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INTESTINAL ISCHEMIA 

INTRODUCTION 

Mesenteric vascular Insufficiency Is an uncommon, but Important problem because 
it leads to disastrous consequences, particularly If not recognized early. Delays 
In diagnosis, and misdiagnosis, are frequent because it Is uncommon, and 
because symptoms and signs are non-specific. In recent years, there have been 
Improvements In diagnostic studies and treatment which, although not dramatic, 
should lead to improved outcomes for those patients In whom the diagnosis Is 
suspected early. The purpose of this presentation Is to review aspects of normal 
mesenteric anatomy and physiology, the pathophysiology of Intestinal Ischemia, 
and the syndromes of intestinal angina, acute mesenteric ischemia, Ischemic 
colitis, and mesenteric venous thrombosis. 

INTESTINAL ARTERIES AND VEINS 

Arteries 

The stomach, small bowel, and colon are supplied by the celiac, superior 
mesenteric, and inferior mesenteric arteries. 

The celiac artery arises from the aorta immediately below the diaphragmatic hiatus. 
The hepatic, splenic, and left gastric branches supply the liver, spleen, stomach, 
duodenum, and pancreas. There are many collateral connections between the 
major branches of the celiac system. 

The superior mesenteric artery (SMA) arises about 1 em. distal to the celiac. A 
large number of intestinal branches from the main SMA trunk supply the jejunum 
and ileum. The cecum, ascending colon, and transverse colon are supplied by the 
ileocolic, right, and middle colic arteries. Branches of the SMA form a pattern of 
anastomosing arcades. The terminal arcades of the colic branches form a 
continuous artery coursing along the mesenteric wall of the colon, called the 
marginal artery, or artery of Drummond. From the terminal arcades the end 
arteries, or vasa recta, enter the Intestinal wall. 

The inferior mesenteric artery (IMA) originates at the level of L4. The superior 
hemorrhoidal and sigmoid branches supply the rectosigmoid. The left colic artery 
supplies the left colon proximally as far as the splenic flexure. The distal IMA 
arcades form a marginal artery along the left colon. 
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INTESTINAL AND COLIC ARTERlES INFERIOR MESENTERIC ARTERY 

Collateral circulation 

The intestines are protected from ischemia by a rich collateral circulation. There 
are several important areas of collateral flow between the major arterial systems. 

The celiac and SMA connect through the superior and inferior pancreaticoduodenal 
arcades. 

The SMA and IMA connect through the marginal artery of Drummond at the 
splenic flexure, or Griffith's point, in about 50% of individuals. This connection is 
absent in the other 50%, leaving the splenic flexure particularly vulnerable to 
ischemia. The middle colic branch of the SMA may also connect with the left 
colic branch of the IMA through the •arc of Rolan•, or •meandering mesenteric 
artery'. 

The IMA connects with the internal iliac artery through the superior and inferior 
hemorrhoidal arcades. 

Collateral blood flow around occlusion of smaller arterial branches occurs through 
the arcades. In addition, within the bowel wall there is a network of 
communicating submucosal vessels. These can maintain the viability of short 
segments of the intestine when the extramural arteries have been compromised. 
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The inferior mesenteric vein drains Into the splenic vein, which joins the superior 
mesenteric vein (SMV) to form the portal vein. Uke the arterial system, the venous 
drainage Is also arranged in anastomosing arcades. 

INTESTINAL MICROCIRCULATION 

From the mesentery, arterioles penetrate the wall of the intestine and give off 
parallel branches to the serosa, muscle layers, and submucosa. This arrangement 
of parallel arterial supplies allows Independent regulation of blood flow to the 
mucosal and muscular layers. 

From the submucosa, arterioles ascend into each villus and empty into the 
capillary network. Blood returns through central venules which run in close 
proximity to the arterioles, within 20 microns. This arrangement creates a 
countercurrent system like that of the renal medulla. The countercurrent multiplier 
is important in sodium and water absorption in the gut, and also plays a role 
during intestinal ischemia(1 ,2). 
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NORMAL PHYSIOLOGY OF THE MESENTERIC CIRCULATION 

The intestine is richly perfused compared to other body tissues. 
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At rest, about 1800 ml/min, or 25% of the cardiac output, go to the splanchnic 
circulation. About 700 ml per min go to the celiac artery, 700 to the SMA, and 400 
to the IMA. The mucosa receives 75% of the intestinal blood flow, and the 
muscular layers 25%. 
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Regulation of intestinal perfusion 

Regulation of intestinal perfusion occurs at two distinct control points: the arteriole 
and the precapillary sphincter. Arterioles are the primary resistance vessels of the 
intestinal circulation and thus control flow. Precapillary sphincters do not alter 
blood flow significantly. By opening more capillary units to perfusion, they 
increase perfused surface area and Improve oxygen extraction. 

