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Acute colorectal ischemia is a rare though potentially lethal complication of aortic
surgery. We reviewed our recent experience with 16 cases in order to analyze its
causative and prognostic factors. The incidence was 2:8%, and the inferiorrmesen=
teric artery was occluded in all cases. All patients also had severe occlusive disease
ofratileast two of the hypogastric or deep femoral arteries. Hypoperfusion due to
arterial ligation, prosthetic occlusion or embolism was responsible in half the cases.
Ischemia and perfusion due to aortic cross-clamping or perioperative hemorrhage
were involved in the rest of the cases. Postoperative mortality was 31%. The mortality
was lower for partial, nontransmural necrosis, and for elective operations. Recurrent
intestinal ischemia, transmural necrosis, surgery for ruptured aneurysm, intestinal
hemorrhage and pulmonary edema were associated with a higher mortality rate. All
patients with anuria or extrarenal epuration and hepatic cytolysis died. Although
reconstruction of the inferior mesenteric artery might lessen the incidence of
postoperative colonic ischemia due to hypoperfusion, the role of oxygen free
radicals should be investigated in humans, in order to afford colonic protection
against the consequences of ischemia-reperfusion. (Ann Vasc Surg 1992;6:111-118).

KEY WORDS: Aortic surgery; colorectal ischemia; occlusive disease; oxygen free

radicals; bacterial translocation.

Acute colorectal ischemia occurs infrequently
after reconstructive aortoiliac surgery. Its preva-
lence is between 0:3% ands10% [1-3], whereas the

From the Service de Chirurgie Vasculaire, Service de
Chirurgie Générale et Digestive, and Service de Réani-
mation Polyvalente, Hopital Saint-Joseph, Paris,
France.

Presented at the Annual Meeting of the Society de
Chirurgie Vasculaire de Langue Francaise, June 23-24,
1989, Strasbourg, France.

Reprint requests: J.C. Farkas, MD, Unité de Soins
Intensifs, Service de Chirurgie Vasculaire, Hopital Saint
Joseph, 7, rue Pierre Larousse, 75674 Paris Cédex 14,
France.

111

clinical incidence is 2% and coloscopig incidence is
6% (4]. Mortality, on the other hand, varies be-
tween 50%and 1009 [2,3,5,6]. Recently, new con-
cepts concerning bacterial translocation, i.e. sys-
temic dissemination of bacteria usually found in the
intestinal tract [7,8], and cellular toxicity of oxygen
free radicals [9,10], have led to a better understand-
ing of the pathophysiology of acute colorectal ische-
mia. The reservoir of enterobacteria found in the
intestinal tract could play a major role in multiorgan
failure usually observed in intensive care patients
and could contribute to secondary multiorgan fail-
ure observed after acute colorectal ischemia. The
role of oxygen free radicals in the genesis of ische-
mia reperfusion lesions of the intestinal tract is well
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established in the animal [11]. Studies have yet to
be conducted in humans.

The objectives of this petrospective study were
to: 1) define the trigger factors of acute colorectal
ischemia, and in the light of experimental studies,
delineate the pathophysiological mechanisms; 2)
enumerate the clinical and biological signs of ischemia
as well as of bacterial translocation; and 3) analyze the
causes and prognostic criteria of mortality.

MATERIAL AND METHODS

Between May 1985and December 19883566 patients
underwent reconstructive aortoiliac) surgery. Sixteen
of these patients (2:8%) had postoperativeracutecoio=
rectabiischemia. Fifteen patients were men. Mean age
was 66.8 years (range 54-82 years). The diagnosis was
established by colonoscopy or at laparotomy: Colonos-
copy findings included mucosal paleness, purpuric
spots, submucosal hematoma, mural uicerations. or
siough. Histopathologicaljstudies were performed rou-
tinely, during colonoscopy to detect findings consisternt
with acute colorectal ischemia such as arteriolar micro-
thrombosis and mural lesions, including peeled-off or
ulcerated mucosa. At laparotomy, the absence of pul-
sations in the mesenteric marginal artery. the presence
of purpuric spotting or gangrene, and the transmurai
aspect of slough were noted. Indications for initial
surgery included elective or emergency infrarenal ab-
dominal aortic aneurysmectomy. The procedures per-
formed (aortoaortic, aortobilliac or aortobifemoral
prosthetic bypass) were noted, as well as the clinical
signs usnally associated with acute colorectal ischemia,
including hypo- or hyperpyrexia, diarrhea, bieeding
per anum, pain in the left lower quadrant, intestinal
obstruction, and shock. Modifications of serum phos-
phorus, alkaline phosphatases, transaminase en-
zymes—including aspartate aminotransferases (ASAT)
or alanine aminotransferases (AlAT), creatine phos-
phokinases (€PR), lactic acid dehydrogenase
(LDH)—and bagcteremia of intestinal origin were
noted for each patient,

