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INTRODUCTION 

I. EARLY HISTORY 01 SHOCK 

The clinical picture of lost senaibilit7, pallor, nausea, 

muscle weakness, and syncope, as well as death, following the 

application of Yiolent forces to the bodT was undoubtedl7 

eYident to the ancients. However. the first description at the 

clinical picture of shock, as we know i1; tod87. did not appear 

in the literature until the late 16th oentVT. In 1575. 

Ambroise Pare commented on a deathlike state, which he calle4 

"oommotion" and described as being "caused D7 talling from a 

high place on so.ething solid and hard, or b7 blows ca.a1Dg 

oontusions, such as stone or mass, or the blow ot a lance, or 

an artiller,r blow, or thunder falling near a person, or other 

similar things". Moreoyer, Pare noted that eonyulsions 

followed the loss at blood, and death resulted it there was no 

replacement at blood. lor the n.~ one-hundred and fif~ 

7ears, clinicians attempted vigorous17, 7et UDsucces.ful17 to 

replace fluids b7 blood transfusions. 

It was not until the ear17 18th centu.r7 that the ph7sioiaa 

became more sophis1;icated in hi. PA1siological desoription aa4 

explanation of the shock-like state. In 17~~ the Revere.d 

Stephen Bales performed what are now regarded as his classical 

experiments upon animals. He bec ... the first person to 

measure the venous pressure in animals in addition to recordiq 
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factors aftecting blood pressure. He noted the presence of a 

marked vasoconstriction in exsanguination. 

The Jrench surgeon, LeDran, (1743) is credited with using 

the word "choe" tor the first "ime. However, it is telt b,. 

most medical his"orians that he used 1t to deSignate the act ot 

col11sion rather than the resulting tunctional damage. Yet. in 

spite ot thi. discrepane,., the English translatIon ot his work 

is very eloquent and surprisingl,. acourate. "the bullet ••• 

thrown b,. the gun powder acquires suoh rapid toree that the 

whole animal machine partiCipates in the shook and agitation. 

The vessels become constricted as it surrouaded with a ligature, 

an,d heace the stream. of animal spiri". become interoepted or 

entirel,. auspeaded. There is a universal coldness due to this 

interruption ot the tluids, and oapillar.r tlow 1. ohoked up. 

Syncope results due to three oausesl 1. Suddea suspension ot 

nerTOu. fluid, 2. Spasmodic conTUlsion ia the fibers ot the 

heart; ,. Loss ot f"luid in hemorrhage. In shock the d180rder 

ot the machine ma,. be increased b7 the . succeedia.g pain, by want 

ot sleep and rest, and b,- tluids extravasated into the circ~ 

terenoe ot the wound". He suggested transfusion to build up 

the patient-s strength. 

During the next one-hUBdred and fifty ,-ears more accurate 

clinical observations ot shock were aade. Moreover, it 

graduall7 ca.e to be appreciated that shock-produoing agents 

need not necessarily be Tiolent or even obvious, although the 
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word shock was used 1n man,y instanoes where it would not app17 

in its modern usage tod&7. Finally. the aocumulation ot 

physiological knowledge on the control ot the ciroulatioa 

serTed to focus attention on ciroulator7 failure as the im­

portant feature of shock. Paral~sis or inhibition ot the 

vasomotor center. pooling ot blood in the abdominal vessels, 

and hypotenSion were regarded as sequential events. No oon­

sensus existed as to whether the nerTOUS s,aptoma were primary 

or secondary to the fall ot arterial pressure. ObTioU8~. 

various hJpothesls we~e suggested which were neith.~ conclusive 

nor adequate. With the begianing ot the twentie.h oent~, 

investigators began to attempt to eluoidate the sub~eot of 

shock by experiaents. 

The first significant experiments were performed by Crile 

in 1899. He produced shook in various w&7s. and since the 

blood pressure could be quickly and temporarily restored by 

intravenous infusions, he ooncluded that the capacity of the 

heart to pump blood was not affected. and that peripheral 

circulatory failure was a major factor. He concluded that the 

vasomotor center must be exhausted. Henderson (1908.1910) 

studied various alterations of the circulation in shock pro­

duced by manipulating the intestines ot anesthetized dogs. 

During the period that occurred preliminar,r to shock, the 

cardiac Tolume C.rTe declined markedly because of inadequate 

diastolic filling. and that it occurred before any decline i. 
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blood pressure. When blood flow had diminished to about 30% 

ot normal, the arterial pressure began to tall rapi417. 

Infusions ot saline solutions administered intravenous17 

res·tored the TollUle CurTe and blood pressure to noraal.. 

Therefore, this decrease in cardiac output was not due to a 

decline in cardiac function, but to a diminished venous 

return to the heart. 

Laboratory studies during the early 20th csntury and 

through World War I oontinued to indicate that the action ot 

the heart and its innarvation was not disturbed. Interest in 

this period rocused chietly on the location and nature of the 

peripheral vascular changes. 

II. RECENT INVESTIGATIONS OF THE HEART IN SHOCK 

However, with the outbreak of World War II, the deTelop­

ment of more refined methods ot measuring cardiac output. 

intracardiac pressures, and cardiac Tolume chaages enabled 

the investigator to again focus his attention upon the hemo­

dynamic changes in the heart in shock. These investigations 

were initiated by Wiggers and his co-workers. They tound 

that animals kept for 90 and 45 minutes at mean blood 

pressure levels at 50 and 30 mm Ug respectiTely showed no 

reduction in the effective venous pressure despite the post­

infusion decline in the cardiac output, which occurred when 

the animals were essentially normoTolemio. Their animals 



~ ~ . 

5 
. ,,-

exhibited a "flattening" ot the right ventricular pressur.l~ 
curve during the late oligemic and normovolemic stages, which 

they suggested to result trom a reduction in the ~ocard1al 

expulsive power during shock. Kohlstaedt and Page (1944). 

reoording volue ohanges of the ventrioles in the closed~ohest 

animal by the technique of Boyd and Patras (1941). tound that 

progressive bleeding led to a decrease in heart size. As 

Circulatory failure progressed atter the cessation ot bleeding, 

both the systolic and the diastolic size increased, the former 

more rapidly than the latter. Thus the stroke volume was 

apparently l~sSt the residual volume was augmented, and the 

ventricles dilated. 

