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Introduction: In regard to the treatment of shock, 

a conflict is raging today among clinicians. This 

conflict centers around controversy concerning the 

pathophysiology of the development of the shock 

syndrome, and ultimately, one area of great concern 

is whether�essore, vasodilators, neither or 

both are advisable treatment for different forms 

of shock. It will be the purpose of this treatise 

to explore the pathophysiological development of 

shock and to draw certain conclusions from this 

discussion as a basis for the treatment of shock. 

But first 1t will be necessary to define the sub­

ject. 

Definition of Shock: Shock has evolved to be a 

very broad term that almost defied an accurate 

definition. It is hardly an exaggeration to say 

that there are as many definitions of shock as 

there are investigators 1n this field. Attempts 

at defining shock run from this rather complete and 

but nebulous definition: "shock 1s a failure to 
.,,,--

adequately perfuse the vital organs" (31), to 

this tongue-twisting but more sophisticated defini­

tion: "Shock 1s a syndrome with reduction of ef­

fective circulating volume accompanied by depression 
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of many systems which become self-sustaining and 

progressively impairs the peripheral circulation 

until it is climaxed in a state of irreversible 

failure ; a dy,n amic picture , with multiple causes , 

and interrelated consequences" . (4) This latter 

definition is untrue in that shock does not always 

become 11preogress ive and irreversible 11
• The above 

two definitions are two of the best f ound in the 

literature . Others such as: "shock is a general 

response to injury" (50) or "shock is an intricate 

dystrophic complex linked with over stimulation of 

the nervous system 11
, ( 41) are even l e ss clear in 

their meaning . As Reeve has pointed out the con-
--' 

fusion ha s arisen "first when the word is used in 

a single and consist ent sense but the definition is 

so loose as to lack clarity , second when it has 

been assumed that because the same word has been 

used to describe both a clincial picture and some 

underlying disturbance the two are necessarily 

related , and third when the word ' shock ' is used 

without clearl y def i ned meaning" . (42) 

Various attempts have been made to narrow the 

definition of shock . One such approach has been to 

divide shock into vasodilatory and vasoconstrictive 

shock . Under th is classification such initiating 
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factors as peritonitis, crush syndrome and anaphy­

laxis would fall under the vasodilatory shock cate­

gory while most other common causes would be cate­

gorized as vasoconstrictive shock . This classifi­

cation fails when it is realized that almost always 

both processes are interacting dur i ng the shock syn­

drome to varying degrees at varying times, even in 

the same person . (44) This attempt at a classifi­

cation of shock does however suggest the importance 

of tb.e Autonomic Nervous System and wi 11 deserve 

consideration later . 

Another twist in tbe possible meanings of 

shock occurs when terms are added to describe the 

progression of shock. Guyton (17) would classify 

shock as : 

1. Circulating shock: a state of the circu­
lation in wnich card iac output is too low 
to supply normal nutritional needs of the 
body's tissues even when the body is at 
rest. 

2. Progressive shock : shock tha t is becoming 
progressively more severe even though the 
initial cause of the shock is not itself 
becoming more severe. 

3. Irreversible shock: condition whereby no 
therapy whatsoever can reverse shock. 

Others use the terms compensated or reversible for 

circulating shock, and would call irr eversible shock 

uncompensated . (19) 
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Figure 1. 

Schematic re~resentation of some of the factors 
that determine systemic arterial pressure. (From 
Rushmer , p . 446 ) The tentat ive classification of ty~es 
of hynotension i n the right'1land column is ~r o ~ose d 

/ 

as b~sis for quantitative digcrirytion of various mechanisms 
for more Jrecise definitions of the different entities. 
This diagram aids identification of initiating factors 
and coill~ensatorJ mechanisms in the ~roductio~ of systemic 
arterial hy ~otension . 
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Most likely the best a pproach in defining 

shock will be according to initiating mechanisms . 

one author would do this by using mrme cardiogenic , 

shock , vasogenic shock , neurogenic shock and hemor­

rhagic shock . (38) This would seem a step in the 

right d irection but lacks exactitude . For example 

many different factors can initiate cardiogenic 

shock . Rushmer has established an approach for de ­

fining shock that has warranted the approval of 

many thoughtful clinicians . He centers his discus­

sion on hypotension ( sea figure 1 ), long recognized 

as the sine qua non of manifold signs of shock , and 

proposes some of the most common mechanisms leading 

toward hypotens i ve shock . He then advocates using 

a mechani stic a pproach toward defining the cause 

of shock , for example myocardial infarction leads to 

decreased coronary blood f low which leads to decreas ­

ed ven t ricular ejection whicn leads to decreased 

systolic volume wn ich leads to decreased stroke vol ­

ume whi c h leads to decreased cardiac output which 

leads to systemic hypotension wh ich leads to the 

shock syndrome . This approach is clumsy syntacti ­

cally , but very helpful in its exactness . 

The use of the t erm "shock syndr ome" deserves 

comment . The entity which is recognized as shock 
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involves a protean group of symptoms, i.e. a syn­

drome, no one of which absolutely must be present 

in order to say that the shock syndrome ex1sta. For 

example a twenty-five year old man may be exsangu1n­

at1ng while maintaining a "sound" blood pressure of 

120/80, thanks to a compensating sympathetic nervous 

system overflow. However in this case the other 

"classical" signs and symptoms of the shock syndrome, 

pale, cold sweaty extremities, tachicardia, restless­

ness, decreased urine output, would likely be present. 

Thus, the important principle to be remembered is 

that shock is a syndrome indicative of poor pr­

fus1on of vital organs; it can manifest itself 1n 

a number of ways because it can be initiated by in­

numerable different factors whose interactions be­

come exceedingly complex. 

Basic Cardio-Vaecular Physiology in Shock: The 

systemic blood pressure is dependent upon tbe ratio 

between cardiac output and peripheral resistance. 

B. P. = c. o. x P. R. However, since the shock syn­

drome is basically a failure to perfuse vital or­

gans, and not· hypotension per se, our concern must 

be oentereQ around blood�, not bloodl pressure. 

Blood flow is determined by a ratio between per­

fusion pressure (B.P.) to perlpheral res1etance. 
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F. B. P./ p. R. The sim1lar1t.3 between these two 

formulae can easily be seen and lead to the conclu­

sion that blood flow is equal to cardiac output when 

blood pressure and peripheral resistance are stable. 

The importance of blood flow rather than blood pres­

sure per se can hardly be overemphasized. Even with 

a drop 1n blood pressure, a corresponding drop 1n 

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 in cardiac output and thereby decreased 

blood flow. These principles will have important 

bearing when treatment is considered. 

Cardiac output is determined by stroke volume 

times hea�t rate. Since complete filling of the left 

ventricle doe s  not always occur during diastole, the 

stroke volume is dependent on the difference between 

diaijtolic and systolic volumes. The greater the 

diastolic volume and the less the systolic volume�· 

the greater 1s the cardiac output. The amount of 

blood remaining following systole depends onthe ef­

ficiency and the completeness of myocardial con­

traction; which is respectively dependent on coronary 
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bl..ood fl.o-W. Among Lhe t.ac.:t...or.s 1n!luenc1ng d1asto11c 

volume, as seen in figure 1, are ventricular filling 

pressure and ventricuiar distens1bil1ty. Ventricu­

lar filling pressure, in turn, is controlled by the 

blood volume in relationship to the venous capacity. 

