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Clinical Implications for the Management of Acute
Thromboembolic Occlusion of the Superior

Mesenteric Artery
Autopsy Findings in 213 Patients

Stefan Acosta, MD,*† Mats Ögren, MD, PhD,‡ Nils-Herman Sternby, MD, PhD,§
David Bergqvist, MD, PhD,* and Martin Björck, MD, PhD*

Objective: To study findings at autopsy in patients with fatal acute
thromboembolic occlusion of the superior mesenteric artery (SMA).
Summary Background Data: Acute occlusion of the SMA is
difficult to diagnose and mortality remains high. In Malmö, Sweden,
the autopsy rate between 1970 and 1982 was 87%, creating possi-
bilities for a population-based study.
Methods: Among 23,496 clinical autopsies and 7569 forensic au-
topsies, 213 cases with acute thromboembolic occlusion of the SMA
and intestinal infarction were identified.
Results: A clinical suspicion of intestinal infarction was docu-
mented in 32% of the patients, only 35% being in the care of
surgeons. The embolus/thrombus ratio was 1.4 to 1. Thrombotic
occlusions were located more proximally than embolic occlusions
(P � 0.001), intestinal infarction was more extensive (P � 0.025)
and thrombotic occlusions were associated with old brain infarction
(P � 0.048), aortic wall thrombosis (P � 0.080), and disseminated
cancer (P � 0.079). Patients with embolic occlusions (n � 122) had
a higher frequency of acute myocardial infarction (AMI) than
patients with thrombotic occlusions (P � 0.049). The embolic
source was identified in 80%. In 115 (94%), synchronous embolism
and/or source of embolus were present. There were findings of
remaining cardiac thrombi in 58 (48%) and synchronous emboli
affected 273 other arterial segments in 83 (68%).
Conclusions: Early recognition and revascularization would have
been a prerequisite for survival in at least half of the patients, since
the jejunum, ileum, and colon were affected by infarction. A
minority of all patients were under surgical care. AMI, cardiac

thrombi, and synchronous emboli were common findings among
patients with embolic occlusions.

(Ann Surg 2005;241: 516–522)

Up to 1950, diagnosis of acute thromboembolic occlusion
of the superior mesenteric artery (SMA) was considered

to be early if it was made before the patient became mori-
bund, allowing laparotomy, resection of the infarcted bowel,
and possible survival.1 Progress in surgical2 and angio-
graphic3 technique has followed, but outcome remains poor.4

Factors such as diagnostic difficulties at presentation and
infrequent recognition prior to intestinal infarction5 have
been held partly responsible for the continued poor prognosis.
Even in a prospective study designed to identify cases with
acute SMA occlusion, the diagnosis was often either estab-
lished at a point of time when the intestinal infarction had
reached an extension inaccessible for surgical therapy, or
overlooked before death.6

Contemporary clinical series have stated that the dis-
ease is uncommon,7,8 despite the lack of supportive data. The
impact of thorough autopsy studies on incidence has not been
acknowledged. The paramount importance of a high autopsy
rate in estimating the incidence of the disease was demon-
strated in a population-based study, where we found that the
diagnosis were suspected prior to death in only 39 out of 176
patients (22%) managed nonoperatively.9 In the studied pop-
ulation, the incidence was found to be even higher than that
of ruptured abdominal aortic aneurysm10: 8.6 and 5.6 per
100,000 person years, respectively.

The Department of Pathology at Malmö General Hos-
pital, Sweden, has a longstanding research commitment to
vascular diseases and has been the central institute in epide-
miologic studies of atherosclerosis supported by both WHO
and by International Society of Federation of Cardiolo-
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gy.11–13 Between 1970 and 1982, 31,034 consecutive autop-
sies, composing an autopsy rate of 87%, were performed.
Since then, changes in legislation and in public attitudes
towards postmortem examinations have led to a decrease in
autopsy rate, particularly among octogenarians and beyond to
less than 10% in Sweden (www.sos.se/), which would make
a contemporary study impossible to conduct.