The appearance ot myocardial failure was originally 

postulated by Wiggers (1944) to be due to coronary insufficien­

cy, although Opdyke and Joreman (1947) suggested that despite a 

marked reduction in coronary tlow. it was considered adequate 

in view of the reduction in cardiac work. HoveTer. Sarnotf 

et al (1954) presented evidenoe to show that a rise in lett 

atrial pressure during hemorrhagio hypotenSion vas reversed by 

perfusion ot the left common coronary arter,J. 

More reoently. Crowell and Guyton (1961) tound an increase 

in the lett atrial pressure at the onset or auto infusion. in 

dogs maintained at a mean blood pressure of ~ am Hg for 90 

minutes. In another series of experiaents (1962) the7 observed 

tn.' the infusion ot large yolumes of blood was incapable ot 
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maintaining thp. cardiac output in a similar preparation despi t. 

marked increases in tilling pressures. In two experiments, 

improvement was on17 manifested when the cardiac g17coside. 

Ouabain. was used. MoPherson and Haller (196?), however, using 

essentially the same experimental prooedures as Crowell and 

Gu7ton. found that the use of Ouabain did not correct, preven', 

or significantly alter irreversible shock ia dogs. Although 

the7 felt that myocardial failure occurs in shock, it did not 

appear to be related to the onset of irrevers:i.bili t,.. !Ilhe7 

concluded that &n7 correction of myocardial failure by Ouabaia 

did not affect the course of irreversible shock. The7 did fiad, 

however. that dogs given Ouabain proph,.lactical11 had an ia­

creased survival ttme. Gomez and Hamiltoa (1962) also f'ound 

evidence ot cardiac tailure in dogs maintained at a mean blood 

pressure level of 30 mm Hg for 90 minutes and then reintused. 

Moreover, they observed that cross-clamping below the arch of' 

the aorta for various periods ot tim. resulted in peripheral 

hypotension that still produced irreversible shock and cardiac 

tailure even though the brain and heart were perfused at mean 

pressures of' 100 mm Kg. 'roa these observations the,. concluded 

that the cardiac failure was secondary to a humoral agent tro. 

peripheral tissue. 

Finally, Rothe and Selkurt (1964) found that various 

leTels of hemorrhagiC hypotension resulted in changes of 

cardiac performance in suoh a manner that the rune'ion of the 
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heart seemed to be inversely proportional to the severity or 

duration ot hypotension. 
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METHODS AND PROCEDUR~ 

Ten mongrel dogs, varying in welght tram l' to 21 kg .ere 

anesthetized with '0 mg/kg ot sodium pentobarbital 1nJeo1le4 

intravenousl,.. The traohea was eazmulated and attaohed to ... 

Enseo resplrato~t. whioh supplied continuous positive pressure 

respiration. A lett thoraooto~ was then performed through the 

5th interoostal space and the exposure was increased b,. .. ttiDg 

the tirst through fifth ribs along the len sternal border. A 

perioardia! oradle was theD. prepared to suspelld and eXPO:1e ,he 

atria aDd ventrioles. Right and lett atrial pressurea were 

recorded trom these appendages with short polyethylene (no. 19) 

cathetex-.. Rl@"llt dd lett ventricular pressure. "eft recorded 

t~o. cathetera (no. 18) 1n8erted through the walla of both 

chaabers. The intracardiao catheters were oonnected to Stathaa 

pre.sure transducers (Model 21 Db). which in turn were reco~ed 

on a 4-channel Grass Pol,.graph. The leEt temoral arter,J and 

vein were exposed tor bleeding and the intusion ot blood 

respectlve17 while the right t •• oral arter,- was cannulated aa4 

oonneoted to a Kg manometer tor visual monitoring ot mean 

arterial blood pressure. The ooagulatlon of blood was pre­

vented b7 a pri8ing dose ot 5 ag/kg ot Heparin followed b7 a 

maintenance dose ot 2.5 mg/kg every hour during the course of 

the experiment. 

After oontrol reoords were taken. the dOS8 were bled to • 

•• an blood pressure ot 40 .. HS. aad were m.aintained at this 



9 

level from three to four hours, or until the animals no longe» 

maintained this pressure with small infusions of blood. The 

total bled volume of blood was reinfused at room temperature at 

a rate ot 30 mI. per minute. In two of the ten dogs the post­

infusion pressure was followed until it declined to 40 rom Hg. 

Records of all pressure parameters were taken overy 30 minutes 

during the oligemio period. During the postinfusion period. 

records were take. every 30 minutes or more often during the 

progressive fall of the arterial pressure in the terminal stage 

At the conclusion of the experiment, the heights from the level 

of the pressure transducers to the point ot insertion of the 

respective catheters in the mJOcardial walls were carefully 

measured. This was done to determine the h7drostatie factors, 

which were added to the recorded pressure to get the "true" 

intracardiac pressure. In four dogs, control experiments we~. 

performed to determine the effects of cardiac catherization 

for four to five hours in open-chest dogs not in shock. 

In another group, six closed-chest dogs, anesthetized with 

sodium pentobarbital. were studied to determine the effects or 
the drug Ouabain on the heart in irreversible hemorrhagic 

shock. The shock procedure was the same as that described for 

the open-chest dogs with catherization ot the cardiac chambers. 

The trachea was entubated and the left femoral artery was 

cannulated and connected to a mercury manometer tor monitoring 

the mean blood pressures. Systolic and diastolic blood 
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pressures were measured from a Sanborn difterential transducer 

(Model #267). ~he right external ~ugular vein was catherized 

with two radiopaque (no. 5) catheters, which were pas.ed to the 

junction of the inferior and superior vena cavae as determined 

by the characteristic of the pressure pulse (Burch 1950). 