The type of surgical treatment performed in acute
colorectal ischemia (intestinal resection, cholecys-
tectomy, prosthetic thrombectomy) and the differ-
ent surgical complications observed (recurrent
ischemia of the small intesting or golom, colonic
stricture, pancreatitis, acute cholecystitis) were
listed. The medical complications usually seen dur-
ing severe infective states included the adult respi-
ratory distress syndrome (ARDS), defined as severe
hypoxemia associated with bilateral pulmonary
edema and low wedge pulmonary artery pressure;
moderate acute tubular disease defined as clearance
of creatinine between § and 30 ml/min; severe acute
tubular disease, defined as clearance of creatinine
less than 5 ml/min; moderate hepatic cytolysis de-
fined as high transaminase titers, which were less
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than three times the mormal value; severe hepatic
cytolysis, defined as transaminases more than three
times mormal values; upper digestive tract hemor-
rhage caused by acute gastroduodenal ulceration
requiring blood transfusion. Prognostic criteria for
each of these elements were established.

The delay between the wascular procedure and
the onset of golonig ischemia was calculated. The
cause of death was noted. The simplified index of
severity (SIS) as established by Legall and associ-
ates {121, which has been widely used and validated
in several pathologies in intensive care, was calcu-
lated to classify patients according to their degree of
severity. This score was based on 15 variables
including age, necessity for artificial ventilation,
cardiac rate, respiratory rate, systemic arterial
pressure, temperature, diuresis, Glasgow neurolog-
ical score, natremia, kalemia, base deficit, glyce-
mia, blood urea, white blood cell count, and hem-
atocrit.  Statistical analysis of comparisons of
percentages was made with the Chi-square test,
using Yates’ correction for small samples. A p value
less than 0.05 was considered to be significant.

RESULTS

Clinical findings for all patients are shown in
Tables I and 1I. Ischemic colitis was observed in 12
of 358 cases (3.4%) after cure of infrarenal aorta
aneurysm and in four of 208 cases (1.9/100) after
surgery for aortoiliac atherosclerotic occlusive dis-
ease. [solated aortic clamping was found as the only
promoting factor in eight cases. Cholesterol embo-
lism (n = 2), perioperative hemorrhagic shock
(n = 3), ligation of a patent inferior mesenteric
artery {n = 1) represent the other causative factors
in this series. Two rare etiologic factors were found
in our patients: Patient 2 presented an extensive
thrombosis of an aortobiiliac graft secondary to
severe thrombocytopenia due to heparin; Patient 6
had undergone ligation of a previously patent infe-
rior mesenteric artery which led to colonic vascular
compromise after transverse colectomy performed
for lymphoma. In two cases, the inferior mesenteric
artery had been revascularized with satisfactory
follow-up arteriographic findings: outcome was fa-
vorable without further surgery.

The diagnosis of colonic ischemia was estab-
lished during surgery for ruptured aneurysm of the
infrarenal aorta in three cases, by coloscopy in eight
cases, and by exploratory laparotomy in five cases.
Ischemia was located in the left colon in all cases.
Necrosis was transmural in six of 16 cases (37%).
Clinical signs are listed in Table III. Of 16 patients
two had systemic bacterial translocations, one and
four days after aortic surgery, and the other, seven
days after aortic surgery. In both cases, inoculation
was multiple: organisms included Bacteroides fra-
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TABLE |.—Clinical Findings

