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Abstract
Mesenteric ischemia is a broad term encompassing several clinical conditions leading to impaired vascularity of bowel 
loops. Absence of specific clinical presentation and a definitive laboratory marker often lead to delayed diagnosis with high 
morbidity and mortality in the acute setting. Imaging plays a crucial role in the diagnosis and management. Multi-detector 
CT (MDCT) is the first line imaging modality for the evaluation of patients with suspected mesenteric ischemia and plays 
an important role for assessing its severity and complications. This review article highlights the causes, pathophysiology, 
imaging features and possible endovascular treatment options of mesenteric ischemia.
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Introduction

Mesenteric ischemia is an uncommon condition resulting 
from inadequate arterial supply in the splanchnic circula-
tion or deficient venous return, leading to bowel ischemia. 
Acute mesenteric ischemia (AMI) is a potentially life threat-
ening condition. Clinical presentation is non-specific and 
may mimic other causes of abdominal pain. Currently, no 
specific laboratory test is available which can accurately 
detect acute mesenteric ischemia. Owing to these factors, 
clinical diagnosis is challenging. Delayed diagnosis leads 
to considerable morbidity and mortality. The mortality 
rate in AMI has consistently been reported to be as high 
as 50–69% [1–3]. This review article highlights the causes, 

pathophysiology, imaging features and possible endovascu-
lar treatment options of mesenteric ischemia.

The splanchnic circulation

The splanchnic arterial circulation consists of the three main 
ventral branches of the abdominal aorta—the coeliac axis 
(CA), the superior mesenteric (SMA) and the inferior mes-
enteric arteries (IMA) (Fig. 1a, b). The coeliac axis divides 
into the common hepatic, the left gastric and the splenic 
artery. The common hepatic in turn gives rise to the hepatic 
artery proper and the gastroduodenal artery (Fig. 1a). The 
left gastric artery supplies the lesser curvature of the stom-
ach. The gastroduodenal artery gives rise to the right gastric 
artery (which supplies the greater curvature of the stomach) 
and the superior pancreaticoduodenal artery. The superior 
pancreaticoduodenal artery forms an arterial arcade with the 
inferior pancreaticoduodenal artery, a branch arising from 
the superior mesenteric artery and supplies the duodenum 
along with the head of pancreas (Fig. 1a).

The superior mesenteric artery arises about a centim-
eter below the coeliac axis and is the major contributor to 
the splanchnic bed (Fig. 1a, b). It supplies the entire small 
intestine through jejunal and ileal branches (Fig. 1a). It also 
supplies the cecum, the ascending colon and the entire trans-
verse colon and splenic flexure through ileocolic, right and 
middle colic arteries. The SMA occasionally have a common 

 * Dimpi Sinha 
 drdimpisnh@gmail.com

 Sudhir Kale 
 drsudhir.kale@asterhospital.com

 Nischal G. Kundaragi 
 drngkradiology@gmail.com

 Sukrity Sharma 
 sukrityagarwal@gmail.com

1 Department of Radiology, Aster CMI Hospital, Airport 
Road, Bangalore 560092, India

2 Department of Interventinal Radiology at Aster CMI 
Hospital, 560092, Airport road, Bangalore, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-020-02867-y&domain=pdf


1515Abdominal Radiology (2022) 47:1514–1528 

1 3

trunk with the celiac axis or gives rise to a replaced (often 
right) hepatic artery [4, 5].

Inferior mesenteric artery is the smallest ventral branch 
arising from the abdominal aorta (Fig. 1b), above the aortic 
bifurcation and gives rise to the left colic artery and sigmoi-
dal branches and terminates as the superior rectal artery. 
These branches supply the descending and sigmoid colon 
and rectum. There is a watershed zone of perfusion in the 
distal colon created by the overlapping vascular territory of 
the proximal IMA and the distal SMA. This zone is particu-
larly sensitive for ischemia and infarction [4, 5].

The superior and inferior mesenteric veins receive blood 
from the small and large gut following similar drainage ter-
ritory as their arterial counterparts. The superior mesenteric 
vein and splenic vein form portosplenic confluence and drain 
into the portal vein (Fig. 2). The inferior mesenteric vein 

drainage is variable; it drains into the splenic or superior 
mesenteric vein or their confluence [6].

Classification, clinical features 
and pathophysiology of mesenteric ischemia

Mesenteric ischemia is classified into acute and chronic 
forms based on the acuteness of symptoms.

Acute mesenteric ischemia is an uncommon cause of 
acute abdomen, accounting for 0.9 to 0.2% surgical admis-
sions [7]. Acute mesenteric ischemia is classified as occlu-
sive or non-occlusive. Occlusive forms are more common 
and account for 70–80% of the cases and result from occlu-
sion of mesenteric arteries or veins.

Fig. 1  MDCT angiography of 
abdomen with a Coronal and b 
sagittal MIP images show-
ing major splanchnic arteries 
and their branches. CA coeliac 
axis, SMA superior mesenteric 
artery, IMA inferior mesenteric 
artery, HA hepatic artery, GDA 
gastroduodenal artery, SPDA 
superior pancreaticoduodenal 
artery, IPDA inferior pancreati-
coduodenal artery

Fig. 2  Diagrammatic repre-
sentation and CT angiogra-
phy coronal MIP image of 
splanchnic venous circulation. 
PV portal vein, SMV superior 
mesenteric vein, IMV inferior 
mesenteric vein, SMA superior 
mesenteric artery
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Acute occlusive mesenteric ischemia

Arterial

Clinical features The classical presentation of acute 
mesenteric ischemia has been described as “pain out 
of proportion to the clinical exam” [8]. However, it is 
inconsistently present. The most common presentation 
is acute non-specific and non-localizing abdominal pain, 
nausea, vomiting, bloating and sometimes diarrhea with 
occasional bloody stools [9].

