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A vmurE of conditions contribute to
intestinal ischemia 2,4,11 other than occlu-
sion of the mesenteric vasculature. About
one fourth of instances of mesenteric in-
farction are attributable to nonocclusive
factors.12 Low cardiac output or reduced
blood volume or both may contribute to the
etiological factors resulting in poor tissue
perfusion. Tissues develop signs of clinical
ischemia in response to those factors de-
pending on 1) inherent sensitivity to anoxia
(brain, kidneys, liver, gut and extremi-
ties),3 10 2) the presence of infection and
3) the degree of involvement of blood
vessels with atherosclerosis. We observed
over a period of five years, 16 cases in
which some factor other than vascular oc-
clusion was singularly responsible for
bowel necrosis or contributed to necrosis
by further reduction of blood flow already
compromised by vascular disease. Five pa-
tients reported in this paper are examples
of bowel necrosis that occurred as a conse-
quence of poor tissue perfusion for reasons
other than disease of the mesenteric
vasculature.

Case Reports
Acute Myocardial Infarction

Case 1. A 67-year-old diabetic had vascular
insufficiency of his left lower extremity. His blood
pressure was was 130 mm. Hg systolic and 100

mm. Hg diastolic. He had a normal cardiac rate
and rhythm and no murmurs. Laboratory studies
were as follows: Hemoglobin 14.7 Gm., hemato-
crit 43%, WBC 13,750 per mm', BUN 18 mg.,
creatinine 1.1 mg. and fasting blood sugar 258 mg.
Electrocardiogram showed evidence of an old
anterior myocardial infarction. Three days after
an uneventful aortogram, the patient complained
of pain in the left chest. He had profuse diaphore-
sis and became cold and cyanotic. Blood pressure
fell to 80 mm. Hg systolic and 40 mm. Hg dia-
stolic and pulse rate increased to 120 a minute.
An acute anterior myocardial infarction was diag-
nosed by serial electrocardiography. Hypotension
persisted approximately 9 hours. The abdomen
then became distended and he vomited coffee-
ground material. He complained of lower abdomi-
nal pain and tenderness and passed a bloody stool.
Following the onset of abdominal symptoms, the
laboratory findings were: Hemoglobin 16.5 Gm.,
hematocrit 48.5% and WBC 27,750 per mm'.
Temperature was 101.80 F. Digitalization and
tracheostomy were carried out. Exploratory lapa-
rotomy revealed a gangrenous left colon although
both superior and inferior mesenteric vessels were
patent. A left colectomy and colostomy were done.
The patient remained hypotensive and died 18
hours later. Pathologic examination showed athero-
sclerosis of the mesenteric arteries, but no arte-
rial or venous occlusion. There was an old and
recent myocardial infarction with severe coronary
artery disease.

Comment. Although this patient had gen-
eralized atherosclerosis including the mes-
enteric vessels, the problem of intestinal
viability was primarily related to hypoten-
sion associated with acute myocardial in-
farction and not with the vascular disease
or the aortography performed 3 days pre-
viously.
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Absence of obstruction in the mesenteric
arteries and the occurrence of bowel symp-
toms 9 hours after the onset of hypotension
and recognition of an acute myocardial in-
farction suggest that the gangrenous colon
resulted from poor tissue perfusion super-
imposed on the vascular narrowing of
atherosclerosis. This case demonstrates the
compensation that can be made for reduc-
tion in the cross-sectional area of the vas-
cular supply of the intestine so long as the
blood pressure is adequate to provide per-
fusion above the critical level required to
prevent infarction.

Injudicious Use of Diuretics

Case 2. A 52-year-old man had a history for
7 weeks of acute congestive heart failure. For 3
weeks before admission, he was treated with digi-
talis and diuretics which resulted in a 22-pound
weight loss. His blood pressure was 120 mm. Hg
systolic and 106 mm. Hg diastolic. Pulse rate was
100 a minute. He had bilateral basilar rales, car-
diomegaly with a Grade IV/VI pansystolic mur-
mur and a gallop rhythm. There was venous dis-
tension in the neck; the liver was three finger-
breadths below the right costal margin and there
was pitting edema of the legs. There was no ab-
dominal tenderness. Chest x-ray showed cardio-
megaly and pulmonary congestion.

