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Abstract
Ischemic bowel disease (ISBODI) includes colon ischemia, acute mesenteric 
ischemia (AMI) and chronic mesenteric ischemia (CMI). Epidemiologically, colon 
ischemia is the most common type followed by AMI and CMI. There are various 
risk factors for the development of ISBODI. Abdominal pain is the common 
presenting symptom of each type. High clinical suspicion is essential in ordering 
appropriate tests. Imaging studies and colonoscopy with biopsy are the main 
diagnostic tests. Treatment varies from conservative measures to surgical 
resection and revascularization. Involvement of multidisciplinary team is essential 
in managing ISBODI. Although open surgery with revascularization plays an 
important role, recently there is an increasing interest in percutaneous endovas-
cular treatment.

Key Words: Colon ischemia; Ischemic colitis; Acute mesenteric ischemia; Chronic 
mesenteric ischemia; Endovascular treatment of acute and chronic mesenteric ischemia
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Core Tip: Ischemic bowel disease (ISBODI) includes a spectrum of diseases due to 
inadequate blood supply to the bowel wall. In this review, we will be discussing the 
epidemiology, risk factors, pathophysiology, clinical aspects, investigations, current 
management protocols and prognosis of each type of ISBODI.
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INTRODUCTION
Ischemic bowel disease (ISBODI) is the most common vascular disorder of the 
gastrointestinal tract. ISBODI results from inadequate supply of oxygenated blood to 
any part of the bowel wall. ISBODI is a heterogenous group of disorders that can be 
divided into small intestinal ischemia or mesenteric ischemia, and large intestinal 
ischemia or colonic ischemia (CI) or ischemic colitis (IC). Clinically mesenteric 
ischemia is further classified as acute mesenteric ischemia (AMI) and chronic 
mesenteric ischemia (CMI). Although ISBODI is not that common in clinical practice, 
the morbidity and mortality can be high if this entity is not recognized and treated 
emergently.

ISBODI IN 2021
Epidemiology
CI is the most common entity of ISBODI. The exact epidemiology of ISBODI is not 
known. One study showed that the overall age-adjusted and sex-adjusted incidence of 
CI was about 6.1 cases per 100000 person-years in 1976-1980 and it increased by about 
4-fold to 22.9/100000 person-years over the course of few decades (2005-2009)[1]. The 
prevalence of AMI is 1 in 1000 hospital admissions, whereas the prevalence of CMI is 1 
in 100000 individuals[2]. The incidence of CMI is probably only 2-3 per 100000 persons 
per year[3]. AMI represents an uncommon cause of acute abdominal pain as the overall 
incidence of AMI is 0.09% to 0.2% of all acute surgical admissions[4].

Risk factors
ISBODI is commonly seen in the elderly population with mesenteric vascular athero-
sclerosis[5]. Other risk factors include diabetes mellitus, hypertension, coronary artery 
disease, peripheral artery disease, atrial fibrillation, congestive heart failure, recent 
myocardial infarction, shock, chronic renal failure requiring hemodialysis, severe 
dehydration, chronic obstructive lung disease, irritable bowel syndrome, sickle cell 
crisis with microvascular occlusion, rheumatic autoimmune diseases, substance abuse 
like amphetamine abuse or cocaine abuse, long distance running, hereditary and 
acquired thrombophilia[6]. Iatrogenic intestinal ischemia can occur post-surgically 
(abdominal aortic aneurysm surgery, colectomy, bypass surgery), due to dislodgement 
of intravascular devices, and secondary to use of certain medications–estrogen, 
digoxin, danazol, alosetron, pseudo ephedrine, vasopressin, Gold, psychotropic drugs, 
sumatriptan, serotoninergic agonists and anatagonists immunomodulators, laxatives 
and non-steroidal anti-inflammatory drugs[7,8]. Enterocolonic ischemia may also be 
due to systemic or infectious vasculitis, fibromuscular dysplasia, radiation and 
amyloidosis[9]. Colonic obstruction due to neoplasm, diverticular disease, adhesion, 
volvulus, intussusception, internal hernia with obstruction or fecal impaction may also 
contribute to CI although in most cases the precipitating cause remains unidentified. 
The CI usually occurs proximal to the obstruction[10].

There are several physiological factors which can make the colon more susceptible 
to ischemia. There is less blood flow to the colon (per 100 g of tissue) as compared to 
other parts of the gastrointestinal tract. Functional colonic motor activity further 
decreases colonic blood flow. The colon also depends on collateral circulation 
frequently. During hypotensive episodes, the colon cannot autoregulate well 
compared with the rest of the gastrointestinal tract[11].

Pathophysiology
It is important to have a clear knowledge of the vascular supply and venous drainage 
of the intestine to understand the pathophysiology of ISBODI. Small intestine and 
large intestine derive their blood supply mainly from the superior mesenteric artery 
(SMA) and the inferior mesenteric artery (IMA). Proximal part of the duodenum (up to 
the level of ampulla of Vater) receives its blood supply from the celiac artery (CA) via 
gastroduodenal artery (GDA) (a branch of hepatic artery) and superior pancre-
aticoduodenal artery (a branch of GDA)[12]. Rest of the small bowel and right two-
third of the colon (up to splenic flexure) are supplied by SMA. Numerous branches 
arise from the SMA to supply the jeunum and ileum. These branches pass between the 
layers of the mesentery and form anastomotic arcades from which straight arteries 
called vasa recta arise to supply jejunal and ileal walls. Jejunal arterial arcades are less 
in number but they have long vasa recta. Ileal arterial arcades are more in number but 
they have short vasa recta (Figures 1 and 2)[13]. As a result, jejunum is more 
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Figure 1 Jejunal arcades and long vasa recta.