Localization
Sex, age, of ischemia
indications and
Case for vascular Arteriographic Mechanism of diagnostic Medical Surgical
no. surgery findings Operation acute ischemia delay complications treatment Outcome
1 Male, 76 years Aortoiliac Clamping Right and left ARDS + D15 Death + D70
elective prosthetic graft colon hemodialysis total colectomy multiple organ
infrarenal aorta D12 digestive cholecystectomy  failure persistent
aneurysmectomy hemorrhage peritonitis
2 Male, 58 years Celiac axis Aortobiiliac Thrombocytopenia Small Moderate tubular + D6 Favorable
elective SMA, IMA prosthetic due to heparin intestine disease thrombectomy
infrarenal aorta normal reimplant IMA Right and graft and SMA
aneurysmectomy left colon
D2
3 Male, 64 years Stenosis celiac  Thrombo- Cholesterol Small ARDS + D2 Death + D3
elective axis SMA endarterectomy  embolism intestine moderate exploratory multiple organ
infrarenal aorta normal IMA aortic tube right and tubular disease  laparotomy failure
aneurysmectomy  occluded left colon severe cytolysis  + D3 second
liver, look
gallbladder
D2
4 Female, 74 years Stenosis celiac Aortic tube Hemorrhagic Left colon ARDS + D5 Hartmann  Death + D62
ruptured axis shock gallbladder hemodialysis + D13 infective pulmonary
infrarenal aorta SMA normal D5 severe cytolysis  cholecystectomy  pathology
aneurysm IMA occluded peritonitis
5 Male, 65 years Aortobiiliac Hemorrhagic Left colon + D1 Hartmann  Favorable
ruptured, prosthetic graft  shock DO cholecystectomy
infected aortic
6 Male, 60 years Celiac axis Aortobiiliac Ligation IMA Left colon + D28 left Favorable
aortoiliac normal prosthetic graft D3 colectomy for
atherosclerosis stenosis SMA cicatricial
IMA normal colonic stricture
7 Male, 64 years lliac axis normal Aortobifemoral Clamping Right and left moderate + D7 total Favorable
aortoiliac SMA normal prosthetic graft colon cytolysis coloprotectomy
atherosclerosis IMA occluded rectum cholecystectomy
D6 + D9 closure
+ D20 fistule
rectal stump
8 Male, 79 years Aortic tube Clamping Left colon Coloscopic Favorable
fissurated D8 surveillance
infrarenal aorta
aneurysm

ARDS = adult respiratory syndrome; SMA = superior mesenteric artery; IMA = inferior mesenteric artery
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TABLE Ill.—Clinical signs of acute colorectal DISCUSSION
ischemia o . L

i The incidence of acute colorectal ischemia in our
Patients Percent series of aortic surgery was 2.8%. This can be
Temperature > 38°5 < 36°5 11 69%  broken down to 3.4% for surgery of infrarenal aortic
g}‘wa"?(ea 78 gng aneurysms and 1.9% for aortoiliac surgery, which is
oCx ..  comparable to the literature. Ernst and colleagues

Left iliac fossa 7 44% . . . Lo
intestinal obstruction 6 38% |4], employing routine colonoscopic examination,
Rectal bleeding 5 31% found an incidence of 7.4% and 4.3%, respectively.
Bacteremia 2 12%  Even though these two studies are not comparable,

gilis associated with Clostridium perfringens in one,
and Escherichia coli and Clostridium perfringens in
the other. Coloscopy was performed in eight pa-
tients (50%) and in all cases led to the suggestion of
the correct diagnosis. Biopsies were obtained in six
of these patients and always confirmed the diagno-
sis. Blood was drawn for analysis between the
evening before and the third day after diagnosis.
Results of biologic abnormalities are reported in
Table IV.

Thirteen patients (80%) underwent reoperations.
The ischemic colon was removed in 11 (70%). In
one patient, extended intraabdominal necrosis (liv-
er, spleen, pancreas gallbladder, small and large
intestines) without therapeutic potential was found.
A second look was performed in six patients, and in
four a complementary surgical ablative procedure
was necessary. Of seven cholecystectomies, three
were performed for acute cholecystitis. In Patient 2,
complete restoration of the colonic vascularity was
obtained after thrombectomy,

In cases of adult respiratory distress syndrome,
the mean duration of mechanical ventilation was 43
days, compared to 12 days without. Overall mortal-
ity was 31% (5 of 16} with an average follow-up of
11 months. Two patients who died were in the
group operated on for infrarenal aortic aneurysm.
In five cases death was directly related to acute
colorectal ischemia, persisting ischemia of the small
or large intestine in two cases, and multiple organ
failure related to sepsis other than acute colorectal
ischemia in three cases (pneumonia, persistent peri-
tonitis in spite of several iterative laparotomies, and
pancreatitis with necrosis).

