Comparison of Early Hemodynamic Phenomena in Three Forms of Shock

in Dogs! (35320)

T. E. ByNuM,2 GUENTHER F. BRoOBMANN,? EUGENE D, JACOBSON,
AND CHUN-KUvaNG Su?
Departments of Medicine, Surgery, Physiology and Biophysics, University of Oklahoma
Medical Center, Oklahoma City, Oklahoma 73104

Since shock was first formally described
300 years ago (1), 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 to develop a relatively sim-
ple animal preparation that would allow com-
parison of early hemodynamic phenomena in
the three major forms of shock: hemorrhagic,
endotoxic, and cardiogenic shock. The study
was designed to assess directly both inflow
and 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 30-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 LDy dose (1.2 mg/
kg) of Esckerichia 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 coronary ostium, to
be positioned in the anterior descending
branch of the left coronary artery. An infarct-
ing agent (0.005 ml/kg of hexachlorotetra-
fluorobutane, Hexa) was injected as a bolus
in the coronary artery and the sound was re-
moved (2). In this group, measurements were
taken for 2 hr.

During the 1- or 2-hr observation periods,
continuous recordings were made of (a) sys-
temic arterial pressure, (b) central venous
pressure, (3) lead II of the electrocardiogram,
(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 [, Comparison of Early Hemodynamie Phenomena in Three Forms of Shock.*

Systemie arte-

Total peripheral

Shock group rial pressure Cardiac output Venous return resistance
(min) (mm Hg) (ml/min) (ml/min) (mm Hg/ml/min)
Hemorrhagie
Control period 100+ 3 2150 + 116 1396 + 149 0.047 = 0.002
+5 53+ 5° 931 + 82° 534 + 104" 0.058 =+ 0.007
-+60 68 + 10° 1268 + 145° 626 + 139° 0.053 + 0.007
+120 70+ 8" 1013 + 117° 502 + 87° 0.075 + 0.008°®
Endotoxie
Control period 96 + 8 1862 + 198 1390 =+ 206 0.052 + 0.006
+3 40 + 3° 897 + 118 603 & 84° 0.043 =+ 0.005
+30 69 + 5° 1648 + 120° 1300 + 130 0.040 =+ 0.002°
+60 57+ 3° 1507 + 124° 1167 == 107° 0.037 =+ 0.0027
Cardiogenie
Control period 130 + 10 1880 + 113 1451 + 138 0.071 + 0.009
+5 115 + 13 1627 + 141 1193 + 188 0.075 + 0.013
+60 108 = 6° 1601 + 112° 1173 + 105° 0.069 =+ 0.004
+120 89 +11° 1117 + 81° 977 + 107 0.081 =+ 0.010

% Values recorded are mean + SE.

b Signifieant (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 at 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 Hexa injection, cardiac output, venous
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Fic. 1. Successive ECG tracings from a dog showing effect of intracoronary 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 at 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 (i.e.,
“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 cardio-
genic shock. Cardiac output, venous return,
and arterial pressure were most profoundly
depressed by hemorrhage. Although 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
shock (6-10).

As previously reported by others (3, 11),
intracoronary injection of Hexa in the dog



604

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
damage.

Summary. Response patterns of arterial
pressure, cardiac output, venous return, and
total peripheral resistance were 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. -
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Alvin C. K.

1. Agress, C. M., and Binder, M. J., Amer. Heart
J. 54, 458 (1957).

HEMODYNAMICS OF THREE FORMS OF SHOCK

2. Ascanio, G., Barrera, F., Lautsch, E. V,, and
Oppenheimer, M. J., Amer. J. Physiol. 209, 1081
(1965).

3. Brobmann, G. F., Ulano, H. B.,, Moore, G,
Meyer, P., Brecher, G. A, and Jaccbson, E. D,
Amer. J. Physiol., in press.

4, Steel, R. G. D., and Torrie, J. H., “Principles
and Procedures of Statistics,” p. 734. McGraw-Hill,
New York (1960).

5. Berne, R. M., and Levy, M. N., “Cardiovascu-
lar Physiology,” p. 254. Mosby, St. Louis (1967).

6. Nickerson, M, i “Shock, Pathogenesis and
Therapy” (K. D. Bock, ed.), p. 630. Springer-
Verlag, Berlin/New York (1962).

7. Nickerson, M., and Gourzis, J. T, J. Trauma
2, 399 (1962).

8. Lillehei, R. C., Longerbeam, J. K., and Bloch,
J. H, Amer. J. Cardiol. 12, 599 (1963).

9. Lillehei, R. C., Longerbeam, J. K., Bloch, J.
H., and Manax, W. G,, Clin. Pharmacol. Ther. 5, 63
(1964).

10. Lillehei, R. C., Longerbeam, J. K., Bloch, J.
H., and Manax, W. G., iz “Shock and Hypotension;
Pathogenesis and Treatment, Twelfth Hahne-
mann Symposium” (L. C. Mills, and J. H. Moyer,
eds.), p. 970. Grune and Stratton, New York
(1965).

11. Barrera, F., Ascanio, G., Lautsch, E. V., and
Oppenheimer, M. J. Amer. J. Med. Sci. 253, 71/675
(1967).

12. Levy, M. N., and Frankel, A. L., Amer. J.
Physiol. 172, 427 (1953).

13. Wegria, R., Frank, C. W, Misraby, G. A,
Wang, H. H,, Miller, R, and Case, R. B., Amer. J.
Physiol. 177, 123 (1954).

14. Kuhn, L. A, J. Mt. Sinai Hosp., New York
30, 20 (1963).

15. MacKenzie, G. J., Taylor, S. H,, Flenley, D.
C., McDonald, A. H., Staunton, H. P., and Donald,
K. W, Lancet 2, 825 (1964).

16. Toubes, D. B., and Brody, M. J. Circ. Res.
26, 211 (1970).

Received Oct. 13, 1970. P.S.E.BM, 1971, Vol. 136.



