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Tuere is considerable controversy over
the nature and extent of coagulation
changes which occur in hemorrhagic shock.
It has generally been stated that hemor-
rhage leads to hypercoagulability followed
by a hypocoagulable state,™ %t as found
in studies conducted in dogs and using a
reservoir technic in which blood is drawn
into a reservoir until blood pressure falls to
a pre-determined level. The reservoir blood,
anticoagulated with ACD or heparin, is re-
infused as needed to maintain blood pres-
sure at the desired level. Hardaway has re-
cently criticized the reservoir technic, stat-
ing that the blood stored outside the body
is somehow altered to promote dissemi-
nated intravascular coagulation upon re-
infusion.® Furthermore, dogs have been
shown to differ significantly from primates
in their response to hemorrhagic shock,
thus minimizing the clinical applicability
of dog studies.?

Submitted for publication March 1, 1971.

From the Bureau of Medicine and Surgery,
Navy Department, Research Task No. M4305.05.
3007.

The opinions or assertions contained herein are
the private ones of the authors and are not to be
construed as official or reflecting the views of the
Navy Department or the Naval service at large.

The experiments reported herein were con-
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We, therefore, desired to study hemor-
rhagic shock in a primate using a non-
reservoir technic. Because the baboon is
being used increasingly more in studies of
hemorrhagic shock,> % 1° that animal has
been used in these studies. Hawkey and
Symons have shown the coagulation sys-
tems of man and baboon are similar with
the exception of higher activities of cer-
tain individual factors, especially VII and
VIIL® The similarity of coagulation mecha-
nisms lends additional value to the use of
the baboon as a model for study of clotting
changes in shock.

Methods

Five adult male baboons (Papio doguera)
weighing from 19 to 38 Kg., were used
after quarantine for at least 30 days, dur-
ing which they were skin-tested for tuber-
culosis and given routine courses of benza-
thine penicillin (300,000 units), intramus-
cular iron (Imferon, 3 cc.), and an anti-
helminthic (thiabendazole). They were
maintained on a diet of Tek-Lad primate
food and fresh fruit until the day before
the experiment. On the morning of study,
they were sedated with Sernylan (phen-
cyclidine hydrochloride), 1 mg./Kg., and
polyethylene catheters were placed in the
femoral artery and through the femoral
vein to the right atrium. The arterial and
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venous catheters were connected to pres-
sure transducers and a recording device.
They were temporarily disconnected to
permit withdrawal of blood samples. The
animals were then placed in a prone po-
sition with padded axillary supports, and
small incremental doses of intravenous
pentobarbital were given as the animals
became sufficiently conscious to struggle
against the supports. No more than 50 mg.
per hour of pentobarbital was given.

After obtaining baseline measurements
and blood samples, blood was withdrawn
over a 15-minute period until the mean ar-
terial pressure was 60 mm. Hg. It was
maintained at this level for 1 hour, with-
drawing more blood or infusing Ringer’s
lactate as needed to keep the desired stable
pressure level. After the hour at a mean ar-
terial pressure (MAP) of 60 mm. Hg, blood
samples were drawn and then further blood
was withdrawn over a 5-minute period
until the MAP fell to 40 mm. Hg. It was
maintained at this level for one additional
hour by further blood withdrawal or infu-
sion with Ringer’s solution. All of the shed
blood was withdrawn into 500 ml. ca-
pacity plastic bags containing 2,250 units of
heparin in 30 ml. of normal saline.

Following the second hour of shock,
Ringer’s lactate was infused. The total vol-
ume given (including that administered
during the shock period) equalled 21%
times the amount of blood shed, and the in-
fusion was given over a 15-minute period.
One hour after the onset of the resuscita-
tion period blood samples were withdrawn,
followed by reinfusion of the shed blood.
One hour after reinfusion, the final blood
samples were drawn.

A second group of six animals was used
as a control group. They were positioned
and sedated as the experimental group, but
they were not bled and were not infused
with Ringer’s lactate solution.

Arterial blood gases and pH were mea-
sured with an Instrumentation Laboratories
gas analyzer. Cardiac outputs were deter-
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mined by the indocyanine-green dye-dilu-
tion method, using a Beckman Cardioden-
sitometer. Hematocrits were determined by
the microcapillary method, white blood
counts by Coulter counter, and platelet
counts by direct count using phase contrast
microscopy.