Verification was also obtained by postmorten examination. One 

catheter was used tor recording the central venous pressure, 

while the other was used tor the injection (1.2, ag) ot the 

indocyanine green used tor determining the cardiac output b7 the 

dye dilution method of Hamilton (1962) and Stewart. Blood was 

passed through a Gilford densitometer tro. a catheter passe' 

into the lett common carotid arte~t and trom the densitometer 

it was returned at a rate ot 30 ml/m1a to a temoral vein b7 

means ot a Sigma motor pump. The mean arterial pressure. dye 

dilution curTes, and the central venous pressures were recorded 

on a Sanborn Recorder, MOdel 150. When the aDimals were no 

longer able to maintain a mean blood pressure of 40 am Bg 

pressure, they were divided into two groups. Three ot the six 

dogs received 0.035 ms-lkg ot Ouabain intravenous17 prior to 

the reintuBion ot the bled volume, while in the remaining three 

dogs an equal does ot Ouabain was administered 20 minutes atter 

the reinluBion ot the bled volume. Both groups ot dogs were 

observed until the mean blood pressure had decliDed to 

approximate17 40-30 mm Kg. 
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RESULTS 

In Figure 1 changes in heart rate. mean blood press~e. 

right and left mean atrial pressures, and lett and right ven­

tricular systolio and end-diastolic pressures are shown tor one 

dog during the oligemic. normovolemic, and terminal periods ot 

hemorragic shock. The figure shows that during the oligemic 

stage all of the pressures dropped below control values. rose 

immediately after reinfusion, and subsequently declined again 

during the normovolemic or postintusive stage. However. in the 

terminal stage ot the experiment, when mean blood pressure had 

dropped to 30 am Hg. t ventricular systolio pressures continued 

to decrease, while ventricular end-diastolic pressures. as well 

as right and left mean atrial pressures rose rather signitioant­

ly above control values until the heart tibrillated and the 

animal expired. Table #1 summarizes data in eight dogs recorded 

during the control period, two hours atter bleeding. immediately 

prior to reintusion, one-halt and one hour atter reintusion aa4 

just prior to the death of the animals. The mean values tor all 

ot these parameters were calculated but the7 could not be sub­

jeoted to statistical analysis because of the variation in 

pressures recorded in the respective experiments. While mean 

blood pressure dropped from an average control value ot 97 mm Kg 

to a mean pressure ot 40 mm Kg two hours atter bleeding and 

remained there prior to reintusion, the mean right atrial 

pressure dropped trom a mean average ot 3.0 mm Hg to a mean 

~ 
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average value of 2.4 mm HS atter two hours ot oligemia and to 

an average ot 2.2 mm Hg prior to reinfusion of blood. The right 

ventricular end-diastolic pressure showed no significant drop 

during the oligemic stage, st~ing at 2.4 am Kg for two hours 

after bleeding and declining to On17 2.2 mm Hg before reintusion 

Ooncurrently the right ventrioular S7Stolio pressure showed no 

marked decrease, and in tact increased from a control value of 

20.0 mm Kg to 21.5 am Ug Just before the blood was returned. 

Unlike the right side of the heart, the lett heart demonstrated 

almost a ~ decrease in the lett atrial pressure, which tell 

trom a mean pressure ot 6.2 mm Kg to ~.4 sa Kg i. the firs' 

half ot the oligemiC phase. The lett ventricular systolic 

pressure during this period decreased from 107 .. Ug to a 

systolio pressure ot 5~.1 mm Kg. The lett ventrioular end­

diastolic pressure tell trom ;.5 am Hg to 2.9 mm Kg and sub­

sequent17 dropped to 2.5 mm Kg immediate17 betore reintusion. 

Recordings taken one-halt hour atter the reintusion of the bled 

volume revealed an average mean blood pressure of 74 mm Kg and 

mean right and lett atrial pressures averaged 2.4 and 4.6 ma Hg 

respective17_ Right and lett ventricular systolic pre.sure. 

were observed to average 23.7 and 81.0 mm Hg respective17 while 

right and lett ventrioular end-diastolie pressure level. 

averaged 1.7 and ;.2 am Kg respective17. Within 30 minute. 

mean blood pressure had tallen to an average value ot " mm Kg 

while right atrial pressures had dropped to an average ot 
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1.7 rom Kg and the left atrial pressure remained at 4.6 mm. Hg. 

The right and left ventricular systolic pressures tell on an 

average to 18.6 and 72.7 mm Hg respectively while the right 

ventricular end-diastolic pressure declined to an average ot 

1.5 mm Kg. The left ventricula~ end-diastolic pressure rose to 

tho control average value ot 3.5 mm lig. However, during the 

terminal phases of the experiment, when mean blood pressure had 

fallen to an average value of 22 mm Hg. the right and lett atria) 

pressures rose to an average of 3.1 and ;.; rom ag respectively. 

Ventrioular end-diastolic pressures rose to an average ot 2.6 

(right) and 5.4 (lett) mm Rg, while the ventricular systolic 

pressures deolined to an average of 14.4 (right) and 25.8 (lett) 

llU'I Sg. 

Sinoe significant changes in oardiac pressures indicating 

cardiac failure were only observed in the late normovolemic 

period. the observations for this stage have been summarized in 

Figure #2 where the mean blood pressure. atrial and ventricular 

end-diastolic pressures were plotted. 

Of the eight experiments followed until th.e death of the 

animals. only two (Experiments #5 and #8) did not demonstrate 

significant rises in the atrial or ventricular end-diastolic 

pressures above the earll normovolemie cardiae chamber pressures 

during the terminal phase ,0 minutes before the de&th of the 

animals. ~hese increases appeared to occur simultaneously with 

a ,rapid decline in mean arterial pressures. Unless a stroke by 
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stroke anal7sis were made of the heart, it would be difficult .. _ 

determine it the fall in blood pressure preceded the rise in the 

atrial or end-diastolio ventrioular pressures were followed b7 

the decline in meu. arterial presnres. The on17 striking 

example trom this grouP. in addi tioD. to experiments number 5 and 

8 t where one or more intracardiae presstlre. did not increas.,was 

in experiment #7 where the .xparaeat was terminated when the 

mean blood pressure had dec11ned to on17 40 am HS. It would 

seem that a pertinent deduction trom this experiment would be 

that the progressive decline in mean blood pressure leads to the 

rise iB atrial and ventricular en4-4ia8to11c pressures trom 

inadequate coronar.r perfusion. 

fhe administration ot Ouabain (0.035 mglkg) either betore 

or iamediate17 atter the reintusion of blood did not increase 

the survival ti.e of six olosed-chest dogs in irreversible 

hemorrhagio shook. In two of the six dogs treated with Ouabain. 

the mean blood pressure. central venous pressure, and cardiae 

output and total peripheral resistance were graphed (Fig. 3). 