Pathophysiology Acute mesenteric ischemia due 
to arterial occlusion is a dynamic event. If the acute 
ischemic is persistent (lasting for more than 6–12 h from 
the onset of ischemic event) without restoration of arte-
rial supply, it results in an irreversible injury to the entire 
thickness of the intestinal wall called transmural necrosis 
with peritonitis and is associated with high mortality. If 
the initial ischemic event is transient and the blood sup-
ply is restored within a short period of time, the intestinal 
wall becomes thickened due to extravasation of reentered 
blood components into the interstitial space of the intes-
tinal wall through the damaged micro-vasculature epithe-
lium (from the initial ischemic event).

The various causes of acute mesenteric arterial occlu-
sion are:

Embolism Acute arterial embolus is the most com-
mon cause of acute mesenteric ischemia, accounting 
for 40–50% of cases [6, 8, 10, 11]. Arterial emboli usu-
ally are of either cardiac origin (e.g., atrial fibrillation, 
myocardial infarction) or arise from aortic atheromatous 
plaques. Arterial emboli usually lodge about 5–6 cm dis-
tal to the arterial ostium. The superior mesenteric artery 
is commonly involved.

Thrombosis Acute thrombosis of SMA is a less com-
mon cause of acute mesenteric ischemia in 15–30% of 
cases and have worse prognosis [6, 7]. Acute arterial 
thrombosis involves the arterial ostium leading to large 
territory of ischemic bowel. Atherosclerotic changes pre-
disposes to thrombosis of mesenteric arteries [7, 10].

Dissection Mesenteric artery dissection can be divided 
into two groups: spontaneous isolated and combined. 
Combined aortic dissection with secondary involvement 
of SMA and celiac axis is relatively more common. Intes-
tinal ischemia may result due to narrowing or occlusion 
of the vessel lumen by the dissection flap if the SMA 
arises from the false lumen of an aortic dissection [12] 
[L]. Spontaneous isolated dissection of SMA(SIMAD) is 
a rare entity [13]. It has been found to be associated with 
hypertension, connective tissue disorders, atherosclerosis, 
vasculitis, and trauma.

Venous

Clinical features The onset of mesenteric vein thrombosis 
(MVT) is characterized by sub-acute abdominal pain that 
may manifest over 2–4 weeks, with symptoms of nausea 
and vomiting.

Pathophysiology It accounts for 5–15% of cases of acute 
mesenteric ischemia. MVT secondary to various underlying 
diseases such as portal hypertension, hypercoagulable states 
(e.g., protein C and protein S deficiencies, polycythemia, or 
factor V Leiden mutation), right-sided heart failure, abdomi-
nal trauma, abdominal infection, acute pancreatitis, malig-
nancies, nephrotic syndrome, cirrhosis are more common, 
accounting for 50–75% of all MVT cases [14–16]. Use of 
oral contraceptives, pregnancy, and puerperium are risk fac-
tors in young women. Primary MVT without an underlying 
disease are less common in occurrence, accounting for less 
than 30% cases. [15].

With the onset of venous outflow obstruction, the blood 
volume in the vascular territory increases due to continu-
ous inflow from relatively higher pressure arterial inflow. 
This results in an elevation of the intravascular hydrostatic 
pressure. Progressive oxygen desaturation of the stagnated 
blood gradually disrupts the capillary wall and increases its 
permeability. Raised intravascular hydrostatic pressure with 
increased capillary permeability leads to leakage of intravas-
cular contents into the extravascular interstitial space of the 
villus, resulting in mucosal edema. Lymphatic vessels drain 
this fluid into the submucosa and further into the mesentery, 
resulting in bowel wall and mesenteric edema respectively. 
With prolonged venous occlusion, there is sloughing of 
mucosal epithelium with passage of RBCs in stool resulting 
in bloody diarrhea. Progressive submucosal edema eventu-
ally leads to impairment of arterial inflow and transmural 
necrosis of bowel wall ensues [17].

Acute non‑occlusive mesenteric ischemia (NOMI)

Non-occlusive mesenteric ischemia (NOMI) is defined as 
intestinal hypoperfusion in the absence of vascular occlu-
sion. It accounts for 5–15% (25%) of all cases of acute mes-
enteric ischemia with a mortality rate of the order of 50% 
[8, 10, 18].

Clinical features Usually presents with sudden onset of 
abdominal pain, abdominal distension and, in the advanced 
stage, signs of peritonitis ensue.