Coagulation Studies

Fibrinogen was measured by the method
of Parfentjev,'® Euglobulin lysis time (ELT)
by the method of Celander and Guest,??
and serial thrombin time as described by
Reid.?? Quick one-stage prothrombin time
(PT) was determined using Simplastin
(Warner-Chilcott), and activated partial
thromboplastin time (PTT) using Platelin
Plus (Warner-Chilcott). PT and PTT were
also performed on plasma diluted 1:1 with
saline, in an effort to detect increased lev-
els of clotting factors. Factor VIII (anti-
hemophilic globulin) was quantitated using
a commercial factor VIII deficient plasma
(Dade) in the activated PTT determina-
tion. Fibrin split products (FSP) were
tested for using rabbit antiserum to hu-
man fibrinogen (Hyland) according to the
method of Marder and Shulman.

Statistical Methods

Two-way analysis of variance was used
to test for homogeneity of each parameter
measured. Sample time (corresponding to
stage of shock or resuscitation) was com-
pared with animal-to-animal variation and
methodological error. Parameters showing
a significantly increased variance by F-test
at the p < 0.05 level were further examined
by Duncan’s multiple range test.” Measure-
ments which did not show significant dif-
ferences by analysis of variance, but sug-
gested a definite trend, were also examined
by Friedman’s non-parametric rank-order
method.?* This was felt to indicate signifi-
cant differences more reliably when vari-
ables were not normally distributed. Cor-
relation coefficients cited are the Pearson
product-moment correlation coefficient.
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Results

The six control baboons showed no sig-
nificant variation in any of the physiolog-
ical or coagulation parameters measured
throughout the 4 hours of study. All five
baboons survived the shock and resuscita-
tion period, and all were alive 7 days after
the conclusion of the study. The average
volumes of blood shed to produce shock,
and of Ringer’s lactate given to maintain
pressure and for resuscitation, are shown
in Table 1. Hemodynamic measurements,
consisting of systolic, diastolic, and mean
arterial pressures, central venous pressure,
and cardiac output, are shown in Figure 1.
Values significantly different from baseline,
marked by an asterisk (*) in Figure 1, are
the MAP and cardiac output (CO) after
1 hour of shock, and the MAP, CVP, and
CO after 2 hours of shock. One hour after
resuscitation with Ringer’s lactate, both
CVP and CO were within the normal range
although the CO still showed a low trend
(0.10 > p > 0.05 in Student t-test). After
return of shed blood, MAP also returned
to normal, while the CO still tended to be
low (0.10 > p > 0.05).

The average hematocrit, platelet count,
and white blood count are shown in Figure
2 in relation to the various experimental
periods. The hematocrit fell during hemor-
rhage and continued to decline through the
period of asanguineous resuscitation. The
fall in platelets was in almost direct propor-
tion to that in the hematocrit through the
first 3 hours of the experiment. The correla-
tion coefficient between mean hematocrit
and mean platelet count for the first four
observation times is r = 0.99 (P = .01). On
the other hand, the white blood count rose
during shock, from a baseline means of
12,600 to a mean of 35,300 after 2 hours of
shock. It then fell during resuscitation.

Observed values of arterial Po,, Pco,, and
pH are shown in Figure 3. Although there
is a tendency for Po, to rise throughout
the experiment, and especially after re-

TABLE 1. Volumes of Blood Shed during Shock, and
of Fluids Given during Resuscitation

Total blood shed during shock
Ringer’s lactate given during shock
Ringer’s lactate given during re-

suscitation 1945 & 155 ml.
Total Ringer’s lactate : shed blood vol. = 2.5:1

950 & 50 ml.
375 4= 165 ml.

suscitation, this trend is just short of sig-
nificant at the P = .05 level by both analysis
of variance and Friedman’s rank-order test.
Similarly, neither Pco, nor pH change sig-
nificantly throughout the experimental pe-
riod. The maximum change in mean pH
was from 7.46 in the control period to 7.33
after the second hour of shock.

