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Since shock was first folrmally described 
300 years ago ( l ) ,  it has proven to be an 
elusive subject of research. Despite efforts of 
generations of investigators, agreement is 
lacking about even the gross central and 
peripheral mechanisms of the various types 
of shock-a factor which has contributed to a 
succession of therapeutic “fads.” Clinically, 
shock continues to be common, difficult to 
treat, and lethal. 

Our object was tol develop a re1,atively sim- 
ple animal preparation that would allow com- 
parison of early hemdynamic phenomena in 
the three major forms of shock: hemolrrhagic, 
endotoxic, and cardiogenic shock. The study 
was designed to assess directly both inflow 
anld outflow events in the heart, and to assess 
indirectly vascular events in the peripheral 
circulation. 

Methods. Three series of experiments were 
performed, one for each type of shock. Each 
series consisted of experiments on 6 mongrel 
dogs of both sexes (15-20 kg) . Animals were 
anesthetized with pentobarbital (30 mg/kg) , 
supplemented as necessary in the preparatory 
and control periods. An open-chest prepara- 
tion was consistently used, with ventilation 
maintained by a pump respirator at  4 liters/ 
min. In the hemorrhagic and cardiogenic 
shock series, the chest was opened by a mid- 
line sternal incision. In  the endotoxic shock 
series, an incision at  the right fifth intercostal 
space was substituted. A 301-min control pe- 
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riod then preceded the induction of shock in 
all experiments. 

In the 6 dogs exposed to hemorrhagic 
shock, 30% of the calculated blood volume 
(2.5% of body wt) was rapidly removed by 
a cannula in the femoral artery: hemody- 
namic measurements (described below) were 
then recorded for 2 hr. The animals in endo- 
toxic shock received an LDloo dose (1.2 mg/ 
kg) of Escherichia coli lipopolysaccharide B 
(Difco) , injected intravenously as a bolus, 
after which measurements were continued for 
1 hr. In  the 6 dogs in cardiogenic shock, a 
curved metal sound was passed through an 
incision in the left carotid artery to the aortic 
root, and through the left coroaary ostium, to 
be positioned in the anterior descending 
branch od the left coronary artery. An infarct- 
ing agent (01.0015 ml/kg of hexachlorotetra- 
fluorobutane, Hexa) was injected as a b’olus 
in the coronary artery and the solund was re- 
moved ( 2 ) .  In  this groap, measurements were 
taken for 2 hr. 

During the 1- or 2-hr olbservation periods, 
continuous recolrdings were made od (a) sys- 
temic arterial pressure, (b) central venous 
pressure, ( 3 )  lead I1 of the electrolcardiogram, 
(d) cardiac output, and (e) venous return. 
Systemic arterial pressure was measured with 
a strain-gauge transducer ( Sanborn) connect- 
ed to a femoral artery. Cardiac output (mi- 
nus coronary artery flow) was measured by a 
noncannulating, electromagnetic blood-flow 
transducer of the gated, sine-wave type (Mi- 
cron); this was placed snugly on the ascend- 
ing aorta and connected to an amplifier (Bio- 
tronix). Venous return was determined by a 
similar blood-flow transducer placed in the in- 
ferior vena cava via a small incision in the 
right atrial appendage. The transducer was 
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TABLE I. Comparison of Early Hemodynarnic Yhenomena in Three Forms of Shock." 
- 

Systemic arte- Total peripheral 

(min) (nini Hg) (ml/min) (ml/min) (rnm Hg/ml/min) 
Shock group rial pressure Cardiac output 'Venous return resistance 

Hemorrhagic 

+ 5  + 60 
+I20 

Endotoxic 

Control period 

Control period 
+3 + 30 + 60 

Cardiogcnie 

+5  
+60 

+ l 2 0  

Control period 

100 f 3 
53 f 5b 
68 f 10" 
70 & 8" 

9 6 +  8 
40 f 3b 
69 f 5" 
57 +_ 3" 

130 2 10 
115 2 13 
10.8 & 6b 
89 f 11" 

2150 116 

1268 145b 
1013 117b 

931 2 8 2 b  

1862 f 198 
897 & 118b 

1648 k 120" 
1507 f 124" 

1880 2 113 
1627 f 141 
1601 -c 112b 
1117 f 81" 

1396 2 149 
534 f 104h 
( 2 6  f 13gb 
502 k 87b 

1390 k 206 
603 k 84b 

1300 f 130 
1167 +_ 107" 

1451 k 138 
1193 2 188 
1173 k 105b 
977 f 107b 

0.047 f 0.002 
0.058 & 0.007 
0.053 t 0.007 
0.075 2 O.OOSb 

0.052 k 0.006 
0.043 2 0.005 
0.040 k 0.002b 
0.037 f 0.002' 

0.071 0.009 
0.075 f 0.013 
0.069 f 0.0.04 
0.081 k 0.010 

aVa.lues recorded are mean SE. 
' Significant (p <.05) difference from control value. 

Significant difference from both control value and value designated in footnote b .  

lodged in position so that all flow in the ves- 
sel had to pass through the transducer ( 3 ) .  
All measurements were recorded as mean val- 
ues on a direct-writing polygraphic recorder 
(Sanborn) . Total peripheral resistance was 
calculated as the product of the pressure drop 
from systemic arterial to central venous pres- 
sure and the reciprocal of aortic flow (mm 
Hg/ml/min) . 

Results were analyzed by Duncan's mul- 
tiple range test (4) .  

Results. Hemorrhagic shock. During remov- 
al of blood from the dogs in hemorrhagic 
shock, arterial pressure, cardiac output, and 
venous return dropped abruptly. After the 
first hour, however, some recovery of pres- 
sure and flows occurred, although not to pre- 
hemorrhage values (Table I ) .  Changes in 
heart rate among the 6 animals were incon- 
sistent, and central venous pressure declined 
slightly over the 2-hr observation period. 
While calculated total peripheral resistance 
showed no significant change in the first hour 
after hemorrhage, it increased significantly 
during the second hour. 