The mean age of patients who died was 71.8 years
compared with 64.5 years for survivors (NS). The
best predictive factors for mortality (Table V) were
kidney tubular disease and severe hepatic cytolysis.
The SSI was calculated on the day the diagnosis of
acute colorectal ischemia was made, usually the
day of admission to intensive care. The SSI score
was 18 on an average in the group of patients who
died (range 16 to 22) and 11 in survivors (range
6-15) (p < 0.01).

the true frequency of acute colorectal ischemia
could be underestimated by 50 to 60% in the ab-
sence of routine colonoscopy. Vascular visualiza-
tion permits delineation of the type of colonic
vascularity most threatened by aortic clamping, as
is essentially the case when the inferior mesenteric
artery is occluded. According to our study, two
trigger mechanisms of acute colorectal ischemia can
be identified: When it is necessary to clamp the
infrarenal aorta, certain patients experience tran-
sient ischemia of the colon. In this case, colonic
vascularization is restored quickly and remains
identical to preoperative status.

In other patients, ischemia is prolonged, either be-
cause of perioperative hemorrhagic shock or ligation of
a patent inferior mesenteric artery with previous trans-
verse colectomy (a mechanism already described [13)])
or prosthetic thrombosis due to severe thrombocyto-
penia secondary to heparin, or cholesterol embolism.
No one mechanism can be incriminated in the onset of
acute colorectal ischemia. Experimental studies have
shown that ischemia of short duration can lead to
irreversible necrosis. Conversely, in the case of initial
ischemia, cellular anoxia is not the only cause of
tissular lesions.

The role of oxygen-derived free radicals has
recently been demonstrated [14,15]. These mole-
cules are highly reactive and are generally produced
in small quantities by enzymes such as xanthine
oxidase in the small intestine or aldehyde oxidase in
the colon [16]. The intestinal cells possess several
enzymatic systems capable of eliminating these free
radicals, including superoxide dismutase {10,17,20].
During intestinal ischemia, enzymes capable of syn-
thesizing free radicals derived from oxygen and
their substrata are produced in large quantities.
Reperfusion, i.e. oxygen delivery, is responsible for
massive production of free radicals. These mole-

TABLE IV.—Biological changes

Less NMore

than than
normal Normal normal

Serum phosphorus 43% 57%
Alkaline phosphatases 0 66% 34%
Aspartate aminotransferase 0 30% 70%
Alamine aminotransferase 0 67% 33%
Lactic dehydrogenase 0 15% 85%
Creatine phosphokinase 0 38% 62%
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TABLE V.—Prognostic criteria of mortality

Deaths Survival CHT
lterative intestinal 40 27.3 NS
ischemia
Transmural necrosis 80 63.7 NS
Emergency vascular 40 18.2 NS
surgery
Visceral failures — — —
Digestive tract 40 0 <0.05
hemorrhage
ARDS 60 0 <0.05
Tubular disease 60 0 <0.01
clearance < 5
mi/minute
Cytolysis > 3 x N 60 9.1 NS
Shock 100 27.3 <0.05
More than 2 visceral 100 9.1 <0.01
failures
Simplified severity 18 11 <0.01
index
Age 71.8 64.8 NS

ARDS = adult respiratory distress syndrome

cules possess major cellular toxicity and are respon-
sible for tissular lesions. It has been shown exper-
imentally that dismutase superoxide and inhibitors
of xanthine oxidase reduce the permeability of the
intestinal wall and attenuate the intensity of histo-
logical lesions, the risk of necrosis, of perforation,
and mortality [11,14,15,21-23].

Aminophylline, a substrate of xanthine oxidase,
increases histological lesions [14]. In experimental
models of severe and prolonged ischemia, the intro-
duction of superoxide dismutase did not modify the
permeability of the intestinal wall or the intensity of
histological lesions [11]. Under these circumstances,
free radicals are not a determinant in the onset of
intestinal necrosis: tissular lesions are induced by arte-
rial ligation, and in the absence of sufficient flow,
necrosis ensues. This model corresponds best to the
acute colorectal ischemia seen in humans after altera-
tion of colonic vascularity, prolonged low-flow states,
or cholesterol embolism, and is best named *‘devascu-
larization acute colorectal ischemia’. Conversely, dur-
ing isolated clamping of pathological arteries inducing
less severe ischemia, the action of free radicals could
be responsible for the observed lesions. This model
could explain why acute colorectal ischemia can occur
in the absence of altered colonic vascularty and is
named ‘‘ischemia reperfusion acute colorectal ische-
mia.”’ Clear demonstration of the role of free radicals in
humans is a prerequisite for evaluation of the therapeu-
tic options for colonic protection which have been
experimented in the animal.