The aims of the present autopsy study were to deter-
mine the nature of the thromboembolic occlusion, to eluci-
date the presence of concomitant thromboembolic disorders,
and to identify determinants associated with severity of in-
testinal infarction in 213 patients with fatal acute thrombo-
embolic occlusion of the SMA.

MATERIALS AND METHODS

Study Population
Between 1970 and 1982 the population of Malmö

declined from 264,000 to 230,000 (Swedish Central Bureau
of Statistics). During the study period, 35,784 deaths oc-
curred among the Malmö population (Malmö Statistical Year
Books, 1970–1982). In all, 23,446 clinical autopsies and
7588 forensic autopsies were performed, resulting in an 87%
autopsy rate. Only patients where the acute thromboembolic
occlusion of the SMA resulted in a transmural infarction of
the intestine were included in this study.

Retrieval of Autopsy-Verified Cases
Clinical Autopsies

Among 23,496 clinical autopsies, 997 cases were either
coded for (1) necrosis in the duodenum, small intestine, colon
or rectum; and/or (2) thromboembolism in a visceral artery,
and/or (3) mesenteric vessel occlusion/bowel infarction as the
cause of death. The autopsy protocols from all these 997
cases were identified and analyzed.

All clinical autopsies were performed at the Depart-
ment of Pathology, Malmö General Hospital, using a stan-
dardized detailed protocol. Findings were coded according to
the Systematized Nomenclature of Pathology code, as defined
by the College of American Pathologists in 1965. There was
a standardized intraluminal exposure of all major arteries
originating from the aorta, including the carotid and subcla-
vian arteries and down to the division of the common femoral
arteries. During the standardized examination of the SMA,
the bowel package was divided from the great mesenteric
vessels at the mesenteric root, leaving the greater part of the
mesentery attached to the bowels. SMA was then cut open
from its aortic origin and checked for intraluminal thrombus
or embolus. Distal branches in the mesentery were also
examined, especially if a short segment of the intestine
showed signs of ischemia. The whole length of the intestines
was cut open and checked for macroscopical necrosis. Mi-
croscopic examinations of the intestinal wall were performed

liberally. Each site of embolic infarction of the cerebral
hemispheres corresponded to embolism of a major artery,
either anterior, middle, or posterior cerebral artery. Operation
for embolism to the legs and arms within 1 week prior to
death was registered as a synchronous embolic event.

Patients with intestinal infarction and nonocclusive
mesenteric ischemia (n � 50) or mesenteric venous throm-
bosis (31) or indeterminate cause of arterial mesenteric isch-
emia (6) were excluded from the study.

Classification of Thrombosis and Embolism in
the SMA

In the differentiation between thrombotic and embolic
occlusions, the pathologist’s description and conclusion were
of utmost importance. The presence of synchronous embo-
lism was a clear-cut finding of embolic occlusion. The find-
ings of heart thrombi strongly supported an embolic occlu-
sion. The characteristics of SMA, such as extension and
location of atherosclerotic lesions, the appearance of single or
multiple occluding clots, the level of occlusion, and the
presence of clot adhesion to the intraluminal wall gave
supportive information.

In the majority of cases, the extent and level of detail of
information provided a clear picture whether thrombosis or
embolism was the cause of occlusion. However, in 31 out of
213 patients (15%), the situation was less clear, and these
autopsy protocols were validated separately by 2 experienced
vascular surgeons (MB and DB) to reach a consensus. In 3
cases, it was not possible to elucidate the nature of the
occluding lesion, and these cases were labeled as indetermi-
nate.

Forensic Autopsies
According to the Swedish legislation, forensic autopsy

was mandatory when death occurred outside of hospitals.
During the years 1970 to 1982, 7588 cases from Malmö were
referred to the Institution of Forensic Medicine in Lund. In
all, 7569 (99.8%) case records were found and reviewed.
Patients with intestinal infarction and nonocclusive mesen-
teric ischemia (n � 2), or mesenteric venous thrombosis (4)
or indeterminate cause of arterial mesenteric ischemia (1)
were excluded from the study.