Thus up to a certain point an increase ih 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

dilat.ation have an opposite effect. The dietensi­

bilit y, or compliance of the ventricular walls, 1s 

not a simple elastic relationship between length and 

tension, but changes during the sequence of filling 

and is  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 

cha.nses oc���ri�S during shock. They are as follows: 
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1. The stretch receptors or mechanoreceptora,

as they are also known, are responsive to changes 1n 

the mean perfusion pressure. (39), (44) The caro­

t1� sinus or baroreceptors have been most intensely 

studied and are believed to be representative of 

similar autonomic afferent 1ntervation occurring in 

the adventicia in most of the large and medium-sized 

blood vessels throughout the body as we1.l 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 1n peripheral resistance in 

venous and arteriole capillary beds. All these ef­

fects combine to increase the systemic blood pressure 

via sympathetic fibers supplying both the heart and 

the systemic arterioles and veins. On the other 

hand, an increase in systemic blood has the exact 

opposite effect med1atEd by the cardio-1nhib1tory 

center, or as it 1s also known, the dorsal motor 

nucleus of the vague. It too is located in the 

medulla. 

The stretch receptors give off a salvo of im­

pulses with each heart beat. The frequency, pattern 

and duration of these bu�sts depend not only on the 
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on the mean blood pre�sur.e level but also on the 

rate and amplitude of the pulse pressure. The re­

duction in pulse pressure which inevitably results 

from even mild bleeding or from a decreasing cardiac 

output leads to a more sparse discharge from the 

stretch receptors; this 1n turn causes a reflex tachi­

oardia which further reduces the pulse pressure. Even 

while the systemic blood pressure remains elevated 

by this reflex mechanism, the ever-accelerating heart 

rate and the deepening pallor secondary to sympathe­

tic st imulation to the skin warn the experienced clin­

ician of impending shock. When the hemorrhage is 

more profound these reflex mechanisms are intensi­

fied. 

The baroreceptors also innervate the ascending 

reticular system; whose stimulation might well ex­

plain the feeling·of restles�ness which often is 

evidenced b y  persons in shock. 

2. Higher centers out on the medullary centers.

For example, visual images, sounds, cold, pain, andd 

cerebration all affect heart rate. There are, after 

all, few things more emotionally disturbing than to 

see ones blood distributed over a wide area, parti­

cularly when this experience is accompanied by tb.e 

sight of widespread tissue injury and the conscious 
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and unconscious acknowledgement by the central ner­

vous system of the receipt of noo1oeptive stimuli. 

Cortico-bypothalamicofugal barrages presumiciy re­

inforce sympathetic activity and indeed in the early 

stages of injury_probably outweigh tne reflex effects 

described above. (39) 

3. Cardiac receptors, other than those acting

as stretch receptors, are believed to exist. Left 

atrial receptors have bee�identlfied during oligemia 

which appear to influence the increased secretionof 

anti�dturetic hormone. However, the mechanism ap­

pears to be of little imp9rtance 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 impulse activity of vagal mechanoreceptors 

situated in the thyrocarot1d area. Cardio-sensory 

nerve endings remain to be investigated, for example, 

the poss1b11ity exists that myocardial ischemia may 

lead to potent reflex mechanisms. (39) 

4. The Chemoreceptors of the carotid-and aortic

bodies are profoundly stimulated by reduced oxygen, 
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increased carbon dioxide and lowered pH in the ar­

terial blood perfusing them . These areas have one 
\ 

of the most active blood supplies in the body , three 

times the mean brain blood flow via weight . (39) 

Stagnant anoxia leads to a thunderous discharge of 

afferent impulses . resulting in reflex vasoconstric­

tion and hyperpnea . This response is sensitized by 

acidemia ( 39) . 

Via these mechanisms an intense vasoconstric­

tive and cardiac response are manifest following a 

decrease in the systemic blood pressure . This in­

tensive vasoc anatrictive response results in a 

marked increase in peripheral resistance in these 

arterioles and venules wt ich are responsive to sym­

pathetic outflow and secondarily lead to a marked 

decrease in blood flow in these organs . Thus it is 

that blood flow tends to shift from constricted 

splanchnic , skin and renal capillary beds in favor 

of unaffected coronary , cerebral and pulmonary cap­

illary beds early in shock . This primary response 

thus favors maintenance of function in these three 

vital organs as long as necessary. but nevertheless 

brings in its train ~he results accruing from aplan­

chnic asphyxia , which are so important in the devel­

opment of irreversible or ..uncompensated shock . Be­

fore beginning discussion of this vital subject it 
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will be necessary to expana on the family of sympatho­

m1met1c-amine drugs which mediate this intense vaso­

constricttve reaction and on the tissues which are 

responsive to them. 

As discussed earlier ., the peripheral resistanc.e 

as well as 'the cardiac output ., are the major regula­

tors of systemic blood pressure. It is cur�ently 

widely accepted that the Sympathetic Nervous System 

contributes markedly to the regulation of peripheral 

resistance by the interactions of receptors ., designa­

ted as o<,B
)

ANo) .(4_�) The ·development of the receptor

theory has greatly increased understanding of the 

mode of' act ton of s ymp,3. t homimet 1c amine e ., { 47 ) , ( 33) , 

(54), (7), (14), although it1sa. more convenient means 

o� explanation than a prpven anatomical reality. The

Q\receptore are located in the smooth muscle of arter­

ies ., arterioles and veins. They exert their maxi-

mum effect 1n skin, splanchnic and renal vessels. 

Upon stimulation by poetJgangl1onic adrenergic nerve 

fibers, intense vaso-constriction w111·occur. In 

diminishing order of potency, tn1s action will be 

mediate by nor-epinephrine (Levopb.ed), epinephrine, 

metaraminol (Aramine)., methoxamine (Vasoxyl) and 

phenylephrine {Neo-Synephrine). The Beta recepto� 

have the opposite effect, that of vasodilitation of 
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arterial and arteriolar beds . Isopropylnor-Epine­

phrine (isoproterinol , Isuprel) is the most potent 

stimulator of the beta- receptors, epinephrine has 

considerable potency, while nor-epinephrine , metar­

aminol, methoxamine and phenylephrine have little 

or no effect . The ga~ma receptors appear to be a 

sympathetic cholinergic vasooilator system confined 

to skeletal muscle and mediate by release of acetyl­

chol1ne . 

Receptors in the heart are apparently less well 

differentiated . Beta receptor stimulators (isopro­

terinol , epinephrine) are tne most powerful stimula­

tors of myocardial contraction (positive inotropic 

effect) and heart rate (positive chronotropic effect) . 

However , nor-epinephrine and metaraminol also have 

strong inotropic and chronotropic effects , although 

the latter isoften cancelled in ~he intact heart by 

stretch receptor reflex vagal slowing secondary to 

the rise in systemic arterial blood pressure that 

results from increased systamic vascular resistance . 

(39), (43) . Methoxamine and phenylephrine do not 

stimulate the heart nor will tney induce cardiac ar­

rhythmias . 

Epinephrine is one of the two naturally occur­

ring sympathomimetic amines and physiologically ap­

pears to be an "emergency" hormone released by the 

-1~-



• 
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adrenal medulla in large quantities in times of 

stress. {24) Its actions result 1n the typical 

"fight or flight" 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 epinephrine are sufficient to account 

for the .intense vasoconstr1ction of early shock. 

Epinephrine causes a marked rise in systemic 

blood pressure eec9I1dary to increases in both peri­

pheral resistance and cardiac output. The systolic 

blood pressure increases markedly while diastolic 

blood pressure rises s lightly or not at all, sug­

gesting that the cardiac effect dominates over the 

increase in peripheral resistance in bringing about 

increased blood pressure. 

Epinephrine increases cardiac output by both 

aninotropic and chronotrop1c response, although the 

vagal effect may actually lead to a slow1ng in rate. 

An increase in venous pressure on tne atria increases 

ventricular filling, thereby aiding stroke outputl 

The beats become strong and forceful. However the 

myocardial oxygen consumption 1s increased to a 

greater degree than is the coronary flow of blood. 