Figure 2 Ileal arcades and short vasa recta.

vulnerable to ischemic injury than ileum.
Left one-third of the colon and upper two-third of the rectum are supplied by IMA 

(most diminutive of 3 mesenteric arteries). Lower one third of the rectum is supplied 
by middle rectal artery (a branch of anterior division of internal iliac artery) and 
inferior rectal artery (a branch of internal pudendal artery). The transverse colon is 
mostly supplied by the middle colic artery which is a branch of the SMA. It may also 
receive blood supply from the marginal artery which is the anastomotic arcade 
between the left colic and right colic arteries. There are 3 watershed zones in the colon 
that receives blood supply from the distal branches of two large arteries. As they have 
the fewest vascular collaterals, they are prone to develop non-occlusive IC at the 
watershed zones when blood flow decreases. The watershed zones include the splenic 
flexure or Griffith’s point, rectosigmoid region or Sudeck’s point and the ileocecal 
region[14]. The small bowel mucosa is more sensitive to ischemia as compared to 
colonic mucosa but it has tremendous regenerative potential. On the other hand, 
colonic mucosa is less easily damaged by ischemia but once destroyed, slow recovery 
occurs[15].

Of 25% of resting cardiac output and 35% of post-prandial cardiac output go to the 
mesenteric circulation[16]. Mucosa and submucosa of the intestine receive 70% of 
mesenteric blood while muscularis propria and serosa receive the remainder (30%) of 
mesenteric blood. Mesenteric ischemia does not occur until the blood supply is 
reduced by more than 50%[17] or patient’s mean arterial pressure does not go below 
45 mmHg[18]. Significant injury to the intestine may not occur even if a 75% reduction 
in blood flow occurs for up to 12 h but complete occlusion of blood flow will cause 
bowel wall infarction within 6 h.
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The venous drainage follows the arterial supply forming venae rectae and venous 
arcades so that duodenal venous drainage occurs via the splenic vein or superior 
mesenteric vein (SMV); jejunal, ileal and proximal (two-third) colonic venous drainage 
occurs via SMV, and distal (one-third) colonic venous drainage occurs via inferior 
mesenteric vein. Ultimately, these veins drain into the portal vein[19]. Atherosclerosis, 
thromboembolism, hypoperfusion (as a result of arrhythmia, heart failure, shock), 
hypercoagulable state, vasculitis, venous occlusion or any mechanical obstruction to 
the mesenteric blood vessels may to lead to ISBODI[20]. In most cases of SMA 
embolism, duodenum, proximal jejunum and transverse colon get spared as emboli 
lodge 6 to 8 cm beyond its origin, often beyond the origin of middle colic artery. 
Emboli lodge into the SMA more easily possibly because of its large diameter and its 
origin from the aorta at an acute angle[21]. On the other hand, SMA thrombosis 
generally occurs at the origin of SMA at the site of severe atherosclerotic narrowing
[22]. Proximal colon may become ischemic because of involvement of ileocolic artery. 
Mesenteric venous thrombosis (MVT) generally involves the SMV but inferior 
mesenteric veinous (IMV) thrombosis can occur in up to 11% of all cases of MVT[23]. 
Venous thrombosis leads to intestinal edema and increased vascular resistance leading 
to bowel ischemia. Non-occlusive mesenteric ischemia (NOMI) results from mesenteric 
vasoconstriction associated systemic hypotension and low flow state in the splanchnic 
circulation. NOMI can cause small bowel as well as proximal CI and necrosis because 
of involvement of ileocolic artery.

AMI occurs due to sudden decrease in blood flow to varying portion of the small 
intestine and/or colon. The ischemic process can be severe enough to cause instant 
bowel wall infarction. The main mechanism of ischemic injury is hypoxia and cellular 
acidosis due to local accumulation of lactic acid and other cellular metabolic by-
products secondary to anerobic glycolysis. Complete ischemia may result in infarction 
of the bowel wall supplied by the blood vessel whereas relative ischemia generally 
causes cellular dysfunction[24]. If the vascular obstruction is relieved soon after 
ischemic injury, reversibly injured cells may recover but if reperfusion occurs late, 
irreversibly damaged cells may not recover and this may lead to inflammation and 
bleeding due to release of reactive oxygen species and endothelial damage that 
occurred during the ischemic period. The restored blood flow to the ischemic area can 
cause further tissue damage called reperfusion injury as the white blood cells (WBC) in 
the blood release free radicals and interleukins; oxygen delivery to the ischemic tissue 
damages plasma membrane, DNA and cellular protein; and plasma membrane injury 
may release more free radicals. WBC can cause further ischemia if they bind to the 
endothelial cells of capillaries[25]. The pathophysiological process correlates well with 
the clinical scenario. In the first phase, patient feels abdominal pain because of bowel 
ischemia and hyperperistalsis. In the second phase (after 3 to 6 h), patient feels better 
as the intestine becomes aperistaltic and the intramural pain receptors become 
damaged by ischemia. In the third phase, mucosal necrosis occurs followed by 
infarction of the bowel wall. Bacterial translocation leads to gangrene of the intestine, 
diffuse peritonitis, sepsis and multi-organ failure[26].

