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Introductlon: In regard to the treatment of shock,

a conflict is raging today among clinliclans. This
confllict centers around controversy concerning the
pathophyslology of the development of the shock
syndrome, and ultimately, one area of great concern
18 whether wmsaompessors, vasodilators, neither or
both are advisable treatment for different forms
of shock. It wlll be the purpose of this treatlse
to explore the pathophyslologlcal development of
shock and to draw certain conclusions from thils
discussion as a basis for the treatment of shock.
But first it wlll be necessary to deflne the sub-

Ject.

Definition of Shock: Shock has evolved to be a

very broad term that almost defied an accurate
definitlon. It 1s hardly an exaggeration to say
that there are as many definitlions of shock as

there are lnvestligators 1n this fleld. Attempts

at defining shock run from thls rather complete and
but nebulous definition: 'shock is a faillure to
adequately perfuse the vital organs” (31), to

thls tongue~-twisting but more sophisticated defini-
tion: "Shock is a syndrome with reduction of ef-
fective circulating volume accompanied by depression
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involves a protean group of symptoms, l1.e. a syn-
drome, no one of which absolutely must be present

in order to say that the shock syndrome exists. For
example a twenty~-flve year o0ld man may be exsanguin-
ating while maintaining a "sound” blood pressure of
120/80, thanks to a compensating sympathetic nervous
system overflow. However in thls case the other
"classical" signs and symptoms of the shock syndroue,
pale, cold sweaty extremitles, tachlcardia, restless-
ness, decreased urine output, would likely be present.
Thus, the important prinelple to be remembered is
that shock 1s a syndrome indicative of poor p r-
fuslon of vital organs; it can manifest 1ltself in

a number of ways because 1t can be 1inltlated by in-
numerable different factors whose interactions be-
come exceedingly complex.

Bagle Cardlo-Vagcular Phyelolezy in Shock: The

systemlc blood pressure is dependent upon the ratio
between cardiac output and peripheral resistance.

B. P = C. 0. x P. R. However, since the shock syn-
drome 1s basically a fallure to perfuse vital or-
gans, and not hypotension per se, our concern must
be centered around blood flew, not bloo8 pressure.
Blood flow 1ls determined by a ratlo between per-

fusion pressure (B.P.) to perlpheral resistance.
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Fs B. P.# P. R. The similarity between these two
formulas can easlily be seen and lead to the cmeclu-
silon that blood flow 1s equal to cardiac output when
blood pressure and peripheral reslistance are stable.
The importance of blood flow rather than blood prees-
sure per se can hardly be overemphasized. Even with
a drop in blood pressure, a corresponding drop in
peripheral resistance will theoretically lead to
unchanged blood flow; but on the other hand a mo-
mentous drop in cardiac output with a compensatory
increase in peripheral resistance maintains a nor-
mal systemic blood pressure in the face of a marked
decrease 1in cardlac output and thereby decreased
blood flow. These principles will have important
bearing when treatment is consldered.

Cardiac output 1s determined by stroke volume
times heart rate. 8Since complete filling of the left
ventricle does not always occur during diastole, the
stroke volume is dependent on the difference between
diastolic and systolic volumes. The greater the
diastolic volume and the less the systolic volume,:
the greater 1ls the cardiac output. The amount of
blood remaining following systole depends onthe ef-
ficlency and the completeness of myocardial con-

traction; which is respectively dependent on coronary
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blood flow. Among the factors influencing dlastollc
volume, as seen in flgure 1, are ventricular fllling
pressure and ventricular distensibillity. Ventricu-
lar filling pressure, in turn, 1s controlled by the
blood volume in relationship to the venous capacity.
Thus up to a certain point an increase in blood vol-
ume with a decreasing venous capacity leads to an
increased ventricular filling pressure, and up to
a point of diminishing returns an increase in card-
iac output, whereas blood or plasma loss and veno-
dilatation hdve an opposite effect. The distensi-
bility, or compliance of the wventricular walls, 1s
not a simple elastic relationshlp between length and
tenslon, but changes during the sequence of filling
and 1s affected by the rate of filling. The sym-
pathetic discharge to the ventricular myocardium
affects the rate and degree of systolic ejection.
The control over the heart rate can be readily
traced to the balance of sympathetic and parasym-
pathetic discharges into the region of the pace-
maker. (44) Several reflex mechanisms, which pro-
foundly influence the heart rate as well as the
peripheral resistance, and involving the Autonomic
and Central Nervous Systems, are stimulated by the

changes occurring during eshock. They are as follows:
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l. The stretch receptors or mechanoreceptors,
as they are also known, are responsive to changes in
the mean perfusion pressure. (39), (44) The caro-
t1d sinus or baroreceptors have been most intemsely
studled and are belleved to be representative of
simllar avtonomic afferent intervation occurring in
the adventicia in most of the large and medium-sized
blood vessels throughout the body as well as the
heart. A drop 1n systemic blood pressure, through
afferent nerve stimulation to the medullary vaso-
motor center from the stretch receptors, leads to
(1) increase in heart rate, (2) increase in stroke
volume, (3) increase in psripheral resistance in
venous and arterliole tapillary beds. All these ef-
fects comblne to inecrease the systemic blood pressure
via sympathetic flbers supplylng both the heart and
the systemlic arterioles and veins. On the other
hand, an ilncrease in systemlc blood has the exact
opposite effect mediatdl by the cardlo-inhibitory
center, or as 1t is also known, the dorsal motor
nacleus of the vagus. It too 1s located in the
medulla.