\ 
(24) This suggest thate inephrlne would tend to in-

crease any myocardial lschemia which might already 
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be present. Certainly this would coincide w1th the 

effect of epinephrine on anginal pain. Also 1n large 

doses the direct action of epinephrine on tne myo­

cardium may produce cardiac dil1tatiort and ventri­

cular f1br111at1on. 

Epinephrine produces maximal constriction in 

the- splanchnic area; peristalsis ceases; mesenter1c 

vessels constrict; and the mesentery appears blanched. 

Kidney vessels are at fi-rst constricted and little 

.urine is secreted. They dilate, however, more prompt­

ly than do many of the other vessels and overall an 

increase in urine output occurs as a result of 

t_he �ncrease in blood pressure which leads to a 

more effective giomerular filtration pressure. Con­

striction is also marked in the skin and mucous mem­

branes. 

Nor-epinephrine (Levarterenol, Levophed) also 

occurs naturally and is 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 sk1n and mucous membrane vessels. 
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The heart rate decreases due to marked vagal effect, 

while the 1notrop1c effect of tne heartincreases, 

and cardiac output decreases or remains steady. Cor­

onary, cerebral and pulmonary vessels do not respond 

well to nor-ep�nephrine and little if any vasoconstric­

t1on occurs. (7) Nor-epinephrine has been widely 

used therapeutically in the past because of markfld 

increase it brlngs about in systemic blood pressure 

while favoring coronary, cerebral andpulmonary blood · 

flow. However overall blood fl.ow decreases, and the 

therapeutic role of tnis drug is changing, as we shall 

see. 

Sympathomimetric amines which act on receptor 

sites are called "direct", those which act on recept­

or sites only �y caus1ns release of nor-epinephrine 

are called 11indirect 11• This becomes important when 

non-epinephrine storage sites are depleted, a� occurs 

after the use of ganglionic blocker� such as guamethi-

.. dine and brytylium or prolonged treatment with re­

serpine. In these instances the effectiveness of the 

indirectly acting sympathomimetric amines is greatly 

decreased, while on the other hand, the receptors 

snow definite high senea:;1t1vity to those drugs exert­

ing a direct effect. Brief mention of several of 

these synthetic sympathomimetic amines will prove 

helpful in late.r ciiscuss1on. 
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Metaraminol (Aramine) has had widespread clin­

ical use. �t acts both directly and indirectly on 

ga!Dllla 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 steadier response, especially in patients 

with coronary insufficiency. (7) Phenylephrine (Neo­

Synephrine) and Methoxamine (Vasoxyl) are synthetic 

sympathomimett·e:. amines wnich act directly, have 

little or no effect ontne heart, but cause an intense 

rise in peripheral resistance through stimulation 

of gamma-effectors. Mepnentermine (Wyamine}, Ephedrine, 

and methanphetamine (Methe rine) all act indirectly 

and cause dual increase in cardiac output and peri­

pheral resistance, witb the cardiac effects dominat­

ing. (7) MethaJ.ll.phetamtne is a potent CNS stimulant. 

Isoproterenol (Isuprel) and Hylidrin (Arlidin) 

stimulate only the beta-receptors and lead to pro­

ductive increase in cardiac output, while peripheral 

resistance ie diminished. The blood pressure may 

remain unchanged but blood flow 1s substant1�lly 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 1n regard to the treatment of the 
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of the shock syndrome. 

Ev1dence ind1cates that the sympathom1met1c 

amines do not ct 1rect ly influence the microcircula� .• ·, 

tion (i.e. capillary beds located between arterioles 

and venules). As the arterioles are studied by new­

er techniques which allow visualization 01' the fin­

est ramifications of adrenergic nerve f1bers, Falck 

(10) has �b1erved that the adrenergic nerve endings

merely seemed to reach the inner surface of the smooth 

muscle layer without penetrating to the cells situ­

ated closer to the lumen. The inner smooth muscle 

cells appear to maintain normal tone regulated by 

local a.utoregulation. Because of the anatomical ar­

rangement of a cylinder of outer smooth muscle over 

a cylinder of inner smootn m�ecle 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) If this be so, the con­

strictor fibers can take precedence and centralize 

the control of regional flow whenever the sympathetic 

discharge is increased. (10) 

· Ae emphasii.ad earlier, shock in its broadest

definition is a failure to perfuse the vital organs. 

The capillary beds, because of tneir fundamental im­

portance 1n maintaiµing tissue perfusion, become the 
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final common pat.hway through which the basic etio-

logic mechanism(s) in shock must operate (12) . The 

regula tion of thmportion of the cardiovascular 

syste m is not completely unaerstood, but is being 

int ensely inve s tigated at the present time . 

The microcirculation , also known as the terminal 

vascular bed , the capillary circulation and the per­

ipheral circulation , is the largest organic unit in 

the body (19) . It is double the bulk of the liver 

and the total blood volume can be comfortably contained _ 

in the capillaries of the liver alone . No cell in 

the body is more than 25-30 micra from -a capillary . 

Although it represents greater than 90 % of the blood 

vessels in t he body , the microcirculation utilizes 

for its own.purposes only six to seven per cent of the 

oxygen consumed . A common representation of the micro­

circulation and its vessels is seen below . (19) 

Metarteriole--

Thoroughfare 
Channel ----

ecapillary Snh i ncters 

~ 
l 

Intercellular ~........Q,_J_r ___ _ 
Cemen t ~ lj 

Endothelial cells 

Figure 2. Basic module of ca 01i lla r y unit . 
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Johnson presents three major hy;otheses which 

he feels best explain the r 'gulation of the microcirculation . 

(1) The tissue pressu~e hypothesis stat~s that as 

the blood pressure rises , increa sed fluia is forced 

from the capillary circulation . The extravascular 

fluid increases and , in turn , exerts an increased 

pressure which affects the more thin-walled 

venules first ~na le~ds to their c ou~res ~i on , ~nd 

eventually an inc ~ease in peripheral resistance. eontrol . 

in such a system would be centered in the venules . 

This expla 'nation seems similar to Starling's law 

of t he capillaries which explaineo toe microcirculat~on 

on the basis of changes in blood pressure occuring 

from the beginning to the end of the capillary 

unit , althou&h unaer St ~r1~ng 1 s Law, control would 

be within ~he capillar ies . 

2 . The myogenic hypothesis supposes that there 

is an intrinsic mechanism on the smooth muscle cells 

of the arteries or arterioles which responds to an 

increase in internal pressure or tension in the wall 

by contraction . When the transmural pressure across 

the vascular wall is increased , ·by increasing arterial 

or venous pressure or by decreasing pressure around 

the organ , it follows from the myogenic hypothesis 

that these vessels should constrict . In contrast to 
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the tissue pressure hypothesis , autoregulation should 

occur in the precapillary vessels, rather than the 

venous vessels . 

3 . The various metabolic hypotheses are primarily 

based on the supposition that a decrease in blood flow 

causes \0.Soular relaxation by the accumulationof vaso­

dilator metabolites in the tissue . The relaxation 

leads to increased blood flow across the capillaries , 

improved circulation , resulting in transport of meta­

bolites and a tendency for relaxation to decrease . 

Regulation in t his case would be within the micro­

circulation itself . 

Hershey , (19) nushmer (43) and most others writ­

ing in the f ield of shock accept the metabolic hypo ­

thesis as being the most likely . They emphasize 

the role of the precapillary sphincters sensitive 

to these local metabolites as central controls of 

the amount of blood allowed into the capillary beds . 