CI can cause reversible damage or irreversible damage[27]. Reversible damage 
occurs in 50% of cases and this includes: (1) Reversible ischemic colopathy due to 
submucosal or intramural hemorrhage in two-third of cases; and (2) Transient 
segmental IC in one-third of cases. Irreversible damage may cause chronic ulcerative 
IC in 20%-25% of cases, ischemic colonic stricture in 10%-15% of cases, colonic 
gangrene in about 15% of cases, and fulminant universal colitis or pancolitis in only 
1% of cases[28]. Old age, long duration of subjective symptoms and prolonged 
Laboratory (Lab) abnormalities (elevated white blood cell count or erythrocyte 
sedimentation rate) may predict the development of chronic ulcerative IC or ischemic 
colonic stricture. 85% of cases of CI are non-gangrenous, transient and self-limiting
[29]. In 95% of cases, CI occurs due to sudden but transient reduction in blood flow to 
the colon due to non-occlusive causes and as a result, the watershed zones are affected
[30]. Most of the time, the cause of non-occlusive ischemia remains unidentified and it 
is thought to be due to localized non-occlusive ischemia secondary to small-vessel 
disease (Type I disease). Rarely, episodes of non-occlusive ischemia secondary to 
systemic hypotension are identified (Type II disease). Occlusive ischemia due to 
atheromatous emboli or vasculitis affects short segment of the colon. CI can affect any 
part of the colon but the left colon is involved in two-third of cases[31]. Segmental 
involvement of the colon is commonly observed, particularly the splenic flexure, the 
descending colon and the sigmoid colon are the commonest sites of involvement. 
Isolated right colon ischemia can occur in about 10% of cases. Right colonic 
involvement generally occurs in patients with chronic renal failure requiring 
hemodialysis and is associated with severe IC[32].
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Ischemic injury first occurs in the colon mucosa and it is most commonly seen on 
the antimesenteric side. Subsequently the ischemic changes may extend to the outer 
layers of the colon wall.

CMI occurs as a result of gradual decrease in blood flow to the intestine. As a result, 
numerous collaterals develop in the mesenteric circulation[33]. CMI is almost always 
associated with athererosclerosis. Although the prevalence of asymptomatic chronic 
stenotic mesenteric disease varied from 3% (below the age of 65 years) to 18% (above 
the age of 65 years) on doppler sonography in some studies[34], the incidence of CMI 
is low as mentioned before. Asymptomatic single vessel disease is more common in 
CA (81%) than in the SMA (19%). Generally, two out of the three major blood vessels 
(CA, SMA and IMA) need to be stenotic to produce ischemic symptoms. But patients 
may develop symptoms even with single vessel involvement[35] and many patients 
with two vessel disease may remain asymptomatic for many years because of 
extensive collaterals in the mesenteric circulation[36]. The most common cause of 
single vessel involvement is CA compression syndrome or median arcuate ligament 
syndrome where eccentric compression of the CA and/or celiac ganglion occurs by the 
median arcuate ligament and diaphragmatic crura[37]. The pancreaticoduodenal 
artery arcades, GDA, dorsal pancreatic artery and occasionally the arc of Buhler 
(embryonic anastomotic branch between 10th and 13th ventral segmental arteries) are 
the most common collaterals between the CA and the SMA[38]. On the other hand, the 
marginal artery of Drummond (anastomosis between the terminal branches SMA and 
IMA forming a continuous arterial arcade along the inner border of the colon) and arc 
of Riolan/meandering mesenteric artery (arterioarterial anastomosis between the 
middle colic branch of SMA and left colic branch of IMA running close to the root of 
the mesentery) are the most common collaterals between the SMA and IMA[39]. The 
exact association of severity of mesenteric arterial stenosis with collaterals formation 
and symptom development is not known.

Chronic NOMI is another entity found in 13% to 16% of all patients with CMI[40]. 
Its clinical presentation is similar to chronic occlusive mesenteric ischemia but vascular 
occlusion is not identified. The exact etiology is not known but possible pathophy-
siological mechanisms include vasospasm, micro-embolisms, shunting, cardiac or 
pulmonary insufficiency and autonomic dysfunction.

Clinical aspects
AMI is a life threatening potentially fatal abdominal and vascular emergency due to 
diminished blood flow in the superior mesenteric blood vessels. Patients are generally 
above the age of 60 and women are 3 times more commonly affected as compared to 
men. Although the clinical presentation is similar, the etiology could be occlusive or 
non-occlusive ischemia. SMA embolism is the most common cause (40%-50%) 
followed by SMA thrombosis (15%-25%) followed by MVT (5%-15%)[41]. NOMI 
occurs in about 5 to 15% of cases AMI[42].

Patients generally present with sudden onset of severe sharp abdominal pain that is 
generally accompanied by nausea and vomiting. The pain is out proportion to physical 
signs. In the early phase, abdomen is generally soft and non-tender but auscultation 
may reveal hyperactive bowel sound. Tenderness to palpation occurs when the entire 
bowel wall becomes ischemic. In late phase (within 12 h of onset) rebound tenderness 
(Blumberg’s sign), rigidity and guarding indicate bowel wall infarction. At this stage, 
bowel sounds become hypoactive or absent, patient develops bloody diarrhea, fever 
and shock.

High degree of clinical suspicion is necessary to establish the diagnosis of AMI. A 
focused history is important to evaluate the underlying pathophysiology of AMI. 
Patients with atrial fibrillation, valvular heart disease, congestive heart failure, recent 
myocardial infarction and bacterial endocarditis are at increased risk of mesenteric 
embolism. About 50% of patients with embolic AMI have atrial fibrillation. Prior 
history of embolism is present in about one third of patients of embolic AMI[43]. The 
clinical triad of (1) Severe abdominal pain out of proportion to physical signs; (2) 
Spontaneous bowel movement (vomiting and/or non-bloody or bloody diarrhea); and 
(3) Obvious source of emboli such as atrial fibrillation or recent myocardial infarction 
may be present in 40% to 80% cases of SMA embolism[44]. History of chronic 
abdominal pain in the postprandial period, progressive weight loss and vascular 
procedures in the mesenteric arteries may be present in patients with mesenteric 
arterial thrombosis. Chronic and progressive symptoms appear in mesenteric arterial 
thrombosis is because of preexisting atherosclerosis plaque affecting mesenteric artery 
is the most common finding. NOMI should be considered in patients with hypotension 
and generalized (diffuse) abdominal pain. As NOMI generally occurs in critically ill 
patients on ventilator, the presentation can be silent. Gastrointestinal bleeding or 
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unexplained abdominal distention can be the only presentation of NOMI. MVT is 
suspected when patients with thrombophilia (hereditary or acquired) or coagulopathy 
present with abdominal pain (84% of cases), diarrhea (42% of cases), nausea/vomiting 
(33% of cases) or gastrointestinal bleeding (10% of cases)[45]. The author finds these 
clinical suspicions very useful in categorizing the pathophysiologic form of AMI that 
can guide the investigation and therapy.