Contrary to what is expected in a failing heart trom the action 

ot the cardiac g17coside. cardiac output did not increase 

following the administration of Ouabain either betore or atter 

the return of the bled volume. In all afthe dogs that received 

Ouabain. a transient increase in the mean blood pressure was 

noted following the administration ot the drug. However t this 

occurred while the cardiac output either decreased or remained 

" '\ 
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stable. Therefore, this rise in sean blood pressure was 

attributed to an elevation in the peripheral resistance and not 

to an increase in the cardia. output. This phenomenon has been 

described previous17 in dogs not in cardiac failure, which were 

given Ouabain (Cotten, 1958). The rate ot decrease in meaD 

blood pressure was unaffected during the normovo1em1c period in 

the treated animals and eventually all of the dogs succuabed in 

a period of time approximately equal to the untreated open-chest 

dogs. 

It 1s interesting to point out that despite the extensive 

surgical procedures used to measure cardiac chaaber pressures in 

the open-chest dogs, the surTival period trom severe hemorrhagic 

h1Potension and subsequent infusion ot blood was approximately 

equal to the closed-chest dogs treated with the cardiac g17co­

side Ouabain. This possib17 might be explained by the tact that 

the open-chest dogs had positive pressure respiration to main­

tain adequate o~genation that was not available to the closed­

chest. dogs. 
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DISCUSSION 

The purpose of this investigation was to assess the role ot 

tlm;rocardial depression" (deterioration in Dl3"ocardial expulsive 

power) as a factor responsible for the irreversible phase of 

hemorrhagiO ahock. The hypothesis that "myocardial depression" 

is the precipitating faotor in initiating irreversibility was 

based primarily on the findings of Wiggers and coworkers (1942, 

1945, 1947, 1950). In these studies the3" found that dogs in 

experimental hemorrhagiC shock were observed to exhIbit an 

increase in right atrial pressure, a decrease in the torce of 

ventricular oontraction, and a decrease in the velocit7 ot 

systolic e~ection. These cardiodynamic findings were based on 

studies ot the cardiac pressure and volume curves. Wiggers 

specitied that although the evidence suggested that myocardial 

depression is a trequeat and important faotor, it might not be 

a major cause in all torms ot shook. More recent17, Crowell and. 

GU7ton (1961, 1962) more emphatical17 postulated that oardiac 

tailure P187ed the ma~or role in the etiolo67 ot irreversible 

shock. The7 based their conclusions upon the observed increases 

in lett atrial pressures during the onset of the irreversible 

period despite maintenance or the cardiac output b7 continuous 

infusion ot whole bloo4. Moreover, the administration ot 

Ouabain in their experiments decreased the atrial pressure, 

while increasing the cardiac output. Gomez and Hamilton (1964) 

implied that cardiac function was impaired during hypotensioa. 
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This implication was based upon the observation that the cardiac 

work load decreased when the left atrium was presented with a 

great load of blood. This was done after the animals were kept 

hlPotensive for varying periods of tiae and then reintused to 

normotensive pressure levels as opposed to the cardiac work of 

the hearts of control animals. 

The results of the experiments reported in this work in­

dicate that depression ot myocardial tunction is not a signifi­

cant factor in the decline ot blood pressure associated with 

irreversible hemorrhagic shock. Reinfusion of the total volume 

ot blood removed from the animals cBUsed an immediate improve­

ment in the Circulatory response which could be attributed to 

the enhanced tilling pressure. This would suggest that the 

heart in shock is capable of responding normally to an increased 

venous return at this stage of shock. It is obvious from these 

results that depression of cardiac function does occur in 

irreversible shock; but it does not appear to be present. as 

indicated by rises in atrial and/or end-diastolic pressures. 

until the -'erminal phases ot the experiments. Moreover, this 

occurred on~y wh_n the mean.ystemic blood pressure had already 

tallen to 40 lDJIl Ug or below t when one might expect failure to 

result from an inadequate coronary perfusion pressure. Evidence 

of cardiac failure was not present even when blood was re­

infused into a vascular space already increased by compensatory 

diffusion ot fluid and therefore having a greater cardiac load 
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than during the control period. 

These observations do not agree with those of Crowell and 

Guyton (1961-1962). who suggested that cardiac failure. deter­

mined b7 the risain left atrial pres8ure at the onset of auto­

infusion during the later part of the oligemic stage, is the 

etioloS1 of irreversibilit7. In the present stud7. the rise in 

left or right atrial pressure occurred late in the post-infusion 

period. Although the onset of aut 0 in!us ion appears to signal 

the onset of irreversibilit7 (Wiggers, H. e., 1946), these 

animals did not exhibit evidence of acute cardiac failure until 

much later. In their s.tudies of the heart in shock, Gomez and 

Hamilton (1964) found that the work ot the hearts exposed to 

hypotension decreased a8 opposed to hearts not exposed to b7,po­

tension. This occurred when an increased volume load was 

presented to the respective right atria. Moreover. the work 

was calculated primarily as a function of the lett atrial 

pressure. While a designated load was not used in the present 

stud7. it is felt that the sum ot the volumes of the reinfused 

blood and the compensatory increase in the plasaa volume a8 a 

result ot hemorrhage (Wiggers, 1950) provided a sufficient load 

on the heart. Yet, no evidence of cardiac malfunction was de­

tected after reinfusion. Final17. it must be noted that the 

majority of the experiments (Wiggers, 1942. 1945, 1947, 19501 

Crowell, 1961, 1962\ Guyton, 19611 Gomez, 1962) reporting 

cardiac failure as the primary factor in the etio10gr of 
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irreversibility used a mean blood pressure of 30mm Kg during 

the oligemic phase rather than a mean pressure ot 40 mm Kg. 