Regulation would then occur as picture:l in figure 3 

below . During rest and normal metabolism , little 

blood goes through the true capillaries . Flow is 

----­ischemic with only a few units active at any one 

moment . Integrated activity of this system deter­

mines the pathway of blood flow through the capil l ary 

bed: (1) through the A-V anastomoses to bypass the 

capi llary unit with no blood tissue exchange , 
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Increased reactivity--~ Relative --> Decreased 
of smooth muscle / Vasoconstriction capillary t blood flow 

- ~ 
Dissipation of Vaso­
tropic Metabolites 

t 
Increased capillary "(_­

blood flow 

ccumulation of 
Vasotropic Metabolites 

t 
Relative <:--- Decreased 

vasodilation Reactivity of 
smooth muscle 

Figure 2. 
Local rlegulation of 

Blood Flow 

(2) confined to thoroughfa re (metarteriolar) channels 

with minimal blood-tissue exchange or (3) enter the 

true capillaries intermittently via the pre-capillary 

sphincters with optimal blood exchange . This theory 

results in the concept of vasomotion . Vasomotion refers 

to a coordinate, cyclic pattern of contraction and re­

laxationpha.ses observed in matarterioles and precapil­

laries . (19) Increased vasomotion leads to predominance 

of constrictor phase , to hemociilution, to improved venous 

return . Decreased vasomotion leads to predominance of 

the dilator phase , to oligemia, and to tissue congestion . 

Hershey feels initially with the onset of decreased ....__ 

blood flow and shock , both the systemic and microcircu­

lation coordinate toward preserving the hydraulic inte­

grity of the entire system . (19) The heart increases 

its rate and stroke output . 1he large vessels , arter­

ioles and venules constrict . Blood flow is shunted 
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through the metarterioles and shock is com~ensated. 

But in time, when the blood flow to the tissues can 

no longer suoport their minimum needs, the com~ensatory 

phase gives way to a decomDensatory ~hase which is es­

esntially a per i phera l vascular ~henomon. During the 

decompensatory phase the systemic bed sustains its ini­

tial compensatory readjustment . The micro -bed does 

not . The capillary unit activates its intrinsic func­

tional autonomy to reverse its adjustment from that of 

a curtailment of blood flow toward securing for itself 

more of the limi ted volume of available blood . In ef­

fect , the uurryosive response of the circulation as a 

whole is no longer coordinated, and the systemic and 

te rmi nal circulations literally fun ction i n ocposite 

directions. As a result, blood is sequestered pro­

gressively in the cauillary beds . (Se e figure 4) . 

Hypo- ___ __,~ Vaso 
/ Tension Constriction ~ 

Decreased Reduced 
Cardia c Blood 
Out cut Flow 

A 

____- Diminished 
V. , Vasomot ion 

Unrestricted ~ 
Ca~illary Deterioration 
Filling Smooth 

\ Muscle 
Decreased ~ Function 
Venous,:::._R_e_t_u_r_n ______ Ca ;>illa~ 

Stasis 

Figure 4. Deco~pensating shock sec o_darJ to Failure of 
the microcirculation . 
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The entire process, in the absence of modulating 

feedback mechanisms , is unremittant and eventuates 

in total circulatory disruption . I n a sense the 

phylo5enetically oldest portion of the circulation 

secedes from the system to function as it did in earlier 

living forms . '£he result is self - defeating in that it 

is totally incompatible with the survival of the com­

plex organism in which it now exists . (19) 

Hershey ' s hypothesis is supported in its broadest 

sense by the work of Lillehei, (29) (30) , Fine (9), 

Selpert and Levenson (27) , with much difference of 

opinion regarding possible causative factors . The 

dysfunction of the microcirculation appears to be 

especially prominent in t he aplanchnic areas , in­

volving the gastro- inte~t1nal tract and the liver . 

The kidney remains intens ely ischemic throughout the 

course of the lethal stages of the syndrome without 

evidence of decompensatory vascular changes . Hershey 

emphasizes that dysfunction of the mlcrocirculation as 

such leads to the dysfunction of the tissues dependent 

on the microcirculation and a positive feedback mechanism 

results . For examp l e , one proposal is that the f ailure 

of the liver cells to receive oxygen leads to an inabil­

ity of the liver to deactivate various cellular meta ­

bolic waste products leading to further failure of 
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microcirculation and so on in a vicious cycle (47) . 

Dysfunction of ~ 
Microcirculation 

as such 

Dysfunction of 

tissues dependent 

on the microcircu-
~ lat ion 

Figure 2. 
One important positive feedback 

mechanism active in uncompensated shock 

Furthermore Hershey feels that the failu r e of tissue 

function dependent on the microcirculation is the key 

to perpetuation of decompensated s t ock and eventual 

death , rather tnan the failure of the microcirculation 

per se (see Figure 5). For evaluation of t his hypothesis, 

and the many different mechanisms which may be involved 

in the pathogenesis of uncompensated or irreversible 

shock it will be essential to systematically c onsider 

the role of many diverse factors within t he gastro­

intestinal tract and liver . The role of the heart, 

respiratory and central nervous syst 0 m also warra nt con­

sideration . 

The Pathogenesis Q[ I rreversible (Decompensated) 

Shock . Irreversible shock was earlier defined as shock 

wnich is r ~' Si stant to all treatment and results in 

death . The term is of no meaning clinically because 

only after death can it be absolu te ly stated that 11the 

patient wa s in 'irreversible ' shock 11
• Mos t clinicians 
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feel that many cases of irreversible shock would be 

reversible if greater understanding, leading to en­

lightened treatment , c oulQ be gathered . The term is 

being replaced by usage of tte term decompensated shock, 

which still suggests thatthe shock syndrome is progress­

ing, but does not imply dogmatically that enlightened 

therapy will not be effective . 

In some circumstances decorapensated shock may re­

sult solely from the initiating cause . Death may be 

rapid; the treatment may be obvious, but limited by 

the severity of the injury . Exsanguination from a 

ruptured aor~i c aneurysin and massive myo caroial infarct 

are two such exa ,nples. Nore difficult to tre B. t are the 

cases in which multiple causes and perpetuating factors 

are involved . In the past it has been espec~ally per­

plexing to clinicians to treat the causative factor with 

at least some success, watch the patient improve briefly, 

only to later decomp_ensate and eventually die . This type 

of a clincial course occurs commonly in endotoxin snock 

and has stimulated recent interest in the study of de­

compensating shock . 

The role of the heart in particular in decompensa­

ting s hock tea- controversial subject. 'lhe great increase 

in blood levels of epinephrine and to a lesser extent, 

nor-epinephrine, typically occurs early during the shock 
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syndrome and bring s about a marked inotropic and 

chemotropic effect leading to some increase in cardiac 

output . The coronary vessels are little affected by 

the s ympathomimetic amines , the increase in peripheral 

resistance , improved cardiac output and the coronary ves­

sels ' lack of c onstriction produce an increase in coronary 

blood flow . Thus blood flow to the heart is favored 

during early shock . However slightly more oxygen is 

consumed in proportion to the work accomplished under 

epinephrine stimulation . As peripheral resistance in­

creases under adrenalin stimulation, the cardiac work 
I 

load increases . Guyton (17) emphasizes the thre~to four 
I 

hundred per cent reserve capacity of the . heart dis ­

guises heart failure until very late stages of shock . 

He proposes several vicious cycles active in dec ,:>mp en­

sated st1ock , all of which areinitiated by a decrease in 

caruiac output and may lead to a f urther decrease in 

cardiac output: (1) decreased coronary flow which 

causes a weakened he art with c onsequent r urther de­

crease in cardiac output; (2) decreased blood flow to 

the brain wLich depresses the sympathetic nerv:>us sys­

tem, followed by vascular dilitation , pooling of blood , 

and decreased output; (3) decreased nutrition of the 

vascular system which also causes vascular di litation , 

resulting in p ooling of blood and decreased output; 
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(4) increased capillary p ermeability resulting after 

many hours of capill~ry anoxia ; t his allows de creased 

blood volume , de creased venous return , and further 

decrease in cardiac output ; (5) ischemi a of many dif ­

ferent tissues , suc h as the liver , int est i nes , and per­

haps others , causing release of toxins or metabo lic 

substrates t na t in turn cause ca rdiac depreseion , in ­

capi llary pe r meabili ty , vasc ular dili tat i on, and other 

effects that eventuate in de creased cardiac output ; and 

(6 ) int ravas cular c l otting results from sluggish bl ood 

flow , wt ich further decreases the venous return and 

cardiac output . (See Fi gure 6) Arrhythmia and a cid­

os is also have an adverse effect on cardiac output . 