CI is mostly a benign and self-limiting disease in most of the time although a 
minority of cases can be severe. Most of the patients with non-iatrogenic causes are 
older than 60 years old with a slight female predilection. Rarely, IC can also occur in 
young individuals due to substance abuse, vasculitis, long distance running, thrombo-
philia, sickle cell crisis with microvascular occlusion, irritable bowel syndrome and 
iatrogenic causes as mentioned before. Chronic constipation and prior history of 
abdominal surgery are common in both young and old patients with CI[46]. One study 
found that 6.8% of patients had a recurrence of CI with a mean follow-up of 4.5 years
[47]. The recurrence is more common in patients with hereditary thrombophilia 
(deficiencies of protein C, protein S, antithrombin III, and factor V Leiden mutation), 
anti-phospholipid syndrome, active smoking, abdominal aortic aneurysm, coronary 
artery disease and elevated serum creatinine[48,49].

Patients with CI generally present with sudden onset of mild to moderate cramping 
pain over left lower quadrant of the abdomen or hypogastrium, and urgency to 
defecate followed by hematochezia within 24 h. The bleeding is not severe enough to 
require blood transfusion. Patients with right colon ischemia usually present with 
hypogastric pain rather than hematochezia[50]. Physical examination may reveal mild 
to moderate tenderness over the left lower quadrant or over the involved segment. The 
usual course of the disease is benign in non-gangrenous and non-fulminant CI. 
Patients feel better with resolution of abdominal pain and hematochezia in few days 
time. Persistent symptoms more than few days may indicate development of chronic 
CI i.e. chronic ulcerative IC or ischemic colonic stricture. Gangrenous colitis or 
fulminant pancolitis is generally recognized by marked abdominal tenderness, 
rebound tenderness, hypotension or shock. Absence of hematochezia and 
development of hypoalbuminemia may predict the development of gangrenous 
changes of CI[51].

CMI also called abdominal angina or intestinal angina or migraine abdominale is 
mostly seen in patients older than 60 years of old and is 3 times more common in 
females than in males[52]. Patients generally present with the triad of sharp post-
prandial epigastric or mid-abdominal pain, sitophobia (fear of eating food) and 
chronic weight loss[53]. Patient starts feeling abdominal pain 15 to 30 min after a meal 
and the pain lasts for about half an hour to 2 h[54]. As the diseases progress, 
abdominal pain becomes dull-aching and chronic. Patients may also develop nausea, 
vomiting, diarrhea or constipation[55]. Physical examination may reveal abdominal 
bruit. But only 16% to 22% of patients with CMI have the classic triad of post-prandial 
abdominal pain, weight loss and abdominal bruit[56].

Investigations
AMI–At the present time, there is no specific Lab test which can identify AMI. But 
evidence of hemoconcentration, elevated white cell count, high anion gap lactic 
acidosis and positive D dimer test (fibrinolytic marker) in the presence severe 
abdominal pain disproportionate to physical sign may indicate AMI. Leucocytosis is 
the most common Lab finding seen in > 90% patients with AMI followed by lactic 
acidosis seen in 88% of cases of AMI[57]. But as the liver can metabolize large amount 
of L-lactic acid from the porto-mesenteric circulation and lactic acidosis can occur in 
dehydrated patients, it cannot reliably differentiate intestinal ischemia from infarction 
in the absence of appropriate clinical scenario. D-dimer can be considered as an 
exclusion test as in one study no patient with normal D-dimer had AMI[58]. 
Hyperamylasemia, hyperkalemia and hyperphosphatemia can occur when mesenteric 
ischemia progresses to mesenteric infarction[59,60]. Intestinal fatty acid binding 
protein (I-FABP) is a small, cytoplasmic, water soluble protein found abundantly in 
the epithelial cells of the small intestine. D-lactate has exclusive intestinal source and is 
produced by colonic bacterial metabolism. Glutathione S-transferase (GST) is a 
cytoplasmic enzyme and its alpha isoenzyme (alpha-GST) is almost exclusively located 
in the small intestine and liver. When binding of transition metals (copper, cobalt and 
nickel) to the N-terminal of Albumin is reduced in hypoxia or acidosis, it is called 
ischemia modified albumin (IMAL). I-FABP, D-lactate, alpha-GST and IMAL have 
been shown to be elevated in early AMI[61-63] but at the present time they are not 
being used in our clinical practice.
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As neither symptoms nor Lab tests are specific for the diagnosis of AMI, imaging 
plays an important role. The recommended first line imaging study for the diagnosis 
of AMI is computed tomography angiography (CTA) or biphasic multidetector 
computed tomography of the abdomen and pelvis with IV contrast[64]. CTA is not 
only rapid, non-invasive, easily available and highly accurate (sensitivity 89%, 
specificity 99%) in diagnosing mesenteric ischemia but also helpful in detecting the 
underlying etiology of ischemia[65]. CTA can evaluate the bowel wall, vascular 
abnormalities and surrounding viscera. CTA may show bowel wall thickening, bowel 
wall hypoenhancement, intramural hemorrhage, fluid-filled dilated bowel loops, 
arterial or venous thrombus, decreased filling, narrowing, irregularity, spasm or 
engorgement of mesenteric vessels, pneumatosis intestinalis, portomesenteric venous 
gas, or infarction of other viscera[66]. Some of the findings may give a clue to the 
underlying cause of ischemia: Hypoenhanced bowel wall generally suggests arterial 
occlusion, bowel wall thickening may indicate MVT and patent SMA with diffuse 
narrowing of its branches (string of sausages sign) is seen in NOMI[67]. Considering 
serious and lethal consequences of missed diagnosis of AMI, CTA with intravenous 
contrast material should be done as soon as possible in patients with suspected AMI 
irrespective of renal function[68]. Traditional mesenteric angiogram or catheter-based 
angiogram is the gold standard considering its diagnostic and therapeutic potential 
but considering its invasiveness, expense and lack of wide availability it is now 
considered as the 2nd line modality in the evaluation of AMI[69].