Ethics
This study was approved by the Research Ethics Com-

mittee of the University of Lund.

Statistical Methods
Differences in proportions were evaluated using the �2

test for nominal variables and Kendall tau-b test for ordinal
variables. Distributions were expressed in terms of mean and
standard deviation. Student t test was used to evaluate differ-
ences in mean age and the Mann-Whitney U test to evaluate
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differences in number of synchronous emboli between 2
groups of patients with cardiac thrombi.

RESULTS

Characteristics of the Patients
At clinical and forensic autopsies, 211 and 2 patients,

respectively, were diagnosed with acute thromboembolic oc-
clusion of the SMA and intestinal infarction. In the referral
note for autopsy, a suspicion of intestinal ischemia was noted
in 39 (22%) among the 176 patients managed nonoperatively
and 30 (81%) among the 37 patients who underwent abdom-
inal surgery and subsequent autopsy. Thus, in total, there was
a documented suspicion of intestinal ischemia prior to death
in 69 (32%) of the 213 cases. Apart from laparotomy, 10 limb
embolectomies and 7 lower-limb amputations were under-
taken within 1 week before death. The patients died in
various ward units: geriatric (77/213; 36%), surgery (74;

35%), internal medicine (47; 22%), infectious diseases (6;
3%), oncology (5; 2%), and orthopedics (2; 1%). Two pa-
tients (1%) died outside of hospital. The patients at surgery
wards had a mean age of 85 years, compared with 77 years in
patients at both geriatric and internal medicine wards, respec-
tively (P � 0.001), but there were no difference in distribu-
tion between men and women at these wards (P � 0.110).

Thrombosis Versus Embolism in the SMA
The cause of occlusion was embolism in 122 (57.3%),

thrombosis in 88 (41.3%), and indeterminate in 3 (1.4%)
(Table 1). Thrombotic occlusions were often located more
proximal than embolic occlusions (P � 0.001). Synchronous
emboli were found in 83 cases and were only found in those
cases with embolic occlusion (68%). There were findings of
cardiac thrombi in 58 patients with embolic occlusion (48%)
compared with 10 patients with thrombotic occlusion (11%).

TABLE 1. Autopsy Findings in Patients With Acute Embolic and Thrombotic
Occlusion of the SMA

Cause of SMA Occlusion

P ValueEmbolic Thrombotic

Numbers of patients 122 88
Suspicion of intestinal ischaemia 41 (34%) 25 (28%) 0.423
Patient characteristics

Age (years)* 80 (78–81)* 80 (77–82)* 0.785
Women (%) 81 (66%) 57 (65%) 0.883

Level of SMA occlusion
Classifiable

Aortic ostium 19 (16%) 51 (58%)
Proximal to MCA 32 (26%) 10 (11%)
Distal to MCA 16 (13%) 4 (5%)
Peripheral branches 20 (16%) 5 (6%) � 0.001†

Unclassifiable 35 (29%) 18 (20%) 0.175
Extent of intestinal infarction

Classifiable
1 Segment 26 (21%) 11 (13%)
2 Segments 41 (34%) 24 (27%)
3 Segments 53 (43%) 50 (57%) 0.025†

Unclassifiable 2 (2%) 3 (3%)
Acute myocardial infarction 23 (19%) 8 (9%) 0.049
Old myocardial infarction 47 (39%) 30 (34%) 0.511
Aortic thrombosis above the SMA 21 (17%) 24 (27%) 0.080
Old brain infarction 47 (39%) 46 (52%) 0.048
Cancer 24 (20%) 22 (25%) 0.357
Disseminated cancer 5 (4%) 9 (10%) 0.079