Pathophysiology This condition is usually seen in patients 
with debilitating comorbid conditions such as shock, cardiac 
disorders, post-operative stress, pancreatitis, burn, dehydra-
tion, and hypovolemia [18]. Cardiac surgery, dialysis and 
long-term extracorporeal circulation are risk factors for the 
condition. The pathogenesis of NOMI is thought to arise by 
a combination of low cardiac output and vasoconstriction. A 



1517Abdominal Radiology (2022) 47:1514–1528 

1 3

decrease of 50% of the blood flow through the superior mes-
enteric artery triggers the autoregulatory mechanism with a 
compensatory vasodilatation in the splanchnic circulation. If 
the hypoperfusion is prolonged for several hours, this com-
pensation ceases to be effective and begins a mesenteric 
vasoconstriction. The vasoconstriction is reversible if the 
decline in flow through SMA is corrected rapidly. However, 
if the splanchnic vasoconstriction lasts more than half an 
hour, it becomes irreversible, even on 100% reestablishment 
of blood flow through the artery [19]. NOMI has the worse 
prognosis as the symptoms are usually masked due to seda-
tion/analgesia. A high index of suspicion is required for early 
diagnosis. In addition to small bowel ischemia, low-flow 
states also contribute to non-occlusive forms of ischemic 
colitis. In a case series by Iacobellis et al. NOMI accounted 
for 20/32 patients (62.5%) of ischemic colitis [20].

Strangulating/closed‑loop obstruction

Strangulating obstruction is a mechanical bowel obstruc-
tion resulting in ischemia, seen in approximately 10% of 
patients with small bowel obstruction. It is usually seen with 
closed-loop obstruction with obstruction at two different 
points along the bowel segment at the same level in a C- or 
U-shaped configuration [14]. The examples of closed-loop 
obstruction include volvulus, internal hernias and adhesions. 
Typically, ischemia in a closed-loop bowel obstruction is 
caused initially by impairment of venous outflow followed 
by compromise of the arterial supply leading to congestion 
or hemorrhage in the bowel wall and mesentery. The affected 
bowel loops are distended and filled with fluid.

Chronic mesenteric ischemia

It is a relatively rare condition accounting for less than 5% 
of cases and has a more indolent course due to the develop-
ment of collaterals [21]. These mesenteric collaterals are 
embryonic remnants of vessels connecting the celiac artery, 
superior mesenteric artery, and inferior mesenteric artery. 
Collaterals can develop between two mesenteric arteries or 
between mesenteric and parietal or body wall vessels in the 
presence of chronic single or double mesenteric arterial ste-
nosis. The most common collateral pathways found between 
the CA and the SMA are the pancreaticoduodenal arcades 
and occasionally the arc of Buhler (a persistent communica-
tion between embryonic ventral segmental arteries). Com-
mon connections between the SMA and the IMA include 
the marginal artery of Drummond and the more centrally 
located arc of Riolan [22] (Fig. 3).

Clinical features Patients with atherosclerotic arterial 
stenosis present typically with weight loss and post-pran-
dial abdominal pain [8]. Younger patients with vasculitis as 
underlying cause may present with systemic symptoms like 

fever, weight loss, weakness, malaise, headache and myal-
gia along with specific gastrointestinal symptoms such as 
abdominal pain, nausea and vomiting.

Pathophysiology Most patients with chronic mesenteric 
ischemia have ostial atherosclerotic lesions involving at least 
two of the three mesenteric arteries, affecting the elderly 
population. Other cases of chronic mesenteric ischemia are 
vasculitis and median arcuate ligament syndrome [23, 24]. 
Mesenteric vasculitis accounts for < 5% of all cases of mes-
enteric ischemia. But the diagnosis should be entertained 
in young patients without other features of atherosclerotic 
disease (wall calcifications/plaques). Primary vasculitis is 
a rare disease characterized by inflammation of the vessel 
wall [25]. Polyarteritis nodosa, Takayasu’s arteritis, micro-
scopic polyangiitis, Wegener’s granulomatosis, systemic 
lupus erythematosus (SLE) and Churg-Strauss syndrome 
are the major vasculitis subtypes affecting the mesen-
teric arteries and bowel [21]. Various forms of vasculitis 
usually affect either the large and medium-sized arteries 
(Takayasu’s) involving aorta and major mesenteric arterial 
trunk or medium-sized arteries such as branches of coeliac 
axis, SMA, IMA (polyarteritis nodosa, Wegener’s and SLE). 
Smaller terminal intramural arterioles, venules and capillar-
ies are affected in microscopic polyangiitis. Chronic inflam-
mation of the vessel wall can cause intimal-medial thick-
ening resulting in stenosis and occlusions as in Takayasu’s 
arteritis. Polyarteritis nodosa, Wegener’s granulomatosis and 
SLE lead to fibrinoid necrotizing angitis with weakening 
of the media and thinning of the arterial wall causing an 
aneurysm. The median arcuate ligament is a fibrous arch that 
unites the diaphragmatic crura on either side of the aortic 
hiatus. The ligament usually passes superior to the origin of 
the celiac axis. In some individuals it is lower in position 

Fig. 3  Diagrammatic representation of collateral pathways in 
splanchnic circulation between coeliac axis, the SMA and the IMA. 
SMA Superior mesenteric artery, IMA inferior mesenteric artery
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causing indentation on the origin of celiac axis with focal 
narrowing and significant hemodynamic ostial stenosis of 
the celiac axis with resultant ischemia in gastroduodenal 
circulation [24]. Chronic NOMI is a less recognized entity 
and is characterized by low-grade ischemia, possibly due 
to insufficient mesenteric circulation [26]. It is associated 
with cardiac forward failure, pulmonary hypertension, 
severe chronic obstructive pulmonary disease, vasospasms 
of the mesenteric arteries, low-flow states (e.g., patients with 
chronic kidney disease on dialysis) and severe anemia. In 
contrast to acute NOMI, this does not progress to transmural 
necrosis or bowel infarction.