Plain X-ray and ultrasound of abdomen have limited role in diagnosing AMI[70]. 
But plain X-ray abdomen may show free intraperitoneal air if bowel infarction and 
perforation occur. Mesenteric vessel duplex ultrasound scan (DUS) is useful in the 
evaluation of AMI. One multicenter study showed that DUS done at the Emergency 
Department can be helpful (sensitivity 100%, specificity 64%, negative predictive value 
100%) in diagnosing and excluding occlusive AMI[71]. DUS is also very helpful in 
direct evaluation of MVT in the setting of AMI. Although it is specific and can be done 
at the bedside, it is not as sensitive as CTA or MRA[72]. DUS has also certain 
limitations that it is operator dependent, not useful in presence of dilated bowel with 
gas, cannot detect thrombus or embolus beyond the major vessels, and it cannot 
identify NOMI.

Contrast enhanced MRA is an excellent radiation-free non-invasive test with a 
sensitivity of 100% and a specificity of 91% in diagnosing AMI. But it is not considered 
as a practical test in diagnosing AMI considering its long time to do the test and high 
expense.

Once the diagnosis of MVT is made on imaging, the underlying cause of MVT 
should be investigated particularly for congenital or acquired thrombophilia. Patients 
should be evaluated for protein C, protein S and anti-thrombin III deficiency, factor V 
Leiden mutation, myeloproliferative disorders, homocystinuria, paroxysmal nocturnal 
hemoglobinuria as well as inflammatory bowel disease when more stable.

CI: There is no Lab test diagnostic of CI. Complete blood count, complete metabolic 
profile, serum lactate, lactate dehydrogenase (LDH), creatinine phosphokinase (CPK), 
amylase and coagulation studies are helpful assessing the severity of CI. Low 
hemoglobin may indicate the amount of colonic blood loss. Leucocytosis, lactic 
acidosis, hypoalbuminemia, elevated LDH, CPK and amylase may suggest colonic 
infarction[73]. Plain X-ray abdomen is normal in most of the time but rarely it may 
show ‘thumbprinting’ due to submucosal edema/hemorrhage, pneumatosis linearis 
due to necrosis of the colon wall, portal venous gas, colonic ileus or pneumoperi-
toneum due to perforation[74]. CT abdomen and pelvis with oral and intravenous 
contrast is the imaging study of choice to evaluate CI[75]. But as patients with right-
sided CI (RSCI) can have large visceral artery occlusion, CTA should be done in case of 
suspected RSCI or when the diagnosis of AMI needs to be ruled out[76].

Colonoscopy with biopsy within 48 h is the next step to conform the diagnosis of CI. 
In non-gangrenous IC, colonoscopy may show a highly specific sign like a single linear 
ulcer running longitudinally along the antimesenteric colonic wall (colon single-strap 
sign) or non-specific signs like segmental erythema, fragile and edematous colon 
mucosa, scattered hemorrhagic erosions, scattered petechial hemorrhages with pale 
areas, bluish hemorrhagic nodules due to submucosal hemorrhage and sometimes 
mass-like lesions mimicking malignancy[77,78]. In gangrenous IC, colon mucosa will 
appear as black or gray-green. Histology is nonspecific most of the time. It may show 
focal crypt drop out, lamina propria and submucosal hemorrhage and edema, 
hemosiderin laden macrophages in the submucosa, fibrin thrombi in capillaries with 
infiltration of neutrophils, erosion and granulation tissue hyperplasia[79]. Necrosis 
and ghost cells i.e. preserved cellular outlines with empty cell contents are pathog-
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nomonic but infrequently seen. Epithelial loss, presence of acute and chronic inflam-
matory cells and submucosal congestion can be seen in advanced ischemia.

CMI: Lab tests are generally non-specific but may show anemia, leukopenia, 
lymphopenia and hypoalbuminemia indicating underlying malnutrition due to CMI. 
There are various imaging studies available to diagnose CMI. According to American 
College of Radiology, CTA should be the first-line test to evaluate CMI[80]. 
Gadolonium-enhanced MRA is highly sensitive in detecting stenosis at the origin of 
CA, SMA and IMA. One disadvantage of MRA is that it may not be able to evaluate 
the IMA well[81]. Duplex ultrasound is cost-effective and may play an important role 
in the diagnosis of CMI. Fasting peak systolic velocity ≥ 275 cm/s in the SMA and ≥ 
200 cm/s in the CA can reliably (sensitivity and specificity around 90%) indicate ≥ 70% 
stenosis[82]. But the study is time consuming and can be unsatisfactory due to bowel 
gas, obesity, body habitus, complex anatomy, post-operative changes and operator 
dependency[83]. Catheter-based angiography had been the gold standard for 
diagnosing CMI for many years[84]. Now-a-days it is done mainly for therapeutic 
intervention and also for diagnostic confirmation when the results of other imaging 
modalities are inconclusive.