Vessels of the Microcirculation 
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Intestinal perfusion is controlled by several mechanisms, either intrinsic or 
extrinsic. 

Intrinsic regulation 

Myogenic and metabolic mechanisms control intestinal perfusion In response to 
changes in arterial pressure or tissue oxygenation. 

Myogenic control Involves changes In vessel wall tension with changes in 
pressure. When pressure falls, the smooth muscle of the mesenteric vessels 
relaxes, and the vessels dilate (4). 

Metabolic control is mediated through accumulation of vasodilators. Conditions 
that increase oxygen demand, such as digestion, or decrease oxygen delivery, will 
lead to accumulation of substrates such as adenosine, which cause arteriolar 
dilatation and relaxation of precapillary sphincters, resulting in increased perfusion 
(5). 
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The enteric nervous system may participate in intrinsic control of intestinal 
perfusion. A large number of neurotransmitters, including vasoactive intestinal 
peptide (VIP), have been found in neurons of the intrinsic nervous system of the 
intestine. The release of VIP, which is known to be a vasodilator, coincides with 
meal-induced increased blood flow. 

Gastrointestinal hormones such as gastrin, cholecystokinin, and glucagon, among 
others, have been shown to increase intestinal blood flow. However, studies have 
been done with pharmacologic levels of these hormones, and it is not clear 
whether they have a physiological role in the control of intestinal perfusion (1 ,6). 

Extrinsic regulation 

The sympathetic nervous system participates in extrinsic control of intestinal 
perfusion. Alpha adrenergic stimulation causes arteriolar vasoconstriction and 
reduction in mesenteric blood flow. However, blood flow returns to normal with 
time despite continued sympathetic stimulation, a phenomenon called 



•autoregulatory escape. • Thus, the role of the sympathetic nervous system in 
mesenteric vasoconstriction during shock, for example, is not clear (7). 
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Other circulating vasoactive substances, particularly vasopressin and angiotensin 
II, also cause mesenteric vasoconstriction, and may play a role during such 
conditions as volume depletion and congestive heart failure (1 ). 

Response to a meal 

Dye dilution studies: Information regarding mesenteric blood flow in human has 
been difficult to obtain. A Swedish group studied changes In mesenteric blood 
flow after a 700 cal. meal in 5 adults by indocyanine green infusion into the SMA. 
Sampling was done through a catheter placed into the SMV through a reopened 
umbilical vein. Basal SMA flow was 700 ml/min. SMA flow rose by 60% over 
baseline after 5 min and by 1 00% after 30 min. SMA resistance fell 55% (8). 

Doppler ultrasound studies: Recently it has possible to study intestinal blood flow 
non-invasively by using Doppler ultrasound. The artery is first imaged with the B 
mode ultrasound. The Doppler beam is then placed in the artery and flow velocity 
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wave forms are obtained. The flow velocity wave form of the SMA Is characteristic 
. of a high resistance system. There is a sharp velocity peak In systole and a low 
velocity in diastole. Flow reversal occurs In early diastole. 

After a meal, SMA resistance falls, and flow velocity increases, particularly In 
diastole. The early diastolic flow reversal disappears. 
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Using measured SMA diameter and mean flow velocity, SMA flow can be 
calculated. In one study using Doppler ultrasound, calculated SMA flow rose to 
270% of baseline within 30 min after a meal, and 200% after 90 min. 
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Doppler ultrasound studies of the cellae have shown no significant Increase In flow 
after meals, In contrast to the SMA (9). 

Response to exercise 

At rest, the splanchnic circulation receives 25% of the cardiac output, and contains 
20% of the total blood volume. Thus It represents an Important reserve for the 
increased demands of the systemic circulation during exercise. Mesenteric flow 
may fall to 30% of resting value during exercise, and splanchnic blood volume 
may decrease by 3o-40% (1 0). 