Laboratory markers

Currently there is no specific laboratory marker for acute or 
chronic mesenteric ischemia. Metabolic acidosis, elevated 
lactate and d-dimer, leukocytosis, raised amylase or liver 
enzymes are non-specific findings which are seen in AMI 
as well as other acute abdominal emergencies [10, 27, 28].

Diagnostic modalities and imaging features

MDCT is the gold standard procedure in the evaluation of 
suspected cases of mesenteric ischemia. It has high diagnos-
tic performance for detection of AMI, with a sensitivity of 
64–96% and a specificity of 92–100% [29–31]. It not only 
confirms the diagnosis but also assesses the severity and 
complications of the condition. In addition, it is helpful in 
ruling out other causes of abdominal pain.

Protocol We follow a triple-phase protocol in our insti-
tute, including non-contrast images followed by dual-phase 
contrast-enhanced CT study using IV non-ionic contrast. 
The utility of non-contrast phase is debatable in view of 
increased radiation dose to the patient. Nevertheless, the 
non-contrast phase helps in differentiating intramural 
hemorrhage or hemorrhagic infarction from hyperemia or 
hyperperfusion as the cause of high bowel wall attenuation 
in the setting of ischemia, which may not be possible when 
assessed on contrast CT alone. With the help of dual-energy 
CT scanners, the need for a separate non-contrast phase 
acquisition can be overcome by generating it synthetically 
using iodine subtraction, thereby reducing radiation dose to 
patients. A recent study has highlighted the potential benefits 
of dual-energy CT iodine maps and 40-keV mono-energetic 
dual-energy CT scanners in the evaluation of mesenteric 
ischemia and bowel injury, because its iodine sensitivity 
permits reduction of iodine dose and concentration, reducing 
the risk of contrast-enhanced acute kidney injury in patients 
at risk [32, 33]. In the acute settings, oral contrast is not 
given to avoid unnecessary delay in the diagnosis. Moreover, 

the bowel loops are usually dilated due to ischemic event and 
fluid in the lumen act as intrinsic contrast. In chronic set-
ting, the bowel may be distended with neutral oral contrast 
such as water. Positive oral contrast should be avoided in 
CT angiography as it can obscure mucosal changes occur-
ring in the setting of ischemia. About 100–150 mL of non-
ionic iodinated contrast material is administered via IV 
injector at a rate of 4–5 mL per second using bolus tracking 
method with ROI placed in the descending aorta. The arte-
rial phase is acquired at a scanning delay of 25–30 s and 
venous phase at 60–70 s. Arterial phase images are used for 
mesenteric arterial evaluation and venous phase images for 
the assessment of splanchnic venous circulation and bowel 
loops. Recently, in a retrospective study, researchers have 
reported a low yield of venous phase images in the evalua-
tion of mesenteric ischemia [34]. But, in our opinion, venous 
phase images are important to assess the status of bowel 
wall and mucosa and are indispensable for the diagnosis of 
venous occlusion. Rapid contrast administration and vol-
ume acquisition with thin sections allows the assessment of 
tiny distal mesenteric branches. Initial assessment is made 
using the axial source images followed by the post-processed 
images. Multi-planar reconstruction with evaluation of the 
vessel lumen in all three planes axial, coronal and sagittal 
images are pertinent to avoid missing small intraluminal fill-
ing defects. Maximum intensity projections (MIP) images 
are equally important to evaluate the tiny distal branches. 
Volume rendered images are helpful in quick analysis of the 
vessel ostia, presence of any anomalous arterial origin and 
collateral circulation.

Imaging features on MDCT

Acute mesenteric ischemia

The imaging features on CT angiography depends on many 
factors such as the type of the vascular structure involved 
(arterial/venous), patency of vessel (occlusive/non-occlu-
sive), lapse of time passed from the onset of ischemic event 
to imaging, and finally the presence or absence of a reperfu-
sion process.

Arterial

Vascular

Embolus appears as intraluminal filling defects, usually 
located 5–6 cm away from the ostium in the main arterial 
trunk or within distal branches (Fig. 4). Arterial thrombo-
sis usually occurs in the setting of previous severe ather-
omatous disease. Vessel wall abnormalities in the form of 
mural calcifications and wall thickening with intraluminal 
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filling defects at the ostium of splanchnic arteries are seen 
(Fig. 5a). SMA dissection with resultant luminal thrombosis 
is an uncommon cause of AMI. It can occur as a continu-
ation of aortic dissection (Fig. 6) or in isolation (Fig. 7). 
Dissection flap with distal luminal filling defect representing 
thrombosis is seen on arterial phase images.