:>-- DEC~EASED,i CARDIAC OUTPUT ~ 

Decreased Arterial Pre s sure 

Decrp a~ed . S~ste.fn i p · Blood Flow I f :,______ \Y 

De
1
c. Carr i a c -~utri t i on . Dec . j;ut . of Tissu es L1tra va s cul a _ {, J / Clott i ng 

Dec . Nut ti tion Dec . .. ,u t ri tion Tis ste i s chemi a 
of Brain r of Vas . System 

1 Jr , 
Dec . Vas o~otor ~ 

ctivity I ncreased 
J ca , ila ry <---- Release of 

Va sc j ar Dila t i ~n permei bility t pxins 

Ve :'.l ous Dooltng 
of Blood 

Decr ea sed -
Blood Volume 

~Card i a c De yr ess i on 7 Decrea s ed Ven ous Return 

Figure 6 . Feedback cycl e t hat 
can lead to ~ro~re ss ion o! shock. 
(17 ) Da ge 3 . 

- 29-



Both Guyton and Crawell present experiment al data which 

shows th~t decompensated shock can be produced in the 

dog by several different cardiac mechanisms , but do 

not prove tnat they actually do occur in c Uncial 

situations . They cone lude the 11 irreversible shock is 

common l y associated with myocardial dysfunction" . ( 6 ) 

In an excellently monitored study of twenty p~tients 

in severe shock , MacLean and all were surprised to find 

varying degrees of cardiac failure in ten caset0 only 

three of whom were suspected clinically . (31 ) The 

diagnosis was based on occurrence of rising central 

nervous pressure , decreasing cardiac output , Wt ich were 

reversed following Isuprel therapy . 'i'hey concluded ths t 

myocardial dysfunction frequently is involved in the 

shock syndrome . 

Many cl i ni c ians do not~believe the heart plays a 

central role so often in decompensating shock . Lillehei 

relates in exper~ments utilizing gractual exsanguination 

of dogs that everia.fter prolonged shock in which oowel 

has become necrotic, the heart continues to function 

well . (18) He , along with Nickerson , (40) conclude that 

relative insensibility of coronary vessels to the sym ­

pathomimetic amines greatlyfavors maintenance of heart 

function . Nickerson further notes that coronary blood 

flow decreases less than the myocardial work load during 

periods of decreased blood flow , thus providing a 
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built - in safety mechanism preventing hea rt failure . 

He concludes that myocardial decompensation undoubtedly 

contributes to ter~inal events in shock , but ultimate 

survival depends on ear1ier mechanisms . 

The respiratory system , · as pictured in figure 7 

below , may contribute to decompensated shock througha 

number of mechanisms . Most of these causes can be read­

ily recognizeo early in the shock syndrome and treated 

Painful Resp. 
S~linting 

Airway 
Unstable \ Obstructior 

Chest / 

~ CNS Deoression 
Pulmonary ~ HY?OXIA ~ 
Comnression ~ OR 
and Contusion RESPIRATORY 

/ ACIDOSIS ~ 

Infection l 
De ~re ssed Myocardial 

Function 

I \ 

Abd0Ihe ..:1a l 
Diste11.sion 

nadequate 
Circulation 

Inauequate 
Circulation 

Progressive 
Circulatory 

?ailure 

.... etabolic 
cidosis t 

Figure 7. Role of the lung s 
in decom 1ensating shock. ~~ 
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effectively . Aa with the heart , the failure of respira­

tory arterioles and venules to respond to the sympatho­

mimetic amines , protects the lung beds from ischemic 

anoxia . 

The Central Nervous System (CNS) is a third vital 

organ which is favored by adrenalin outflow . Neither 

cerebral vaooconstriction nor vasodilitation can be 

easily produced experimentally by neural , hormonal 

or chemical means except for moderate effects from in­

creased carbon dioxide of tne blood (44) . Thus, the 

cerebral blood flow is generally regarded as dependent 

primarily upon the perfusion pressure . So long as adren­

alin levels maintain high blood pressure the CNS should 

function adequately . Whether a drop in blood pressure 

actually does bring about signifi~ant decompensation 

of the cerebral controlling mechanisms remains open to 

question . The problem is that c ontrolled studies have 

not been accomplished in regard to the role ofthe CNS as 

an etiological factor in decompensating shock . It is 

all too understandable that CNS depression coold lead 

to depression of the cardio-vasculative a nd respiratory 

control centers . ~ushmer (44) found this to be so during 

eJ<Sanguination of dogs in which d i encephalic a ctivity was 

monitored . 

Following decompensated hemorrhagic or endotoxic 

shock leaaing to deatn in experimental dogs , autopsy 
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findings consistently reveal marked pathology within 

the gastro-intestinal tract and liver . In the largest 
I 

clinical study to date cm~endotoxic shock similar autopsy 

changes were found to exist although not as marked. ~(55) 

In botb. man and dogs changes occurring \'l'ithin the 5astro­

intestinal tract and liver ware sufficiently severe to 

explain death of the orga~ism . The intestinal mucosa 

becomes congested and hemorrhagic necrosis become s mani­

fest . Microtnrombi often aominate the microscopic pie--ture . 

Numerous hypotheses h[..ve been proposed to explain 

these changes . All are based on the well - documented 

and intense vasoconstriction which occurs within the 

splanchnic circulation during early shock , secondarily 

to great outpouring of epinephrine and nor - epinephrine 

which occur at that time . (30) , (29), (60) . As reviewed 

earlier, Hershey be l ieves tbat intense splanchnic is ­

chemia anoxia results , later e iving way to stagnant 

anoxia when pre-capillary ~phincters (r esistance vessels) 

relax . Lillehei emphasizes his belief that the resist­

ance vessles respond to a milder state of local acidosis 

sooner than the postcapillary sphincters (capacitance 

vessels) on the venous side , which are more resistant 

to anoxia and acidosis of shock even when resistant 

vessels fail . The end result in either case would be 

loss of fluid extravascularly , and conceivably the 
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the pathological changes descrtbeu. d earlier . The very 

simplicity of these two pypotheses is moet appealing , 

but difficult to prove . 

Other investigators have turned to more compli cated 

explanat~ons . Zwe ifoc h emphasizes the role of the Reti ­

culo - Endothelium System (RES) in initiating changes pre ­

aisposing to decompensating st1ock . The RES is composed 

of cells which form an integral part of the endothelium 

barrier separating the bl ood and the parenchyma in such 

organs as the liver , spleen , lymph nodes and bone mar­

row . These cells have a complex function , inc luding t.be 

inherent capac ity , under proper stimulation to phagocyt ­

ize materials from the blood stream . Zweiboch based 

his experimental studies on the ability of the RES to 

undergo hype r- trophy when challenged by aifferent agents , 

organs such as the liver and spleen may double in size , 

leading to a state of increased tolerance . He found 

that other agents blocked RES function with devastating 

effect . Following blockage of the RES , endotoxin or 

he~orrhagic shock was particularly devastating . He 

hypothesized from his data that such a blockage a,ctually 

occurs in shock , most likely as a direct consequence 

of reduced blood flow through the tissues and secondary 

anoxic depression of RES . Depression of the RES appeared 

to bring the following mechanistll3into play: (1) failure 

of RES to phagocytize endotoxic bacteria appearing in 
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blood vessels following invasion through ischemic 

bowel wall; (2) vasotoxic effect of presser amines may 

benormally counteracted by some factor produced by the 

RES; (3). increased reactivity of small blood vessels 

to vasoconstrictor substances, wbieh depend on RES for 

removal; later the opposite effect appears to occur, 

(4) failure in ferr1tin transport and metabolism (Frank

(17) et al, have investigated ferrit1n 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 hypercoa ibility, (6) with blockage of 

RES closely related endothelial cells attempt to take 

over functi en of RES, later die, ves·sel walls secondarily 

break down. In short, Zweifoch pro oses that RES break­

down results in stasis, sludging, increased thrombosis, 

increased capillary permeability_ and fraqu ent dea.'t.h. 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 feasib111ty 

of his hypotheses, as whether they actually occur. 