PATHOPHYSIOLOGY OF THE MESENTERIC CIRCULATION 

Mesenteric defenses against systemic hypotension 

When systemic arterial pressure drops, mesenteric vascular resistance falls, at 
least Initially. This helps to maintain mesenteric flow. However, this mechanism 
is not as effective In maintaining blood flow In the Intestine as It Is in the kidney 
or the brain. When blood flow falls, oxygen uptake can be maintained through 
dilatation of precapillary sphincters, capillary recruitment, and improved oxygen 
extraction. 
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With continued systemic hypotension, Intestinal counter-regulatory defenses fail, 
and Intestinal hypoxia occurs. Because of high mucosal metabolic demands, the 
intestinal mucosa is injured before the Intestinal muscle. 

Countercurrent hypoxia 

Within the mucosa, the tips of the villi are most affected by hypoxia. Under normal 
circumstances there Is a gradient of oxygen tension In the villi, with the tips being 
relatively hypoxic. This is due to shunting of oxygen from arterioles to venules 
because of countercurrent flow. During Ischemia, blood flow slows markedly, and 
countercurrent shunting Is Increased, Increasing the oxygen gradient and 
producing hypoxic Injury (1 ). 

TISSue injury during ischemia 

! T ~ 

Counter Current Gradient 
in the Intestinal Villus · 

The first histologic change in intestinal ischemia is separation cells of the tips of 
the villi from the basement membrane. As ischemia progresses, the entire mucosa 
is sloughed, exposing the submucosa to invasion by bacteria. Bacterial 
endotoxins and other vasoactive compounds gain access to the circulation. In 
addition to mucosal damage, there is loss of vascular integrity. As much as 30% 
of the circulatory volume may be lost through edema and fluid loss Into the lumen, 
in acute animal experiments. As ischemia progresses, hemorrhage into the 
intestinal wall and lumen occur. These processes aggravate circulatory collapse, 
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which In turn worsens the mesenteric ischemia. Experimental animals often die 
of vascular collapse before transmural Infarction occurs. 

The Initial motor response of the intestinal muscle to ischemia is Increased 
peristalsis. With progressive Ischemia, peristalsis ceases, muscle tone Is lost, and 
Intestinal dilatation occurs. The dilatation further aggravates Ischemia by 
increasing wall tension and thus decreasing blood flow. 

Reperfusion Injury 

Mucosal Injury in mesenteric Ischemia Is due In large part to hypoxia. However, 
In animal experiments, when a ligature is placed to produce ischemia, the animals 
die earlier If the ligature is released after several hours than if it is not removed. 
During the ischemic period, anaerobic metabolism leads to the breakdown of ATP 
and accumulation of hypoxanthine. In addition, xanthine dehydrogenase Is 
converted to xanthine oxidase. When oxygen Is available once more during 
reperfusion, xanthine oxidase reacts with hypoxanthine to produce xanthine and 
oxygen free radicals and hydroxyl Ions. These cause lipid peroxidation and 
membrane damage (11 ). Whether reperfusion injury Is relevant to human 
mesenteric ischemia is open to question. Although allopurinol, superoxide 
dismutase, and other agents limit Ischemic bowel injury in animal studies, there 
are no such studies In humans. 
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Ischemia and Reperfusion Injury 

Arterial spasm often complicates acute mesenteric ischemia. Mesenteric arterial 
spasm may develop during intestinal ischemia of any cause, and may persist for 
hours after the initial event has resolved. After a mesenteric embolus, for 
example, the development of arterial spasm may lead to intestinal infarction even 
if the embolus is promptly removed. 
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Arterial spasm was studied by Boley in a classical series of animal experiments. 
Ugatures were placed on the superior mesenteric arteries of dogs and blood flow 
was reduced acutely by 50%. Arterial resistance distal to the ligature fell. Celiac 
artery blood flow increased. Both of these changes helped to maintain SMA 
perfusion. Within a few hours, the SMA resistance returned to normal. If the 
ligature was removed before the return of arterial resistance, SMA blood flow 
returned to normal. However, if the ligature was kept on longer, beyond the point 
at which resistance had increased, SMA flow did not recover when the ligature 
was removed. Persistent arterial spasm had developed. 
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The mechanism for this persistent arterial spasm Is not clear. Boley showed that 
It could be prevented or reversed by Intra-arterial Infusion of papaverine. This 
forms the basis for intra-arterial papaverine therapy for mesenteric Ischemia in 
humans, and will be discussed later (12). 