Bowel wall

When normally perfused, the thickness of bowel wall 
ranges from 3 to 5 mm with uniform, homogeneous mural 
enhancement on venous phase images. Diminished or absent 

post-contrast enhancement of the bowel mucosa is a spe-
cific but not sensitive finding for acute arterial MI (Fig. 4a). 
Arterial occlusion without restoration of blood flow leads 
to intramural microvascular capillary damage and loss of 
muscle tone with luminal dilatation typically causing paper 
thin wall (Figs. 4, 5b). Frequently, intramural air foci (pneu-
matosis) are seen (Fig. 5c), presumably due to entry of gas 
into bowel via a disrupted mucosa. Pneumatosis may not 
necessarily indicate irreversible injury [35]. The presence of 
portomesenteric venous gas and intraperitoneal free air are 
regarded as ominous signs of irreversible injury and trans-
mural bowel necrosis with bowel perforation. In cases with 

Fig. 4  Acute mesenteric ischemia in a 70-year-old man with a history 
of atrial fibrillation presenting with acute pain and bloating of abdo-
men. a Coronal CT angiography (MIP) image shows intraluminal fill-
ing defect in the mid and distal SMA representing embolus extending 
into the ileal and colonic branches. Dilated ileal loops are seen in the 

right lower quadrant with markedly thinned out hypoenhancing wall 
suggesting ischemic changes. b Sagittal MIP CT angiography image 
shows intraluminal filling defect in the mid and distal SMA with 
coincidental atherosclerotic plaque and luminal narrowing in abdomi-
nal aorta. SMA superior mesenteric artery

Fig. 5  Acute SMA thrombosis in a 56-year-old male with history of 
diabetes and dyslipidemia presenting with sudden onset abdominal 
pain, vomiting and diarrhea. a Axial CT angiography image of upper 
abdomen showing intraluminal filling defect at the origin of the SMA 
(white arrow). Venous phase CT image of lower abdomen shows b 

dilated ileal loops with non-enhancing paper thin wall in right lower 
quadrant and adjacent mesenteric fat stranding (orange arrow) sug-
gesting transmural bowel necrosis and c intramural air foci suggestive 
of pneumatosis (blue arrow head). SMA superior mesenteric artery
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transient arterial occlusion with restoration of blood flow, 
bowel wall thickening with target appearance, intramural 
hemorrhage/edema and mucosal hyperenhancement indicate 
the presence of reperfusion.

Mesentery

Mesenteric strands and ascites are rare in the early course 
of the disease. Focal mesenteric stranding appears adjacent 
to the involved bowel segment in prolonged arterial occlu-
sion with transmural infarction (Fig. 5); however it is less 
pronounced in comparison to venous occlusion or NOMI.

Venous

Vascular

Thrombi are seen as intraluminal filing defects in the por-
tomesenteric venous system, best visualized on the venous 
phase images (Fig. 8a, b).

Bowel wall

Bowel loops show circumferential wall thickening with 
target or stratified enhancement pattern due to enhancing 
mucosal and serosal layers and intervening edematous 

Fig. 6  Aortic dissection in 
a 63-year-old female with a 
chronic history of hypertension 
presenting with acute onset 
chest and abdominal pain CT 
angiography(MIP) image of 
upper abdomen shows aortic 
dissection extending into the 
origin of a celiac axis and b the 
SMA. Notice both the arteries 
are arising from the true lumen 
with secondary thrombosis and 
ostial narrowing. SMA superior 
mesenteric artery

Fig. 7  Acute spontaneous iso-
lated dissection of the SMA in a 
59-year-old male with history of 
chronic hypertension presenting 
with acute onset abdominal pain 
and distension. a Axial and b 
sagittal CT angiography images 
shows the dissection flap in the 
proximal SMA (orange arrow) 
with associated distal intralu-
minal filling defect suggesting 
thrombosis (blue arrow). SMA 
superior mesenteric artery
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submucosal and muscular layers (Fig. 8c). Impeded venous 
return leads to capillary congestion causing mucosal hyper-
enhancement on contrast-enhanced CT scans. Untreated 
severe cases of venous thrombosis, may lead to bowel infarc-
tion. Absent bowel wall enhancement indicates transmural 
infarction, particularly when it is associated with pneumato-
sis, portomesenteric venous gas and intraperitoneal free air 
(Fig. 8d). The extent of bowel wall thickening, mesenteric 
fat stranding, or ascites does not correlate with the severity 
of ischemic bowel damage in venous occlusion.

Mesentery

Diffuse congestion and edema is noted in mesenteric fat in 
the form of haziness on CT (Fig. 8a).

NOMI

Vascular

Segmental, non-consecutive vasoconstriction/spasm is 
seen in the splanchnic arteries, most commonly in the 
SMA [9]. However, the arteries remain patent and no 
intraluminal filling defect is observed (Fig. 9a). The vaso-
constriction is reversible and the vascular caliber returns 
to normal when the underlying cause is removed (Fig. 9b). 
It usually involves a wider area of splanchnic circulation. 
IVC luminal narrowing known as flat IVC and hyperen-
hancing adrenals are other associated findings [9, 18].

