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Part I. Experimental Gastric Ulceration

AcuTE ulcerations develop in the upper
gastro-intestinal tract in many conditions.
In 1842, Curling3 observed acute ulcera-
tions in the duodenum associated with
burns. Cushing4 described lesions of the
upper gastro-intestinal canal after opera-
tions on the brain. Acute ulcerations have
been encountered with other operations,
trauma and various diseases.5' 6, 8,15,16,19, 22
Recently, attention has been drawn to the
relatively high incidence of acute gastro-
intestinal complications, often accompanied
by fatal hemorrhages, after thoracic and
especially after cardiac surgery." 10, 11, 14, 20
Acute ulcerations have been studied ex-

perimentally in conjunction with operations
on the brain, burns and hemorrhage.-5 7,12,
13, 18 Based on the clinical study of Harjola
and Kerminen 10 concerning abdominal
complications after thoracic surgery we
tried to produce experimental gastro-in-
testinal ulcerations in connection with
thoracic operations by imitating features
typical of these operations. The purpose
was to evaluate factors associated with
operative surgery in the pathogenesis of
ulceration.

Methods
Female rabbits weighing 1,800 to 3,400

Gm. were used for the study. Animals were
fasted for 24 hours before operation. Nem-

* Suibmitted for puiblication December 4, 1964.
Suipported in part by a grant from the Finnish

Ctultuiral Foundation.
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butal anesthesia was used. Tracheostomy
was performed for controlled respiration.
Arterial pressure was recorded by cathe-
terization of the carotid artery. To produce
hemorrhagic shock, blood was withdrawn
from the artery into a heparinized 100-cc.
syringe from which it was later returned.
Arterial pressure was recorded electro-
manometrically.

In another series, hypoxia was induced
by closing the tracheal tube long enough
to induce ventricular fibrillation. Normal
cardiac function was restored by adminis-
tration of oxygen, and the procedure was
then repeated in 3 min. Twenty-four hours
after the first measure, test animals were
reanesthetized, laparotomy was performed
and the stomach and intestines were re-
moved and examined macroscopically. Bi-
opsies from various parts of the intestines
were performed and also from the liver,
spleen, kidney and adrenal.
Auriculectomy and left lower lobectomy

were the thoracic operations used. Hemor-
rhagic shock and hypoxia were combined
as complications of thoracic surgery. The
animals were distributed among six series.

Series 1. Left lower lobectomy on nine
rabbits; five rabbits survived and were ex-
amined after 24 hours.

Series 2. Left auriculectomy on 24 rab-
bits; 11 survived and autopsy was per-
formed after 24 hours.

Series 3. Left auiric ilectomny on 17 rab-
bits. Hypoxia restulting in ventricular fibril-
lation was induced twice. The first period
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TABLE 1. Incidence of Gastric U'lcerations and
Petechliae in the Different Series

Gastric Changes
in Per Cent

No. Pete- Ulcera-
Series Animals chiae tions

1. Left lower
lobectomy 5 0 0

2. Left auricul-
ectomy 11 27 0

3. Left auricul-
ectomy and
hypoxia 11 27 0

4. Left auricul-
ectomy and
hypoxia and
hemorrhagic
shock 4 75 25

5. Left auricul-
ectomy and
hemorrhagic 8 88 38

6. Hemorrhagic 6 67 17
shock

of hypoxia lasted an average of 1 min. 41
sec. and the second 1 min. 43 sec.; 11 rab-
bits survived and were examined.

Series 4. Left auriculectomy on 10 rab-
bits. Both hemorrhagic shock and hypoxia
were induced. Shock was induced by
rapidly drawing off blood until the arterial
pressure dropped to less than a half its
initial level. The average volume of blood
withdrawn was 18 cc./Kg. and the same

quantity was returned after 15 min. The
average blood pressure variations were

120-51-109 mm. Hg. The first hypoxial
period lasted an average of 2 min. 41 sec.

and the second 2 min. 39 sec. Only four
rabbits from this series survived.