The stretch receptors give off a salvo of 1im-
pulses with eachh heart beat. The frequency, pattern

and duration of these bu¥sts depend not only on the
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on the mean blood pregsure level but also on the

rate and amplitude of the pulse pressure. The re-
duction 1in puilse pressure which 1inevitably results
from even mlld bleeding or from a decreasing cardiac
output leads to a more sparse dlscharge from the
stretch receptors; this in turn causes a reflex tacinl-
cardia which further reduces the pulse pressure. Even
while the systemic blood pressure remalns elevated

by this reflex mechanism, the ever-acceleratling heart
rate and the deepening pallor secondary to sympathe-
tlc st lmulation to the skin warn the experlenced clin-
lcian of lmpending shock. When the hemorrhage 1is

more profound these reflex mechanlsms are intensi-
fled.

The baroreceptors also lnnervate the ascendlng
reticular system; whose stimulation might well ex-
plaln the feeling -of restlessness which often 1s
evlidenced by persons in shock.

2. Higher centers out on the medullary centers.
For example, visual images, sounds, cold, pain, andd
cerebratlon all affect heart rate. There are, after
all, few things more emotionally dilsturbing than to
see ones blood distributed over a wide area, parti-
cularly when thls experlence 1s accompanlied by the

sight of wldespread tissue injury and the conscious
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and unconscious acknowledgement by the central ner-
vous system of the receipt of noclceptive stimuii.
Cortico-hypothalamicofugal barrages presumdhly re-
inforce sympathetic actlivity and indeed in the early
stages of injury probably outwelgh the reflex effects
described above. (39)

3. Cardiac receptors, other than those acting
as stretch receptors, are believed to exist. Left
atrial receptors have beeriidentlified during oligemia
which appear to influence the increased secretionof
anti=dturetic hormone. However, the mechanism ap-
pears to be of 1little importance in kidney conserva-
tion of fluid in comparison to greatly curtailed
glomerular filtration rate and renal filtration pres-
sure occurring during shock. Right atrial receptors
may be involved with the reflex regulation of aldos-
terone secretion, but do not seem to be as important
as the reflex increase in aldosterone secretion which
during oliguria results from a diminution in the af-
ferent ilmpulse activity of vagal mechanoreceptors
situated in the thyrocarotid area. Cardlo-sensory
nerve endings remain to be investigated, for example,
the possibllity exlists that myocardial ischemia may
lead to potent reflex mechanlisms. (39)

4. The Chemoreceptors of the carotid.and aortic

bodies are profoundly stimulated by reduced oxygen,
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wlll be necessary to expan@ on the family of sympatho-
mimetic-awine drugs which mediate this intense vaso-
constrictfive reaction and on the tissues whlch are
resporisive to them.

As discussed earller, the peripheral resistance
as well as the cardiac output, are the major regula-
tors of systemic blood pressure. It is currently
wildely accepted that the Sympathetic Nervous System
contributes markedly to the regulation of peripheral
resistance by the interactions of receptors, designa-
ted as CK,B,Auoj .(43) The development of the receptor
theory has greatly increased understand ing of the
mode of actlon of sympzthoumimetic amines, (47), (33),
(54), (7), (14), although it 1sa more convenient means
of explanation than a proven anatomical reality. The
dreceptors are located in the smooth muscle of arter-
les, arterioles and veins. They exert their maxi-
mum effect in skin, splanchnic and renal vessels.

Upon stimulation by post-=ganglionic adrenergic nerve
fibers, intense vaso-constriction will occur. 1In
diminishing order of potency, this action will be
mediate by nor-epinephrine (Levophed), epinephrine,
metaraminol (Aramine), methoxamine (Vasoxyl) and
phenylephrine (Neo-Synephrine). The Beta receptom
have the opposite effect, that of wvasodilitation of
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adrenal medulla in large quantities in times of
stress. (24) 1Its actions result in the typical
"fight or f£ilight" reaction mediated by the alpha
and beta receptors. During shock blood concen-
trations of epinephrine increase momentarily (24)
(et al), and suggest that the increased levels of
circulatory epilnephrine are sufficlient to account
for the intense vasoconstriction of early shock.

Epinephrine causes a marked rise in systemic
blood pressure secondary to increases in both peri-
pheral resistance and cardiac output. The systolic
blood pressure increases markedly while diastolice
blood pressure rises slightly or not at all, sug-
gesting that the cardiac effect dominates over the
increase in peripheral resistance in bringing about
increased blood pressurs.

Epinephrine increases cardiac output by both
an inotropic and chronotropic response, although the
vagal effect may actually lead to a slowing in rate.
An increase in venous pressure on the atria increases
ventricular filling, thereby alding stroke outputil
The beats become strong and forceful. However the
myocard ial oxygen consumption 1s increased to a
greater degree than is the coronary flow of blood.
(24) This suggest thate inephrine would tend to in-

crease any myocardial ischemia which might already
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be present. Certainly this would coincide with the
effect of epinephrine on anginal pain. Also in large
doaes the direct action of epinephrine on the myo-
cardium may produce cardiac dilltation and ventri-
cular fibrilllation.

