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IT has been shown that irreversible shock
in dogs is accompanied by autopsy findings
of hemorrhagic necrosis and congestion of
bowel mucosa.’?"14 2 It has also been shown
that irreversible shock is accompanied by
liver damage.>®* Attempts have been
made to prevent this irreversible shock by
protecting the liver.’ It is the purpose of
this paper to show that this type of irrevers-
ible shock can be prevented by preventing
the gastro-intestinal lesions, and that these
lesions can be caused by intravascular capil-
lary thrombi.

It was shown & 71314 that hemorrhagic
necrosis of the gastro-intestinal tract and
shock could be produced by an episode of
intravascular clotting brought on by an in-
tra-aortic injection in the dog of incom-
patible (human) blood. The intracapillary
thrombi caused infarction of the superficial
mucosa (Fig. 1-4). This occurred only in
dogs which had had a laparotomy and a
series of kidney biopsies.®** The dogs
which had the intra-aortic injection of in-
compatible (human) blood without laparot-
omy all survived, while dogs which had the
same procedure plus the laparotomy and
kidney biopsies all died.

It was theorized that the laparotomy and
kidney biopsy caused a certain amount of
compensated shock with constriction of

# Submitted for publication October 26, 1958.

*¢ Chief General Surgery Service, Martin Army
Hospital, Fort Benning, Georgia.

1 Of the Research Laboratory, Department of
Pathology, Boston Free Hospital for Women, and
the Department of Pathology, Harvard Medical
School, Boston.

261

visceral arterioles and capillary dilatation.
This caused a marked slowing of blood in
the capillary. When to this stagnant blood
was added a clotting agent (incompatible
blood ¢ *¢) clotting occurred. The present
paper reports the results of experiments de-
signed to prevent the intravascular capillary
thrombosis and resulting ischemic gangrene
of the superficial mucosa of the bowel by
protecting the bowel by pinching off the
superior mesenteric artery during the intra-
aortic injection of incompatible blood, or
by heparin.

Materials and Methods

Nineteen mongrel dogs were anesthetized
with sodium pentobarbital. A laparotomy
was performed and the left kidney freed so
that it was attached only by its artery vein
and ureter. Both femoral arteries were ex-
posed and a polyethylene catheter was in-
serted in each until the tip reached the level
of the diaphragm. One catheter was used
to inject 4 cc. per pound of dog of incom-
patible (human) blood and the other used
to record arterial pressure.” The injection
was given. Biopsies of the left kidney were
taken at intervals of 15, 30, 60 and 120 min-
utes after the transfusion. At three hours
the left kidney was removed.t{ Two varia-
tions of the experiment were performed. In
Group A (8 dogs) the superior mesenteric
artery was not clamped during the injection
of incompatible blood (5 to 10 min.). In
Group B (11 dogs) it was. A single dog in

$t Kidney and blood pressure studies are re-
ported in other papers.6-8
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FiG. 1. Kidneys (above), duodenum (second),
ilenm (third) and colon (below) of a dog given
incompatible (human) blood intra-aortically with-
out occlusion of the superior mesenteric artery.
Note the hemorrhagic areas are most prominent in
the duodenum but also in the ileum. There is
minimum hemorrhagic mucosa in the large bowel.

Group A was given 10 mg. per Kg. of hepa-
rin IA before the injection of blood.
Results

Group A. Of the eight dogs all, except
the heparinized dog, died within 24 hours

Fic. 2. High-power view of the junction of the
mucosa and submucosa of a dog given an intra-
aortic injection of incompatible blood without tem-
porary occlusion of the superior mesenteric artery.
Note the thrombus in a small vessel which is pene-
trating the muscularis mucosa. This is the earliest
histologic detectable change in the development of
the hemorrhagic mucosa. There is as yet no necro-
sis of the mucosa.
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of irreversible shock.'* Some had a bloody
diarrhea.

At autopsy all seven showed a hemor-
rhagic necrosis of the gastro-intestinal mu-
cosa, most marked in the duodenum and
small bowel but occurring from the stomach
to rectum (Fig. 1). The entire bowel was
filled with large quantities of a hemorrhagic
fluid. Microscopically there were numerous
capillary thrombi in the intestinal mucosa
with overlying hemorrhagic necrosis of the
mucosa with pseudomembrane formation
(Fig. 2-4). There were also thrombi in the
kidney, liver and lungs. The heparinized
dog survived.

Group B. Of the 11 dogs, only one died
within 24 hours. Autopsy of the latter
showed severe hemorrhagic necrosis of the
gastro-intestinal tract primarily in the duo-
denum (Fig. 5). Of the remaining ten, six
died on the fourth or fifth day of uremia * ?
with BUN levels ranging up to 212 mg.%.
Autopsy showed only mild red streaks in
the intestinal mucosa, primarily in the
colon. Two others were sacrificed after a
few days of anuria when they started to put
out urine. Autopsy showed essentially nor-
mal bowel mucosa. Two others survived
with few symptoms.

Discussion

The fact that the unheparinized dogs in
Group A all died within a few hours with
marked gastrointestinal lesions, whereas of
the Group B dogs only one died in this
situation, points strongly to an association
between irreversible shock and the hemor-
rhagic lesion in the gastro-intestinal mu-
cosa. The bowel mucosa was associated
with intracapillary thrombosis in our ex-
periments, and it would seem that the ne-
crosis is secondary to the thrombosis with
resultant ischemia. Lillehei '* demonstrated
that hemorrhagic bowel lesions and death
from irreversible shock, following bleeding
of dogs into a reservoir, could both be
prevented by maintaining superior mesen-
teric artery pressure at normal levels by
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blood from donor dogs, while the systemic
blood pressure was maintained at 35 mm.
Hg for five hours. Results had been uni-
formly fatal without the superior mesenteric
artery perfusion even after return of the
entire blood volume.