This was the pressure exhibited by the majority ot animals in 

this study during the normovolemic stage when evidenoe of 

cardiao failure tirst appeared. 

Theretore, it is the conclusion ot this study that previous 

works implioating myocardial tailure as a predominant factor in 

irreversible hemorrhagiC shock should be examined more carefull,. 

At hypotensive levels ot 30 am Kg coronary perfusion was un­

doubtedly inadequate tor •• intaining myocardial function even at 

low cardiac outputs. This phenomenon has been reported b,. other 

investigators (Gregg, 19621 Case, 1953, Opdyke, 1946; Sarnoff, 

1954). For example. Gregg tound that the mean coronary flow 

decreased 7~ during the initial phase of the oligemiC phase, 

but during the bJpotensive period it rose to approximatel,. ~ 

ot its control value and remained there until the blood 

pressure began to decline atter reintusion. These studies were 

done .in dogs maintained at a mean blood pressure of 40 mm. Kg 

during the oligemiC stage. Theretore, it must be assumed that 

at pressures ot 30 mm Bg the coronary flow would decrease even 

more significantly resulting in coronU7 insufficienoy and 

aoute cardiac tailure. The indices of heart failure used in 

the experiments in the present study would be an elevated atrial 

or end-diasto11c pressure,neither ot whioh became apparent 

during oligemio hypotension. Similar results have been 
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reported by Rothe and Selkurt (1964). by McPherson and Haller 

(1963). and by Weidner, et al (1961). 

In analyzing the results of these experiments, the etfects 

of anesthetization with sodium pentobarbital, as well as con­

tinuous heparinization upon the course of the experiments, must 

be considered. However, many investigators have found that both 

of these factors have a negligible affect upon the eventual out­

come (Ingraham, 19501 Smith, 1958; Wiggers, 1950). 

In addition to the hemodynamic investigations, studies of 

the atfect of a known cardiac stimulant (Ouabain) upon the 

heart in shook were performed. This was done on the premise 

that, if the heart is in actual failure, the cardiac output 

should increase and the central venous pressure should decrease. 

Moreover, the overall survival rate of the animals should be 

improved. However, instead of an inoreased cardiac output and 

decreased oentral venous pressure, just the opposite was 

observed. All of the dogs receiving Ouabain prior to re­

infusion, whioh simulated the aut a intusi on phase and the onset 

ot irreversibility, or well atter reinfusion, demonstrated a 

significant decrease or no change in the cardiac output. 

Moreover, the oentral venous pressure exhibited no decline and, 

in fact, rose in many at the animals. Finally, the only 

appreciable effect of the digitalis was the precipitous rise 

in the mean blood pressure immediately atter administration. 

Allot these phenomena (i.e. the rise in the blood pressure and 
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central venous pressure and the decline in cardiac output) hav. 

been observed by most of the investigators studying the effects 

of digitalis upon the non-failing heart (Cotten, 1958; Bloom­

field, 1948; Cattell, 19~; Oohn and Steele. 1929; Cohn and 

Stewart, 1932). The~ attributed the affect of digitalis upon 

the non-tailing heart to a marked arterial and venous con­

striction resulting in an increased systemic blood pressure. 

Moreover, cardiac filling is impeded by the venous constriction 

and cardiac output declines. Similar results with Ouabain in 

the heart in hemorrhagic shock were reported b~ McPherson and 

Haller (1963). They also found that the survival rates of 

animals given Ouabain while in shock did not improve except 

when the drug was given prop~lacticall7. This same situation 

existed in the reported studT. 

The concept that functional 1DJ"0cardial failure p1a,-s an 

important role in the development of Circulatory collapse in 

shock appears to be without foundation. The experiments 

described demonstrate that failure of the heart to expel blood 

is a contributing factor in irreversible shock, but does not 

manlfest itself until the post-infusion blood pressure has 

declined to preinfusion levels. At this time there is an 

elevation in both atrial and ventricular end-diastolic pressure& 

It is concluded, therefore. that although cardiac involvement 

m~ become a significant factor leading to the demise of the 

animal, it does not appear to be a major factor in the 
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development ot irreversibilit7. 
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SUMMARY 

The concept ot cardiac tailure in irreversible hemorrhaglo 

shock was investigated in ten open-chest dogs sub~ected to 

catherization ot the tour chambers of the heart and in six 

closed-ehest dogs treated with the cardiac glyoside, Ouabain. 

In both groups of dogs anesthetized with sodium pentobarbital, 

shock va. induced by bleeding the animals to a mean blood 

pressure ot 40 mm Kg, this level of pressure was maintained tor 

tour hours and was then followed by reinfusion ot the animal's 

blood. 

Recordings ot right and lett intra-atrial pressures and 

right and lett intraventricular pressures ot the heart during 

the oligemic and normovolemic stages of hemorrhagic shock did 

not give evidence to relate the decline in blood Pressure to 

cardiae failure." However, acute cardiac failure only becaae 

evident approximately thirty minutes betore death, during whick 

time a drop in mean arterial pressure to 30 am Hg was acco .. 

panied by a rise in either right or lett atrial pressures, as 

well as rises in the right or. lett en4-diastolic pressures. 

The possibility of a cardiac tactor in hemorrhagi.c shook 

was turther explored by measuring the myocardial responses to 

Ouabain (0.035 mg/kg) administeredtmaediately atter or just 

prior to the Teinfusion ot blood in dogs subjected'to tour 

hours ot hemorrhagic hypotension. In the Ouabain-treated 
4.=:L 

animals, recordings of cardiac output by the dye dilution 
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method. blood pressure, and central venous pressure show that 

atter a transitory increase in blood pressure and a decrease in 

cardiac output, the eventual course of irreversible shock was 

not altered by the administration of Ouabain. 