Epinephrine produces maximal constriction in
the: splanchnic area; peristalsls ceases; mesenterlc
vessels constrict; and the mesentery appears blanched.
Kidney vesaégls are at first constricted and 1little
.urine is secreted. They dilate, however, more prompt-
1y than do many of the other vessais and overall an
increase in urine output occurs as a result of
the increase in blood pressure which leads to a
more effective glomerular filtration pressure. Con-
striction is also marked in the skin and mucous mem-
branes.

Nor-epinephrine (Levarterenol, Levophed) also
occurs naturally and 1s released from its storage
sites upon stimulation by the post-ganglionic sym-
pathetic nerve fibers, and acts on the gamma-recept-
ors only. It also represents about twenty percent
of the combined total of epinephrine and nor-epine-
phrine located in the adrenal medulla. The primary
response to nor-epinephrine is an increase in peri-
pheral resistance with marked constriction in splanch-

nic, renal, and skin and mucous membrane vessals.
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The heart rate decreases due to marked vagal effect,
while the inotroplc effect of the heartincreases,

and cardiac output decreases or remains steady. Cor-
onary, cerebral and pulmonary vessels do not respond
well to nor-epinephrine and 1little 1f any vasoconstric-
tion occurs. (7) Nor-epinephrine has been widely
used therapeutically in the past because of marked
increase it brings about in systemic blood pressure
while favoring coronary, cerebral andpulmonary blood
flow. However overall blood flow decreases, and the
therapeutic role of this drug 1s changing, as we shall
see.

Sympathomimetric amines which act on receptor
sites are called "direct", those which act on recept-
or sites only by causing release of nor-eplnephrine
are called "indirect”. This becomes important when
non-epinephrine storage sites are depleted, as occurs
after the use of gamglionic blockers such as guamethi-
.dine and brytylium or prolonged treatment with re-
serpine. In these instances the effectiveness of the
indlirectly acting sympathomimetric amines 1s greatly
decreased, while on the other hand, the receptors
show definite high senezitivity to those drugs exert-
Ing a direct effect. Brlef mention of several of
these synthetic sympathomimetic amines will prove

helpful in later discussion.
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Metaraminol (Aramine) has had widespread clin-
ical use. +t acts both directly and indirectly on
gamma effector sites, but its indirect effect domin-
ates. Its action is very similar to nor-epinephrine
but carries less danger of tissue sloughing; has a
more sustained action, but slower onset; and seems
to cause a steadler response, especially in patlients
with coronary insufficiency. (7) Phenylephrine (Neo-
Synephrine) and Methoxamine (Vasoxyl) are synthetic
sympathomimeti¢: amines which act directly, have
1little or no effect onthe heart, but cause an intense
rise in peripheral resistance through stimulation
of gamma-effectors. Mephentermine (Wyamine), Ephtedrine,
and methanphetamine (Metihe pine) all act indirectly
and cause dual increase in cardliac output and peri-
pheral resistance, with the cardiac effects dominat-
ing. (7) Methamiphetamine is a potent CNS stimulant.

Isoproterenol (Isuprel) and #ylidrin (Arlidin)
stimulate only the beta-receptors and lead to pro-
ductive increase in cardiac output, while peripheral
resistance is diminished. The blood pressure may
remain unchanged but blood flow is substantially in-
creased. Isoproterenol is- much more the potent of the
two drugs, but mylidrin has a longer duration of ac-
tion. The qualities of these twodrugs will merit

further discussion in regard to the treatment of the
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of the shock syndrome.

Evidence indicates that the sympathomimetic
amines do not directly influence the microcirculac
tion (i.e. capillary beds located between arterioles
and venules). As the arterioles are studied by new-
er techniques which allow visualization ot the fin-
est ramifications of adrenergic nerve flbers, Falck
(10) has obgerved that the adrenergic nerve endings
merely seemed to reach the inner surface of the smooth
muscle layer without penetrating to tne cells situ-
ated closer to the lumen. The inner smooth muscle
cells appear to maintain normal tone regulated by
local autoregulation. Because of the anatomical ar-
rangement of a cylinder of outer smooth muscle over
a cylinder of inner smooth muecle a constriction of
the outer ring also forces the inner ring to con-
strict, but the inner ring apparently does not have
the reverse capacity. (24) 1If this be so, the con-
strictor fibers can take precedence and centralize
the control of regional flow whenever the sympathetic
discharge is increased. (10)

As emphagizaed earller, shock in its broadest
definition is a failure to perfuse the vital organs.
The capillary beds, because of their fundamental im-

portance in maintaining tissue perfusion, become the
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blood vessels following invasion through ischemic

bowel wall; (2) vasotoxic etfect of pressor amines may
kenormally counteracted by some factor produced by the
RaS; (3) increased reactivity of small blood vesséls

to vasoconstrictor substances, whiech depend on RES for
reumoval; later the opposite effect appears to occur,

(4) failure in ferritin transport and metabolism (Frank
(17) et al, have investigated ferritin and found it

to be relatively non-reactive as a vasoactive factor),
(5) failure to remove fibrin from blood leading to in-
itial state of hypereoa ioility, (6) with blockage of
RES closely related enaotnelial cells attempt to take
over functim of RES, later die, veesel walls secondarily
break down. In short, Zweifoch pro oses that RES break-
down results in stasis, sludging, increased thrombosis,
increased capillary permeability and frequent death. He
maintains the hope of finding clinical means to make RES
resistant during shock. Most of his theories are unop-
posed, but the question 1s not so much the feasibility
of his hypotheses, as whether they actually occur.