Fine and associates believe tne key mechanism lead­

ing to decompensat1ng shook is an overwhelming blockage 

of the RES caQ38� by leakage of bacteria from the ischemic 

gut lumen. others, incluaing ZWeifoch and Hershey would 

discount this thesis because of failure of prophylactic 

antibiotics to protect organisms from fatal shock. Dr. Fine 
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however found that non-aosorbabl'.~ ant.i-biotics ..1id 

protect and prevent the appearance of toxin . Figure 8 

summarizes tbe l!l.ypotnes.i:s of t.he Harvara group . 

Shock 

J 
Decraased tissue 

blood flow 

J 
R.E.S. depression 

J 
Failure to inac'ivate 

~:nC:o t; onln 

l 
Jircula-':,ory injury 

Continuous absor•tion 
~ e2dotJxin Dro~ J~t 
1. Toxin in ,rotal v., 

not in systen:ic. 
2. Coliform-free rabbits re­

sistent a~d vice versa. 
3. Non-absorbable antibiotics oro­

tect and ~revent toxin a~oear . 
4 . Tagged endotoxin absor,tion. 

1. Liver ,erfusion ~rotects 
2 . Bacteria ·,erEist 

1. Toxin in llver, bloo1; 
isolatio,1 o-:. :i .:::.s . 

2. s~leen ex,t's Iner. 
endotoxin se~~s i. 

Dibenauine 
protection 

Figure 8. The role of endotoxin in 
the ,erpetuation of Shock. (12) 

Dr . Fine further emphasizes that endotoxin either acts 

as a ~asoconstr1ctor ltself or sensitizes the tissue 

to vasoc onstrictive drugs . 

The role of the liver in dec ompensating shoc k is 

uncertain (47) . Two - thirds to three - fourths of its 

blood supply is dependent on tne portal vein , and hence 

conditions in the prehepatic splancbnic bed will have 

an important oearing on blood flow through the liver . 

In contrast to the portal vein , the hepati c artery dis ­

sipates tts pressure wholly in passage through the liver , 

and hence shoulc be regul~ted principally by intrahepatic 
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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 shocK are due to {l) loss 

of activity of inflow sphincters, {2) loss of activity 

ot outflow sphincters, (3) plugging to small sinusoids 

with agglutinated blood (47). It 1s doubtful that the 

outflow phincters so important 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 ?'.at liver would indi­

cate that zones of sever hypoxia 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 1n shock is based importantly on the fatal outcome 

of hepatectomy. The manifold functional aberrations which 

occur in tbe 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 levAls are kept 

up by glucose infusion, the animal dies in 18 to 24 hours, 

presumably of ammonia intoxication. 

Rift and Strawitz look upon the blood glucose curve 

as a significant nturning point" in the prognostication 

of irreversibility. (47) Although rising at first in 

early hypotension, it begins 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 metabolic 

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, may prove 

to be important. The liver itself may be a source of 

toxic material in shock. .Janoff (21) found that dis­

ruption of lt�osomes--subcellular particles containing 

a variety of hyorolytic en�ymes--anct release of their 

enzymes in free, active form occurs in the liver of 

shocked animals. He founa evidence that activation of 
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of lysosomal hydrolases within cells and their release 

into circulation may. play an important role in exacerba­

ting tissue injury and accelerating the development of 

irreversibility at the cellular levela during shock. 

However, rendering animals tolerant or pretreating them 

with cort1aone seemed to stabilize the lysosomes. 

In summing, critical examination of available evitt ·. 

dance, while suggesting a contribution to irreve�si­

bility 1n shock int rms of metabolic derangements, loss 

of detoxifying ability, as well as 1n hemodynamic irre­

gularities (pooling), nevertheless appears to put the 

liver in a role secondafy to :l.ilure 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 impair seriously its function. Al­

ternately, the influence of hepatic impairment may be 

of a more subtle nature than heretofore anticipated, so 

that further refinement of techniques 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 tb.rougn the 

liver!:s role 1n handling vasotoxic substances. ( 47) 

Harding (18), Levy (28), Blattberg (28) and Col-

lins (4) among others, feel the disturbances in blood 

clot•ting in shock are of great significance. In experi­

mental endotoxin and hemorrhagic shock a biphaeic reaction 



occurs manifested by early hypercoa5uability, followed 

by reversal to hypocoa,guability lat in decompensating 

shock. See Figure 10. 
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Figure 10. Hypercoaguab1l1ty 
followed by hypocoaguab111ty. (18) 

Only scanty information is available concerning the 

mechanism forthe hypercoaguability in the early stages 

of shock. Capillary stasis, increased blood concentrations 

of thromboplaetin, possibly as the result of a m�re rapid 

lysis of platelets; and release of calecholamines have 

been suggested as causes of hypercoaguab111ty. (28) The 

later reversal to hypocoaguability is believed 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 blooct levels of heparin a.nd fibrinolysin. (28) 
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Autopsy findings in dogs following enaotoxin 

shock led Harding (ltl) to suspect that hypercoaguability 

exerted a primary role in initiating irreversible shock. 

Hemorrhagic necrosis of the gastro-intestinal mucosa, 

hemorrhagic lesions in the lungs, pancrea and kidne1, 

were present. Microscopically there was necrosis of 

the superficial part of the gastro-intestinal mucosa 

associated with the occlusion of mucosal capillaries 

by eosinophilic staining plugs. Similar plugs were 

found in capillaries of the lunge, kidneys, a.nd central 

vein of the liver. Focal necrosis in the kidneys and 

pancreaea.nd central necrosis in the liver were present. 

He concluded that decompensating shock occurs when capil­

lary thrombi are deposited and remain 1n 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 enaotoxin or hemorrhage shock was 

very effective in preventing decompensating shock; 50% 

survival among-eeparinized 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

pensat ing shook 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, L1llehe1 et al, 

could not substantiate prophylactic results w1th heparin, 

and were not as convinced that disorders in lood coagu­

lation play such a spectacular role 1n causing decompen­

sating shock. (54) 

Similar changes, capillary thrombi and hemorrb.agic 

necrosis, are f.ound in ttie kidneys of experimental dogs 

following death from hemorr-ha,1o or endotoxin shock. 

However, these changes are much less severe than those 

which occur in the gastro-intestinal tract. ( 18) ( c.4) 

In the normal human being 25% of the blood supply arrives 

at the kidney for nutritional and filtration purposes. 

In shock tne kidney under catecholamine stimulat.ion re­

ceives even less than 25% of a blood volume which 1s 

decreased or relatively ineffective. Urine output is 

greatly diminished. Acute tubular necrosis usually 

does not appear, but the kidney by its inability to 

function properly, contributes to acidosis and the 

build-up of metabolic waste products. Renin also is 

released by the lschemic kidney, resulting in increased 

blood levels of ang1otensin, whtcn could donceivably 

further impede flow in splanchntc and renal capillary 

beds by causing a further increase in peripheral re­

sistance. 
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In conclusion, the pathogenesis Of decompensatlng 

shock cannot be blamed on any one organ or patnopnys_o-

logic process. The heart, lungs, CNS, gastro-1ntestinal 

tract, Ret1culo-Endothel1al System, 11 ver, kidneys,. hema­

togenesis and endocr.lne systems are involved to varying degrees 

depending on the (1) age, (2) general health, including 

the presence of prior ctisease processes ., (3) tne type, 

severity and duration of initiating caase(s), and fin-

ally (4) the timing and adequacy of t�eatment. Thus .,

each case must be individualized. 