Series 5. Left auriculectomy on 12 rab-
bits and hemorrhagic shock lasting 15 min.
The average volume of blood withdrawn
was 22 cc./Kg. and 21 cc./Kg. was re-

turned. The average variations in arterial
pressure were 107-45-104 mm. Hg. Four
rabbits died. Eight survivors were ex-

amined after 24 hours.
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Series 6. Hemorrhagic shock was induced
in 22 rabbits without thoracotomy. Dura-
tion of shock was 15 min. and the average
volume of blood withdrawn was 24 cc./Kg.
The same quantity of blood was returned.
The average blood pressure variations were
120-33-113 mm. Hg. Only six rabbits were
alive 24 hours after operation.

Results
Petechiae and ulcerations were estab-

lished in the gastric mucosa, as shown in
Table 1. Fig. 1-3 illustrate typical gastric
changes observed on gross examination.
Microscopic examination of the changes
showed that the petechiae consisted of in-
tramucosal hemorrhages of different de-
grees. Hemorrhage sometimes extended
throughout the mucosa (Fig. 4), some-
times in a circumscribed site between mu-
cosa and muscularis mucosae (Fig. 5). The
mucosa was necrotic in cases of ulceration.
There was often a manifest hemorrhage
between necrotic mucosa and muscularis
mucosae (Fig. 6). Increased hyperemia in
the mucosal capillaries was observed fairly
frequently.

Microscopic changes, mostly moderate,
were demonstrated in the liver. Mild hy-
peremia, swelling of liver cells and, in rare
instances, small necrotic foci were encoun-
tered. Some sporadic slight changes indica-
tive of stress in the kidney and the adre-
nals were seen on microscopy. There were
no changes in the spleen, small or large
intestine.

Discussion
Acute gastric lesions were produced in

these experiments without abdominal in-
tervention. Tracheostomy, lobectomy or, al-
ternatively, auriculectomy was performed
on the rabbits. The surgical maneuver
alone seldom caused gastric changes. Deep
hemorrhagic shock of short duration, only
15 min., proved a powerful factor in caus-
ing peteclhiae and ulcerations. Hypoxia did
not appear to have such a pronounced
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ulcer-producing effect. The high mortality
in all experimental series shows that the
measures performed constituted a fairly
great strain on the animals and were stress
inducing.

Acute gastric ulcerations have previously
been experimentally provoked in many dif-
ferent ways. A generally typical feature
of these ulcerations is that they do not
resemble naturally occurring lesions. There-
fore, the ulcers do not in themselves war-

rant conclusions regarding factors associ-
ated with operative stress on the patho-
genesis of the changes. Rabbits have been
employed as test animals, but restraint
stress 2 and histamine-in-beeswax adminis-
tration alone 7 do not produce gastric
ulcerations in rabbits. Burns do cause

4~~~

Fic. 1. (Top) Photograph of a solitary gastric
ulceration 24 hours after left auriculectomy and
hemorrhagic shock. The microscopic appearance
is seen in Figure 6. (3x)

FIG. 2. (Bottom) A more advanced solitary
ulceration in gastric mucosa seen on gross exami-
nation. ( Ix )

FIG. 3. Multiple lesions on gastric mucosa. Several
hemorrhagic petechiae are seen. (2X)

ulcerations in rabbits and in studies of
gastric lesions associated with burns, Frie-
sen7 concluded that hemoconcentration is
the factor causing gastroduodenal ulcer. It
is hardly possible that the changes in the
present study were caused by hemoconcen-
tration. Rather, removal of blood from the
test animals may have caused temporary
hemodilution. Friesen noted the failure of
blood pressure to fall appreciably after
burning the animals. Because of this, he
considered that shock plays no role in the
genesis of mucosal changes in the stomach.

In the present study, hemorrhagic shock
in particular appeared to cause these
changes. Clinical stuLdies generally men-
tion only stress in the etiology of acute
ulceration. Harjola and Kerminen9 noted
that patients who developed gastrointes-
tinal hemorrhage after thoracic surgery had
often bled profusely during operation.
The importance of hemoconcentration

stressed by Friesen might be based on the
deceleration and obstruction of capillary
flow in the gastric mucosa. The important
role of short-term, rapidly corrected hemor-