Management
The main goal of managing AMI is not only prompt diagnosis but also resuscitation of 
the patient and revascularization of the bowel before irreversible damage occurs. As 
soon as AMI is suspected, the patient should be given supplemental oxygen and 
adequate hydration with crystalloid infusion (up to 100 mL/kg) to restore tissue 
perfusion. Hemodynamic monitoring including mental status and urine output should 
be done[85]. If the patient still remains hypotensive despite adequate fluid 
resuscitation, vasopressor pressor agents should be considered. But catecholamines 
should be avoided as they decrease splanchnic blood flow. Vasopressor agent like 
dobutamine, low dose dopamine or milrinone can be used to maintain blood pressure 
as they have less vasoconstrictive effect on mesenteric vessels. Many patients with 
atrial fibrillation/flutter will need medications to control the ventricular rate. In those 
cases, medications other than cardiac glycosides should be used as they can also 
reduce splanchnic blood flow. Any acid-base and electrolyte abnormalities (metabolic 
acidosis, hyperkalemia) should be corrected. Nasogastric tube should be placed for 
decompression. Broad spectrum antibiotics and heparin infusion should be started. 
Both general surgery and vascular surgery teams should be consulted and after 
resuscitation, laparotomy should be done promptly if the patient has signs of 
peritonitis (rebound tenderness) indicating bowel infarction. During laparotomy, the 
whole bowel should be inspected carefully and only the clearly defined infarcted 
bowel should be resected. According to Bulkley et al[86], signs of intestinal viability 
include normal looking bowl wall without bleeding, pulsatile artery and stimulation of 
intestinal peristalsis by mechanical factors or heat[86]. If there is any suspicion, 
intraoperative Doppler ultrasound should be done to find out the presence of Doppler 
flow over the distal branches of SMA in order to preserve all the viable bowels. 
Potentially viable bowel should be inspected for 30 min after revascularization. 
Revascularization technique depends on the underlying pathophysiologic form. In 
case of SMA embolism, a standard embolectomy is performed by doing a tranverse 
arteriotomy after clamping the SMA proximal and distal to the embolus[87]. The 
arteriotomy site is then closed with nonabsorbable interrupted sutures. In case of SMA 
thrombosis, a longitudinal arteriotomy is done followed by revascularization either by 
thromboendartectomy with a Fogarty catheter[88] or a bypass procedure. After 
thromboendartectomy, heparinized saline is used to flush the artery. If thromboar-
tectomy restores blood flow, then the longitudinal arteriotomy is closed in a standard 
fashion or by patch angioplasty. Retrograde bypass from the iliac artery to the distal 
SMA using a synthetic graft or a femoral venous graft can also be considered. About 
24 to 48 h after restoration of mesenteric blood flow, a second-look laparotomy or 
laparoscopy should be done to evaluate potentially viable bowel. Assessment can be 
done by inspection and palpation of the bowel and mesenteric vessels, Doppler 
ultrasound examination or intraoperative fluorescein administration[89]. Second-look 
surgery i.e. damage control surgery allows identification of necrotic bowel before 
perforation and contamination occurs, resection of any necrotic bowel, preservation of 
viable bowel preventing short bowel syndrome and primary anastomosis of viable 
parts of the bowel.

Over the last 15 years there has been tremendous interest in minimally invasive 
endovascular treatment of embolic or thrombotic AMI. This should be considered 
when there is no clinical, serological or imaging evidence of necrosis or infarction of 
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the bowel wall. Endovascular treatment involves less surgical trauma and less 
intensive unit care in the elderly patients with multiple comorbidities as compared to 
open surgical procedures. The endovascular interventions include endovascular 
embolectomy by transcutaneous mechanical aspiration, percutaneous aspiration 
thrombectomy, intraarterial pharmacological thrombolysis with infusion of urokinase 
for 2 to 12 h, and percutaneous transluminal angioplasty with or without stenting[90-
93]. Intraarterial infusion of papaverine (30 to 60 mg/dL) is also considered when 
there is evidence of vasospasm in embolic or thrombotic AMI and the infusion is 
generally continued for 24 h. Intraarterial bolus followed by infusion of heparin is 
continued throughout the procedure. But heparin infusion should not be mixed with 
papaverine (a phosphodiesterase inhibitor) because of the risk of precipitation. After 
endovascular treatment, patient should receive low molecular weight heparin for 5 d 
and then anticoagulation should be continued with warfarin. In patients with stenting, 
in-stent restenosis and high symptom recurrence have been reported. So, if no 
contraindication exists, patients should be instructed to take daily antiplatelet 
indefinitely. Although the technical success rate of endovascular treatment in acute 
arterial mesenteric ischemia can be as high as 100%, intestinal necrosis can occur 
following the treatment requiring laparotomy and intestinal resection[94]. Other 
potential complications of endovascular treatment include vascular access-related 
bleeding, hematoma or pseudoaneurysm formation, and trauma to the vessels leading 
to arterial dissection or atheroembolization. One study compared endovascular 
treatment with open surgical treatment. Endovascular treatment group needed less 
laparotomy (33.3% vs 58.3%), had significantly shorter length of bowel resection (88 ± 
44 cm vs 253 ± 103 cm) and less mortality (16.7% vs 33.3%)[95]. A completion 
angiogram is necessary following endovascular treatment to assess revascularization
[96]. Revascularization is required in more than 70% of patients with occlusive AMI 
while bowel resection alone can be life saving in 30% of patients with occlusive AMI
[97]. Hybrid technique (i.e. combination of endovascular surgery and open vascular 
surgery) is also widely used in the treatment of occlusive AMI. Intra-arterial catheter-
directed thrombolysis following SMA recanalization by intraoperative retrograde 
balloon angioplasty, retrograde open mesenteric stenting or open embolectomy during 
laparotomy has been found to prevent necrosis of ischemic bowel and decrease the 
occurrence of short bowel syndrome[98].