It is possible that the giving of heparin,
20 mg. per Kg., to donor dogs helped pre-
vent thrombi formation. No mention is
made of thrombi in these experiments.
However it has been shown that hemor-
rhagic shock is associated with the forma-
tion of intravascular thrombi®* and can
be prevented by preventing intravascular
thrombi with heparin.* * The association of
hemorrhagic gastro-intestinal lesions with
dramatic, severe and treatment-resistant
shock has been recently shown in human
cases of pseudomembranous enterocolitis '°
(Fig. 6). The pathologic picture of the
bowel in these cases is quite similar to the
dog lesions produced in the present experi-
ments.’* The association between fatal clin-
ical hypovolemic shock and hemorrhagic
intestinal lesions was first reported by Bill-
roth * in 1867. After an unsuccessful attempt
to remove a large goiter, his patient devel-
oped melena and died with multiple duo-
denal ulcerations. Klemperer et al.,'* in
describing hemorrhagic gastro-intestinal
lesions after fatal shock, attributed them to
arteriolar vasospasm causing mucosal ne-
crosis. Others > 1% 20 attributed the intestinal
lesions in fatal shock cases to retrograde
emboli from thromboses in the omentum.

The mechanism of production of irre-
versibility and death by the bowel lesions
is probably the loss of quantities of hemor-
rhagic fluid into the lumen of the bowel.'>
In our Group A dogs the intestine at
autopsy was filled with large quantities of
hemorrhagic fluid and some dogs had had
a bloody diarrhea. It has been shown '
that removal of the small bowel (thus pre-
venting this loss of bloody fluid) will
prevent death in these animals. It has also
been shown ¢ that blood flow to the intes-
tinal tract is markedly and disproportion-
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F16. 3. Section of ileum of a dog dying after an
incompatible transfusion into the aorta. On the
right, the mucosa is intact. On the left, the mucosa
shows a superficial layer of necrosis and hemor-
rhage. A thrombus is visible in a vessel in the
mucosa on the left.

ately reduced during hemorrhagic shock.
This is probably due to obstruction of blood
flow by thrombi in the liver and bowel.”
The obstructive effect of the thrombi is
probably greatly increased by associated
vascular spasm brought on by serotonin
released from clumped platelet thrombi.’s

Reversible shock occurring in dogs after
the intra-aortic injection of amniotic fluid
may be prevented by heparin which pre-

Fic. 4. Fully developed lesion in the jejunum
of a dog which died after an intra-aortic injection
of incompatible blood. The dark patches are masses
of red blood cells. The tips of the villi are necrotic
and large masses of fibrin lie free in the lumen sur-
rounded by epithelial cells and leukocytes. Blood
and serum are lost freely from this surface.
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Fi1c. 5. Duodenum (above), and ileum (below)
of the one dog in Group B which died after an
intra-aortic transfusion of incompatible blood. Dur-
ing the transfusion, the superior mesenteric artery
was occluded. Note that the ileum (below) was
almost completely protected from the development
of the hemorrhagic necrosis, while the upper duo-
denum (upper right) showed a severe hemorrhagic
necrosis.

vents the formation of lung and hepatic
thrombi.” This type of reversible shock ® is
apparently caused by a decreased cardiac
output secondary to: 1) acute cor pulmo-
nale due to capillary thrombi in the lung
and 2) damming of portal venous return by
thrombi in the liver. Serotonin, released
from platelet thrombi, probably increases
the blockage in the lung and liver through
its vasoconstrictor action.’®* The finding of
thrombi in human autopsy cases is rare, pos-
sibly due to the activation of fibrinolysins.

Summary

1. The intra-aortic injection of incom-
patible (human) blood into dogs with ac-
companying laparotomy and kidney biopsy
consistently causes death in a few hours
with hemorrhagic necrosis of the mucosa
of the bowel.

2. This hemorrhagic necrosis is appar-
ently due to intravascular thrombi with re-
sulting infarction.

3. These fatal lesions may be prevented
by protecting the bowel by occluding the
superior mesenteric artery during the intra-
aortic injection or by heparin.
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Conclusion

There is evidence that both reversible
and irreversible shock can be caused by
intravascular thrombi in the following
manner:

a) Reversible shock may be due to a
decreased cardiac output secondary to

1) acute cor pulmonale due to block-
age of pulmonary capillaries with
thrombi and associated serotonin-
produced vascular spasm.

2) damming of blood in the portal sys-
tem due to thrombi in the liver and
associated vascular spasm.

b) Irreversible shock may be due to a
loss of blood and serum into the gastro-
intestinal tract secondary to a hemorrhagic
necrosis of the bowel mucosa caused by an
episode of intravascular clotting in the
bowel mucosa and submucosa.

SFL P e NG S W T vk

Fic. 6. Ileum of a patient who died suddenly
postoperatively after the sudden onset of severe and
irreversible shock. Note the complete hemorrhagic
necrosis of the mucosa and a large thrombus in the
lumen of a vessel in the mucosa. This case is being
reported elsewhere.’
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