Arteriographic evaluation of patients at risk could
help decrease the incidence of acute colorectal
ischemia. When performing aortic reconstruction, it
secems preferable to perform inferior mesenteric
artery revascularization irrespective of the results
of residual pressure measured during operation. In
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the absence of revascularization, postoperative hy-
potension can be responsible for colonic ischemia.
This is the only well-established preventive surgical
procedure for acute colorectal ischemia [24].

Colonoscopy is the primary investigational tool
[25], as it is diagnostic and permits the procurement
of specimens for histopathological confirmation.
Routine use of colonoscopy could lead to earlier
diagnosis. As colonoscopy is simple and not dan-
gerous, this investigative method should be enter-
tained routinely whenever aortic surgery is fol-
lowed by diarrhea, cerebral disorders, or cardiac,
respiratory, or renal failure, even when these enti-
ties occur in an isolated fashion. The reported
severity of acute colorectai ischemia is most likely
due to the delay or absence of proper diagnosis.

Several studies, in animals as in humans, have
attempted to find sensitive and specific biological
markers for colonic ischemia: In animals these are
serum titers of phosphorus [26-28], urea, uric acid {27},
LDH [27], CPR [27.,29-32], ASAT and ALAT, alkaline
phosphatases [27], hexosaminidase [33], vasoactive
intestinal peptide (VIP) [34-36]. In humans, CPK [37-
391, LDH [39], hexosaminidase [40] and phosphorus
[28,411 have been found to be abnormally elevated. Itis
not known, however, whether or not these markers are
specific. Results were difficult to interpret in our 16
patients, Variation of serum phosphorus is not unusual
after major surgery. Heavy glucose infusion and alka-
losis due to mechanical ventilation can be responsible
for the hypophosphoremia observed after aortic sur-
gery. On the other hand, hyperphosphoremia is usually
seen only when kidney failure occurs. In two of our
patients, however, hyperphosphoremia was seen with
normal kidney function, and no cause could be found.

As often occurs after surgery, CPR and LDH
were often found to be elevated. High titers of
alkaline phosphatases, ASAT and ALAT, when
present, are most likely indicative of hepatic failure
associated with acute colorectal ischemia [42].
While these abnormalities may often constitute
alarm signals, they do not contribute to the topo-
graphical diagnosis of postoperative colonic compli-
cations. Because of their pharmacological proper-
ties, elevated serum levels of hormones usually
found in the colon wall could be a partial explana-
tion for the clinical signs observed [43,44]. A pro-
spective study of the dosage of colonic enzymes
and hormones is currently underway.

Surgery is indicated according to the aspect of the
colonic mucosa and associated signs of severity. When
superficial ischemia is found on colonoscopy, opera-
tion is mandatory even when only one sign generally
associated with infection, such as cerebral disorders,
septic shock, pulmonary edema, acute tubular disease,
hepatic cytolysis, or acute gastroduodenal ulceration,
is present. The surgical procedure performed depends
on the condition of the colon. Ideally all necrotic colon
must be resected. In our opinion, the frequency with
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which acute alithiasic cholecystitis occurs mandates a
cholecystectomy whenever laparotomy is indicated.

Two patients (Nos. 7 and 16) had bacterial translo-
cation four and seven days after operation due to
transmural colonic necrosis. Such bacterial transloca-
tion can occur after clamping of the supraceliac aorta,
even in the absence of acute colorectal ischemia [45].
Other authors have reported that, while endotoxinemia
may occur [46], bacteriemia is rare and occurs late.

After traversing the intestinal wall, endotoxin is
transported by the mesenteric lymphatic vessels
[47] and then enters the systemic circulation with-
out being detoxified by the liver. This might explain
why the manifestations of acute colorectal ischemia
occur early in comparison to bacteremia. The pres-
ence of endotoxin in the peritoneum increases the
permeability of the intestinal tract to bacteria [48].
Multiple organ failure is the consequence when
endotoxin and then bacteria pass through the in-
jured colonic wall [8,44,48-50]. Portal bacteremia
occurs as early as eight hours after insult in animals
with severe ischemia (this concerns anaerobic
germs only). Systemic bacteremia subsequent to
bacterial translocation is found 48 hours later and
involves anaerobic germs and particularly Esche-
richia coli [42]. As hepatic cultures have been found
to be positive early in the course of infection [42],
the liver probably plays the role of a filter, and this
might explain the delay between portal and sys-
temic bacteremia.