FPine and assoclates believe the key mechanism lead-
ing to decompensating shock is an overwhelming blockage
of the RES cawmed by leakage of bacteria from the ischemic
gut lumen. Others, including ZwWeifoch and Hershey would
discount this thesis because of fallure of prophylactic

antibiotics to protect organisms from fatal shock. Dr. Fine
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splanchnic nerve vasomotor control, probably at the
local end-arterioles draining into the sinusoidal bed.
Proposals have been made that the congestion known to
occur during decompensating shocx are due to (1) loss
of activity of inflow sphincters, (2) loss of activity
of outflow sphincters, (3) plugging to small sinusoids
with agglutinated blood (47). It is doubtful that the
outflow phincters so lmportant in decompensating shock
in the dog are present in man (47).

Impaired utilization of oxygen occurs in the liver
during shock; Brauer's work in the rat liver would indi-
cate that zones of sever hypoxla coexist with zones re-
ceiving fairly adequate oxygen (47¢. It is of interest
that hepatic utilization of oxygen appears to be rapidly
restored on transfusion and this fact certainly speaks
against the occurrence of an oxygen debt in the liver.

The expectation that the liver should play a key
role in shock is based importantly on the fatal outcome
of hepatectomy. The manifold functional aberrations whith
occur in the liver as the result of shock have been thor-
oughly documented (47). The liver (1) has a central
role in protein, carbohydrate and fat metabolism; (2)
produces plasma protein, fibrinogen, prothrombin and
heparin; (3) forms and destroys red blood cells, (4)
synthesizes bile acids and bile secretions; (5) detoxi-

fies by conjugation, o%idation, reduction and hydrolysis
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(6) forms ammonia from NH2 groups and from ammonia

makes urea. After hepatectomy blood sugar falls rapidly
and the animal dies in convulsions. Protein and lipid
metabolism cease. Blood amino acid and ammonia levels
rise, while urea and uric acid levels rapidly fall. Jaun-
dice develops. Even though blood sugar lev~ls are kept

up by glucose infusion, the animal dies in 18 to 24 hours,
presumably of ammonia intoxication.

Hift and Strawitz look upon the blood glucose curve
as a significant "turning point" in the prognostication
of irreversibility. (47) Although rising at first in
early hypotension, it beglns to fall approximately co-
incidental with first uptake of blood, and with the
first indications of changes in the liver mitachondria.
They attach particular significance to the metabolilc
need for glucose at this time in other organs and tis-
sues, e. g., the heart and brain.

Selbert points out loss of the liver's ability
to detoxify certain intestinal toxins, which presently
are not well identified, and may be diverse, wmay prove
to be lmportant. The 1liver itself may be a source of
toxic material in shock. .Janoff (21) found that dis-
ruption of lyposomes--subcellular particles containing
a variety of hydrolytic enzymes--and release of theilr
enzymes in free, active form occurs in the liver of

shocked animals. He found evidence that activation of
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of lysosomal hydrolases within cells and theilr release
into circulation may play an important role in execerba-
ting tissue injury and accelerating the development of
irreversibllity at the cellular levela during shock.
However, rendering animals tolerant or pretreating them
with cortigone seemed to stabllize the lysosomes.

In summing, critical examlnation of avalilable evix
dence, whlle suggesting a contrlibution to irreversi-
bility in shock in t rms of metabolic derangements, loss
of detoxifying ablility, as well as in hemodynamic irre-
gularities (pooling), nevertheless appears to put the
liver in a role secondary fto Bilure of the peripheral
vascular bed and/or myocardium. This may be because the
stress to the liver in most shock procedures may not
be great enough to impalr seriously its function. Al-
ternately, the influence of hepatic lmpalrment may be
of a more subtle nature than heretofore anticipated, so
that further refinement of technigues and experimental
approaches will be required to show a more pervasive
influence, not only on immediate metabolic events, but
more indirectly on the heart and vascular bed through the
liverés role in handling vasotoxic substances. (47)

Harding (18), Levy (28), Blattberg (28) and Col-
lins (4) among others, feel the disturbances in blood
clotting in shock are of great significance. In experi-

mental endotoxin and hemorrhagic shock a biphasic reaction



occurs manifested by early hypercoacuability, followed
by reversal to hypocog:;uability late in cecompensating

shock. Bee Figure 10.
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Figure 10, Hypercoaguability
followed by hynocoaguability. (18)

Only scanty information i1s avallable concerning the
mechanism forthe hypercoaguabiiity in tne early stages

of shock. Capillary staslis, increased blood concentrations
of thromboplastin, possibly as the result of a more rapid
lysis of platelets; and release of calecholamines have

been suggested as causes of hypercoaguability. (28) The
later reversal to hypocoaguablility is belleved to occur

(1) secondary to intravascular coagulation leading to
depletion of fibrinogen, prothrombin, platelets, Factor