He was treated intensively with digitalis and
diuretics and lost an additional 10 pounds in 3
days. After 2 days of treatment, the hematocrit
rose from 47 to 52% and the hemoglobin from
14.5 to 16.5 Gm. The WBC was 14,800 per mm'.
After the third day, the patient complained of
lower abdominal pain and tenderness. He had
nausea, vomiting and a bloody bowel movement.
Blood pressure was 110 mm. Hg systolic and 70
mm. Hg diastolic. Pulse was 120 per minute and
temperature was 1010 F. He developed abdominal
distension and signs of peritonitis. His urine was
concentrated and output was low. At this time
hematocrit was 58%, hemoglobin 17.5 Gm. and
WBC 23,000 per mm3. At operation, 6 feet of gan-
grenonis small bowel and right colon were re-
sected. The superior and inferior mesenteric ar-
teries were unobstructed. Much of the specimen
was frankly gangrenous and large areas of hemor-
rhage were present in the remaining portion. Mi-
croscopic studies confirmed these findings and also
the presence of fresh thrombi throughout mesen-
teric vessels which were uninvolved with athero-
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sclerosis. The patient died on the twenty-eighth
postoperative day.

Comment. At autopsy, cardiac hyper-
trophy and acute left ventricular myocar-
dial infarction with only minimal athero-
sclerotic changes of the blood vessels were
found. In our opinion, overly vigorous
treatment with diuretics and digitalis was
suggested by the loss of 23 pounds before
hospitalization and 10 pounds in the 3 days
after hospitalization. The rise in the hema-
tocrit and hemoglobin prior to abdominal
symptoms indicates the degree of hemo-
concentration and indirectly of hypovole-
mia which developed.

In this case, the mesenteric vessels were
unobstructed by atherosclerosis and necro-
sis appeared unrelated to disease of the
mesenteric vasculature but rather related
to a combination of factors in which con-
gestive heart failure played a prominent
role. Vascular stasis in the gut wall result-
ing from myocardial failure led to throm-
bus formation of the small vessels. This
was greatly facilitated by the hypovolemia
and hemoconcentration that developed as
a consequence of intensive treatment with
diuretics and digitalis. This hypothesis is
supported by findings of no disease in the
mesenteric vasculature except for recent
thrombi and a predominance of hemor-
rhagic necrosis of the intestinal wall. Simi-
lar findings of hemorrhagic infarction and
thrombi in the kidneys, liver, brain and
lungs where the vessels were uninvolved
with atherosclerosis lends further support
to this hypothesis.

Hemorrhagic Shock
Case 3. This 73-year-old man was admitted to

the hospital in shock with evidence of gastrointes-
tinal bleeding. Six houirs prior to admission, he
complained of abdominal pain. While in the emer-
gency room, he vomited coffee-ground material
and passed blood per rectum. In 1953, a perfo-
rated duodenal ulcer was closed. He was sweating
profusely and his breathing was labored. Blood
pressure was 68 mm. Hg systolic and 40 mm. Hg
diastolic. Pulse was 108 per minute and irregular.
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The abdomen was rigid with generalized guarding
and absent bowel sounds. His rectum was filled
with blood clots. Laboratory examination revealed
hemoglobin 13.3 Gm., hematocrit 40%o and WBC
20,300 per mm3. with a shift to the left.

Abdominal exploration disclosed gangrene of
the entire colon although the superior and inferior
mesenteric arteries were not obstructed. Total col-
ectomy, except for the rectum, and ileostomy
were performed. Two weeks later, the patient
again bled from the gastrointestinal tract. A large
posterior penetrating duodenal ulcer, which had
been overlooked at the first operation, was found.
Vagotomy, oversew of the ulcer bed and pyloro-
plasty were performed. The patient died 48 days
after the first operation as a consequence of in-
fection.