The main principle of management of NOMI is reversal of mesenteric arterial spasm 
and restoration of mesenteric blood flow as fast as possible[99]. As soon as the 
diagnosis of NOMI is made by CTA, patients with NOMI should be resuscitated. The 
precipitating factors should be addressed to improve mesenteric perfusion. Measures 
should be taken to correct hypovolumia and hypotension, improve cardiac function in 
congestive heart failure, treat cardiac arrhythmias, correct metabolic acidosis, initiate 
broad-spectrum antibiotics, and place a nasogastric tube for gastric decompression. 
The next step of management depends on the stage of mesenteric ischemia. If the 
patient has developed signs of bowel infarction, surgical intervention should be done 
to resect the infarcted bowel and second look surgery should be done to save as much 
bowel as possible[100]. If there is no sign of bowel infarction, prompt catheter-based 
mesenteric arteriogram should be done to start continuous intra-arterial vasodilator 
infusion (papaverine 30-60 mg/h, prostaglandin PGE1 alprostadil 20 mcg bolus 
followed by infusion 60-80 mcg/24 h) for about 48 h by placing the catheter into the 
proximal SMA[101]. Frequently arterial vasospasm responds to this direct vasodilator 
treatment and occasionally within minutes[102]. One study showed that the shorter 
the time from CTA to direct vasodilator infusion, the better the chance of survival
[103].

Treatment of MVT again depends on the presence or absence of bowel infarction. In 
the absence of bowel infarction, the main stay of treatment is anticoagulation with 
continuous heparin infusion which has been shown to cause frequent recanalization 
with better outcome[104]. Systemic thrombolysis with recombinant tissue–type 
plasminogen activator or transcatheter thrombolysis with urokinase can also be an 
initial effective treatment for acute superior MVT[105,106]. Anticoagulation with 
warfarin or direct oral anticoagulants (DOAC) should be continued for 3 to 6 mo in 
case of reversible causes, and for indefinite period in case of irreversible causes[107]. 
Patients with bowel infarction should have emergency surgery with resection of the 
infarcted bowel followed by second look surgery. Transjugular intrahepatic 
portosystemic shunt can be placed in case of extensive MVT to reduce the portal 
pressure and to increase the effectiveness of thrombolytic therapy[108].

CI is managed by supportive care in most of the cases in clinical practice. But risk 
stratification is extremely important in deciding whether supportive care only or 
surgical intervention is needed. Broadly, CI can be classified as non-gangrenous and 
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gangrenous forms. But CI can also be classified as mild, moderate and severe disease 
depending on the presence or absence of certain risk factors associated with poor 
outcome as proposed by the American College of Gastroenterology (ACG) in 2015
[109]. The risk factors include: (1) Male sex; (2) Abdominal pain without rectal 
bleeding; (3) Tachycardia (heart rate > 100/min); (4) Hypotension (systolic blood 
pressure < 90 mmHg); (5) Leukocytosis (white blood cell count > 15000/cmm; (6) 
Anemia (hemoglobin < 12 gm/dL); hyponatremia (< 136 meq/L); (7) Azotemia (blood 
urea nitrogen > 20 mg/dL; and (8) High serum LDH level (> 350 units/L). Mild CI: No 
risk factor associated with poor outcome. Moderate CI: Up to 3 risk factors associated 
with poor outcome. Severe CI: More than 3 risk factors associated with poor outcome 
or any of the following: (1) Signs of peritonitis on physical examination; (2) 
Pneumoperitoneum, portal venous gas or pneumatosis on imaging; or (3) Gangrenous 
colitis on colonoscopy.

Patients with mild to moderate CI should be managed conservatively with bowel 
rest, intravenous fluid infusion to improve colonic perfusion and nasogastric tube 
placement if there is ileus. Any precipitating condition like hypotension or cardiac 
arrhythmia should be treated. Offending medications like mesenteric vasospastic 
drugs should be discontinued immediately. Most of the patients with mild to 
moderate CI improve symptomatically in one to two days and recover completely in 
one to two weeks[110]. But if the patients continue to have symptoms (abdominal 
pain, hematochezia) with fever, leukocytosis or develop rebound tenderness, surgical 
exploration should be considered. Patients with severe CI without perforation or 
gangrenous colitis also need supportive care but they should have close clinical follow 
up for development of late complications like chronic IC presenting as chronic 
diarrhea or ischemic colonic stricture presenting as colonic obstruction. In those cases, 
patients may need elective segmental colonic resection with primary anastomosis. 
Patients with gangrenous colitis or colonic perforation should undergo surgical 
exploration for colectomy.

Patients with CMI should have mesenteric revascularization either surgically or 
endovascularly. Patient’s comorbidities, nutritional status and renal function should 
be assessed before selecting the revascularization technique. Open surgical procedures 
include antegrade aorto-mesenteric or aorto-celiac bypass graft, retrograde bypass 
graft from infrarenal aorta and iliac arteries to distal SMA, endarterctomy and 
reimplantation of SMA directly into the infra-renal aorta[111-113]. The bypass graft 
can be synthetic (Polytetrafluoroethylene or Dacron grafts) or autologous (femoral 
vein or sephanous vein) graft and the type of surgery depends on the location of the 
stenosis[114]. Open surgical procedures for revascularization are highly successful in 
symptomatic improvement in 90% to 100% of cases[115] but associated with signi-
ficant 30 d morbidity (21.1%) and mortality (5.8%)[116]. Percutaneous endovascular 
treatment (PEVT) involves percutaneous transluminal balloon angioplasty (PTBA) 
with or without stent placement. Matsumoto et al[117] found in a small study that 
PTBA plus stenting had better technical success and patency rate when compared with 
PTBA alone[117]. PEVT has high technical success (97%) as well as clinical success i.e. 
resolution of clinical symptoms (90%) in properly selected cases[118]. It is safe with 
less hospital length of stay, low 30 d mortality (3%) and low complication rate (9%)
[119]. There is no prospective randomized control trial comparing open surgical 
revascularization vs PEVT. Experience at the Cleveland Clinic Foundation and Mayo 
Clinic showed that long term restenosis and recurrence of symptoms were higher in 
the PEVT group compared to open surgical revascularization group[120,121]. How-
ever, PEVT is now-a-days widely used as a first line treatment of choice in high risk 
patients considering the less invasiveness, morbidity, mortality and success rate. Open 
surgical revascularization is considered in patients with good clinical condition with 
acceptable surgical risk considering the less chance of recurrence. So patient selection 
is very important in deciding which modality of treatment is right for the treatment of 
CMI. Medical treatment with long-term anticoagulation warfarin is considered for 
patients who are not candidates for PEVT or open surgical revascularization.