V and Factor VII, (2) following secondary reactive in-

creases in blood levels of heparin and fibrinolysin. (28)
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Autopsy findings in dogs following endotoxin
shock led Harding (18) to suspect that hypercoaguabiliity
exerted a primary role in initiating irreversible shock.
Hemorrhagic necrosis of the gastro-intestinal mucosa,
hemorrhagic lesions in the lungs, pancrea and kidneys
were present. Mlcroscopically there was necrosis of
the superficial part of the gastro-intestinal mucosa
associated with the occliision of mucosal capillaries
by eosinophilic estaining plugs. Simlilar plugs were
found in capillaries of the lungs, kidneys, and central
vein of the 1liver. Focal necrosis in the kidneys and
pancresge and central necrosis in the liver were present.
He concluded that decompensating shock occurs when capil-
lary thrombl are deposited and remain in place long
enough to cause a local tissue necrosis. If necrosis is
sufficiently severe the animal will due in a course com-
plicated by hemorrhage. He found that heparin given
prior to induction of endotoxin or hemorrhage shock was
very effective in preventing decompensating shock; 50%
survival among.béparinized dogs as compared to almost
100 % mortality in control dogs. No capillary plugs or
necrosis were found in the tissues of these animals.
Fibrinolysin was highly effective in preventing decom-
pensating shock even following hemorrhage. Fourteen of

seventeen dogs given fibrinolysin after hemorrhage
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survived apparently because of increased ability to

wash away thrombotic plugs. (18) However, Lillehel et al,
could not substantiate prophylactic results with heparin,
and were not as convinced that disorders in lood coagu-
lation play such a spectacular role in causing decompen-
satling shock. (54)

Simlilar changes, capillary thrombl and hemorrhagic
necroglis, are found in tiie kidneys of experimental dogs
following death from hemorrha-.-lc or endotoxin shock.
However, these changes are much less severe than those
which occur in the gastro-intestinal tract. (18) (=z4)

In the normal human being 25% of the blood supply arrives
at the kildney for nutritional and filtration purposes.
In shock the kidney under catecholamine stimulation re-
celves even less than 25% of a blood volume which is
decreased or relatively ineffective. Urine output is
greatly diminished. Acute tubular necrosis usually
does not appear, but the kidney by 1its inability to
function properly, contributes to acidoslis and the
build-up of metabolic waste products. Renln also is
released by the ischemic kidney, resulting in increased
blood levels of anglotensin, whlcn could donceivably
further impede flow in splanchnlc and renal capillary
beds by causing a further increase in peripheral re-

sistancse.
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In conclusion, the pathogenesis of decompensating
shock cannot be blamed on any one organ or patnophys o-
logic process. The heart, lungs, CNS, gastro-intest inal
tract, Retliculo-Endothelial System, liver, kidneys, hema-
togenesis and endocrine systems are involved to varying degrees
depending on the (1) age, (2) general health, including
the presence of prior disease processes, (3) tne type,
severity and duration of initiating camse(s), and fin-
ally (4) the timing and adequacy of treatment. Thus,
each case must be individualized.

Therepy: The principal basis for the treatment of
the shock syndrome is that of maintaining optimal blood
flow. The clinician may be forced to curtall the blood
flow to one organ of the body in order to assist another
organ more vital to survival at that time. Certainly,
this seems to be the natural response that occurs when
shock is initiated. The eplinephrine and nor-eplinephrine
response preserves blood flow to the heart, brain and
lunge while sacriifiicing splanchiic, skin and kidney
blood flow. The eplnephrine response in a crisis of
short duration seems a good defense mechanism. However
when shock isprolonged decompensation and positive feed-
back mechanisms develop within the splanchnic bed, as
discussed above.

In the past clintclans frequently have used vaso-

pressors such as nor-eplnephrine and metarterinol to
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maintalin blood pressure. The action of thege drugs
increases bldod pressure mainly by increasing peri-
pheral resistance, with slight drop in overall cardiac
output. Thus overall blood flow decreases slightly,
although agdim mo: 8 blood is shunted to brain, heart

and lungs at great expense to splanchnic, skin and
4idney blood Blow. The recent realization of the role
of tne _gastro-intestinal tract and liver in shock mortal-
ity have led clinicians to experiment clinically with
therapeutic triaxs of drugs which encourage high cardiac
outpout, low periphieral resistance, high blood flow
systems, in place of low cardiac outpat, high peripheral
resistance, low blood flow systems encouraged by use of
drugs such as nor-eplnephrine and metarterinol. Several
of these recent clinical trials witnh such drugs will be
discussed in detall during consideration of the specific
aspects of therapy of the shock syndrome.

Before the treatment of the slrock syndrome can be-
gin the diagnosis must be made. In the "classical”
shock syndrome the skin is pale, cold and clammy, capil-
lary filling of the skin and naill beds i1s poor; blood
pressure 1s lower than normal; the pulse israpid, regular
and threaaqy; respiration is rapid and shallow; thne
patient is restless; urine output 1s decreased. However
1t must be emphasized that diagnosis does not depend on

any one finding, but rather on tne total clintéal plcture.
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For example, whén an elderly diabetic, who 1s three
weeks post-op and also catheterized, complains of

a severe chill, the clinician is tipped off to the high
probability tnat endotoxin shock 1is enpue}g@. The
shock syndrome &s accommon final pathway toward death
sued by an innumerable numpber of dilsease processes.