These results imply that heart failure m~ not pl~ a 

significant role in the etiology of irreversible hemorrhagic 

shock. The onset of cardiac failure only occurred as a terminal 

event in the experiment when the blood pressure had decreased 

to the point where coronary flow was not sufficient to maintain 

cardiac function. 
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TABLE #l 

Blood Pressure. Heart Rate and Cardiac Chamber Pressures 
betore and during Oligemic, Normovo1emic and Terminal Phases ot Hemorrhagic Shock 

PERIOD EXP. BO. MBP BB. RA RVS RY» LA LVS LV» 

Control 1 80 130 1.0 24.0 1.5 5.8 110 0.0 
2 97 162 3.2 . 20.8 4.8 5.1 130 5.7 
~ 93 180 4.6 21.6 2.0 6.1 103 5.0 
4 120 210 2.5 21.9 0.0 6.7 124- 3.2 
5 72 180 1.1 23.6 0.0 5.6 80 0.5 
6 86 156 6.4 18.? 6.2 7.8 9S . 9.2 
7 lOG 174- 0.5 12.4 3.6 3.6 109 1.6 
8 1.8 12!! ~ 12.6 ~ 8.9 121 2.r.2 

Average 97 169 3.0 20.0 2.4 6.2 107 3.5 I\) 
~ 

Two Hours 
HJpotension 

180 2.0 1., 75.0 1 40 20.0 1.0 0.5 
2 38 180 2.7 13.3 3.3 3.2 58.7 2.1 
3 40 lSO 1.6 28.0 0.4 5.9 43.0 2.2 
4 40 192 1.2 15.6 0.6 6.6 47.5 1.4 
5 40 174 2.2 27.0 5.3 3.9 10.0 4 .• 0 
6 40 141 5.9 17.9 6.3 6.6 51.0 8.2 
'1 40 156 0.1 21.4 -0.8 -0.9 64.0 -2.4 
8 42 144 4.2 10·1 0.1 1·7 !.h7 2LZ - -

Average 40 169 2.4 19.1 2.4 3.4- 53.1 2.9 



TABLE #1 - Continued 

PERIOD EXP. NO. MBP HR RA RVS RVD LA. LVS LVD 

Pre-Infusion 
1 38 150 1.5 30.0 1.5 '.5 75.0 2.0 
2 40 170 2.8 17.6 2.7 '.5 7'.7 1.2 
3 37 165 1.0 30.6 0.1 5.9 43.0 1.0 
4- 42 175 1.2 19.4 1.9 6.7 32.6 1.4 
5 39 62 1.1 26.1 5.8 2.0 62.0 0.0 
6 40 141 5.9 17.9 6.3 6.6 51.0 8.2 
7 40 132 -0.3 19.9 -0.2 -0.9 56.6 -2.4 
8 !!2 ~ 4., 10.6 0,0 ~ ;'7,7 2.Ll 

Average 39 153 2.2 21.5 2.2 3.6 53.9 2.5 

" Hour Post-Infusion 

1 48 150 0.0 28.0 1.3 5.0 70.0 1.5 
\,)I 
0 

2 88 162 3.2 20.8 3.2 5.1 136.0 2.7 
3 60 155 2.1 45.0 0.0 6.0 80.0 0.8 
4 50 150 1.5 21.0 1.4 6.7 57.0 3.1 , 50 156 1.1 26.1 1.1 3.' 64.0 4.5 
6 45 143 6.3 21.5 7.0 7.0 59.7 8.9 
7 100 138 0.4 29.0 -0.4 2.5 111.0 -0.9 
8 80 .w 2.&£ ~ 0.6 ~ 20·7 .2£2 

Average 74 146 2.4 23.7 1.7 4.6 81.0 3.2 



TABLE #1 - Oontinued 

PERIOD UP. NO. M.BP DR RA RVS BY» LA LV'S LVD 

1 Hour 
Post-Infusion 

1 30 150 -0.5 26.0 1.0 6.0 60.0 3.0 
2 83 165 2.3 15.9 2.1 4.1 117.0 1.3 
3 54 152 1.7 40.0 -0.1 6.0 81.0 0.3 
4· - - - - . ... .. - -5- - - - - .. - - .. 
6 23 129 6.1 18.2 6.6 8.1 36.7 8 •• 
7 90 144- -0.3 24.1 -0.9 0.9 99.1 -3.4-
8 2Q 19§ 4-,6 10,4; .2.sQ 2,6 ~ 2.a7 

Average 55 128 -1.7 18.6 1.5 4.6 72.7 3.5 

Terminal \.)I 

1 25 130 -1.0 22.0 0.5 7.0 50.0 4.0 ~ 

2 30 165 2.5 15.8 3.9 5_6 19.0 14.6 
3 29 114- 1.3 21.0 1.6 6.2 26.0 2.2 
4- 20 102 3.1 10.9 1.4- 6.8 29.0 3.2 
5 20 72 3.0 13.6 3.6 3.3 12.0 5.5 
6 15 84 8.8 15.0 8.2 8.5 21.7 8.7 
7 20 96 2.5 11.4 1.1 5.0 19.6 3.1 
8 20 -22 ~ ...2.t! 0,8, 1.t.! 22t2 ~ -

Average 22 107 3.1 14,4 2.6 5.5 25.8 5.4-

• !hese two animals expired within one hour after reintusion. 