Examination of the gangrenous colon revealed
patency of the mesenteric vessels even though
they were narrowed by atherosclerosis. Autopsy
confirmed the patency of the major mesenteric
vessels which were involved with some athero-
sclerosis.

Comment. In retrospect, this elderly pa-

tient was in shock as a result of a bleeding
duodenal ulcer when admitted to the hos-
pital. The history and rectal bleeding sug-
gested the diagnosis of necrotic bowel
which he had. Being impressed by the ob-
vious lesion and the urgency of the occa-

sion, a large posterior duodenal ulcer,
which subsequently rebled, was overlooked
at the first operation. The history of a per-

forated duodenal ulcer and the magnitude
of the gastrointestinal bleeding on this oc-

casion should have forewarned the surgeon
that a source of bleeding other than ne-

crotic bowel was possible.
As a result of atherosclerosis, the circula-

tion of the colon prior to bleeding was

probably decreased. With massive bleed-
ing from the duodenal ulcer, one must as-

sume that necrosis occurred because per-

fusion of the colon, already reduced, fell
below the critical level for viability.

Congestive Heart Failure
Case 4. A 53-year-old man had severe conges-

tive heart failure. When symptoms began 3 years

before, coronary angiograms were normal and the
diagnosis was cardiomyopathy. Symptoms were

progressive but became worse 2 weeks before ad-

mission. He was moderately dyspneic, edematous,
cold and cyanotic on admission. Pulse was 120
per minute and blood pressure was 94 mm. Hg
systolic and 70 mm. Hg diastolic. He had a gallop
rhythm and hepatomegaly.

On the following day, the patient became
acutely ill with abdominal pain, tenderness and
rigidity and jaundice. Blood pressure was 68 mm.

Hg systolic and 44 mm. Hg diastolic, pulse was

140 per minute and temperature was 102° F.
At operation, a large portion of gangrenous

small bowel was resected and an anastomosis be-
tween proximal jejunum and distal ileum per-

formed. The arteries were involved with athero-
sclerosis but no thrombi were seen. The patient
developed anuria and died 72 hours after opera-

tion. Autopsy revealed focal areas of edema and
hemorrhagic infarction of colon and small bowel.
The serosa and muscular layers were intact. Only
slight atheromatous changes were seen in the ma-

jor branches of the aorta. The heart was mark-
edly dilated and there was extensive endocardial
fibrosis.

Comment. When this patient entered the
hospital with symptoms of severe conges-

tive heart failure, he had no abdominal
complaints. He had hypotension and tachy-
cardia which most likely resulted in low
cardiac output and poor tissue perfusion.
Vascular stasis associated with heart fail-
ure compounded by compensatory vaso-

constriction and/or the presence of athero-
matous disease may have sufficiently re-

duced mesenteric blood flow to cause

gangrenous bowel and ultimately death.

Hemoconcentration of Uncertain Origin
Case 5. A 74-year-old man with a complete

heart block for 10 years had orthopnea and dysp-
nea at rest. His pulse was 28 per minute and
irregular. Blood pressure was 160 mm. Hg systolic
and 80 mm. Hg diastolic. The patient was taking
Isuprel and Esidrex until the time of operation.
His pulse rose to 72 per minute and blood pres-

sure fell to 120 mm. Hg systolic and 80 mm. Hg
diastolic at the time of implantation of a pace-

maker. After operation, but on the same day,
blood pressure averaged 150 mm. Hg systolic and
100 mm. Hg diastolic; pulse ranged between 72
and 84 per minute; temperature rose to 101.80 F.;
the hematocrit was 57%, and the hemoglobin was

19 Gm.
The patient had a septic course for 4 days. At

operation, a gangrenous transverse colon, descend-
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ing colon and 4 feet of mid-jejunum were re-
sected. Jejuno-jejunostomy and right colostomy
were performed.

The operative specimen was remarkable for the
vascular congestion which involved all layers of
the small and large bowel. There were focal areas
of hemorrhage on the serosal and mucosal surfaces
but no ulcerations. The mesenteric vessels were
congested but none were obstructed with throm-
bus. The microscopic findings were those of hem-
orrhage, edema and acute inflammation through
all layers of the intestinal wall. There were areas
of hemorrhage and necrosis in the mucosa inter-
spersed with focal areas of normal mucosa. There
was vascular congestion in the mesentery but no
evidence of vascular thrombosis.