Endotoxic shock. Within 1 min after endo- 
toxin injection, inferior vena cava blood flow 

decreased. Within the next 2 min, like de- 
creases were observed in cardiac ouput and 
systemic arterial pressure (Table I). Total 
peripheral resistance changed inconsistently 
or not a t  all during this 3-min period. 
At 30 min after endotoxin injection, caval 
flow, cardiac output, and arterial pressure 
had recovered somewhat, but still remained 
below control values. Because cardiac output 
improved more than arterial pressure, the 
calculated value of total peripheral resistance 
was lower at  30 min than during the control 
period. At 60 min, venous return, cardiac 
output, and arterial pressure began to decline 
further, and total peripheral resistance re- 
mained significantly below control values. In- 
consistent changes were observed in central 
venous pressure and heart rate. 

Cardiogenic shock. In  the 6 dogs reported 
in this series, intracoronary injection of Hexa 
produced electrocardiographic evidence of 
myocardial infarction without persistent ven- 
tricular arrhythmias (Fig. 1). (In another 6 
animals, not included in the data reported 
here, Hexa caused persistent ventricular 
tachycardia and/or ventricular fibrillation.) 
After Mexa injection, cardiac output, venou5 
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DATE: 2-19-70 

DOG: 2, $, I 7 k g  

ECG: LEAD 2 

SPEED: 5 cm/sec ~b’JJ1JJ- ,005 mVkg HEXACHLOROTETRARUOROBUTANE INTO A+ 
LEFT CORONARY ARTERY, ANTERIOR DESCENDING 

BRANCH BEFORE INJECTION 

5 min AFTER INJECTION IS min AFTER INJECTION 

I HOUR AFTER INJECTION 2 HOURS AFTER tNJECTlON 

FIG. 1. Successive ECG tracings from a dog showing effect of intiqacoronary injection of Hexa. 
By 2 hours after injection the decreased amplitude of R waves and the ST segment elevation attest 
to myocardial damage. 

return, and systemic arterial pressure de- 
clined gradually and progressively, the de- 
creases being significantly different from con- 
trol values a t  both 1 and 2 hr (Table I). 
Total peripheral resistance, heart rate, and 
central venous pressure changed inconsistent- 
ly or not at all. 

Discussion. All three shock models- 
hemorrhagic, endotoxic, and cardiogenic- 
were characterized by significant decreases in 
cardiac output, venous return, and arterial 
pressure. The three models are different, how- 
ever, in that blood volume is reduced in hem- 
orrhagic shock, blood is sequestered (Le . ,  
“effective” blood volume reduced) in en- 
dotoxic shock, and blood volume remains nor- 
mal in cardiogenic shock. We found that to- 
tal peripheral resistance increased in hemor- 
rhagic shock, decreased in endotoxic shock, 
and showed no consistent changes in oardio- 
genic shock. Cardiac output, venous return, 
and arterial pressure were most profoundly 
depressed by hemorrhage. A1 though endotox- 
in diminished these parameters within 3 min, 

some recovery occurred during the first 0.5 
hr, followed by a more gradual, persistent 
decline. Intracoronary injection of Hexa pro- 
duced a gradual decline in pressure and flows 
over 2 hr. Thus, comparison of these early 
events indicates that the three lethal forms of 
shock do not exhibit the same basic hemody- 
namic phenomena. The dissimilar patterns of 
total peripheral resistance in the three shock 
states provide no support for the concept 
that a common mechanism is responsible for 
death in all forms of shock. 

Hemorrhage has been shown to evoke gen- 
eralized arteriolar constriction (5). Consis- 
tent with this concept, cardiac output fell 
more than arterial pressure in the dogs sub- 
jected to hemorrhage, and total peripheral 
resistance increased. In the endotoxic shock 
series, however, total peripheral resistance de- 
creased, a result which conflicts with the pos- 
tulated arteriolar constriction in this form of 

As previously ,reported by others (3, l l ) ,  
intracoronary injecltion of Hexa in the dog 

shock (6-10). 
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produced electrocardiographic changes indi- 
cative of myocardial infarction, transient ar- 
rhythmias, and shock. However, our animals 
showed no evidence of activation of a 
Jahrisch-Bezold type reflex in the first hour. 
This can probably be attributed to the use of 
an open-chest preparation ( 12, 13) and the 
exclusion of animals who developed persistent 
ventricular tachycardia and/or ventricular 
fibrillation. 

The relative failure of reflex arteriolar con- 
striction after myocardial infarction has been 
noted previously ( 1, 14-16). Inconsistent 
changes in calculated total peripheral resis- 
tance in our series confirms previous reports 
and suggests that some deleterious events in 
shock following myocardial infarction may be 
secondary to autonomic nervous influences 
on peripheral arterioles as well as to cardiac 
damlage. 

Summary. Response patterns of arterial 
pressure, cardiac output, venous return, and 
total peripheral resistance ware determined in 
3 lethal shock states. Hemorrhagic shock 
decreased pressure and flows most profoundly 
and most persistently but increased resis- 
tance. Endotoxic shock caused an initial tran- 
sient decrease in pressure and flows, followed 
by a later depression of these measurements 
and also decreased total peripheral resis- 
tance. Cardiogenic shock gradually decreased 
pressure and flows and did not change resis- 
tance. The concept of a single early circulato- 
ry derangement as the primary cause of irre- 
versibility in shock is not supported by our 
findings. 

The authors are indebted to Mr. AIvin C. K. 
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