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Introduction

Mesenteric ischemia is caused by a reduction in blood 
flow for intestinal circulation of sufficient magnitude to 
compromise the viability of the affected portion1-5.

The disease can be classified into acute and chronic, 
based upon the rapidity and the degree to which blood 
flow is compromised and the duration of the symptoms.1-3 
Historically, the lack of an accurate and readily-available di-
agnostic imaging tool has played a role in the high morbid-
ity and mortality of this disease1,6,7.

The diagnosis of acute mesenteric ischemia (AMI) is 
present in nearly 1% of the acute abdomens, with mortality 
rates ranging from 59 to 93%.1,2 It can be caused by throm-
boembolism (in 60-70% of cases), bowel obstruction, ab-
dominal inflammatory disease and trauma3,4,6.

It is important to notice that the computerized tomog-
raphy (CT) appearance of acute bowel ischemia will depend 
on its cause, severity, location and extent. The findings can be 
heterogeneous and nonspecific. The most frequent cause of 
acute bowel ischemia is thromboembolism, associated with 
cardiovascular problems. Other acute conditions are aortic 
and mesenteric dissection, hypercoagulable state, aortic sur-
gery, decreased cardiac output and bowel obstruction1-3,5.

There are three stages of acute bowel ischemia. The first 
stage, which is characterized by mucosal necrosis and mu-
cosal erosion or hemorrhage, is reversible. In stage II, the 
damage extends to submucosal and muscular layers7. Stages 
I and II are poorly identified on CT. Mucosal enhancement 
and wall thickening can be detected, but those findings are 
usually mild and nonspecific7. In stage III, which represents 
transmural bowel wall necrosis, the CT findings are more 
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reliable and specific, and include abnormal or absent wall 
enhancement, mesenteric stranding, ascites, pneumatosis 
and portal venous gas7.

Chronic mesenteric ischemia (CMI) affects individuals 
of advanced age, often in the seventh and eighth decades of 
life, and with systemic atherosclerosis4,7.

The main cause of chronic mesenteric ischemia is ath-
eroma, and the arterial occlusions usually involve proxi-
mal segments. Other nonatheromatous conditions include 
Takayasu arteritis, dysplastic lesions, and thromboangiitis 
obliterans, among others4,6.

The collateral pathways are formed between celiac trunk 
and superior mesenteric artery through gastroduodenal ar-
tery and pancreatic arch, or between superior mesenteric 
artery and inferior mesenteric artery through marginal ar-
tery of the colon. The inferior mesenteric artery anastomoses 
with the lumbar branches of abdominal aorta and the inter-
nal iliac artery. These collateral pathways become extremely 
prominent and tortuous in chronic mesenteric ischemia4,6,7.

The ischemic symptoms depend on the number and 
site of the lesions, their progression, and the patency of col-
lateral vessels2-6.

Angiography is considered the gold-standard for the 
diagnosis of mesenteric ischemia, but it is an invasive 
method, can rarely cause morbidity, and does not allow the 
evaluation of the bowel and other related findings1,3,8.

MDCT, especially with newer 16 or more detector rows 
scanners, has evolved as a self-comprehensive imaging modal-
ity of choice for mesenteric ischemia, allowing evaluation of 
vascular structures, bowel wall and adjacent mesentery, thus 
determining the primary cause of mesenteric ischemia9-11.

Method

The authors retrospectively reviewed cases of mesen-
teric ischemia, diagnosed by MDCT in our service, and 

confirmed by surgery or clinical follow-up during the pe-
riod of January 2007 until January 2008. The frequency of 
the diagnostic findings of chronic and acute mesenteric is-
chemia was observed.

Exams were performed on 16 or 64 detector-rows 
Aquilion® scanners (Toshiba, Otawara, Japan), using the  
protocols shown in Table 1.

Results

Acute mesenteric ischemia

MDCT findings in acute mesenteric ischemia in our 
series are summarized in Table 2 and described below:
•	 Arterial obstruction (thrombus or embolus) can be 

sometimes detected even in peripheral branches with 
adequate fast intravenous contrast (Figure 1).

•	 Arterial dissection can also be identified in the arterial 
phase and better visualized in some multiplanar recon-
structions (Figure 2).

•	 Bowel wall thickening  is the most common finding in 
acute mesenteric ischemia, but the least specific, and 
it is due to mural edema and/or hemorrhage. Normal 
bowel wall thickness range from 3 to 5 mm, but it de-
pends on the degree of distension and can be confused 
with normal contractions1,3,7(Figure 3).

•	 Bowel distension: Luminal dilatation and/or air-fluid 
levels are due to interruption of intestinal peristalsis as 
a response to ischemic injury or irreversible and trans-
mural ischemic damage to the bowel wall, and is usu-
ally observed in stage III disease1,3,7 (Figure 4).