Therapz: The principal basis for the treatment of 

the shock syndrome is that of maintaining optimal blood 

flow. The clinician may be forced to curtail the blood 

flow to one organ of the body in order to as�ist another 

organ more vital to survival at that time. Certainly, 

this seems to be the natural response that occurs when 

shock is initiated. The epinephrine and nor-epin�phrine 

response preserves blood flow to the heart, brain and 

lungs while sacrii:Miclng splanchE.1c, skin and kidney 

blood flow. The epinephrine response 1n a crisis of 

short duration seems a good defense mechanism. However 

when shock isprolonged decompensat1on and positive feed­

back mechanisms develop within tµe splanctmic bed, as 

discussed above. 

In the past clinicians frequently have used vaso­

pressors such as nor-epinephrine and metarterinol to 
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maintain blood pressure. The action of the�e drugs 

increases blmod pressure mainly by increasing peri­

pheral r.esistance, wt th slight drop 1n overall cardiac 

output. Thus overall blood flow decreases slightly, 

although� mo.t E
f 

blood is shunted to brain, heart 

and lungs at great expense to splanchnic, skin and 

t(idney blood fl.ow. The recent realization of tb.e role 

of the �gastro-intestinal tract and liver in shock mortal-

1 ty have led clinicians .to experiment clinically w1 th 

therapeutic tri.a.l'le Of drugs which encourage high cardiac 

outpout, _low peripbera.it resistance, higb. blood flow

systems, in place of low cardiac output, high peripheral 

resistance, low blood flow systems encouraged by use of 

drugs such as nor-epinephrine and metarterinol. Several 

of these recent clinical trials witn sucn drugs wlll be 

discussed in detail during consideration of tne specific 

aspects of therapy of the shock syndrome. 

Before the treatment of the e\lnock syndr cme 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 nail beds is poor; blood 

pressure 1s lower than normal; the pulse israpid, regular 

and threaay; respiration is rapid and snallow; tne 

patient is restless; urine output 1s decreased. However 

tt must be emphasized that diagnosis does not depend, on 

any one find�ng, but rather on tne total clintea.l picture. 
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For example, when an elderly diabetic, who 1s three 

weeks post-op and also catheterized, complains of 

a severe chill, the clinician is tipped off to ttle 111gb: 

probability tnat endotoxin shock is en�uet,J{g. The 

sh�ck syndrome &s a1oommon final pathway toward death 

sued by an innumerable number of disease processes. 

Not only 1s it of vital significance to pinppint 

the initiating cause of the shock syndrome, but to 

continue to diag�ose secondary problems predisposing 

the patient to decompensating shock, even while he is 

being treated for initiating cause(s). For example 

MaeLean (31) found 1n endotox1n shock disorders of 

hyp9volemia and poor cardiac action' existed to �ng 

degrees simultaneously. 

Be.cause any number of secondary ·problem(s) can 

and do develop during therapy, most clinicians 1n large 

mectical·centers advocate tne use of shock teams and 

numerous monitors f9r evaluation of tne various fac-

tors involved in the shock syndrome. Such a shock 

team (31) (9) 1s usually under tne diirect full-time 

supervision of a senior resident, including surgical 

and medical house officers,an anesthesiologist, and a 

full-time technologist skilled 1n blood gas analysis 

and blood lactate determinations. A epec1allroom is 

set aside and equipped. The patient is monitored via

(1) central venous pressure; (2) cai\l,nuous blood pres­

sure via percutaneous radial artery puncture; (3) cardiac 
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output by use of aye technique anct calculatlon; (4) 

cardiac index by calculation; (5) peripheral resist­

ance by calculation; {6) urine out.put; (7) frequent 

determinations of arterial pH, 002 and 02; (8) fre-

•quent determinations of lactic acid and base deficit;

(9) blood volume calculations; (10) EKG. Rushmer (41)

would emphasize the importance of monitorization of all 

factors illustrated in figure one as tne only means to 

really gain a thorough knowledge of the pathophysio­

logy involved in the shock syndrome. 

Figure 11. The three 
major determinants 
or adequate circulation 

Wilson (56), (57), (58), 

MacLean and others have 

slmp11f1ed the problem by 

recognizing that adequate 

circulation depends on the 

interaction of three vari-

ables: (1) the cardiac 

pump , ( 2 ) opt 1 ma l b 1 o od 

volume and (3) vascular 

tone. Adequate ci�culation 

can then be represented as a three-legg�d stool (see 

figure 11); the loss of any leg leads to collapse of the 

stool. L1llehe1 (29), emphasizes how, using this simple 

principle, the patient's clinttal progress can be fol­

lowed without tne use of complicated monitors, which are 
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unavailable to many pnys1c1ans. 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 t o  the use of 

CVP some indication is gained of the cardiac output by 

tbe pulse pressure. Both the condition of the skin 

and the urine output can be used as inaicators of vis­

ceral--especially splancb.nic--blood flow. Certainly 

"if flatus 1s music to the surgeon's ears, urine is 

the wine of life." (29)

Cardiac and respiratory function must be ma1nta1ned 

at all cost. This may necessitate resuscitation, in­

cluding closed heart massage, breathing for tbe\atient, 

and/or tracneostomy, even before the patient 1s 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 vein, cephalic ve!n or the ant1-

cub1tal fossa with an inter-cath. which is then easily 

threaded 1nto the superior vena cava or rignt atrium. 

It is a determinant of right atrial pressure and normally 
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varies between 8-12 mm.· H20. In the presence of con­

gestive heart failure, cardiac temponade or overhydra­

tlon, a value of greater than 15 mm. H2Q typically will 

be obtained. In hypovolemia, a value of less than 5 mm. 

H20 typically will be obtained. Accordingly Wilson (57) 

advocates vigorous fluid replacement therapy when CVP 

1s O - 5 mm. H20, trial of replacement therapy when CVP 

is 5 - 15 mm. H20 and no replacements with suspicions 

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 va1ue of CVP that is most important, as 

it is the trend of tne CVP in the face of pathophysio� 

logic processes and therapy golng on at that moment. A 

1.d:si:mg..:,CVP, even in the face of replacement therapy ., in­

dicates that fluid is being lost from effective circu­

latory volume even faster than tt can be replaced. A 

falling CVP following use of a cardiac stimulant would 

indicate ·tna.t the heart ls pumping blood more effectively. 

A high and rising CVP accompanied by widespread lung rales 

would indicate pulmonary edema and the need for immediate 

appropriate treatment; and so on. 

The advantages of CVP over older methods of eval­

uating blood volume are many (57). Hemoglobin and hema­

toorit determlnatione crudely indicate the volume rela­

tionships of red blood cells to plasma and may be helpful 

in estimating fluid loss in shook secondary to burns or 



or during gractual hemorrhage. However the long labile 

period and gross inaccuracies which occur, when these 

determinants are usect to estimate acute internal loss 

of fluid {peritonitis, bemaDDbage) make them unreliable. 