The resuits of these studies pose the problem of
antibiotic treatment once acute colorectal ischemia
has been declared. Because of the delay to systemic
bacteremia, appropriate early antibiotic coverage
may be difficult. The usefulness of antibiotic ther-
apy in the absence of severe infection or peritonitis
has not been shown, and empirical use of antibiotics
should be discouraged because of the possible risk
of emergence of resistant organisms. However,
since there are organisms in the portal system,
some form of treatment appears to be logical.

Preoperative intestinal decontamination might be
an alternative. In cats, during experimental colonic
ischemia, systemic endotoxemia was decreased and
death retarded when gentamicin was instilled in the
intestinal tract [51]. Associated with mechanical
preparation of the colon, intestinal decontamination
might reduce the frequency of bacterial transloca-
tion. Bactericidal and synergistic intravenous anti-
biotic therapy is indicated when systemic bactere-
mia occurs or when surgery is performed.

As shown by the study of predictive factors for
mortality, the severity of this disease is well re-
flected by its consequent medical complications.
Acute respiratory distress, anemia, or hepatic cy-
tolysis are negative signs for outcome. The simpli-
fied severity index seems to be adapted to the
evaluation of acute colorectal ischemia, as the dif-
ference between those patients who survive and
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those who die was statistically highly significant.
Mortality due to acute colorectal ischemia in our
institution was 80% in 10 patients between 1968 and
1976, 46% in 13 patients between 1976 and 1977
[6,52], and 31% in the present series. This improve-
ment is related to progress in the treatment of
multiple organ failure in intensive care units and
aggressive surgery as soon as multiple organ failure
occurs. Indeed, only removal of all diseased colon
is capable of eliminating the responsible foci.

CONCLUSION

Prevention of colonic ischemia is dependent on
preoperative arteriographic findings which permit
selection of patients whose colonic vascularity
seems to be at risk. The inferior mesenteric artery
should be revascularized whenever possible. Early
diagnosis of colonic ischemia is primary. Although
there are no specific clinical or biological signs
associated with colonic ischemia, the indication for
colonoscopy must be entertained in the presence of
postoperative complications of aortic surgery.
When the mucosa only is involved, surgery is
indicated if general signs of sepsis are present. In
our opinion, operation is mandated even when only
one sign of sepsis is present, or when more than the
mucosal layer is involved on colonoscopy, even
when this finding is isolated. Bacterial translocation
is rare and occurs late. When necrosis is not trans-
mural, elective surgery is associated with less mor-
tality than on the average. Repeated intestinal
ischemia, transmural involvement, emergency sur-
gery for ruptured aneurysm, intestinal hemorrhage,
and pulmonary edema are associated with higher
mortality. Severe kidney tubular disease or hepatic
cytolysis always lead to death. Evidence that free
radicals play a role in this pathology may be a step
towards preventive perioperative tissular protec-
tion of the colon. The search for specific biological
markers might help decrease the incidence and
improve diagnostic possibilities as well as the prog-
nosis of acute colorectal ischemia.

REFERENCES

1. JOYEUX A, SEGUIN I, MARY A, et al. Ischémie colique
aprés chirurgie aorto-iliaque. Ann de Chir 1985:39:345-349.

2. OTTINGER LW, DARLING RC, NATHAN MJ, et al. Left
colon ischemia complicating aorto-iliac reconstruction. Arch
Surg 1972;105:841-846.

3. SCHROEDER T, CHRISTOFFERSEN JK, ANDERSEN
J, et al. Ischemic colitis complicating reconstruction of the
abdominal aorta. Surg Gynecol Obster 1985;160:299-303.

4. ERNST CB, HAGIHARA PF, DAUGHERTY ME, et al.
Ischemic colitis incidence following abdominal aortic recon-
struction: & prospective study. Surgery 1976:80:417-421.

5. BICKS RO, BALE GF, HOWARD H, et al. Acute and


John Vogel



118

15.

16.

21.

22

23.

24.

25.

26.

27.

28.

29.

ACUTE COLORECTAL ISCHEMIA

delayed ischemia after aortic aneurysm surgery. Arch Int
Med 1968;122:249-253.