The prothrombin time (PT) and partial
thromboplastin time (PTT) are shown in
Figure 4. Analyses of variance show the
PT changes significantly (p < 0.01) and
values significantly different from baseline

mmHg
150 [—

X Significantly Different From Baseline
Values (P<.05)

Fic. 1. Hemodynamic changes in hemorrhagic
shock. Points plotted for mean arterial pressure,
central venous pressure (CVP), and cardiac out-
put (C.0.) are mean = standard error. The mean
systolic and diastolic pressures are indicated by
shading. Values significantly different from base-
line (p < 0.05) are indicated by an asterisk (*).
The shading at the bottom of this and subsequent
figures is a diagrammatic illustration of the course
o%e shock and resuscitation, showing points of
resuscitation with Ringer’s lactate (RL) and hepa-
rinized blood, and is not meant to indicate nu-
merical values.
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Fic. 2. Mean hematocrit, platelet count, and
white blood count in hemorrhagic shock and re-
suscitation.

are indicated in Figure 4 by an asterisk
(*). We note that significant changes are
found only in the resuscitation period, and
not during the shock period. The PTT
varies the same as the PT, but observed dif-
ferences are not significant by either analy-
sis of variance or the Friedman rank-order
test. The PT and PTT on diluted plasma

Fic. 3. Arterial blood gases (Po., and Pco,) and
arterial pH in hemorrhagic shock and resuscita-
tion. Mean values = standard error are indicated.

Ann. Surg. - Feb. 1972
Vol. 175 - No. 2

were not shorter than the expected values,
suggesting absence of hypercoagulability.
Fibrinogen and factor VIII, both shown in
Figure 5, change significantly in shock and
resuscitation (p < 0.01). Euglobulin lysis
time also tended to decrease. This tendency
was significant by rank-order test (p <
0.05) but not by analysis of variance. At
no sampling time were fibrin split products
detected in any of the animals.

Discussion

The hemorrhagic shock model used in
these studies has been previously shown to
be uniformly fatal if untreated.’” This par-
ticular shock schedule was chosen because
earlier investigations had indicated that at
least 80% of the animals could be expected
to survive through the first 2 hours of shock
(although none were long-term survivors),
giving ample time for studies to be carried
out (unpublished observations by Dr. G. S.
Moss ). The baboon seems more sensitive to
hemorrhagic shock than the African green
monkey (Cercopithecus sp.) which shows
60% long-term survival after 7 hours at
35 mm.® The degree of hypotension pro-
duced in these studies cannot be strictly
compared with that required to produce
“irreversible” shock in other species. Al-
though dogs,*  ° cats,'? and sheep * survive
through longer hypotensive periods, they
all ultimately die in spite of treatment,
while our animals survived when treated.
Although Hardaway ¢ has attributed this de-
layed death to reinfusion of shed blood, our
animals all tolerated reinfusion when it
was preceded by large volumes of crystal-
loid solution. Our shock protocol is similar
to that shown by Selkurt * to produce renal
function changes in the owl monkey Aotes
trivirgatus. “

On the average, our animals were bled
to about 35% of their blood volume (of
about 1500 cc.). This caused mean arterial
pressure to fall to 42% of the baseline value
and cardiac output to 20% of normal.
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Despite the profoundly compromised cir-
culatory status, arterial pH and blood gases
showed only insignificant changes. This is
in contrast to studies in the dog, in which
metabolic acidosis is common,? and in man,
in whom arterial hypoxemia is seen.

We did not observe the changes in co-
agulation parameters reported by Broersma
et al.;» Hardaway,® or McKay.'® During the
shock period, we were unable to detect
significant hyper or hypo-coagulability by
measurement of PT or PTT. The decreased
levels of fibrinogen and Factor VIII could
be attributed to either dilution or a con-
sumption coagulopathy. To test for the
former, these parameters were correlated
with hematocrit, which we assumed to be a
measure of intravascular dilution. Although
this assumption is not fully justified be-
cause of possible red cell sequestration in
certain capillary beds, Table 2 shows that
good correlations were obtained. The fall in
platelet count can also be related to dilu-
tion in this manner. We cannot eliminate
fibrinolysis as a cause of the decreasing
fibrinogen, however, in spite of the absence
of fibrin split products in the blood, be-
cause the decreasing euglobulin lysis time
indicates that there may be fibrinolysis of a
degree too small to be detected by our
methodology. Alternatively, the ELT may
be measuring other non-specific proteases
unrelated to the fibrinolytic system. The
elevated values of PT and PTT measured
after reinfusion may, of course, have been
due to the heparin present in the stored
blood. This could also have affected the
Factor VIII assay.