*Mean (95% confidence interval).
†Kendall tau-b test.
MCA indicates middle colic artery.
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Atrial fibrillation was documented in 49 patients with embo-
lism (40%) and in 14 patients with thrombosis (16%). Adhe-
sion of clot to the intraluminal wall was documented in 73
patients with thrombotic occlusion (83%) and in 47 patients
with embolic occlusion (39%). The clots were “slightly” or
“partially” adhesive to the intraluminal wall in 15 out of these
47 cases with embolic occlusion (32%). Microscopic exam-
ination of the occlusive lesion was undertaken in 14 patients
with thrombotic occlusion (16%) and in 21 patients with
embolic occlusion (17%). Chronic mesenteric ischemia was
documented in 8 patients by disease history (n � 4) and
arteriography (2) in the referral note and intestinal histology
(2) in the autopsy protocol and was found in 7 patients with
thrombotic (8%) and in 1 patient with indeterminate occlu-
sion. In cases with thrombosis of the SMA, there were also
thrombosis or severe atherosclerotic changes of the celiac
trunk, right and left renal artery, in 33%, 11%, and 14%,
respectively.

Determinants of Extent of Intestinal Infarction
The intestinal infarction affected jejunum, ileum, and

colon in 158 (76%), 200 (96%), and 127 (61%) of the 208
classifiable cases, respectively (Fig. 1). At least 2 of these
intestinal segments were infarcted in 82% of the cases. All 3
intestinal segments were infarcted in 50%. The intestinal
infarction was more extensive in patients with thrombotic,
compared with embolic, occlusions (P � 0.025) (Table 1). In
patients with acute myocardial infarction (AMI), there was
less extensive intestinal infarction than in patients without
AMI. There was no association between age or synchronous
emboli and extent of intestinal infarction (Table 2).

Sources of Emboli
Among the 122 patients with embolus to the SMA, 86

(70%) had at least 1 of the following signs of a cardiac
source: intracardiac thrombi (n � 58), AMI (23), or docu-
mented atrial fibrillation (49) in the referral note. The intra-
cardiac thrombi were located in the auricle of the left atrium
(n � 32), left atrium (9), foramen ovale (1), mitral valve (4),
left ventricle (20), and aortic valve (1). In 6 patients, thrombi
were found in at least 2 of these locations.

Paradoxic embolism was probable in 5 out of 8 cases
with a patent foramen ovale, combined with venous throm-
boembolism and signs of pulmonary hypertension with a
potential right-to-left intraatrial shunt.

Twenty-one (17%) of the 122 patients with embolus to
the SMA had thrombosis of the aortic wall proximal to the
origin of the SMA. In 6 of these patients, aortic thrombus was
considered the probable source of embolus.

In all, it was possible to identify a probable source of
the embolus in 80% of the patients with embolic occlusion.

Concurrent Acute Thromboembolic Diseases
The concurrent presence of AMI, acute ischemic

stroke, and synchronous embolism in the study patients is
shown in Figure 2.

Apart from the SMA thromboembolism, there were 104
cases (49%) with at least 1 additional acute thromboembolic
disease.

Synchronous Embolism
In 83 (68%) out of 122 patients, synchronous embolism

was present, affecting a total of 273 other arterial segments
than the SMA (Table 3). Up to 14 synchronous emboli were
found, 29, 20, and 9 patients having synchronous emboli in 1,
2 and 3 arteries, respectively (Fig. 3). Hence, 2 or more
synchronous emboli occurred in 54 patients (44%). No dif-
ference in the number of synchronous emboli was found
between patients with atrial thrombi (n � 42) and the group
with ventricular thrombi (n � 20) (P � 0.502).

In all, there were objective signs of embolic disease, ie,
source of emboli and/or synchronous embolism, in 115 (94%)
of the 122 patients with embolic occlusion of the SMA.