INTESnNAL ANGINA 

Case presentation: A 55 year old man presented with 6 months of vague 
abdominal discomfort beginning soon after meals, lasting about 1 hour, associated 
with occasional nausea and vomiting, and loose stools. His pain progressed. He 
developed a fear of eating. His weight fell from 150 to 115 lbs. Cimetidine did 
not help. 

Past history included hypertension, a myocardial infarct, and claudication, with an 
aortofemoral (AF) bypass 3 years before this admission. 

His examination was normal except for evidence of weight loss and peripheral 
vascular disease. Routine laboratory studies were normal. 

Upper endoscopy showed 2 antral ulcers and duodenitis. Barium enema was 
normal. 

His pain Improved with cimetidine In the hospital, and he was discharged with a 
diagnosis of gastric ulcer. 

He was readmitted 2 weeks later with worsening abdominal pain. His examination 
and laboratory studies were unchanged. KUB and abdominal ultrasound were 
normal. On the third hospital day he had an upper gi bleed. Upper endoscopy 
showed antral ulcers, and severe diffuse erosive gastritis and duodenitis. The 
mucosa of the duodenum was dusky. At surgery he was found to have necrosis 
of the entire small Intestine and the colon to the splenic flexure. Resection was 
felt to be Incompatible with life. He died the next day. Autopsy showed a 50% 
stenosis of the celiac artery and an 80% stenosis of the superior mesenteric artery. 
The inferior mesenteric artery had been resected at the time of the AF bypass. 

Prevalence of intestinal angina: Intestinal angina is rare. A medical records 
search disclosed only one case at PMH and one at the DVAMC during 1990. At 
the Middlesex Hospital In London, which Is a referral center for mesenteric 
vascular disease, 1 00 patients were evaluated for intestinal angina over a period 
of 30 years. Of these, 47 were felt to have this diagnosis after investigation, and 
41 had surgical revascularization (13). However, although intestinal angina Is 
rare, It is Important to identify, not only because It causes pain and disability, but 
because It may portend catastrophic Intestinal infarction. 

Physiology of intestinal angina: Gradual obstruction of the mesenteric arteries 
leads to the development of collateral flow. Because of this, although older people 
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have a substantial Incidence of visceral artery stenosis, most are not symptomatic 
(14). 
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Collaterals may compensate for severe occlusive disease. Intestinal ischemia does 
not develop unless 2 of the 3 mesenteric vessels are compromised, and some 
individuals may be asymptomatic with even severe 3 vessel disease. Individuals 
who develop intestinal angina have inadequate collaterals, with fixed mesenteric 
blood flow. This flow may be adequate at rest, but is insufficient to meet the 
physiological demands of digesting a meal. In addition, individuals with intestinal 
angina are at risk of developing intestinal infarction with a superimposed stress, 
such as a fall In systemic arterial pressure, or a thrombus in a stenotic vessel. 

Clinical presentation 

History: The pain of intestinal angina Is may be vague and mild initially. It is 
usually epigastric or periumbilical. Patients soon recognize the association 
between eating and pain, and although they do not lose their appetite, they 
develop a characteristic fear of eating. FEAR OF EATING IS THE HALLMARK OF 
INTESTINAL ANGINA. They eat small meals, or avoid eating altogether, so weight 
loss is the rule. Nausea or vomiting are less common. Constipation is due to 
decreased intake. Symptoms may be present for weeks to months. 

Patients with intestinal angina are usually older, with generalized arteriosclerotic 
vascular disease. However, the last patient with intestinal angina at PMH was a 
29 year old woman. 

Physical examination: Physical examination will show signs of weight loss and 
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Physical examination: Physical examination will show signs of weight loss and 
vascular disease. The presence of an abdominal bruit Is not helpful, because 
bruits may be absent In advanced mesenteric vascular disease, and may be heard 
in normals. 

Laboratory studies: Routine laboratory studies are normal. Barium and 
endoscopic studies seldom show any characteristic changes. Ischemic gastric 
ulceration, as was seen In the case presented, has been reported (15), but Is 
rare. 

