression over the area is advisable.
2. Splinting of Fractures:

With the Var came plentiful evidence that
the sgitation of a broken bone in dameged tissue
reaults in a sharp fall of blood pressure - an effect
whieh, aeeording to Cannom ( 4 ), may be scecounted for
by further treumatization of the saft tissues resulting
in the liberation of more toxiec meterial. Zxperience
during the years of the iar proved to British surgeons,
aceording to Cannom, thet the use of the Thomes splint
while trensporting the wounded did more, perhaps, than
eny other asgent to reduce the incidence of shoeck. The
precaution of splinting when there is serious bone
injury is espeeially important in freoture of the femur
because of the large muscle masses# surrounding this bone.
In @ddition to minimizing further destructiom of the
goft parte, splinting lessens the occasion for psain.
3. Early Surgicael Trestment hen Indicsated:

When occasion srises that necessitates a

traumatized patient to be operated uwpon, this ceonstituting
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&8 definite sdded hazard, the opération should be done
a8 promptly as possible after injury snd before advent
of secondery shock., In 1917 Santy as reported by Cannon
(¢ ),observed 340 cagses of non-transportable wounded.
In 79 of these the time between the reception of the
wound and thesargical treatment was known, and in this
ssme group the wounds were of similar severity. The

observations sre tsbulated as follows:

Hrs. Intervening - No.Ag%ses - % Mortalit
IR, T g, ¥ ; R ii*——-Ig——x ....

R 9 =me=semee- - 11

8 ==s-ssccme 8 s-s-eee--- ]2

4 ~-~--~ === 1] =mmeme=- -~ 36

B =~mmmmememe 9 cmmmenee-- 33

6 ====---=== 12 s=meooese~ 4]

8 ==ssmmmee- 8 ====c==-=~= 75

It will be noted in the above table that as
the number of hours intervening between the time of
injury and surgicsel treatment inerecases the pereent
mortality imereases, such being due to the advent of
gecondary 8shock with lapse of time following injurye.
Senty's observetions were confirmed by Gatelier, as
reported by Cannon, who treated 13 serious cases
without waiting by limited execision of injured tissues

or by emputation amd hed no desths.
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If secondary shock is already established
when the patient is brought under surgical care, there
is genersl agreement, sceccording to Cannon, that simple
measures sueh a8 warmth rest and fluids should be
applied in attempt to improve his state before operative
interference is begun execept, of eourse, im cases with
uncontrolleble hemorrhage. The principle involved in
the operative treatment of fully developed secondary
shock is the same as that employed for prophylaxis
against its development, i.e. there must be suppression
a8 goon a8 poseible of the trasumatized srea.

with regard to frank shoeck cases, and also
those cages where shock is a probable pending fector,
in whom surgicel treatment is indicated & proper
choiece of anesthetic is important, €linicael evidence
has indicated, sceording to Cennon ( ¢ ), that a patient
in shock may be snesthatized with nitrous oxide and
oxygen and suffer no appreciable drop in blood pressure,
whereas with ether or chloroform the drop is likely
to be considerable and possibly highly dangerous.
During his extensive experience a8 anesthetiat in =
casualtly elearing station in Flanders, Mershsll,:es
reported by Cannon, found in & large series of very

severe cases that gas-oxygen asnesthesia was followed
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by no inerease of shoek whatever. Marshall's observations
were confirmed by Bazett, as reported by Cannon, who
likewize had sbundent opportunities to make careful
observations, It has been observed that high ratios

of nitrous oxide to oxygen are productive of harmful
effects but thaet & ratio of three perts nitrous oxide

to one of oxygen is & mixture that can be used with
safetye.

4. Control of Pain aﬁa Hestlessness:

Whether or not morphine analgesie and narcosis
is beneficiel in pending and frank shock cases, as far
a8 the shock itself is concerned, is not actually known.
Pain end restlessness is considered by many a8 & con-
tributing faotor in shock production and, in this light,
morphine anslgesia and narcosis probably helps. On the
other hand, morphine's tendeney to inhibit respiration
and to reduce general metaboliec activity is obviously
detrimental. Marshall, es reported by Cannom (4 ), has
testified that the severely wounded when deeply mor- |
phinized meke an unsatisfeetory reecovery after operatione.
Cennon states that the drug should be given in quarter
and half grein doses which, a8 a rule, suffice to mske

the petient comfortable and quiet.
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5« Congervation of Body Heat:

Cennon (¢ ) stresses the urgency of taking
every precaution to conserve the store of heat which
the body has and to give baek to the body which it
may have lost. He states that if the patient cannot
promptly be placed in bed, he:shonid be wrapped with
blanketa, liore blankets are needed under the body
then over; the reason for this is that the blanket
protects against heat loss by'the air which it holds
enmeshed in its fibers; the waight of the body lessens
the air speaee in the fabriec and comsequently reduces
the amount of protection. If possible heat should be
epplied to the body in the form of hot water bottles
pleced preferably in positions whereby mexXimum effect
is secured, for example Casnnon stetes that one could
be placed on the abdomen and the hands plsced over it,
sanother between the feet, etc. Heat should not be pro-
vided in & degree whieh will induce sweeting whieh will
tend to further deplete body fluid. Hot drinks are
beneficigl; not only do they help to restore body heat
but they relieve the distressing thirat which is

almost constantly complained of by the wounded.
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Be. TREATMENT

The treatment of ceses of frank shock entails
many of the same principles heretofore mentioned under
shock prevention, i.e. control of hemorrhage, sontrol
of pein end restlessness, conservation of body heat, ete.
In addition to these measures, it is essentiel to attempt
by every rational means to raise the patient®s blood
pressure, for if there is & prolonged insuffiecient vol-
ume flow of blood certain definitely harmful effects
ensue &s praviously emphasized. Three theraspeutie
approacheg will be considered and evaluated, viz.
postural ehange, medication, snd restoration of blood
volume by parenterel fluids.

1. Postural Change:

The hesd-down position for the patient inm
shoek for the purpose of improving cerebral circulation
is not likely to have &n important influence in most
cases gsccording to Cannon ( ¢ ) and to military surgeons
during the War who tested this procedure in numerous
instances. Furthermore it proved to be rether disturb-
ing to the patient. On the other hand, Cannon states
thet postural chenge in primary shoek may at times be
serviceable. This procedure and bandeging of the extrem-~

ities a8 well arc used quite generally to-day and are
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thought by many to have & beneficial effect.
2, Medication:

Whether or not beneficial effects result
from verious forms of mediecsation in shoek is question-
able. Adrenslin and pituitrin (or pitressin) have been
used for meny years, according to Cannon (£ ), to im-
prove the cireulation in shoek by their vasopressor
effect. Cannon and others have maintained that a
temporary rise of blood pressure as menifested after
the sdministretion of these two drugs is ef practically
of no benefit. Furthermore, damming the blood on the
arterial side does not improve the volume flow in the
capillaries which is the ultimate end sought for.
Bleloek ( 3 ) is in agreement with this view end states
that these drugs are useless perticularly in shock of
the hematogenic type. Digitelis is not indicated since
it has been shown thst the heart is rarely a primary
factor in shock initiation. The value of caffeine and
other stimulants is questionable.
3+ Restoration of Blood Volume by Parenteral Fluids:

Since most csses of traumstie shock are baas-
ically due to an setual loss of blood volume by pleamsa
transudation or hemorrhage or both, the treatment has

been directed largaly toward the restoration of blood
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volume. The lost volume is best replaced by the intro-
duction into the ciroulation of a fluid that will remsain
there, inereasing the blood volume and raising the blood
pressure. Experience and experiment have shown that &
mo8t important loss to be replaced is the plasme pro-
teins since they constitute the osmotieally active
faetor in holding fluids in the bloodstream. This heas
been stressed by Cannon (6 ) end by Johnson and Blalock
( m)e Replacement of lost chlorides is importsnt. Since
patients in shoek rerely can take fluids by mouth, fluids
ere usually given parenterslly and most often by vein.

(a) - Uhole Blood:

By far the most satisfactory substance used
hes been whole blood; this has been pointed out by
numerous workers during the Wer end has been confirmed
repeatedly by meny up to the present time. But since
whole blood for transfusion must be typed, is exnensive,
and is not alwasys readily aveilsble, other substances
have been substituted, these unsually attended, however,
by less therapeutic success.

(b) - Blood Plasme - Lyophile Serum:

When there is hemoeoncentration due to plasme

transudation in the meinm rather than striet hemorrhage,

the ldeal fluid, scecording to Blalock (2 ), is blood
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plesma, Harkins () has evidence that plasme trens-
fusion in combating experimental shock is of even more
therspeutie vealue than whole blood transfusion.