•	 Bowel wall attenuation and enhancement: 
Hypoattenuation of the wall is caused by ede-
ma, and can sometimes be seen in mild ischemia. 
Hypoenhancement is related to severe ischemia or ne-
crosis. Hyperenhancement, on the other hand, is due to 
hyperemia and hyperperfusion, representing viability 
of the bowel wall1,3,7 (Figure 5).

Variables Used Protocol

Oral contrast Negative (water) or no oral contrast to allow 
visualization of the bowel wall

Intravenous contrast 300-350 mg/mL of iodine, with a volume of 2 mL/
kg, administered by a power injector at a rate of 
3.5-4.0 mL/s.

Multiphase imaging Pre-contrast, arteriographic (timed by automated 
bolus chasing method), and portal venous phases

Collimation 16 x 2 mm or 64 x 0.5 mm

Helical pitch 53

Gantry rotation time 0.5 s

kV 120

mAs automatic low-dose modulation

Table 1 - CT exam thecnique

CT findings AMI - 9 patients (%)

SMA dissection 3 (33.33)

SMA thrombosis 1 (11.11)

Bowel wall thickening 7 (77.78)

Bowel wall enhancement 4 (44.44)

Bowel distension 5 (55.55)

Pneumatosis 3 (33.33)

Pneumoporta 3 (33.33)

Ischemia of other organ (kidney) 1 (11.11)

Table 2 - CT Findings

AMI = acute mesenteric ischemia; SMA = superior mesenteric artery.
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•	 Pneumatosis: Gas bubbles from the bowel lumen can 
dissect through the wall. It is a specific but rare finding 
of acute mesenteric ischemia, and is due to transmural 
bowel wall necrosis1,3,7 (Figure 6).

•	 Pneumoporta: gas can be restricted to some mesenteric 
venous branches or may extend to the liver, usually into 
peripheral portal branches. It is a consequence of pneu-
matosis1,3,7 (Figure 7).

Figure 1 - Occlusive thrombus in superior mesenteric artery. Female, 77 
years old. A) axial CT; B) coronal CT

A

B

B

A

Figure 2 - Superior mesenteric artery dissection. Male, 53 years old:
A) coronal CT; B) 3D-MDCT reconstruction

Figure 3 - Axial CT, bowel wall thickening. Female, 77 years old
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Chronic mesenteric ischemia

MDCT findings in chronic mesenteric ischemia in our 
series are summarized in Table 3 and further described.

The most common findings of chronic mesenteric 
ischemia are celiac trunk stenosis (Figure 8), superior 
mesenteric artery stenosis (Figure 9), inferior mesenteric 
artery stenosis and collateral pathways: pancreatic arch 
(Figure  10) and marginal artery of the colon (Figure 11).

Chronic mesenteric ischemia is in the majority of cases 
associated with superior mesenteric artery stenosis (76% of 
our cases). It is also commonly combined with stenosis of 
the celiac trunk and/or the inferior mesenteric artery.

The collateral pathways formed between celiac trunk 
and superior mesenteric artery through gastroduodenal ar-
tery and pancreatic arch, or between superior mesenteric 
artery and inferior mesenteric artery through marginal ar-
tery of the colon, are extremely prominent and tortuous.

Discussion

The diagnosis of AMI remains a clinical challenge. The 
high morbidity and mortality of the disease requires a safe, 
fast and effective method for the assessment and diagnosis 
of this entity. Contrast-enhanced CT is an important diag-
nostic tool, including 3D and multiplanar reconstructions1-5.

The most prevalent CT findings were related to 
bowel wall, including thickening, distension and hyper-
enhancement. Thickening of the bowel wall is the most 
frequent CT finding pertaining to AMI1,3. This finding 
was observed in 7 of 9 patients diagnosed with acute 
mesenteric ischemia (77% of prevalence). Distension 
was found in 55% of the cases. The bowel wall can appear 
with low attenuation due to swelling and inflammation 
or with high attenuation due to bleeding in the submuco-
sa. After intravenous injection of contrast, the wall of the 
loops may appear with low attenuation affected by the 
compromising of blood flow and with high attenuation 
due to hyperemia1. In our series, 4 (44%) patients had 
a high attenuation of the bowel wall after the infusion 
of the contrast, which should correspond to hyperemia, 
featuring an early stage of injury.

However, those findings are nonspecific responses 
of the bowel to a wide variety of pathologies, so they lack 
specificity.

Other findings, directly related to the decrease in blood 
flow or its late consequences, can also be observed. This will 
add specificity to the acute mesenteric ischemia diagnosis. 
These findings are related to occlusion of the splanchnic ar-
teries (celiac trunk, superior mesenteric artery and inferior 
mesenteric artery) due to thrombus or dissection2,3,7. The 
findings are easily identified during arterial phase of intra-
venous contrast5.