No study will positively establish the diagnosis of Intestinal angina. Angiography 
should be done If Intestinal angina Is suspected and will support the diagnosis If 
at least 2 of the 3 mesenteric vessels are significantly obstructed. However, 
patients with advanced mesenteric vascular disease on angiography may be 
asymptomatic, as discussed. Therefore, other potential causes of abdominal pain, 
such as peptic ulcer disease, chronic pancreatitis, or inflammatory bowel disease, 
must also be considered. 

Screening for Intestinal angina with Doppler ultrasound 

Doppler ultrasound studies are done by our vascular surgery department to screen 
patients suspected of having Intestinal angina. Mesenteric vascular insufficiency 
is felt to be unlikely If a Doppler study Is normal, that Is, with normal velocities 
and no turbulent flow. Studies with turbulent flow are more difficult to interpret, 
and, when the clinical history warrants, are followed up with arteriography. There 
is a substantial experience In using Doppler to evaluate carotid and peripheral 
vessels, but little in using it for mesenteric vessels. There are a number of 
potential sources of error with this technique. First of all, velocities, and not flows, 
are measured. In stenotic vessels, turbulent flow may cause increased velocities 
without an Increase In flow. Flow can be calculated, but the diameter of the SMA, 
which Is about 6 mm, Is difficult to measure accurately, and small changes in this 
measurement or In the angle of the Doppler beam may Introduce large errors into 
flow measurements. The ideal physiological study would be measurement of flow 
before and after a test meal. In a patient with intestinal angina we would expect 
a fixed mesenteric flow, which would not Increase after the meal. Doppler 
ultrasound has been used to follow patients after surgical revascularization (16) 

Treatment 

Surgical revascularization: The standard treatment for intestinal angina is 
mesenteric revascularization. Antegrade autologous vein or Dacron grafts or 
transaortic endarterectomy are the most commonly used techniques. Good 
symptom relief has been reported in more than 90% of patients, with postoperative 
mortality rates of 3· 17% (17·20). 

Revascularization of multiple vessels reduces the rate of recurrent intestinal angina 
compared to single vessel reconstruction (19). 
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Angloplasty: Many patients with Intestinal angina have high operative risk. 
Percutaneous transluminal angloplasty Is well established as treatment for 
coronary and renal artery stenosis, and has been applied to patients with Intestinal 
angina as an alternative to surgery. (21-25). In the largest series, 8 of 9 patients 
with arteriosclerotic lesions had at least temporary relief of symptoms. Symptoms 
recurred In 5 patients, 3 of whom responded to repeat angioplasty (25). PTA of 
celiac and SMA stenosis may be a reasonable alternative to surgery in selected 
patients. 

Review of case presentation: A history of pain after meals with weight loss in a 
patient with extensive vascular disease should have lead to a strong suspicion of 
Intestinal angina. We were mislead by finding an alternative explanation for the 
abdominal pain, that Is, gastric ulcers. In this case the gastric ulcers were 
Ischemic, not peptic. Had our level of suspicion been higher, a screening Doppler 
ultrasound study would have been requested, and followed by an arteriogram. 

ACUTE MESENTERIC ISCHEMIA 

Definition 

In a strict sense, all mesenteric Ischemia is acute. However, intestinal angina is 
considered a separate syndrome In the medical literature, and the term acute 
mesenteric ischemia Is used to refer to Ischemia In the distribution of the SMA, 
usually leading to bowel Injury. Acute Ischemia In the distribution of the celiac 
artery is rare, probably because of the many collateral connections in that system. 
Acute ischemia In the distribution of the IMA leads to ischemic colitis, which, like 
intestinal angina, is considered a distinct clinical syndrome. Ischemic colitis, as 
well as mesenteric venous thrombosis, will be considered separately. 

Prevalence 

Acute mesenteric ischemia Is unusual, but more common than Intestinal angina. 
A medical records search disclosed 7 cases at PMH and DVAMC during 1990. 
This is probably an underestimate, because in many series about 50% of the cases 
are found at autopsy. 

Physiology 

Ischemia in the distribution of the superior mesenteric artery may be occlusive or 
non-occlusive. Occlusive ischemia may be due to thrombus or embolus. Non­
occlusive ischemia occurs in low flow states, such as cardiogenic shock. In non­
occlusive ischemia the SMA may be completely patent, or partially occluded by 
previous arteriosclerotic disease. Both occlusive and non-occlusive ischemia are 
often complicated by arterial spasm. 
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In recent series superior mesenteric embolus was the most common cause of 
acute mesenteric ischemia, followed by thrombus and non-occlusive lschemla(26). 