rhagic shock in the present experiments
suggests bypassing of the capillary network
b1w arteriovenouis anastomoses of the gas-
tric mucosa as a protective reaction of the
organism to an acute drop in blood pres-
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sure.21 The theory introduced by Palmer
and Sherman 17 concerning the pathogene-
sis of gastroduodenal ulcers was based on
this thought. It is still uncertain, even in
the shunt theory, what the final mechanism
is that leads to ulceration. It may be hy-
poxia of mucosal cells. Lillehei and others 13
concluded that posthemorrhagic shock,
even of relatively short duration, promotes
ulcer susceptibility through vasocostric-
tion of small blood vessels with localized
anemic areas in the mucosa. However, it
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FIG. 4. Micrograph of
an intramucosal gastric
hemorrhage extending
throughout the mucosa.
(120X)

may be, judging by histologic findings, that
hemorrhage develops first between mucosa
and muscularis mucosae, prevents nutri-
tion of the mucosa and thus causes ne-
crosis.

Summary (Part I)
The role of thoracic surgery plus hemor-

rhagic shock and hypoxia in the pathogene-
sis of acute gastric ulceration was studied
in rabbits. Thoracic surgery by itself did
not cause these changes regularly. When

Fic. 5. An intramu-
cosal gastric hemorrhage
which is located princi-
pally between the mu-
cosa and muscularis mu-
cosae. (40x)
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FIG. 6. Micrograph
showing a gastric mu-
cosal necrosis 24 hours
after left auriculectomy
and hemorrhagic shock.
Between the necrosis and
muscularis mucosae is a
hemorrhagic layer. (40x)
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hemorrhagic shock lasting no longer than
15 min. was induced during the operation
the majority of animals developed petechiae
and ulceration in the gastric mucosa after
24 hours. Hypoxia provoked twice and re-
sulting in ventricular fibrillation did not
seem to have a notable effect on these
changes. The pathogenesis of acute gastric
ulceration is discussed.

Part II. Effects of Hemorrhagic Shock

In the first part of this study it was
shown that a hemorrhagic shock of 15 min.
duration was the most powerful factor
causing gastric mucosal lesions.
To study the rate at which the changes

appear, a method by which the gastric mu-
cosa could be inspected during and after
the shock was devised.

Methods

The abdominal cavity of rabbits anes-
thetized with Nembutal was opened, and
the stomach exposed. A 5 to 6-cm.-long
incision through the seromuscularis was
made on the avascular line in the anterior
wall of the stomach. The incision left the
mucosa intact. The edges of the seromus-
cularis were retracted to expose the mucosa
over an area of 1.5 to 2 cm. in width. This
could be done with almost no bleeding.

25

Blood was withdrawn rapidly into a hep-
arinized syringe until the arterial pres-
sure dropped below 40 mm. Hg. Mucosal
changes were followed throughout the
shock period of 15 min., whereupon the
blood was restored. The blood letting and
restoration were repeated several times.

Results
Removal of a small quantity of blood (20

cc.), which reduced blood pressure by only
20 mm. Hg, caused slight but visible vaso-
constriction in the mucosa and the appear-
ance of sharply demarcated anemic spots
1 to 2 mm. in diameter (Fig. 7). In the
middle of these spots a small dark point
could often be seen. When sufficient blood
(50-60 cc.) was removed the entire mucosa
was anemic and displayed major shapeless
patches, 1 to 2 cm. in diameter, in addi-
tion to the smaller spots which appeared
earlier. The intensity of the changes in-
creased during the 15 min. of shock.
When blood was restored intensive re-

active hyperemia ensued and gradually ex-
panding hemorrhages appeared in the cen-
ter of the small white spots (Fig. 8 A-C).
The larger, more diffuse pale patches dis-
appeared in 1 to 2 min. and no hemor-
rhages appeared in them. The small spots
also disappeared, buit much more slowly,
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FIG. 7. Photograph of gastric mucosa seen from
outside during the period of hemorrhagic shock.
The mucosa is throughout anemic and the blood
vessels are constricted. Shapeless white patches
and small sharply demarcated white spots are seen
on the mucosa. In the middle of some white spots
a dark point can be seen. (2x)

in 5 to 10 min. Ten min. after restoration
of blood volume only the hemorrhagic spots
which had grown to 1 to 3 mm. in size were
seen on the evenly red mucosa. After this,
the same amount of blood was removed
again and the changes recurred in the same
places. New small sharply defined white
spots appeared (Fig. 9). Restoration of
blood volume was again followed by a
hyperemic phase (Fig. 10). Some new hem-
orrhages appeared and old hemorrhages
grew.
When the stomach was opened the mu-

cosa showed the same hemorrhagic changes
(Fig. 11) on its internal surface.