The patient continued with a septic course.
He developed high renal output failure and died
12 days postoperatively. Autopsy showed cardiac
hypertrophy and diffuse myocardial fibrosis. There
was diffuse atherosclerosis of moderate degree but
no major vascular occlusion.

Comment. The explanation for bowel ne-
crosis in this patient is less obvious than in
the other patients. He did not have severe
atherosclerosis and no major branch of the
aorta was obstructed. The important ob-
servation was the extensive vascular con-
gestion of the small and large intestine and
their mesenteries. It seems likely that this
was related to the severe hemoconcentra-
tion which was noted after insertion of the
pacemaker. This might best explain the
vascular congestion and the patchy distri-
bution of necrosis rather than the presence
of necrosis confined to a major vascular
trunk. The reason for the hemoconcentra-
tion is unclear for no diuresis occurred with
improvement in cardiac function. It is
more likely that the patient had developed
hemoconcentration preoperatively as a re-
sult of diuretic therapy. This cannot be
ascertained with certainty for hematocrit
and hemoglobin determinations were not
obtained preoperatively.

Discussion
A variety of clinical conditions other

than vascular occlusion contribute to bowel
infarction. The pathophysiology of mesen-
teric ischemia that results from these fac-
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tors has not been clearly established. Hem-
orrhagic shock and other conditions asso-
ciated with low cardiac output, namely,
arrhythmias, aortic stenosis, aortic insuffi-
ciency, acute myocardial infarction, myo-
cardiopathies and congestive heart failure
are the nonocclusive factors most fre-
quently associated with bowel infarction.
Hypovolemia and hemoconcentration are
additional factors emphasized in this paper.
In older patients, arteriosclerosis which by
itself does not reduce blood flow suffi-
ciently to cause gangrene may contribute
to its development when associated with
these other factors.
Pemmer and Berheim "I considered shock

as a cause of gastrointestinal ischemia. It
has been demonstrated that bleeding dogs
to shock levels and permitting them to re-
main in such a state for 4 to 5 hours results
in bowel infarction and death14 while sur-
vival can be insured by extracorporeal per-
fusion of the superior mesenteric artery.
Schweinburgl8 showed that the mortality
in shocked dogs was reduced by one half
if the dogs were pretreated orally with non-
absorbable antibiotic agents. Fine 5 later
showed that the toxic factor in plasma of
shocked dogs was an endotoxin and he
postulated that prolonged shock through
vasoconstriction impairs the endotoxin-de-
toxifying function of the reticuloendothelial
system. Ming'5 studied 75 cases of non-
occlusive mesenteric ischemia at autopsy
and found that shock had been present in
80 per cent. In 35 of 62 cases, post-mortem
blood cultures were positive. It has been
suggested that toxins from these organisms
exert a vasoconstrictive effect and further
contribute to intestinal necrosis produced
by shock.19

Lillihei14 described the physiologic re-
sponse of dogs to ischemic bowel. The sur-
vival in dogs after vascular occlusion is
shortened if recirculation to the portion of
gangrenous bowel is reinstituted. Dissemi-
nation of toxic products is less and the ani-
mals live longer if circulation is not re-
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stored. The reported mortality for "non-
occlusive" intestinal infarction is near 100
per cent. This high mortality may result
from reperfusion and distribution of toxic
material from the dead bowel in response
to the treatment of the condition which
initially caused the necrosis. How this in-
formation can be applied to the preopera-
tive preparation of man, in whom gan-
grene has resulted from low perfusion, is
unknown.
Corday' observed angiospasm of the