Acute Mesenteric Ischemia (N=81) 

Cause Frequency (%) 

Embolus 41 
Thrombus 19 
Non-occlusive 19 
Venous thrombosis 11 
Arteritis 2 
Not determined 8 

(Ciavien, Br. J. Surg., 1987) 

Clinical presentation 

History: The pain of acute mesenteric ischemia may occur suddenly in embolus, 
or more gradually in non-occlusive Ischemia. It is poorly localized until frank 
bowel infarction occurs. The initial response of the bowel to ischemia Is 
hyperperistalsis, so the pain is often cramping. Pain may be mild at first, but 
becomes severe. PAIN OUT OF PROPORTION TO PHYSICAL FINDINGS IN A 
PATIENT AT RISK IS A HALLMARK OF ACUTE MESENTERIC ISCHEMIA. About 
one third of patients with acute mesenteric thrombosis will report a history of 
intestinal angina during the preceding weeks or months. Patients with mesenteric 
embolus may have a history of previous emboli to other organs. 

Nausea and vomiting occur in about 50% of cases. Diarrhea is not uncommon. 
Gastrointestinal bleeding occurs with mucosal Infarction. 

Examination: Physical findings in early acute mesenteric ischemia are mild and 
non-specific. They include abdominal distention, mild diffuse tenderness, and 
hyperactive bowel sounds. Fever, tachycardia, and hypotension, localized 
tenderness with rebound, and hypoactive bowel sounds occur late, and are signs 
of bowel infarction. 

Laboratory studies: There are no specific laboratory markers which distinguish 
Intestinal ischemia from other causes of abdominal pain. 

The WBC count is elevated in about 75% of patients, and lactic acidosis may be 
present initially in 50%. Elevations of inorganic phosphorus and distinctive 
patterns of CPK and LDH isoenzymes have been described, but have not gained 
wide acceptance (27 ,28). 
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X-rays: Plain x-rays should be done not to make a positive diagnosis of bowel 
Infarction, but to exclude some other cause. 

Abdominal x-rays are usually either normal or show generalized dilatation of small 
and large bowel loops. Edema and hemorrhage of the bowel wall may cause 
"thumbprinting•, and separation of bowel loops. After bowel Infarction, air may be 
seen free in the peritoneum, In the wall of the bowel, or In the portal venous 
system. 

SerendipHy - Clues to acute mesenteric Ischemia 

It should be apparent that in most cases of mesenteric ischemia the history, 
examination, and laboratory studies are not diagnostic. The differential will include 
a number of other conditions, such as peptic ulcer, pancreatitis, cholecystitis, 
and diverticulitis. In the course of evaluation for one of these conditions, other 
studies may lead to clues to the diagnosis of acute mesenteric ischemia. 

Sonography and CT scanning: Both sonography and CT may show edema of 
segments of bowel and a small amount of ascites. This combination should raise 
the suspicion of ischemic bowel. In addition, CT is sensitive for the detection of 
gas in the bowel wall or portal venous system (29-31) 

Endoscopy and laparoscopy: Mesenteric ischemia has been diagnosed by 
endoscopy and laparoscopy (32,33). At endoscopy, ischemic bowel may show 
edema, diffuse superficial ulceration, and submucosal hemorrhage. 

Clinical suspicion 

THE KEY TO THE EARLY DIAGNOSIS OF ACUTE MESENTERIC ISCHEMIA IS 
CLINICAL SUSPICION. Acute mesenteric ischemia should be considered in 
patients over the age of 50 with the acute onset of abdominal pain lasting 
morethan 2- 3 hours, particularly if the pain is out of proportion to physical and 
laboratory findings, and if the patient has risk factors for mesenteric ischemia. 
These include: 

Risk Factors for 
Acute Mesenteric Ischemia 

Arteriosclerotic or valvular heart disease 
Cardiac arrhythmias 
Recent myocardial infarction 
Decompensated congestive heart failure 
Treatment with digitalis, vasopressors 
Previous embolic disease 
Burns, bleeding, sepsis, dialysis 
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Unfortunately, the diagnosis of mesenteric ischemia Is often unsuspected, and 
many cases are diagnosed at autopsy or at surgery. When the diagnosis Is made 
at surgery, options are limited. Necrotic bowel can be resected. Mesenteric 
arteries can be palpated for pulses, and If an occlusion Is suspected, a bypass 
graft can be constructed, but this can be difficult without the Information which 
would be provided by an arteriogram. 