Discussion
Hypovolemia induced by removal of

blood is reflected in intensive changes in
the gastric mucosa. Observations in vivo
reveal three kinds of change in the gastric
mucosal circulation:

1. The mucosa generally becomes pale
in consequence of general vasoconstriction.

2. Several large diffusely defined pale
patches appear and disappear completely
after restoration of blood voltime. No hem-
orrhages appear in these patches.

3. Small clearly demarcated spots are en-
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countered more uncommonly. Their pale-
ness is intense, even after removal of a
small quantiy of blood. If the blood volume
is restored rapidly these spots also dis-
appear-but reappear in exactly the same

FIG. 8. During the return of the blood the ves-
sels begin to fill and the color of the mucosa turns
normal. The white patches disappear. In the mid-
dle of the white spots hemorrhages are seen to
develop and the white spots disappear gradually.
The changes proceed in the Figures A and B. In
Figure C an equally hyperemic mucosa is seen, in
which there are hemorrhages instead of the for-
mer white spots (2X). (Top to bottom: A, B, C).
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FIG. 9. (Left) When blood is withdrawn again new white spots appear and when blood is re-
turned new hemorrhages appear in the middle of the white spots. The arrows indicate new small
hemorrhages in the middle of the white spots. (2X)

FIG. 10. (Right) The state of reactive hyperemia after the second shock. The white patches and spots
have disappeared and the hemorrhages increased in size and number. (2x)

place when blood is again removed, and
after hypovolemia lasting 15 min. hemor-
rhages occur immediately after restoration
of the blood.

Obviously the explanation of the patho-
genesis of acute shock-induced changes in
the gastric mucosa lies in these small, 1 to
2 mm., sharply defined white spots. Ex-
amination of the spots in different phases
of the experiment gave the impression that
decrease in blood volume stops circulation
in the spots rapidly. It was noted that the
spots appeared after only slight decrease in
blood pressure. Evidently an anoxic tissue
lesion develops inside the anemic spots
during the shock phase and, through injury
to capillaries, results in hemorrhage. The
hemorrhages obviously constitute the point
of origin of ulcerations.

It is interesting that the changes devel-
oped so rapidly and that hypovolemic
shock of no longer than 15 min. sufficed to
cause irreversible changes of such intensity.
The changes may be thought to originate

in two different ways. Gelin 9 demonstrated
aggregation of red cells at the capillary
level in association with shock. Such ag-
gregation might account for the more ex-

tensive anemic patches the size, shape and
location of which varied in successive
phases of the shock. On the other hand,
it may be the vasoconstriction claimed by
Lillehei 13 which results in small sharply
demarcated spots which always appear at
the same site when shock is repeated. It
may also be that behind these spots is a
certain regulatory mechanism linked with
special structures of topical character. Ar-
teriovenous anastomoses in the stomach
wall described by Sherman and Neuman 21

Fic. 11. The inner surface of the opened stom-
ach. The samiie area is seen as in the previouis fig-
uires. Note that the hemorrlhages are larger and
more numllerouis on the inner surface of the mucosa.
(2X)

iI
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might be such a structural foundation.
Based on this, a general theory of the gene-
sis of gastroduodenal ulcers was introduced
by Palmer and Sherman.17 Verification of
this theory requires observation of the
microcirculation of the gastric mucosa in
shock.

Summary (Part II)
To study the rate at which the lesions in

the gastric mucosa appear a method was
created by which gastric mucosa could be
inspected during and after shock.
Three kinds of changes were noted. Dur-

ing acute bleeding and shock of 15 min.
duration: 1) gastric mucosa becomes pale
in consequence of general vasoconstriction;
2) several large diffuse pale patches ap-
pear and disappear completely after the
restoration of blood volume; 3) small
sharply defined spots appear at the begin-
ning of blood letting. Their paleness is very
intense. Hemorrhages ensue in these spots
after restoration of blood.

Obviously the explanation of the patho-
genesis of acute shock lesions in the gastric
mucosa lies in these small white spots. An
anoxic tissue lesion develops inside the
anemic spots during the shock and, through
the injury to the capillaries, results in
hemorrhage.
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