MBP - Mean Blood Pressure 
HR - Beart Rate 
RA. - Right Atrium O'1ean Pressure) 

t RV'S - Right Ventricular S~stolic Pressure 
RVD - Right Ventricular ED&-Dlaatollc Presaure 

LA - Lett Atrium (Mean PreSBUreh LVS - Lett Ventricular Systolic essure 



TABLE #2 

Individual Experiments Showing Blood Pressure and Intracardiae Pressures 

EXP. NO. TIME Map IR li.A fiB RD LA LVB LVD 

1 o ontro 1 80 130 1.0 24.0 1.5 5.8 110.0 0.0 
2 Hr Hypotension 40 180 2.0 20.0 1.5 1.0 75.0 0.5 
Pre-Infusion 38 150 1.5 30.0 1.5 3.5 75.0 2.0 
~ Hr Post-Infusion 48 150 0.0 28.0 1.3 5.0 70.0 1.5 
1 Hr Post-Infusion 30 150 -0.5 26.0 1.0 6.0 60.0 3.0 
Termination 25 130 -1.0 22.0 0.5 7.0 50.0 4.0 

2 Control 97 162 3.2 20.0 4.8 5.1 130.0 5 •. 7 
2 Hr Hypotension 38 180 2.7 13.3 3.3 3.2 58.7 2.7 
Pre-Inrusion 40 170 2.8 17.6 2.7 3.5 73.7 1.2 
~ Br Post-Infusion as 162 3.2 20.8 3.2 '5.1 136.0 2.7 
1 Hr Post-Infusion 83 165 2.3 15.9 2.1 4.1 117.0 1., 

\.).I Termination 30 165 2.5 15.8 3.9 5.6 19.0 4.6 I\) 

3 Control 93 180 4.6 21.6 2.0 6.1 103.0 5.0 
2 Hr Hypotension 40 ISO 1.6 28.0 0.4 5.9 43.0 2.2 
Pre-Intusion 37 165 1.0 30.6 0.1 5.9 43.0 1.0 
~ Dr Post-Infusion 60 155 2.1 45.0 0.0 6.0 80.0 . 0.8 
1 Dr Post-Infusion 54 152 1.7 40.0 -0.1 6.0 81.0 0.3 
Termination 20 114- 1.3 21.0 1.6 6.2 26.0 2.2 

4- Oontrol 120 210 2.5 21.9 0.0 6.7 124.0 3.2 
2 Hr Hypotension 40 192 1.2 15.6 0.6 6.6 47.5 1.4 
Pre-Infusion 42 175 1.2 19.4 1.9 6.7 32.6 1.4-
~ Hr Post-Infusion 50 150 1.5 21.0 1.4 6.7 57.0 3.1 
1 Hr Post-Infusion - - - - - -Termination 20 102 3.1 10.9 1.4 6.8 29.0 3.2 



TABLE #2 - Continued . 

EIP. 50. TIME :KEF HR RA. RVS RVD LA LV5 LVD 

5- Control 72 180 1.1 23.6 0.0 5.6 80.0 0.5 
2 Hr Hypotension 40 114- 2.2 27.0 5.' 3.9 70.0 4.0 
Pre-Infusion 39 162 1.1 26.1 5.8 2.0 62.0 0.0 
~ Hr Post-Infusion 50 156 1.1 26.1 1.1 3.' 64.0 4.5 
1 Hr Post-Infusion - - - - - - - -Termina.tion 20 72 3.0 13.6 3.6 3.3 12.-) 5.5 

6 Control 86 156 6.4 18.7 6.2 7.8 98.0 9.2 
2 Dr Hypotension 40 141 5.9 17.9 6.3 6.6 51.0 8.2 
Pre-Intusion 40 141 5.9 17.9 6.3 6.6 51.0 8.2 
~ Hr Poat-Infusion 45 143 6.3 21.5 7.0 7.0 59.' 8 •. 9 
1 Hr Post-Xntusion 23 129 6.1 18.2 6.6 S.l 36.7 8.4 
Termination 15 84 8.8 15.0 8.2 8.5 21.7 8.7 

7 Control 106 174- 0.5 12.4- 3.6 :;.6 109.0 1.6 
2 Hr Hypotension 40 156 0.1 21.4 -0.8 -0.9 64.0 -2.4 \>I 

\)4 

Pre-Infusion 40 132 -0.3 29.0 -0.2 -0.9 56.6 -2.4-
~ Hr Post-~u8ion 100 138 0.4 18.4 -0.4- 2.5 111.0 -0.9 
1 Hr Post-Infusion 90 144- -0.3 24.1 -0.9 0.9 99.1 -,.4 
Termination 20 96 2.5 11.4- 1.1 5.0 19.6 3.2 

8 Control 118 174 4.9 17.6 2.0 8.9 121.0 5.7 
2 Br Hypotensi.m 42 144- 4.2 10.1 0.1 1.7 45.7 5.7 
Pre-Infusion 40 132 4.2 10.6 0.0 2.0 37.7 5.7 
~ Hr Post-Infusion 80 123 5.2 21.3 0.6 2.6 70.7 5..7 
1 Dr Post-Infusion 50 126 4.6 18.4- 0.0 2.6 42.7 5.7 
Termination 20 96 4.2 5.4 0.8 1.4 22.2 3.2 

• Animals expired wi thin one hour atter reinfusion 
~ - Mean Blood Pressure LVS - Lett Ventricular 57sto1le Pressure 

BIt - Heart Rate LVD - Left Ventricular End-Diastolic Pressure 
RA - Right Atrium. (Hean Pressure) 

RYS - Right Ventricular S7sto1ic Pressure 
RVD - Right Ventricular End-Diastolic Pressure 

LA - Lett Atriua (Hean Pressure) 



TABLE #3 
Two Experiments Shoving'Blood Pressure. Heart Rate and Cardiac OhadOer Pressures 

for Two Hours of.Normovolemic Shoek 

PERIODS MBP HR RA RVS RY» LA LVS LV» 

Oontrol 100 177 6.7 31.3 6.8 6.9 108 10.0 

Average ~ t~~ ~ i!~ ~ ~ !$ ~ 1 • 

2Hr 
Hypotension 40 138 5.7 22.5 4.4 4.4- 43 2.6 

Average ~ tI ~ ~t:~ ~ t.t ~ ~ 
Pre-In.tusion 40 114 B.O 22.5 3.3 5.7 53 2.6 

44- ~ 2,~ ~l!~ ~ ~ ~ +.~ Average ~ 5. \.l-J 
~ 

~lIr 
Post-Infusion 65 108 6.7 32.0 3.8 5.0 88 2.6 

Ayerage -if? m ~ ~ ~ ~ ~ 6.0 
4.~ 

lBr 
Post-Intusion 55 96 6.3 16.3 4.8 4.4- 68 3.9 

Average ~ ~ ~ l~:~ ~ ~ -! -i!t 
2Br 
Post-Infusion 40 99 5.7 21.3 5.3 5.4 48 5.2 

40 ~ ~:~ ~3:i ~ 2.0 ~ .~ Average "'"40 .,." 
t1BP - Mean Blood Pressure LA - Left Atrium (Mean Pressure) 