DISCUSSION
It is well known that this disease often affects elderly

patients with ischemic heart disease and atrial fibrillation.
The present study has identified 3 other factors, however, that
may contribute to a poor outcome. First, two thirds of the
patients were managed in nonsurgery wards, where the prob-
ability of an early diagnosis is less likely.6,8,14 The patients
were not selected to nonsurgical wards because of their age;
on the contrary, patients treated in surgical wards were older.
Second, the occlusion was often located proximally, even in
embolic disease, resulting in extensive intestinal infarction.

FIGURE 1. Extent of intestinal infarction in 208 patients with
acute thromboembolic occlusion of the SMA.

Annals of Surgery • Volume 241, Number 3, March 2005 Occlusion of Superior Mesenteric Artery

© 2005 Lippincott Williams & Wilkins 519



Early revascularization and collaboration with vascular sur-
geons then becomes a prerequisite of survival15 in the ma-
jority of these elderly patients. Third, the high frequency of
multiple embolism is another important factor contributing to
the poor outcome. This observation is not novel,3,4,6 but due

to the study design of the present investigation, the extent of
multiple embolism has never previously been demonstrated
in such detail and extent. These identified factors may be
responsible for the unchanged high mortality, 80% to 90%,
reported in contemporary investigations, despite advances in

FIGURE 2. Concurrent acute throm-
boembolic disease. Occurrence of
acute myocardial infarction (AMI),
ischemic stroke, and synchronous
embolism in 213 patients with acute
thromboembolic occlusion of the
SMA.

TABLE 2. Determinants of Extent of Intestinal Infarction

Extent of Infarction

P Value1 Segment 2 Segments 3 Segments

Numbers of patients 37 65 106
Patient characteristics

Age (years)* 81 (78–84)* 79 (77–81)* 79 (77–81)* 0.575
Women (%) 21 (57%) 46 (71%) 72 (68%) 0.447

Level of SMA occlusion
Classifiable

Aortic ostium 8 (22%) 17 (26%) 44 (42%)
Proximal to MCA 0 (0%) 10 (15%) 31 (29%)
Distal to MCA 3 (8%) 12 (19%) 5 (5%)
Peripheral branches 17 (46%) 7 (11%) 1 (0%) � 0.001

Unclassifiable 9 (24%) 19 (29%) 25 (24%) 0.702†

Acute myocardial infarction 8 (22%) 10 (15%) 13 (12%) 0.212
Old myocardial infarction 15 (41%) 27 (42%) 30 (28%) 0.067
Aortic thrombosis above the SMA 6 (16%) 13 (20%) 26 (25%) 0.293
Synchronous embolism

Of all patients 19 (51%) 28 (43%) 34 (32%) 0.026
Of embolic patients 19/26 (73%) 28/41 (68%) 34/53 (64%) 0.419

*Mean (95% confidence interval).
†�2 Test.
MCA indicates middle colic artery.
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radiologic and surgical technique, anesthesia, and intensive
care.8,16

The etiology of occlusion, expressed as the embolus/
thrombus ratio, varies in clinical series. In this study, embolic
occlusions predominated, and the ratio was 1.4 to 1. Other
investigators who reported a predominance of thrombotic
occlusions had a high proportion of patients with chronic
mesenteric ischemia.4,7,17 In contrast, embolic occlusions
may dominate in series where chronic mesenteric ischemia is

absent and/or where there is a high frequency of atrial
fibrillation among the patients.6 The standardized procedure
of intraluminal exposure of the SMA in this study ensured the
verification of occlusive disease, and the meticulous autopsy
technique made it possible to discriminate embolic from
thrombotic occlusion in most cases. In spite of the presence
of cardiac thrombi in 10 and atrial fibrillation in 14 cases, we
found the occlusion to be thrombotic. Thus, this indicates that
the classification of embolic occlusion based on atrial fibril-
lation or cardiac thrombi in clinical series will lead to an
overestimation of cases with embolic occlusions. In 115 of
the 122 cases with embolic occlusion, objective signs of
embolic disease, such as synchronous embolism and/or
source of embolus, were present. However, valid objective
signs of thrombotic occlusion were more difficult to find: firm
adhesion of clot to the intraluminal wall occurred more
frequently in thrombotic than in embolic occlusions. Thus,
we consider our finding that embolism dominated to be well
founded. Obviously, populations may vary in this respect.