In the AMI group of our study, superior mesenteric 
dissection was observed in 33% of the cases, which was 
a rarely seen event in the literature review. Other specific 
findings are superior mesenteric artery thrombosis and 
thromboembolism, which were much more frequent in the 
literature than in our series. These contradictory numbers 

CT findings CMI - 13 patients (%)

Stenosis of celiac trunk 4 (30.76)

Stenosis of superior mesenteric artery 10 (76.92)

Stenosis of inferior mesenteric artery 7 (53.84)

Collateral pathway: pancreatic arch 13 (100)

Collateral pathway: marginal artery of the colon 13 (100)

Table 3 - CT findings

Figure 4 - Axial CT, bowel distension. Male, 66 years old

Figure 5 - Axial CT, bowel wall hyperenhancement. Male, 77 years old
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Figure 6 - Coronal CT, pneumatosis: A) male, 65 years old; B) male, 85 
years old

B

A

B

C

Figure 7 - Axial CT, pneumoporta: A) male, 65 years old; B) male, 85 
years old; C) male, 66 years old
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Figure 9 - 3D-MDCT reconstruction. Female, 31 years old, Takayasu ar-
teritis, stenosis of superior mesenteric artery

could be explained by the small group of patients included 
in our study. The only case of superior mesenteric artery 
thrombosis was associated with the injury of another target 

Figure 8 - 3D-MDCT reconstruction. Female, 65 years old, stenosis of celiac trunk

organ (segmental ischemia of the left kidney), suggesting an 
embolic disease as etiology of the AMI.

The set of findings about AMI in MDCT reformatted 
images aided by the 3D method provides a sensitivity of 96 
and specificity of 94%, according to Kirkpatrick et al1.

Bowel wall necrosis with pneumatosis and pneumo-
porta are extremely specific late onset findings, but only ob-
served in severe cases or in delayed diagnosis, rendering the 
framework irreversible1,2,7. In our study only 3 of 9 patients 
had pneumatosis.

Chronic mesenteric ischemia presents itself with a 
more indolent course. The typical form of presentation is 
recurrent abdominal postprandial pain. The main cause 
of that entity is the atherosclerotic plaque, which is slow-
ly formed. Since it is a slow process, the affected patients 
develop collateral vessels in an attempt to maintain an ap-
propriate intestinal perfusion. The symptoms appear when 
there are no sufficient collateral vessels2,4.

Chronic mesenteric ischemia is, in the majority of cases, 
associated with superior mesenteric artery stenosis (76% of 
our cases). It is also commonly combined with stenosis of the 
celiac trunk and/or the inferior mesenteric artery. Cognet et 
al.4 stated that at least two of these three arteries should be 
stenotic to be the cause of the symptomatology. In our series, 
only two symptomatic patients had only one artery stenosis.

Hence, the diagnosis of CMI is based on the finding of 
the stenotic artery, usually accompanied by collaterals, in 
a compatible clinical context, and when the AMI findings 
were excluded.
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Figure 10 - 3D-MDCT reconstruction, pancreatic arch: A) male, 59 years old; B) female, 65 years old

CT detects the artery calcification in patients with 
chronic mesenteric ischemia, but is not a specific finding, 
since it is extremely common in elderly patients. Significant 
stenosis of the main vessels (celiac trunk, superior mes-
enteric artery and inferior mesenteric artery) can be 
identified2,4-6.

In this study the strictures of celiac trunk were identified 
in 4 patients, the superior mesenteric artery in 10 patients 
and inferior mesenteric artery in 7 of 13 patients evaluated.

Figure 11 - 3D-MDCT reconstruction, marginal artery of the colon: A) female, 55 years old; B) male, 42 years old with Takayasu arteritis; C) female, 70 years old

A B C

In CMI, usually there are no morphologic changes in 
the intestinal loops. The most common finding on CT is the 
prominent collateral vessels, which are, in the majority of 
cases, tortuous2,4,5. In our study, all patients diagnosed with 
CMI (13) had prominent pancreatic arcade and marginal 
artery of the colon. These findings were better evaluated at 
arterial phase of CT through 3D reconstructions.

There are some limitations in our study; among which 
the most important was the small number of cases, since 
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mesenteric ischemia is not a common entity. Other impor-
tant point was that not all cases were surgically confirmed, 
although clinical findings were considered sufficient for the 
diagnosis.

AMI and CMI are diseases with high morbidity and 
mortality rates, and a readily-available and accurate di-
agnostic imaging tool is essential for a fast diagnosis and 
treatment. MDCT has evolved as a self-comprehensive 
imaging modality of choice for mesenteric ischemia, allow-
ing the evaluation of vascular structures, bowel wall and 
adjacent mesentery, thus determining the primary cause of 
mesenteric ischemia.
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