Jacob Fine of the Howard group (9) advocates use of 

RIS� dye dilution technique as a quick anct accurate me­

tbod to determ1ne 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 va1ues vary 20 % in controls; {2) optimal blood 

volumes vary at different times in the same patient 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 available to 

most physicians. MacLean (31) found that in ttieir series 

of 20 patients, who were excellently monitored, optimal 

blood volume during snook was always greater than the 

calculated blood volume for the same individual in 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 criteria for replacement fluids are 

fulfilled, the clinician must decide what type of fluid 

replacement to use. The principle 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 lost via hemorrhage with 

fresh whole blood. Baires (c3) differs with t, 1s opinion 
' 

on the basis 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 studies indicated that during severe hemor­

rhage RBC andJ:1}asmal volume decreased 30 % while extra­

cellular fluid dropped almost as much, 29 %· On the basis 

of these findin5s he advises the rapid influx of 1,000 to 

2,000 ml. of Ringer's Solution following severe hemor­

rhage. Ringer's Soluti�n (1) would tend to alleviate 

ECF, as well as intravascular deficiency; (2) is free 

from harmful side effects; ( 3) would allow time t.o 

cross-match blood properly; (4) lower viscosity allows 

better flow, tending to prevent the aggregation and 

slu.itgimg of red blood cells. Wilson agrees that the 

patie�t can tolerate a low hematocr1t as long as ade­

quate blood volume and adequate respiratory support are 

maintained. He also r�commende the use of 25 grams 
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of concentrated serum albumin in each 400 ml. of lac­

tated Ringer's Solution 1 if rapid expansion of blood 

volume is needed. Wilson (57) further recommends that 

blood transfusions should be withheld until 1ndioated 

by the need for blood volume expansion associated with 

a significant hamatocrit reduction 1 except when blood 

loss is rapid and �ema,wcrit becomes unreliable. 

Fluid replacement can be continued until 1 hopefully, 

shock alleviates 1 or until CVF rises over 12 mm. H201 at 

which time the patient should be re-evaluated. Main­

taining the CVP at less than 15 mm. H20 1s 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 tbe lungs was nec­

essary. 

Maintenance of cardiac function is a must. Heart 

failure may be the initiating cause of the shock syn­

drome or may intervene at any time during its course. 

The patient in congestive heart failure should be rap­

idly digitalized. Arrhthymiae must be diagnosed and 

immediately treated, Calcium, potassium and acidotlc 

imbalance have an adverse effect on the heart and should 

be corrected. 

Cardiac stimulants may be needed. Several investi­

gators (31) 1 (57), feel that the limited success achieved 
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in the past using nor-epinephrine and metaram1itol 

has been due to their cardiac stimulatory effect. 

Epinephrine has a greater stimulatory effect on the 

heart than these drugs but has not been used in the past 

because of its propensity toward causlng·arrhythmias (57). 

MacLean et al have had excellent success using the most 

potent of the beta-effectors, 1soproterenol. 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 1n each 

or the nine cases where it was used; cardiac output 

increased about one liter/min. Tissue perfusion was 

increased as· evidenced by the increased urine output 

and the drop in blpod lactic acid noted in several 

patients after its use. On the basis of this limited 

clincial experience, MacLean recommends the use of 

isoproterenol in r.v. drips, 0.1 - 0.2 mg./hour, for 

the purposes of increasing cardiac 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 ov�r 130 may pre­

dispose to cardiac arrhythmias. 

Vasopressors are indicated when shock is accom­

panied by vasoailitation, as frequently occurs in ana­

phylactic shock, .tne crush syndrome and peritonitis. 
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If the vasoailatory component is accompanied by some 

degree of heart failµre, them drugs such as nor-epi­

nephrine or metaraminol could be used. If no cardiac 

component is 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 vaeopressors 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 seventy 

mm Hg., and patient is 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 their vasodilatory properties. Di­

bensyline, an alph-receptor antagonist, has received 

tne widest popularity thus far. Kalas (23) has em­

phasized its protective role against eddotoxin in the 

dog. Robert Wilson (59), using dybensyline and pushing 

fluids in a clinical trial on 18 patients in different 

types of severe shock, found an overall improvement 1n 
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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 tremenduoue increase in card­

iac output. Nickerson (40) holds Diben�yline in bign

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 hie patient is hyp�lemic and to what degree.

Iauprel holds some of tne same advantages as Di­

benzyline, besides being a powerful myocardial stimu­

lator • 

Collins (4) used Chlorpromazlne, an adrenergic 

inhibitor, in 36 patients who developed shock during 

anesthesia and surgery and compared them to 32 simllar 

patients used as controls. Mortality with Chlorpro­

mazlne was only 22 % as compared to 53 % mortality when

Cnlorpromazine was withheld. Average twenty-four hour 

urine output compared 2260 cc to less than 400 cc in 

favor of cnlorpromazine patients. However tnis study 

was not necessarily well controlled. 

Epidural block of the adrenergic fibers to the 

eplanetmic bed is also believed to exert a protective 

role against decompensattng snook {59). 
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Weil, (56) in his study of 169 patients in endo­

toxin shock, indicates that the place of vasodilators 

1n treatment of endotoxin shock is not yet established. 

The outlook, however, contlnues to be optimistic and the 

vasod1lators, at the very least, have indicated impo�t­

ance of maintaining perfusion in the. splanchnic capillary 

bed ( 23), ( 59) , ( 40) , ( 31), ( 4) . 

Infection with shock is likely to be the cause of 

shock according to Frank ( ll). Weil ( 36) found that 

propnylactic antibiotics did not appear to prevent the 

development of enaot�xin shock, but was most important 

factor in treatment. E1ghty�tnree 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 Weil recommended treat­

ment with Cnloramphenicol and streptomycin combination. 

Cortisosteriods have been advocated by many (35),

(56), (45) for treatment in shock, especially in endo­

toxin shock. In pharmocolog1cal doses they appear to 

protect the cells from injury by stab:1.mi&ation of lyso­

somes and by maintenance of the membrane integrity. 

Steroids appear to exert an inotropic action on the 

heart. Weil (59) found significant increases in sur­

vival rates (P lessthan �01) when doses greater than 

300 mg/day were used, but not statistically significant 

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

L111ehe1 {c9), Collins (32) and others recommend 

the use of low molecular weight 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" prote 1ns. 

Acidosis frequently becomes a serious problem in 

the course of therapy. MacLean (31) feels it is most 

consistent sign of a poor prognosis. Frank.(11) recom­

mends peritoneal dialysis if (1) pH becomes less than

7.25, (2) serum CO2 becomes less than 15 mEq/L, or 

(3):; serum potassium rises to greater than 6 mEq/L. 

Everis (8) and MacLean recommend hyperbaric oxygen as 

the last opportunity for reversal of decorapensating 

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: Iuring the course of this thesis the 

different approaches which clinicians have utilized to 

define shock are enunciated and cr1ticized. The basic 

control mechanisms of tne Cardio-Vascular System are 

discussed. Some background information regarding the 

presser amines is imparted, with emphasis on the ad­

verse effects of sucn drugs on tne eplanctmic capil­

lary bed. The importance of the microcir·culation is 
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explored.

Almost all of man's major organ systems can be 

involved in, and perhaps initiate, decompensating 

shock. The roles of the heart, lungs, CNS, gastro­

intestinal tract, Reticulo-Endothelialsystem, liver, 

ana Endocrine System are discussed, as is 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, 1s 

recommended. The important role of central Venous Pres­

sure in encouraging a more scientific•approach to thera- 

py is stressed. Recent clinical trials with Dibenzy11ne, 

Ohlorpromazine, Adrenal Steroids and Hyperbaric Oxygen 

are discussed. 

Conclusions: 1. Shock cannot be clearly defined, and 

the term probably would be best discarded. However, since 

this is unlikely, it would be well to use the term in 

relation to its initiating mechanism. 

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

past. 

3. The pathogenesis of decompensating shock is, pr,e­

sently, poorly understood; innumerable factors appear 

to be involved. 

-57-



• 

4. The use of Central Venous Pressure Monitor­

ing during shock is strongly recommended •. 

5. Agents which increase cardiac output and/or

decrease peripheral resistance are playing an increasing­

ly tmportant role 1n the therapy of the shook syndrome • 
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