Arteriography In the diagnosis and treabnent of acute mesenteric Ischemia 

Surgical therapy alone results In mortality rates of 80% or more in acute 
mesenteric Ischemia (34-36). Dissatisfied with these results, Scott Boley and his 
associates at Montefiore Hospital initiated an approach combining the aggressive 
use of arteriography with surgery. Physicians were encouraged to refer patients 
with suspected acute mesenteric Ischemia for arteriography Immediately after 
resuscitation. Of the fifty patients referred 35 were found to have either non­
occlusive Ischemia, an embolus, or thrombosis, and 15 had no abnormality on 
arteriogram. In patients with an non-occlusive Ischemia or an embolus, 
papaverine, a vasodilator, was Infused. Patients with persistent peritoneal signs 
were taken to surgery. Nineteen of 35 ( 54%) patients survived. Of the 19 
survivors, 17 had resection of less than 3 feet of bowel (37). There was no control 
group In Boley's study, but others have reported similar results(38). 

Arteriography contributes to the management of acute mesenteric ischemia In 2 
ways. First, a specific diagnosis Is usually possible. Treatments of embolus, 
thrombosis, and non-occlusive disease differ, and a normal angiogram can exclude 
mesenteric Ischemia. Secondly, Infusion of vasodilators can prevent or reverse the 
persistent arterial spasm which complicates mesenteric ischemia. 

Approach to the patient with acute mesenteric Ischemia. 

Resuscitation: Resuscitation of patients with acute mesenteric Ischemia should 
include Intravenous fluids, antibiotics, nasogastric suction, and, as far as possible, 
correction of any precipitating conditions, such as heart failure or hypotension. 
However, digitalis and vasopressors, which produce splanchnic vasoconstriction, 
should be used cautiously or withdrawn if possible. Correction of hypotension 
before arteriography is Important, since hypotensive patients will show changes 
on arteriography indistinguishable from non-occlusive ischemia. 

Plain film of the abdomen: A plain film of the abdomen is done, as mentioned, not 
to make a diagnosis of mesenteric Ischemia, but to rule out other obvious causes. 

Arteriography: A flush aortogram is done in the lateral position to evaluate the 
origins of the celiac and SMA. If these are not occluded at their origins, selective 
injections are done. The arteriogram will either be normal, or show embolus, 
thrombosis, or arterial spasm. If vasoconstriction Is seen, an bolus of tolazoline, 
25 mg., a rapidly acting vasodilator, is given and the arteriogram repeated. 
Papaverine a longer acting vasodilator, Is given as an infusion at 60 mg./min. if 



thrombosis or arterial spasm is found. The Infusion is continued during and after 
surgery. 
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Approach to the Patient with Acute Mesenteric Ischemia 

Treatment of specific syndromes 

Embolus: Patients with persistent peritoneal signs after arteriography and 
papaverine infusion are likely to have bowel infarction and should be taken to 
surgery. Embolectomy is done, and frankly ischemic bowel is resected. The 
papaverine infusion is continued after surgery, and anticoagulation is started 
within 48 hours. In the minority of patients without initial peritoneal signs or 
whose peritoneal signs Improve with papaverine, particularly those with a distal 
embolus, surgery can be deferred. The papaverine infusion Is continued, and the 
arteriogram Is repeated the next day. 
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Streptokinase infusion • 

Streptokinase infusion has been used for the treatment of acute SMA embolus. 
Several days of treatment were necessary for clot lysis. Streptokinase may be an 
alternative to papaverine infusion and embolectomy, but clot lysis may occur 
slowly (39,40). 

Thrombosis: When thrombosis Is found at arteriography, the collateral circulation 
should be assessed. If there Is good collateral flow, and no vasoconstriction, the 
patient can be followed. When no collateral flow Is found, the patient should be 
taken to surgery. Papaverine infusion Is started If possible, but often the SMA is 
completely occluded at Its origin. At surgery, revascularization Is done and the 
viability of the bowel Is assessed. Frankly Infarcted bowel Is resected. If 
papaverine was started before surgery, It is continued during and after surgery. 
Anticoagulation is started within 48 hours. 