Not only 1s it of vital significance to pinpoint
the initlating cause of the shock syndrome, but to
continue to diagnose secondary problems predisposing
the patient to decompensating shock, even while he is
being treated for initiating cause(s). For example
MacLean (31) found in endotoxin shock disorders of
hypovolemia and poor cardiac actlon’ existed to vamying
degrees simultaneously.

Because any number of secondary problem(s) can
and do develop during therapy, most cliniclans in large
medical centers advocate the use of shock teams and
numerous moniters for evaluation of tune various fac-
tors involved in the shock syndrome. Such a shock
team (31) (9) is usually under the direct full-time
supervision of a senlor resident, including surgical
and medical house offlcers,an anesthesiologlist, and a
full-time technologist skilled in blood gas analysis
and blood lactate determinations. A specialiroom is
set aslde and equipped. The patient is monitored via
(1) central venous pressure; (2) canglnuous blood pres-

sure via percutaneous radial artery puncture; (3) cardiac
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output by use of dye technique and calculation; (4)
cardiac index by calculation; (5) peripheral resist-
ance by calculation; (6) urine output; (7) frequent
determinations of arterial pH, COp and 02; (8) fre-
-quent determinations of lactic acld and base deficit;
(9) blood volume calculations; (10) EKG. Rushmer (41)
would emphasize the lmportance of monitorization of all
factors 1llustrated in filgure one as tne only means to
really gain a thorough knowledge of the pathophysio-
logy involved in the shock syndrome.

Wwilson (56), (57), (58),

MacLean and others have

A TTROTTA M
AULWUA LD

CIRCULATION

simplifled the problem by

recognizing that adequate
circulation depends on the
interaction of three vari-

ables: (1) the cardiac

Pigure 11. The three

major determinants pump, (2) optimal blood
of adequate circulation

volume and (3) vascular

tone. Adequate circulation
can then be represented as a three-legged stool (see
figure 11); the loss of any leg leads to collapse of the
stool. Lilleheil (29), emphasizes how, using this simple
principle, the patient's clintéal progress can be fol-

lowed without the use of complicated monltors, which are
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unavailable to many pnysicians. Cold and clammy skin
indicates an increased vascular tone (peripheral re-
sistance). Central venous pressure, which is cheap
and easily measured, indicates the circulating blood
volume being presented to the heart in relation to
cardiac ability to pump. In addition to the use of
CVP some indication is gained of the cardiac output by
the pulse pressure. Both the condition of the skin
and the urine output can be used as indicators of vis-
ceral--especially splanchnic--blood flow. Certainly
"{f flatus is music to the surgeon's ears, urine is
the wine of 1life." (29)

Cardiac and respiratory function must be maintained
at all cost. Thls may necessitate resuscitation, in-
cluding closed heart massage, breatning for thepatient,
and/or tracheostomy, even before tne patient is moni-
tored.

Circulating blood volume must be adequate. The
best single determinant of optimal blood volume is the
central venous pressure (4), (2), (17). CVP is deter-
mined by percutaneous injection of the external jugu-
lar vein, subclavian veln, cephallc vein or the anti-
cubital fossa with an inter-cath. which 1s then easily
threaded into the superior vena cava or right atrium.

It is a determinant of right atrial pressure and normally
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varles between 8-12 mm. HpO. In the presence of con-
gestive heart fallure, cardlac temponade or overhydra-
tion, a value of greater than 15 mm. Hz0 typically will
be obtained. In hypovolemia, a value of less than 5 mm.
HoO typically will be obtained. Accordingly Wilson (57)
advocates vigorous fluid replacement therapy when CVP

is O - 5 mm. HpO, trial of replacement therapy when CVP
1s 5 - 15 mm. H20 and no replacements with susplclons

of a cardiac problem when CVP is greater than 15 mm.

H20. However, it must be emphasized that it is not as
much the actual vaiue of CVP that 1s most important, as
1t 1s the trend of tne CVP in the face of pathophysio-
loglc processes and therapy going on at that moment. A
rtaing :CVP, even in the face of replacement therapy, in-
dicates that fluld is being lost from effective clrcu-
latory volume even faster than it can be replaced. A
falling CVP following use of a cardiac stimulant would
indicate that the heart 1s pumplng blood more effectively.
A high and rislng CVP accompanied by wldespread lung rales
would indicate pulmonary edema and the need for ilmmedlate
appropriate treatment; and so on.

The advantages of CVP over older methods of eval-
uating blood volume are many (57). Hemoglobin and hema-
tocrit determinatlons crudely indicate the volume rela-
tionships of red blood celis to plasma and may be helpful

In estimating fluid loss in shoek secondary to burns or



or durlng gradual hemorrhage. However the lJong labile
period and gross lnaccuraclies which occur, when these
determinants are used to estimate acute internal loss

of fluid (peritonitis, hemorphage) make them unreliable.
Jacob Fine of the Howard group (9) advocates use of

RISA dye dilution technlque as a qulck and accurate me-
thod to determine blood volume, and only mentions use of
CVP in passing. However, Wilson (57) is quick to point
out the weaknesses of blood volume determinations: (1)
normal valiues vary 20 % in controls; (2) optimal blood
volumes vary at different times in the same patlent de-
pending on cardiac ability to pump blood; (3) the mea-
sured blood volume quickly becomes obsolete in unstable
cases; (4) the number of determinations is limited by
practical, economic and safety considerations; (5) re-
liable blood volume determinations are not avallable to
most physicians. MaclLean (31) found that in their series
of 20 patients, who were exceilently monltored, optimal
blood volume during snhnock was always greater than the
calculated blood volume for the same individual 1in good
health. This would add support for the virtues of a
high volume, high output, low peripheral resistance and
high flow system over a low volume, low output, high peri-
pheral resistance and low flow system. Note that in the

latter situation blood pressure might actually be higher
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than in the former.