The extent of intestinal infarction was identified as a
predictor of adverse outcome in previous studies,4,6,18–20 but
neither age nor gender was a determinant for the extent of
intestinal infarction in this study. Thus, old age should not
solely deter the surgeon from surgery in a case with suspicion
of intestinal ischemia. Acute thrombotic occlusions were
often demonstrated to be localized proximally within the
SMA, associated with a larger intestinal infarction, which

TABLE 3. Anatomical Localization of 273 Synchronous
Emboli in 83 Patients With Embolus to the SMA*

Region Artery Affected
No. of

Emboli

Brain Common carotid 2
Internal carotid 2
Anterior cerebral 2
Middle cerebral 21
Posterior cerebral 10
Cerebellar 4
Sum 41

Arm Subclavian 3
Axillary 2
Brachial 6
Sum 11

Heart Coronary 3
Abdominal Celiac trunk 10

viscera Splenic 28
Left gastric 3
Common hepatic 12
Gastroduodenal 4
Superior pancreaticoduodenal 2
Suprarenal 2
Renal 50
Inferior mesenteric 1
Ovarian 1
Sum 113

Leg Bifurcation of the aorta 4
Common iliac 12
External iliac 13
Internal iliac 2
Common femoral 33
Superficial femoral 15
Profunda femoris 13
Popliteal 13
Sum 105
Total 273

*There were no significant differences between the sides affected emboli
in any artery. The largest difference between sides was registered for the
renal arteries, where 28 affected the left and 22 the right side (�2 test, P �
0.4).

FIGURE 3. Number of synchronous emboli among 122 pa-
tients with an embolus to the SMA.
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also has been described in a paper mainly based on patients
operated on.20 Clinical decision making in patients with AMI
and suspicion of an acute embolic occlusion of the SMA may
be difficult, but since there is a higher probability of a
less-extensive intestinal infarction in these patients, curative
surgical intent could be worthwhile.

The high frequency of remaining cardiac thrombi after
embolic occlusion of the SMA emphasizes the importance of
secondary prophylaxis with optimal antithrombotic treat-
ment. Clinical implications are also attributed to the knowl-
edge of the high proportion of proximal occlusions of the
SMA. First, the occlusion may be detected by noninvasive
imaging modalities with high resolution: contrast-enhanced
3-D magnetic resonance21 and multiple detector-row com-
puted tomography (CT) angiography.22 Second, proximal
occlusions are likely to be more accessible by vascular
reconstructions than distal occlusions. It must be recognized,
however, as was observed in a previous study on 60 patients
undergoing acute SMA revascularization,15 that embolic oc-
clusion cannot be excluded by examining only the proximal
portion of the SMA with duplex or CT.

The fact that this study had to be conducted on patients
who died 22 to 34 years ago raises relevant questions regard-
ing the validity of our findings in a contemporary setting. We
are only able to speculate whether changes in demography
and pharmacology have altered the epidemiology, but the
basic pathologic mechanisms are likely to be unchanged,
which supports the validity of the main findings of our study.
Moreover, there is no evidence that advances in radiologic
imaging have resulted in earlier recognition and a different
management of these patients.6

CONCLUSION
An interdisciplinary collaboration is important, since

only a minority of the patients were in the care of surgeons.
The thrombotic occlusions of the SMA were often located
more proximally, and intestinal infarction was more exten-
sive. AMI, cardiac thrombi, and synchronous emboli were
common findings among patients with embolic occlusions,
which have important clinical implications on diagnosis and
management. Early recognition and revascularization would
have been a prerequisite for survival in at least half of the

patients, since the jejunum, ileum, and colon were affected by
infarction.
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