Fig. 8  Acute mesenteric venous thrombosis in a 36-year-old male 
with protein C deficiency presenting with 2 weeks history of abdomi-
nal pain, nausea, distension. Contrast-enhanced CT coronal venous 
phase images of abdomen show intraluminal filling defect in the 
a portal (blue arrow) and b the superior mesenteric veins (orange 
arrow). c Contrast-enhanced CT axial venous phase image of abdo-

men shows diffuse mesenteric congestion and target appearance of 
edematous small bowel loops. Patient was managed conservatively 
with systemic anticoagulation. d Follow-up axial CT after 4  days 
shows transmural necrosis of bowel wall with diffuse intramural air 
foci (pneumatosis intestinalis) (white arrow) and free intraperitoneal 
air (asterisk) suggesting bowel perforation

Fig. 9  NOMI in a 40-year-old male with 1-week history of acute 
severe pancreatitis, hypovolemia and abdominal distension with 
raised serum lactate levels. a CT angiography (MIP) image in sagittal 
plane shows marked narrowing of the coeliac axis (orange arrow) and 
SMA(blue arrow) without intraluminal filling defect. Notice the pres-
ence of gross ascites. Post-hypovolemia correction CT angiography. 

b Sagittal MIP image shows reversal of normal coeliac axis (orange 
arrow) and SMA (blue arrow) luminal diameter. c Axial sections of 
the lower abdomen shows mural thickening with mucosal hyperen-
hancement of the small bowel loops suggesting reperfusion. SMA 
superior mesenteric artery
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Bowel wall

The characteristic CT appearance resembles that of classic 
arterial occlusion, i.e., thinning and lack of enhancement 
of bowel wall with luminal dilatation. Porto venous gas 
and free intraperitoneal air foci may be seen if transmural 
necrosis ensues. Diffuse bowel wall thickening with mucosal 
hyperenhancement are seen in the setting of reperfusion 
(Fig. 9c).

Mesentery

Mesenteric fat stranding and/or with ascites may be observed 
depending on the underlying disease or if reperfusion sets 
in (Table 1).

Strangulating obstruction

Bowel

On CT, a closed-loop obstruction is identified by a unique 
configuration of C- or U-shaped distended loops with the 
mesenteric vessels converging toward the site of obstruc-
tion. The affected bowel is filled with fluid. In cases with 
strangulation, the bowel wall is thickened and shows 
absent or diminished enhancement, hyperenhancement, 
or a halo or target pattern of enhancement on contrast-
enhanced CT examination (Fig. 10).

Table 1  Summary of imaging features of mesenteric ischemia

Arterial Venous Nomi

Acute Chronic

Vessel Intraluminal filling defect in 
SMA, coeliac axis or IMA 
in thrombosis/embolism

Dissection flap with luminal 
occlusion

Aneurysmal dilatation of 
splanchnic artery

Ostial narrowing with intimal-
medial plaques in athero-
sclerosis

Circumferential narrowing in 
vasculitis

Collateral arterial circulation

Intraluminal filling defect in 
SMV and portal vein

No filling defects in arteries 
or veins

Small caliber arteries

BOWEL Early Ischemia Thinning with 
diminished enhancement of 
the wall

Late infarction Hypotonic 
dilatation, non-enhancing 
bowel wall with pneumatosis 
intestinalis

No significant abnormality in 
atherosclerotic stenosis

Circumferential wall thicken-
ing with submucosal edema 
may be seen in vasculitis

Early-Mucosal hyperenhance-
ment, bowel wall thicken-
ing, Bowel wall dilatation

Late Infarction
Pneumatosis and intravenous 

air

Segmental hypoenhancing, 
dilated bowel loops

Wall thickening with mucosal 
hyperenhancement after 
restoration of vascularity/
reperfusion

MESENTERY Normal in early stages
Focal mesenteric fat stranding 

and occasional ascites due to 
transmural infraction

Normal Hazy/fat stranding due to 
venous congestion and 
resultant edema with ascites

Usually normal
Occasional fat stranding or 

ascites may be seen related 
to predisposing condition

Fig. 10  Ventral hernia with closed-loop obstruction in a 50-year-old 
woman presenting with acute abdominal pain and vomiting. Axial 
contrast-enhanced CT image through the mid abdomen shows a 
C-shaped obstruction with dilated fluid filled small bowel loops in the 

hernia sac, entering through ventral abdominal wall defect. b Con-
gested veins seen in the adjacent mesentery. c Notice the typical fan-
shaped mesentery (Blue arrow)
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Mesentery

The affected mesentery typically shows a fan shape. The 
affected mesentery shows infiltration and stranding associ-
ated with engorged mesenteric veins (Fig. 10). Ascites may 
also be observed.

Chronic mesenteric ischemia

Vascular

Chronic mesenteric ischemia is usually associated with 
atherosclerotic disease of aorta in elderly population. The 
typical imaging finding is diffuse atherosclerotic plaques 
(calcified or non-calcified) at the origin and/or distally caus-
ing significant luminal narrowing in the splanchnic arteries 
(Fig. 11). As explained earlier, there is always presence of a 
well developed collateral circulation. In case of celiac axis 
stenosis, the flow is maintained through prominent pancrea-
ticoduodenal arcade around pancreatic head from SMA to 
gastroduodenal artery, a branch of celiac axis and rarely via 
arc of Buhler (Figs. 3, 12). SMA stenosis leads to establish-
ment of flow from IMA via marginal artery of Drummond 
and arc of Riolan (Fig. 3). Mesenteric arterial vasculitis is an 
uncommon cause of chronic ischemia of bowel. The imaging 
features differ depending upon the underlying type. Irregu-
lar vessel walls, stenosis, post-stenotic dilatation, aneurysm 
formation, occlusion, and evidence of increased collateral 
circulation are the hall marks of vascular changes in vascu-
litis (Figs. 12, 13). Median arcuate ligament syndrome on 
CT angiography presents as a soft tissue external indenta-
tion on the proximal celiac artery leading to stenosis and 

characteristic hooked appearance on the sagittal reformatted 
image (Fig. 14).