Once the criterlia for replacement fluids are
fulfilled, the clinician must decide what type of fluid
replacement to use. The prineciple basic to replace-
ment therapy is to use the fluids which will most physio-
logically replace the lostvolume. Most clinicians ad-
vocate replacement of bloo 1lost via hemorrhage with
fresh whole blood. B8hires (<3) differe with t 1s opinion
on the basls of blood volume determinations in hemorrhaged
dogs accomplished by utilizing a triple tag technique to
measure extracellular fluid, :plasma, and red blood cell
volumes. His studlies indicated that during severe hemor-
rhage RBC ahd;nasmal volume decreased 30 % waile extra-
cellular fluld dropped almost as much, 29 %. On the basis
of these findings he advises the rapid influx of 1,000 to
2,000 ml. of Ringer's Solution following severe hemor-
rhage. Ringer's Solution (1) would tend to alleviate
ECF, as well as intravascular deficiency; (2) is free
from harmful side effects; (3) would allow time to
cross-match blood properly; (4) lower viscosity allows
better flow, tending to prevent the aggregation and
sludging of red blood cells. Wilson agrees that the
patiemt can tolerate a low hematocrit as long as ade-
quate blood volume and adequate respiratory support are

maintained. He also recommends the use of 25 grams
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of concentrated serum albumin in each 400 ml. of lac-
tated Ringer's Solution, if rapid expansion of blood
volume is needed. Wilson (57) further recommends that
blood transfusions should be withheld until indicated
by the need for blood volume expansion assocliated with
a significant hematocrit reduction, except when blood
loss 1s rapild and hemmtoorit becomes unreliable.

Fluid replacement can be continued until, hopefully,
shock alleviates, or until CVP rises over 12 mm. H20, at
which time the patient should be re-evaluated. Main-
taining the CVP at less than 15 mm. HoO is regarded as
a very accurate means of preventing pulmonary edema by
over replacement by all except one authority (11) who
felt that frequent auscultation of the lungs was nec-
essary.

Maintenance of cardiac function is a must. Heart
faillure may be the initlating cause of the shock syn-
drome or may intervene at any time during its course.
The patient in congemtive heart fallure should be rap-
idly digitalized. Arrhthymias must be diagnosed and
immediately treated, Calcium, potassium and acidotic
imbalance have an adverse effect on the heart and should
be corrected.

Cardiac stimulants may be needed. Several investi-

gators (31), (57), feel that the 1limited success achieved
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in the past using nor-epinephrine and metaraminol
has been due to theilr cardiac stimulatory effect.
Eplnephrine has a greater stimulatory effect on the
heart than these drugs but has not been used in the past
because of its propensity toward causing arrhythmias (57).
MacLean et al have had excellent success using the most
potent of the beta-effectors, lsoproterenol. This drug
has a marked inotropic and chronotropic effect on the
heart and decreases peripheral resistance of the ar-
terioles, thereby lessening the load against which the
heart mustpump. Cardiac output was increased in each
of the nine cases where it was used; cardlac output
increased about one liter/min. Tissue perfusion was
Increased as evidenced by the increased urine output
and the drop in blood lactic acid noted in several
patlients after its use. On the basls of this limited
clincial experlience, MacLean recommends the use of
isoproterenol in I.V. drips, 0.1 - 0.2 mg./hour, for
the purposes of increasing cardlac output and tissue
perfusion. MacLean further notes that his results were
achieved with cardiac rates under 110. Rates of ad-
ministration which cause heart rates over 130 may pre-
dispose to cardiac arrhythmias.

Vasopressors are indicated when shock is accom-
panied by vasodilitation, as frequently occurs in ana-

phylactic shock, the crush syndrome and peritonitis.
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If the vasoailatory component is accompanied by some
degree of heart falillure, thei drugs such as nor-epi-
nephrine or metaraminol could be used. If no cardlac
component 1is present, a drug which acts solely on the
peripheral vasculature such as methoxamine, phenyle-
phrine or angiotensin could be used effectively.

In shock syndromes characterized by hypovolemia
vasopressors should not be used (57). In acute hemor-
rhage Frank feels that vasopressors would be life-sav-
ing when used to shunt more of the limited supply of
blood into cerebral and coronary circulation (11).
Frank states that the pressor amines should only be used
when the blood pressure has decreased below sevanty
mm Hg., and patient i1s aged with arteriosclerotic dis-
ease. He advocates titrating blood pressure to 70-75
mm. Hg and not above. When used thus, the patient
must be weaned off the pressor amines as soon as pos-
sible.