Prognosis
AMI: Despite the advancement in diagnostic modalities and treatment options, the 
prognosis of AMI remains grave. Adaba et al[122] did a meta-analysis of observational 
studies in patients with acute mesenteric infarction and found that the pooled in-
hospital mortality was 63%. Mortality was higher in acute arterial mesenteric 
infarction (73.9%) and NOMI (68.5% as compared to acute mesenteric venous 
infarction (44.2%)[122]. Risk factors for increased mortality include advanced age, 
leukocytosis, high arterial lactate level in the first 24 h of admission, metabolic 
acidosis, bandemia, sepsis, hypoxia, hyperamylasemia, intramural pneumatosis, 
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elapsed time between onset of symptoms and surgery more than 24 h, colon 
involvement, hepatic and renal impairment and multi-organ failure[123-125]. 
Mortality can be reduced substantially if diagnosis can be made and treatment given 
before the development of mesenteric infarction[126]. Patients who survive from 
extensive bowel resection suffer from short gut syndrome and become dependent on 
total parenteral nutrition. Klempnauer et al[127] did a long-term study on those 
patients and found that their 2-year and 5-year survival rates were 70% and 50% 
respectively[127].

CI: Most of the patients with CI recover quickly within 1 to 2 wk and the overall 
mortality is almost 10%. Bad prognostic factors include absence of hematochezia, signs 
of peritonitis (Blumberg’s sign: Rigidity and rebound tenderness), tachycardia, 
anemia, hyponatremia, right sided colonic involvement and stenosis/stricture seen 
during colonoscopy[128,129].

CMI: Patients with CMI are at risk of developing acute mesenteric artery thrombosis 
or embolism that can cause increased morbidity and mortality. Patients with 
malnutrition due to sitophobia may have to stay at the hospital for prolonged period 
of time. There are certain prognostic factors associated with bad long-term outcome 
after open mesenteric revascularization. These include body mass index > 25 kg/m, 
smoking, peripheral artery disease, hypertensive chronic kidney disease, and open 
mesenteric bypass with a venous graft[130]. Blauw et al[131] did a retrospective study 
on the impact of revascularization in patients with CMI and found that mesenteric 
artery revascularization significantly improved their quality of life[131].

CONCLUSION 
ISBODI is an important clinical entity we come across in our day-to-day clinical 
practice. Among the 3 forms of ISBODI (AMI, CMI, CI), CI is the most common form.

CI occurs as a result of non-occlusive ischemia due to small vessel disease in most of 
the time. Rarely, CI is due to systemic hypotension or vascular occlusion due to 
atheromatous emboli, vasculitis or vascular spasm. Although CI can occur in a well-
known clinical setting, in a vast majority of cases, the risk factor remains unidentified. 
Patients with CI should be stratified into mild, moderate and severe cases depending 
on the presence or absence of the risk factors associated poor outcome as proposed by 
the ACG. Management will depend on the severity of the cases. Patients generally 
present with lower abdominal pain and hematochezia. Segmental involvements of the 
splenic flexure, rectosigmoid area and ileocecal region are most commonly seen. 
Imaging with CT followed by colonoscopy with biopsy clinches the diagnosis. Most of 
the patients belong to mild to moderate severity and CI carries a benign course in 
those cases. Surgical intervention is rarely required and indicated for fulminant, 
gangrenous or perforated CI, non-responders to conservative management, chronic 
ulcerative IC and ischemic colonic structure. Almost 10% of patients can die from CI. 
AMI is the most severe and devastating form of ISBODI. It has four pathophysiological 
forms which include SMA embolism, SMA thrombosis, MVT and NOMI. Irrespective 
of these pathophysiological forms, in the early phase, patients present with sudden 
onset of severe abdominal pain without much physical sign. As the mesenteric 
ischemia progresses to mesenteric infarction, patients develop Blumberg’s sign. High 
clinical suspicion and a focused history are helpful in establishing the diagnosis and 
suspecting the underlying pathophysiologic form of AMI. Evidence of hemoconcen-
tration, leukocytosis, lactic acidosis and positive D-dimer test may suggest the 
presence of AMI but the diagnosis is generally confirmed by contrast enhanced CTA. 
Resuscitation of the patient and revascularization of the bowel are the main aims of 
treatment of AMI. SMA embolism and SMA thrombosis can be treated by open 
surgery or PEVT. Combination of both treatments (hybrid technique) is also widely 
used. NOMI can be treated by intra-arterial vasodilator infusion therapy by placing a 
catheter into the SMA. In case of MVT, systemic anticoagulation or thrombolytic 
therapy followed by coumidine or DOAC should be given. If the patient has 
developed bowel wall necrosis in any form of AMI, open surgery should be done to 
resect the necrotic bowel and then revascularization should be done. Second look 
surgery should be done after 24 to 48 h to evaluate the potentially viable bowel and to 
preserve the bowel as much as possible to prevent short bowel syndrome. CMI occurs 
when patients develop ischemic symptoms due to stenosis of two of the three major 
mesenteric arteries. Almost always it develops slowly over the years due to athero-
sclerotic narrowing of those arteries. Patients generally present with post-prandial 
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intestinal angina. The classic triad of post-prandial upper or mid-abdominal pain, 
sitophobia and weight loss is present in less than one quarter of cases. CTA is the 
diagnostic investigation of choice. Revascularization can be done either surgically or 
by PEVT. Currently, PEVT is widely used as the first line treatment in high-risk 
patients and open surgical treatment is reserved for patients with less comoribidities. 
Revascularization can greatly improve the quality of life in patients with CMI.
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