Of considerable interest is the very ele-
vated white blood cell count observed dur-
ing hemorrhage. Although moderate leuko-
cytosis is common after acute hemorrhage
clinically, to our knowledge, leukocytosis
of this degree has not been previously re-
ported in this hemorrhagic shock model.

In conclusion, it would seem that hemor-
rhagic shock of sufficient severity to pro-
duce a state of significantly reduced cardiac

Seconds
80
PTT
40 —
|
i
19—
X
18— X
PT
17—

60#“"“ 40mm ARRL \B””
0 1 2 ? !

Fic. 4. Prothrombin time (PT) and partial
thromboplastin time (PTT) in hemorrhagic shock
(mean = standard error). Asterisks (*) indicate
vaélsn;,s differing significantly from baseline (p <
0.05).

output, and hence tissue hypo-perfusion,
does not in itself produce significant ab-
normalities of the clotting system in this

TABLE 2. Correlation of Blood Components
with Hematocrit

Parameter r P
Platelets! .99 .01
WBC —.686 n.s.
Fibrinogen 944 <.05
Factor VIIIt 929 <.10

1 Correlation coefficients for platelets and Fac'tor
VIII determined only for time points up to reinfusion
of blood.
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Fic. 5. Changes in fibrinogen, euglobulin lysis
time (ELT), and Factor VIII in hemorrhagic
shock and resuscitation. Mean values * standard
error are shown, and values significantly different
from baseline (p<0.051 are marked by an as-
terisk (®). The dotted line for the 4-hour ELT
curve indicates the trend that would be shown if
one abnormally long ELT is excluded from the
mean.

primate model. Alterations in fibrinogen,
Factor VIII, and platelet count can be ade-
quately accounted for by dilution. Although
the arterial pH decrease (0.13 unit) in
shock was not significant in this study, a
previous study in this laboratory using a
larger number of animals (33) found this
same change of 0.13 pH units to be statis-
tically significant.’” That study also noted
a significant rise in serum lactate. Thus, we
conclude that the shock model does pro-
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duce inadequate tissue perfusion without
concomitant coagulation changes.

A significant prolongation of PT does
appear during the resuscitation phase, and
this is only partly reversed by a transfusion
of fresh, whole, heparinized blood. This is
of interest because the resuscitation pro-
tocol is similar to that used clinically, where
crystalloid solutions are given for initial
resuscitation and followed by blood after
cross-matching has been completed. Blood
given in the clinical situation, however, is
usually anticoagulated with ACD rather
than heparin.

Summary

Five baboons were subjected to hemor-
rhagic shock. They were bled to a mean
arterial pressure of 60 mm. for an hour fol-
lowed by an hour at 40 mm. No blood was
reinfused during the shock period, but
Ringer’s lactate solution was given as
needed to maintain blood pressure. After
2 hours of shock, the animals were rapidly
resuscitated with Ringer’s solution and, an
hour later, with their shed blood. During
shock, cardiac output decreased to 20% of
its baseline value, but arterial blood pH
decreased only by 0.13 pH unit, and blood
gases did not change significantly. Neither
hypercoagulability nor hypocoagulability
could be detected by prothrombin or par-
tial thromboplastin times during shock, and
decreases in fibrinogen, Factor VIII, and
platelets could be explained by dilution.
The prothrombin time became prolonged
during resuscitation with crystalloid solu-
tion, and this was only partly reversed with
administration of fresh heparinized blood.
Although fibrin split products could not be
detected during shock or resuscitation, the
euglobulin lysis time decreased during
shock. A large, unanticipated rise in the
leukocyte count was observed during shock;
this returned towards normal during re-
suscitation. It is concluded that the co-
agulation changes reported in dogs sub-
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jected to hemorrhagic shock do not occur
in this primate species. This difference may
be attributed to either species difference or
to our shock models not employing a bleed-
ing reservoir.
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