Methods for the preservation of normal blood
gerum in desiccated form have been developed by Elser,
Thomes, and Steffen ( ¢ ) and by Flosdorf end Mudd (/o).
Essentially, this préeedure is one of rapid freezing
et & very low temperature and rapid dehydration from
the frozen stete umder high vecumm, leaving in dry form
all the soldid elements of the serum. The proteins sppesar
to be unsltered and their antibody properties are pre-
served in full titre. In this form, serum may be pre-
served for extended periods snd is readily dissolved in
water to meke an isotonie or hypertonic solution.
Because of ists rapid solubility, this produet is called
*lyophile's For intravenous use, serum must be processed
twice by this method with an intermediate filtration to
remove fat perticles. Bond and Wright (%) in a series
of experiments using lyophile serum intravenously to
treat dogs in which the blood pressure was markedly
reduced by intestinal mesnipuletiom, traumse to an extrem-
ity, or by acute hemorrhage, observed that the blood
pressure was raised and mesintained for at least several

hours by this procedure. They conclude that the immed-
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iste availability of lyophile serum, its theoretie
suitability, and its aetion uponm shoeked animals sug-
'gest its use a8 e valuable treatment for elimieal shoek
and-hemorrhsge.

(¢) - 6-7% Gum hcacia im 9% Sodium Chloride;

Gum=-salt solution has been and is considered
of value by meny authorities., Bayliss, as reported by
Cennon ( &), was the first to sdvoesate this substance
after careful asnalysis of vaerious colloids. Among the
group of meaterials studied by him, he found that gum
acacis elone is free from serious objection and capable
of replaescing blood plesma eand its proteins. 4 solutiom
of 6~7% of it in .9% sodium ohloride has the same vis-
cosity &8 whole blood and the same osmotic pressure as
blood pleasma. It is ehemiecally inert, can be sterilized
without ehemical or physicel alteration, &and it does
not induce anephylectiec reactions when repeatedly injected.
De Kruif, as reported by Cannon (¢ ), has subjected
gum-salt solutiom to very thorough tests as to its tox-~
icity with negetive results. On the other hand, Studdiford
(19),a later investigetor, has pointed out that occasiom-
8lly gum scecia has toxie properties, notably upon the
liver and uwpon the geseound exehange of red blood cellse.

4% no time has gum scscia been so thoroughly tested
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clinically as it wes during the War when its use was
firat asdvoecasted. Although many reports highly favor-
able to the use of gum-salt sclution were made at and
since that time, a few strong opinions have been ex-
pressed sgeinst its use. Cannon (¢ ) states that both
in the imericen and British armies, gum-selt, when used
early in cases of shoek and moderate hemorrhage, had
excellent effects as & rule. On the other hand, when
the wounded were brought in aefter prolonged exposure to
¢o0ld and dsmpness, especially during the winter months,
gum~salt had less or often no effect. However, it was
found thet under suech conditions, blood transfusion also
was often guite as ineffective as the artificiesl fluid
in restoring the eireulation.

(d) - Other Agencies:

Glucose and salt solutiomsiinvvarioms:strenghhs
2nd mixtursecbf same hmve been widely used,bbut their
diffusibility is so great, especially in face of increased
capillary permeability, thaet the increase of the volume
of eireulating fluid is transient, and their is danger,
especially if large gquantities are introduced rapidly,
of an added hazard, i.e. edema. Furthermore, Blalock (2 )
has shown that not only do these substences diffuse

rapidly, but, because they dilute the remeining plasma
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proteinsy they further reduce the effeetive osmotiec
pressure., Blalock conecluded that intravenous salt or
glucose is usually not objectionable, however, except
in excessive amounts and are often of some value as
emergaency agents particularly in cases of shock due to
hemorrhage. Deitrick (¢ ) has advocated the use of

5% sodium bicarbonate solution intravenously in cases

with impending secidoeis.

In cases of frank shoeck or of impending

- 8hock, it is of considerable importance to follow

closely the elinical course of the patient. Prognostie
guides of value,:as emphasized by Cannom ( &) and others,
ere repested observations of the pulse and blood
preassure; frequent determinations of the hemoglobin,

red count, or volume’ of red ecells; and watchfulness as
to the e¢linical appeareance of the patient. A slower

more foreeful pulse, & progressive rise in blood pres-
sure, and progressive hemodilution (subsequent to com-
centration) are indicative of progressive recovery.
Reeovery feils to occur ag & rule, aceording to Deitriek,
(4 ), if the blood volume has been reduced by as much a8

one half of the patient’'s normsl blood volume.
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In eonclusion, it may be stated that the
best treastment for shoek is prevention when possible
by proper and immediate first aid in accidental cases
or by rationsl precautions in ceses of elected surgery.
In cases of frank shoeck, the best therapeutic approsch
hss been shown to be restoration of the blood volume,
plesme proteins, and chlorides by parenteral fluids,
the relative velue of ssme being in the order mentioned:
(1) whole bloocd or blood plasms, (2) 6-7% gum scacia
in 9% sodium chloride, and (3) glucose and salt

solutions.
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