HR - Heart Rate LVS - Left Ventricular S7stolic Pressure 
RA. - Bight Atr1wa Olean Pressure) LV» - Left Ventricular End-Diastolic Pressure 

RVS - Right Ventricular Systolic Pressure 
RVD - Right Ventricular End-Diastolic Pressure 



TABLE #41.. 

t:ttects ot Ouabain on Circulatory Dynamics in Hemorrhagic Shock 

Ouabain Prior to RelntusioD 

Exp. No. TIME HB.P CVP CO TPR 
(mm fig) (l/min)· (DUB Hg/ml/min) 

1 Contrt)l 140 -0_25 2.17 0.064-
120 min.' 40 -3.6 0.51? 0.071 
175 m:ln. 0 43 -3.5 0.500 0.080 
180 m.1.n. ~ 85 -4.0 0.286 0.297 
210 min. 75 -4.0 0.250 0.300 

2 Control 165 0.5 2.15 0.0767 
120 min. 40 -0.5 0.39 0.1020 
180 m..u. 40 -0.5 0.39 0.1015 
225 min. 40, 0.0 0.45 O~0888 
230 min. 0 60 0.0 0.44- 0.1366 \)4 

V1 
250 mn. T 95 0.25 1.62 0.0586 
310 min. 52 -1.00 0.53 0.0988 

3 Control 132 -2.0 1.65 0.0300 
120 min. 40 -4.0 .59 0.0630 
180 min. 40 -4.0 .50 0.0795 
225 mj.n. 0 40 -6.5 .56 0.0719 
230 min. l' 71 -4.; .59 0.1185 
260 min. 60 -5.5 .50 0.1200 

T - Reinfusion of Blood 
MBP - Mean Blood Pressure 
CVP - Central Venous Pressure 

CO - Cardiac Output 
TPR - Total Peripheral Resistance 

0- InJection ot 0.035 mgms/Kg Ouabain 



TABLE #4B 

Ef'fects of Ouabain on Circulatory Dynamics in Hemorrha.gic Shock 

Ouabain After Relnfusion 
Exp .. 
No. TIME MBP 

1 Control 135 rum lig 
2 Hr Hypotension 36 mm Kg 
3 Hr Hypotension 3'/ mm Hg 
3 Hr 35' Hypo. 3'/ mm Kg 
20' Post-Infus. 98 nun Hg 

o 30' Post-Infus 115 mm Hg 
1 Br Post-Inrus. 85 mm Hg 
2 Dr Post-Infuse 50 mm lig 
3 Dr Post-Infuse 35 mm Kg 

2 Control 142 mm lig 
2 Hr 10' Hypo. 35 mm fig 
20' Post-Infu~. 121 mm Itg 

o 30' Post Intus. 141 mm Kg 
1 Dr Post-Ihfus. 125 :rom llg 
2 Dr Post-Infuse 70 mm Hg 

3 Control 155 mm Hg 
2 Dr H~otens1on 40 :mm lIg 
2 fir 50 Hypoten. 36 DUD Kg 
20' Post-I~us. 60 mm Hg 
25' Post-Infuse 70 mIn Kg 
30' Post-Infuse 48 mm Hg 

T - ReinfUsion of Blood 
MBP - Mean Blood Pressure 
CVP - Oentral Venous Pressure 

CO - Cardiac Output 
TPR - Total Peripheral Resistance 

C:VP CO TPR 

-2.25 mm lig 1.85 1/_ .073 IW1 Hg/cc/mn 
-3.10 mm Hg 0.37 limn .098 rom Bg! cc/mn 
-3.00 mil Hg 0.42 lImn .088 mm Hycc/mn 
-3.00 DDIl Hg O.A·5 limn .08~ nun Rg/cc/mn 
-2.00 mm Hg 1.27 If!4D .077 mm Hg/cc/mn 
-1.50 mm lig 1.19 llmn .091 nun Hg/ce/mn 
-1.75 BUn lig 0.71 1/_ .119 mm Hg/cc/mn 
-1.'75 BUn lig 0.59 l/um .085 mm Hg/cc/mn 
-1.00 rum lig 0.5<) 1/lDJ1 .071 mm Hg/cc/mn 

-1.25 mm Hg 1.40 l/DIIl .101 mm Hg/cc/mn 
-2.25 mm HS 0.72 1/_ .048 mm. Kg/cc/mn 
-1.50 mm lig 0.85 lImn .142 mm Hg/ec/mn 
- .150 DUn Rg 0.78 lImn .180 mm Hg/cc/mn 
-2./0 mm Hg 0.79 lImn .158 rom Rglcc/mn 
-2.30 mm 1:Ig 0.70 lImn .100 rom Hg/cc/mn 

-1.25 rom l!g 2.05 limn .076 mm/Hg/ml/mn 
-2.50 mm Eg 0.632 l/mn .063 mnVag/ml/mn 
-2.25 mil Hg 0.198 limn .045 mru/Hg/m1/mn 
-2.25 mil Hg 1.45 l/lIlll .041 mm,/!ig/ml/mn 
-2.50 rum Kg 1.120 lImn .062 mm/Hg/ml/mn 
-3.50 mm Hg .646 lImn .074 mm/Hg/ml/mn 

~ __ iniA~~inn ~~ n_n~~ maMa~~ OHnho •• 
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FIGURE 1 

The Heart Rate t Mean Blood Pressure and the pressures in 

the Four Ohwabers of the Heart of a Dog in Hemorrhagic Shock 
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The Hean Blood Pressure and the Right and Left Mean Atrial 

and Ventricular End-Diastolic Pressures in the Last Hour ot the 

Normovolemic Phase of Ten Dogs in Hemorrhagic Shock 
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FIGURE 3 
The Plean Blood Pressure, Oentral Venous Pressure, Cardiac 

Output and Total Peripheral Resistance in Two Dogs Receiving 
Ouabain during Hemorrhagio Shock 
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