Bowel wall/mesentery

Bowel appearance may be normal in atherosclerotic steno-
sis. Bowel wall is usually abnormal in vasculitis and shows 
concentric thickening with target appearance. Mesenteric 
congestion with or without ascites may be seen.

CT mimickers of mesenteric ischemia

Luminal dilatation is a non-specific finding in acute mes-
enteric ischemia and can be seen in bowel obstruction and 
paralytic ileus. Bowel wall thickening with target appear-
ance is also seen in acute stage of Crohn’s disease, infectious 
enteritis, acute radiation enteritis, shock bowel mimicking 
veno-occlusive disease. The pattern of bowel involvement 
(segmental with skip areas in Crohn’s disease), normal por-
tomesenteric venous contrast opacification with specific 
clinical or prior treatment history may help in differentiat-
ing these entities from veno-occlusive mesenteric ischemia. 
Pneumatosis intestinalis, although considered a sign of acute 
ischemic damage to bowel mucosa, it may be associated 
with several benign conditions like connective tissue dis-
ease, emphysema, asthma, and intra-abdominal procedures. 
Patients are usually asymptomatic in these cases with other-
wise normal bowel wall thickness and enhancement pattern 
and absence of portomesenteric gas.

Fig. 11  Chronic mesenteric ischemia in a 71-year-old man with 6 
months history of chronic post-prandial abdominal pain. a Pre-stent-
ing sagittal MIP CT angiography image of the abdomen shows ather-
osclerotic plaque with speck of calcification at the SMA ostium (long 
black arrow). b Volume rendered CT angiography of the abdomen 

(white arrow). c Digital subtraction angiography images (small black 
arrow) show marked ostial narrowing of the SMA. d Post-stenting 
sagittal MIP CT angiography image showing restoration of luminal 
diameter in the proximal SMA. SMA superior mesenteric artery
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Role of other imaging modalities

Conventional X‑ray

Radiography has a limited role in the evaluation of acute 
abdominal pain because of its non-specific findings and 
low diagnostic yield [36]. Approximately 25% patients of 
AMI have normal radiographs at initial presentation [37]. 
Positive findings on radiography in patients with acute 
mesenteric ischemia usually appear late in the course 
of illness after occurrence of bowel infarction and are, 
therefore, associated with a high mortality rate. Bowel 
dilatation, pneumatosis intestinalis, portal venous gas are 

important radiological findings suggesting advanced mes-
enteric ischemia and poor prognosis [37, 38].

Color Doppler

Role of B-mode ultrasound and color Doppler is limited in 
the diagnosis of acute mesenteric ischemia as the perfor-
mance depends upon operator’s expertise and patient factors 
such as body habitus and presence or absence of gaseous dis-
tension of bowel loops. Color Doppler may be used for fol-
low-up after endovascular procedure or post-anticoagulation 
to monitor treatment response. It is used for initial screen-
ing of chronic mesenteric ischemia (Fig. 15a–c) as well as 
follow-up after stenting (Fig. 15d). Duplex study is usually 

Fig. 12  Polyarteritis nodosa in a 40-year-old woman with a history 
of intermittent non-specific abdominal pain. CT angiography (MIP) 
images in a coronal plane shows presence of a small aneurysm along 
the pancreaticoduodenal artery (blue arrow) and in b sagittal plane 
shows focal narrowing of the proximal coeliac axis with post-stenotic 
dilatation (blue arrow). Notice the presence of arc of Buhler (black 
arrow), a communication between celiac axis and SMA. Digital sub-

traction angiogram images with selective run c through the arc of 
Buhler (white arrow) show small aneurysm along pancreaticoduo-
denal artery (black arrow). d Through the SMA (short black arrow) 
shows filling of splenic artery (white arrow), a branch of coeliac axis 
via the arc of Buhler (black arrow head). The aneurysm was embo-
lized with coil (Black arrow). SMA superior mesenteric artery

Fig. 13  Imaging features 
consistent with the diagnosis 
of vasculitis in a 28-year-old 
female with 2 months’ history 
of abdominal pain, nausea and 
generalized myalgia and arthral-
gia. a Coronal and b axial CT 
angiography image of abdomen 
shows long segment, concentric 
wall thickening with marked 
luminal narrowing of the SMA. 
SMA superior mesenteric artery
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performed in the fasting state to avoid bowel gas which may 
obscure visibility of the mesenteric vasculature. Out of all 
color Doppler indices, peak systolic velocity is the most 

accurate parameter for diagnosing stenosis [39]. According 
to study done by Ali et al. (2012), the PSV threshold with 
highest overall accuracy (OA) for detecting ≥ 50% SMA 
stenosis was ≥ 295 cm/s and for detecting ≥ 70% SMA, it 
was ≥ 400 cm/s. For celiac arteries, the PSV threshold that 
provided the highest OA for ≥ 50% stenosis was ≥ 240 cm/s 
and for ≥ 70% stenosis was ≥ 320 cm/s [39].

Contrast‑enhanced magnetic resonance 
angiography (CEMRA)

CEMRA performs better in grading mesenteric vessel ste-
nosis compared to DSA. However, the overall accuracy and 
inter-observer agreement are lower compared to CTA. MRA 
has lower spatial resolution as compared to CTA, making it 
unreliable in the assessment of distal branches and the IMA 
[40]. Moreover, longer acquisition time and lack of avail-
ability at all centers make it unsuitable in acute settings. 
Non-contrast MRA has low spatial resolution which often 
leads to overestimation of vascular stenosis. CEMRA can be 
used for the diagnosis of ostial stenosis in suspected chronic 
mesenteric ischemia with reported sensitivity and specificity 
up to 95% to 100% [41].