mesenteric arteriols during hypotension,
arrhythmias, congestive heart failure and
during administration of vasopressors in
dogs. He postulated that shunting of blood
from the mesenteric circulation to more
vital structures, such as brain and myo-
cardium resulted in ischemia of the gastro-
intestinal tract during periods of hypoten-
sion. This supports Fishbergs6 theory of
selective vasoconstriction as a cause of
bowel infarction. Since poor tissue perfu-
sion may produce splanchnic vasospasm,
the infarction in some of our patients may
have been due to the accumulative effect
of reduced cardiac output and the re-
sulting vasoconstriction of relatively nor-
mal vessels rather than the primary con-
dition being superimposed on reduced
blood flow through nonobstructed but non-
responsive arteriosclerotic vessels. Lauf-
man and Method1" reported that second-
ary muscular spasm in response to ischemia
further reduces effective blood supply to
the intestine. Once this vicious cycle is in
motion, intestinal bacteria begin to thrive
and gangrene with toxemia occurs in the
event of low cardiac output for any reason.

Berger and Byrnel noted a correlation
between intestinal gangrene and conges-
tive heart failure and also pointed out that
compensatory splanchnic vasospasm may
shunt enough blood from the splanchnic
bed to precipitate bowel infarction.

Fogarty and Fletcher were of the opin-
ion that the triad of congestive heart fail-
ure, digitalis intoxication and increased
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red cell mass or increased viscosity often
differentiated "non-occlusive" from occlu-
sive mesenteric ischemia. Other factors
have been proposed as the cause of "non-
occlusive" mesenteric ischemia. The vaso-
constrictive effect of digitalis on the
splanchnic bed and its toxicity and result-
ing arrhythmias have been implicated.8 17
Hypersensitivity and allergic phenomena
have been suggested.,

Clinical Aspects
Symptoms vary with the disease respon-

sible for poor perfusion. Abdominal com-
plaints occur secondarily and depend on
the degree of mesenteric vascular insuffi-
ciency. Transient abdominal angina with
nausea, vomiting, diarrhea and abdominal
distention lasting from several hours to
several weeks may be reversible if recog-
nized early and vigorous treatment of the
basic disease initiated. Hematemesis and
blood in the stool are common in later
stages when gangrenous changes are in
progress and signs of peritonitis and shock
have occurred.
The gross appearance of the gastro-

intestinal tract at the operating table is
variable. Changes may be so early as to
cause uncertainty regarding the vascular
status of the bowel. Pathological changes
vary from edema to vascular congestion
and hemorrhage to necrosis involving the
mucosa or entire wall. Ischemic changes
frequently do not follow the distribution
of a major mesenteric artery. Instead, they
may be patchy in distribution involving
large areas of the gastrointestinal tract.
Other abdominal organs may also present
ischemic changes.

Patients prone to develop this condition
are those 1) with longstanding congestive
heart failure taking digitalis and diuretics,
2) with valvular disease and low cardiac
output, 3) with digitalis intoxication and
cardiac arrhythmias, 4) who are in shock
or who have prolonged hypovolemia or
hemoconcentration for reasons as diverse

I1
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as myocardial infarction, gastrointestinal
bleeding and pancreatitis and 5) with pro-
longed, postoperative hypotension.
Fully developed, the disease becomes a

surgical emergency even though the mor-
tality is nearly 100 per cent. With greater
awareness of the mechanisms responsible,
we should be more competent in preven-
tion and recognition during the incipient
stages when treatment may be more ef-
fective.

Summary
A variety of conditions which have in

common, low perfusion of splanchnic ves-
sels, can produce "non-occlusive" mesen-
teric ischemia. Five cases of "non-occlu-
sive" intestinal infarction of diverse etiol-
ogy which included 1) acute myocardial
infarction, 2) injudicious use of diuretics,
3) hemorrhagic shock, 4) congestive heart
failure and 5) hemoconcentration of un-
certain origin are reported. The factor re-
sponsible for ischemia may be superim-
posed on a state of arteriosclerotic vascular
disease in which tissue perfusion of the gut
has been reduced to a near critical level.
Early clinical recognition and intensive
management of these factors is required to
prevent the development of "non-occlusive"
mesenteric ischemia. Once gangrene has
developed, expedient operation with post-
operative emphasis on the cardiovascular
and hemodynamic status is essential if
there is to be improvement in treatment
of this universally fatal complication.
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