Several agents are presently receiving therapeutic
trials because of thelr vasodilatory properties. Di-
benzyline, an alph-receptor antagonist, has received
the widest popularity thus far. Kalas (23) has em-
phasized its protective role against eddotoxin in the
dog. Robert Wilson (59), using dybenizyline and pushing
fluids in a clinical trial on 18 patients in different

types of severe shock, found an overall improvement in
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the clinical picture. Blood pressure became more
obtainable, but at a lower level, urine output increased
substantially, skin usually became pink dry and warm.
Cardiac output actually increased; nor-epinephrine follow-
ing Dibenzyline resulted in tremenduous inecrease in card-
iac output. MNickerson (40) holds Dibenzyline in high
regard. He notes that Dibenzyline causes a drop in

blood pressure proportional to fluid deficit and uses

this proportion clinically as a means to indicate

whether his patient is hypoelemic and to what degree.

Isuprel holds some of the same advantages as Di-
benzyline, besides being a powerful myocardial stimu-
lator.

Collins (4) used Chlorpromazine, an adrenergic
inhibitor, in 36 patients wuo aeveloped shock during
anestnesia and surgery and compared them to 32 simllar
patients used as controls. Mortality with Chlorpro-
mazine was only 22 % as compared to 53 % mortality when
Chlorpromazine was withheld. Average twenty-four hour
urine output compared 2260 cc to less than 400 cc in
favor of chlorpromazine patients. However this study
was not necessarlily well controlled.

Epidural block of the adrenergic tibers to the
splancinic bed is also believed to exert a protective

role against decompensating snock (59).
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Weil, (56) in his study of 169 patients in endo-
toxin shock, indicates that the place of vasodilators
in treatment of endotoxin shock 1is not yet established.
The outlook, however, continues to be optimistic and the
vasodilators, at tte very least, have indicated import-
ance of maintaining perfusion in the splanchnic capillary
ved (23), (59), (40), (31), (4).

Infection with snock is likely to be the cause of
shock according to Frank (1li). weill (35) found that
prophylactic antibiotics did not appear to prevent the
development of endotoxin shock, but was most important
factor in treatment. Elghty-three percent of one hun-

dred-fifty-three cases cultured were sensitive to Cnlor-

amphenicol, 65 % to streptomycin, 50 % to Orytetracycline
or Tetracycline. On this basis Well recommended treat-
ment with Chloramphenicol and streptomycin combination.
Cortisosteriods have been advocated by many (35),
(56), (45) for treatment in shock, especially in endo-
toxin shock. In pharmocological doses they appear to
protect the cells from injury by statifixation of lyso-
somes and by maintenance of the membrane integrity.
Steroids appear to exert an lnotropic action on the
heart. Weil (59) found significant increases in sur-
vival rates (P lessthan 161) when doses greater than
300 mg/day were used, but not statistically slgnificant

difference in survival rates was present in doses of
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less than 300 mg/day.

Lillehel (29), Collins (32) and others recommend
the use of low molecular weilght dextran as an aid to
prevention of sludging. This agent is a deviscosity
agent which increases microcirculation by coating red
blood cells and protecting them from "sticky" proteins.

Acidosis frequently becomes a serious problem in
the course of therapy. Maclean (31) feels it is most
consistent sign of a poor prognosis. Frank (1ll1) recom-
mends peritoneal dialysls if (1) pH becomes less than
7.25, (2) serum COp becomes less than 15 mEq/L, or
(3 serum potassium rises to greater than 6 mEq/L.
Everis () and MacLean recommend hyperbaric oxygen as
the last opportunity for reversal of decompensating
shock before death ensues. Everis' results in dogs have
been excellent to date. However the procedure is cum-
bersome and only available in limited number of medical
centers (8).

Summary: During the course of this thesls the
different approaches which cliniclans have utilized to
define shock are enunciated and criticized. The basic
control mechanisms of the €ardio-Vascular System are
discussed. Some background information regarding the
pressor amines ils imparted, with emphasis on the ad-
verse effects of such drugs on the splanchnic capil-

lary bed. The importance of the microcirculation is
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explored.

Almost all of man's major organ systems can be
involved in, and perhaps initlate, decompensating
shock. The roles of the heart, lungs, CNS, gastro-
intestinal tract, Reticulp-Endothelialsystem, liver,
and Endocrine System are discussed, as 1s the role of
endotoxin in causing decompensating shock.

Two different approaches for monitoring the pat-
ient are compared. A simplified means of following
the patient's progress utilizing (1) the cardiac pump,
(2) vascular tone and (3) optimal blood volume, is
recommended. The important role of central Venous Pres-
sure in encouraging a wmore scientific approach to thera-
py is stressed. Recent clinical trials with Dibenzyline,
Bhlorpromazine, Adrenal Steroids and Hyperbariec Oxygen
are discussed.

Conclusions: 1. Shock cannot be clearly defined, and

the term probably would be best discarded. However, since
this i1s unlikely, it would be well to use the termin
relation to its initiating mechanism.

2. The use of Pressor Amines has been abused in the
past.

3. The pathogenesis of decompensating shock is, pre-
sently, poorly understood; innumeravle factors appear

to be involved.
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4. The use of Central Venous Pressure Monitor-
ing dquring sthock 1s strongly recommended..

5. Agents wnich increase cardiac output and/or
decrease peripheral resistance are playing an increasing-

ly important role in tne therapy of the shock syndroms.
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