Digital subtraction catheter angiography

CT angiography has virtually replaced digital subtraction 
angiography as the diagnostic modality of choice in the 

Fig. 14  Median arcuate ligament syndrome in a 53-year-old man with 
history of intermittent abdominal pain. CT angiography of abdomen 
sagittal image shows oblong soft tissue indentation (blue arrow) at 
the celiac axis origin with ostial narrowing (orange arrow) and post-
stenotic dilatation giving rise to characteristic hook-shaped configura-
tion

Fig. 15  Chronic mesenteric ischemia in a 71-year-old man with 6 
months history of chronic post-prandial abdominal pain. a B-mode 
and ultrasound images of the SMA shows atherosclerotic plaque at 
the ostium causing marked stenosis. b Color Doppler image shows 
aliasing at the origin. c Spectral waveform at the stenotic segment 

shows peak systolic velocity(PSV) 488 cm/s with spectral broadening 
suggesting > 70% stenosis. d Color Doppler image of the SMA post-
stenting shows good flow across the stent with reduction in the PSV 
to 291 cm/s. SMA superior mesenteric artery
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evaluation of mesenteric ischemia. Its role is now mainly 
limited to endovascular treatments.

Role of interventional radiology 
in the management of mesenteric ischemia

Earlier, management of AMI was primarily surgical, cen-
tered at restoration of mesenteric blood flow and resection 
of necrotic bowel. However, in recent times, endovascular 
management has emerged as an alternative, less invasive 
targeted treatment option for early cases of reversible vas-
cular bowel ischemia [42]. The key to a favorable progno-
sis in cases of AMI is early detection and prompt initia-
tion of management. The mortality rate ranges from 0 to 
10% with immediate management, increases to 50–60% 
with a treatment delay of 6–12 h, and increases further to 
80–100% with a delay of more than 24 h after symptom 
onset [43]. Several non-randomized trials have shown a 
benefit for endovascular therapy compared to open surgery 
in terms of lower bowel resection rates and lower 30 day 
mortality rates [44–46].

Acute mesenteric ischemia

The endovascular management is aimed at effective throm-
bolysis and restoration of blood flow through the occluded 
vessel.

Arterial Mechanical embolectomy, thrombus fragmen-
tation and aspiration followed by transcatheter thromboly-
sis are the preferred procedures for revascularization in 
acute mesenteric artery embolism/thrombosis [42]. Since 
the underlying vessel is usually stenosed in thrombotic 
occlusions, balloon expandable stent is deployed at the 
stenotic segment of the involved mesenteric artery follow-
ing thrombolysis/thrombectomy. Arterial dissections are 
treated with stent placement to maintain the patency of 
lumen with/without catheter guided thrombolysis.

Venous Endovascular treatment for mesenteric vein 
thrombosis includes direct thrombolysis either by percu-
taneous transhepatic approach or by a surgically placed 
SMV catheter in combination with thrombectomy and 
indirect thrombolysis through the SMA [47].

NOMI Correction of hypovolemia and normalization of 
cardiac output are the mainstay steps in the management 
of NOMI. However, sometimes the vascular spasm persists 
even after correcting the inciting factor. In those cases, 
transcatheter infusion of vasodilators into the SMA is used 
to reverse the vasoconstriction. The vasodilator drugs used 
are prostaglandin E1 and papaverine [18].

Chronic mesenteric ischemia

Percutaneous transluminal angioplasty (PTA) is an effec-
tive alternative, less invasive endovascular treatment 
option for chronic ischemia in atherosclerotic or vasculitic 
stenosis. It involves transcatheter balloon dilatation of the 
stenosed artery with restoration of normal luminal diam-
eter [48]. It is a less invasive technique as compared to sur-
gical revascularization bypass procedures. Endovascular 
stent placement should be considered in cases of higher 
grades of stenosis of CA or SMA or if the residual stenosis 
is > 30% or a persistent pressure gradient of > 15 mmHg is 
seen after angioplasty (Fig. 11d) [49]. Stents also help in 
reducing post-procedural complications of PTA like arte-
rial dissection and restenosis.

Conclusion

Mesenteric ischemia is an uncommon entity with high 
morbidity and mortality in the acute setting. A high degree 
of clinical suspicion with imaging correlation is pertinent 
for early diagnosis to improve clinical outcome. MDCT is 
the first line imaging modality for the diagnosis of mes-
enteric ischemia due to its wide spread availability, faster 
acquisition and great spatial resolution. CT angiography 
allows for a comprehensive non-invasive assessment of the 
abdominal vasculature as well as the bowel and mesentery. 
It not only detects the cause of ischemia but also helps in 
differentiating reversible and irreversible ischemic event 
based on the bowel wall and mesenteric findings, thereby 
predicting outcome. Endovascular catheter thrombolysis 
is the preferred treatment option for early reversible acute 
ischemia with better patient outcome and lesser morbidity. 
Percutaneous transluminal angioplasty with stenting is a 
less invasive, effective treatment option for chronic mes-
enteric stenosis as compared to surgical revascularization.
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