. CORMIER JM, DESSOUTER P. Ischémie aigue du colon,

23 observations. J Chir 1980;117:355-360.

. ZIEGLER TR, SMITH RJ, O'DWYER ST, et al. Increased

intestinal permeability associated with infection in burn
patients. Arch Surg 1988;123:1313-1319.

. DEITCH EA, BERG R, SPECIAN R. Endotoxin promotes

the translocation of bacteria from the gut. Arch Surg 1987;
122:185-190.

. SOUTHORN PA, POWIS G. Free radicals in medicine. 1.

Chemical nature and biologic reactions. Mayo Clin Proc
1988;63:381--389.

. SOUTHORN PA, POWIS G. Free radicals in medicine. I

Involvement in human disease. Mayo Clin Proc 1988;63:390-408.

. PARKS DA, BULKLEY GB, GRANGER DN, et al. Ische-

mic injury in the cat small intestine: role of superoxide
radicals. Gastroenterology 1981,82:9-15.

. LeGALL JR, LOIRAT P, ALPEROVICH A. Simplified acute

physiological score for intensive care patients. Lancet 1983;2:741.

. ROVKIND Al, BERLATZKY Y, LANDAU EH. Colonic

ischemia following abdominal aortic reconstruction for rup-
ture aneurysm in a patient with previous right colectomy.
Acta Chir Scand 1988;154:75-76.

. DALSING MC, GROSFELD JL, SHIFFLER MA, et al.

Superoxide dismutase: a cellular protective enzyme in bowel
ischemia, J Surg Res 1983;34:589-596.

PARKS DA, BULKLEY GB, GRANGER DN. Role of
oxygen derived free radicals in digestive tract diseases.
Surgery 1983;94:415-422.

KRENITSKY TA, TUTTLE JV, CATTAU EL, et al. A
comparison of the distribution and electron acceptor special-
ties of xanthine oxidase and aldehyde oxidase. Comp Bio-
chem Physiol 1974;49B.687-703.

. ERNSTER L. Biochemistry of reoxygenation injury. Crit

Care Med 1988,16:947-953.

. FRIDOVICH 1. The biology of oxygen radical. Science

1978:201:875~880.

. McCORD JM. The superoxide free radical its biochemistry

and pathophysiology. Surgery 1983:94:412-414.

. SAVA P, BLONDEAU C, CUBERTAFOND P, et al.

Radicaux libres et pathologie digestive. Gastroenterol Clin
Biol 1988;12:214-221.

CUEVA JP, HSUEH W. Role of oxygen derived free
radicals in platelet activating factor induced bowel necrosis.
Gut 1988;29:1207-1212.

GRANGER DN, RUTILI G, MC CORD JM. Superoxide radi-
cals in feline intestinal ischemia. Gastroenterology 1981:81:22-29.
GRANGER DN, McCORD IM, PARKS DA. et al. Xanthine
oxidase inhibitors attenuate ischemia-induced vascular per-
meability changes in the cat intestine. Gastroenterology
1986;90:80-84.

CORMIER JM, VENIN J, BENVEGNA S. Revascularisa-
tion de la mésentérique inférieure par voie endoaortique:
série prospective de S1 cas. J Chir 1989,126:413418.
SCOWCROFT (W, SANOWSKI RA. KOZAREK RA.
Colonoscopy in ischemic colitis. Gastrointest Endosc 1981:27:
156-161.

JAMIESON WG, LOZON A, DURAND D, et al. Changes
in serum phosphate levels associated with intestinal infarc-
tion and necrosis. Surg Gynecol Obstet 1975;140:19-21.
KAZMIERSZAK SC, LOTT JA, CALDWELL JH. Acute
intestinal infarction or obstruction: search for better labora-
tory tests in an animal model. Clin Chem 1988.34:281-288.
LORES ME, CANIZARES O, ROSSELO PJ. The signifi-
cance of elevation of serum phosphate levels in experimental
intestinal ischemia. Surg Gynecol Obster 1981;152:593-596.
GRAEBER GM, WUKICH DK, CAFFERTY PI, et al.
Changes in peripheral serum creatine phosphokinase (CPK)

30.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.
44,

45.

46.

47.

48.

49.
50.

51.

52

ANNALS OF
VASCULAR SURGERY

and lactic dehydrogenase (LDH) in acute experimental co-
lonic infarction. Ann Surg 1981,94:708-715.

GRAEBER GM, O’NEILL JF, WOLF RE, et al. Elevated
levels of peripheral serum creatine phosphokinase with strangu-
lated small bowel obstruction. Arch Surg 1983;118:837-840.

. GRAEBER GM, CAFFERTY PJ, REARDON MJ, et al.

Elevations of serum creatine phosphokinase in experimental
mesenteric infarction. Surg Forum 1980;31:148-150.
GRAEBER GM, CAFFERTY PJ, REARDON M], et al.
Changes in serum total creatine phosphokinase (CPK) and
its isoenzymes caused by experimental ligation of the supe-
rior mesenteric artery. Ann Surg 1981;193:499-505.

LOBE TE, SCHWARTZ MZ, RICHARDSON CJ, et al.
Hexosominidase: a marker of intestinal gangrene in necro-
tizing enterocolitis. J Ped Surg 1983;18:449-452.
BATESON PG, BUCHANAN KD, DAVINA MS, et al.
The release of vasoactive intestinal peptide during altered
mid-gut blood flow. Br J Surg 1980;67:131-134.

KOBOLD EE, THAL P. Quantitation and identification of
vasoactive substances liberated during various types of
experimental and clinical intestinal ischemia. Surg Gynecol
Obstet 1963;117:315-322.

MODLIN JM, BLOOM SR, MITCHELL. S. Piasma vaso-
active intestinal polypeptide (VIP) levels and intestinal
ischemia. Experientia 1977,34:535-536.

DORAN GR. Appearance of creatine kinase BB isoenzyme
in the serum of a patient suffering from infarction of the
colon. Clin Chem Acta 1979:92:415-419.

ITANO M. The detection of CPK (BB) in serum. Am J Clin
Patrhol 1976:65:351-355.

OKOYE MI, VERRIL HL, MUELLER WR Jr. Marked
concomitant elevations in serum creatine kinase and lactic
dehydrogenase in a patient with bowel necrosis. Am Surg
1983;49:612-615.

POLSON H, MOWAT C, HIMAL HS. Experimental and
clinical studies of mesenteric infarction. Surg Gynecol
Obster 1981,153:360-362.

JAMIESON WG, MARCHUK 8§, ROWSOM 1, et al. The
early diagnosis of massive acute intestinal ischaemia. Br J
Surg 1982:69%suppl):S52-853.

BENNION RS, WILSON SE, WILLIAMS RA. Early por-
tal anaerobic bacteremia in mesenteric ischemia. Arch Surg
1984:719:151-155.

LANGUILLE M, CERF M. Hormones digestives et colon.
Ann Gastroent Hépatol 1987;23:179-185.

WILLCOX R. La neuroendocrinologie colique. Ann Gastro-
ent Hépatol 1987:23:187-193.

FARKAS JC, MARANDON JY, BRISSET D, et al. Clam-
page aortique et translocalisations bactériennes. In: Consé-
quences sur I’Appareil Digestif des Défaillances Observées
en Réanimation. Paris: Expansion Scientifique Frangaise
1990;pp 105-110.

PAPA M, HALPERIN Z, RUBINSTEIN E, et al. The effect
of ischaemia of the dog’s colon on transmural migration of
bacteria an endotoxin. J Surg Res 1983;35:264-269.
BENNION RS, WILSON SE, SEROTA Al, et al. The role of
gastrointestinal microflora in the pathogenesis of complications
of mesenteric ischaemia. Rev Infect Dis 1984;6:5132-S138.
GAUSSORGUES P, GUEUGNIAUD PY, VEDRINNE
JM, et al. Bacteremia following cardiac arrest and cardio-
pulmonary resuscitation. Inr Care Med 1988;,14:575-577.
SORI AJ, RUSH BF, LYSZ TW, et al. The gut a source of
sepsis after hemorrhagic shock. Am J Surg 1988;155:187-192.
GANS H, MATSUMOTO K. The escape of endotoxin from
the intestine. Surg Gynecol Obstet 1974;139:395-402.
CUEVAS P, FINE J. Demonstration of a lethal endotox-
emia in experimental occlusion of the superior mesenteric
artery. Surg Gynecol Obstet 1971;133:81-83,

CORMIER JM. Ischémie colique aprés chirurgie aorto-
iliaque. Ann Gastroent Hepar 1986:;22:321-325.