Angioplasty-

Angioplasty has been used in a patient with acute mesenteric ischemia who had 
signs of peritoneal irritation. After dilatation of a high grade SMA stenosis, the 
patient recovered, and required no further treatment (41 ). 
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Non-occlusive ischemia: The primary treatment of non-occlusive mesenteric 
ischemia is correction of the precipitating condition. Arteriography plays an 
important part in establishing the diagnosis and in treatment. Patients without 
peritoneal signs treated with papaverine infusion may not require need surgery. 
Patients in whom peritoneal signs progress should be taken to surgery for 
resection of infarcted bowel. The prognosis of non-occlusive ischemia is very 
poor, with fatality rates of close to 100% in some series, but, using arteriography, 
one author reported survival of 5 of 11 patients (38). 
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At surgery, vascular reconstruction is done If the bowel appears Ischemic but not 
frankly necrotic, or If the area of necrosis is limited. Both bypass and 
endarterectomy have been used for revascularization. An antegrade bypass, from 
the proximal aorta to an artery distal to the obstruction, using either a saphenous 
vein or Dacron graft is preferable. As many mesenteric arteries as possible are 
bypassed, since the rate of recurrent stenosis after multiple bypasses is lower 
than with a single bypass. Endarterectomy is an alternative procedure, but is not 
used as often as bypass. 

Assessment of bowel viability at surgery • 

Assessment of bowel viability Is Important when the segment of Ischemic bowel 
is long. Resection of a few feet more of bowel can make the difference between 
a patient who is a short bowel cripple, and a patient who can live a relatively 
normal life. Bowel viability is assessed after revascularization, when that is done. 
Clinical assessment includes observation of color, motility, arterial pulsations, and 
capillary bleeding, but generally results In a tendency to resect more bowel than 
necessary. Doppler ultrasound and fluorescein dye injection can also be used to 
assess bowel viability. A Doppler ultrasound probe can assess flow in the small 
vessels of short segments of intestine. This is useful in checking the margins of 
resection, and can be done repeatedly. Fluorescein dye is injected Intravenously. 
When an Woods light is used, areas of ischemic or necrotic bowel will show 
abnormal fluorescence. Fluorescein may be used to check large areas of bowel, 
but can be used only once. Doppler ultrasound and fluorescein injection are 
complementary, and may both be used in the same case (42,43). 
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•second look·· 

Sometimes the viability of a section of bowel Is In doubt even after Doppler and 
fluorescein have been used. Under these circumstances a •second look operation• 
may be planned after 12 to 36 hours. In the Interval, papaverine Infusion is 
continued, and other attempts are made to Improve the patient's general condition. 
Sometimes primary reanastomosis Is avoided. The loop of bowel Is brought out 
as an ostomy, so H may be observed. 

ISCHEMIC COunS 

Case presentation: A 75 year old woman presented with 1 day of cramping lower 
abdominal pain, and passed about 1 cup of bright red blood. There was a history 
of Irritable bowel syndrome. A colonoscopy had been normal several years 
before. She had hypertension, but was otherwise in good health. On examination 
her vital signs were normal. She had left lower quadrant tenderness, but no 
rebound. Her laboratory studies, including WBC count and hematocrit, were 
normal. A colonoscopy done the day after admission showed edema and 
submucosal hemorrhage in the area of the splenic flexure. She recovered without 
further therapy, and had no recurrences. 

Prevalence 

Ischemic colitis may be the most common form of Intestinal ischemia. A medical 
records search at PMH and DVAMC showed 7 cases. However, some cases of 
Ischemic colitis are mild, and do not require hospitalization. 

Pathophysiology 

The pathophysiology of Ischemic colitis is similar to that of acute mesenteric 
ischemia. Arteriosclerotic disease and low flow states also cause ischemic colitis. 
Embolus is a less common cause. Ischemic colitis is also associated with 
obstructing colon cancer, and abdominal aortic aneurysm (AAA) repair (39,44). In 
many cases, however, the cause of an episode of ischemic colitis is not 
established. 

A characteristic pattern of Injury occurs in Ischemic colitis. Mucosal edema and 
hemorrhage occur first, and often resolve within 1 0 days, although they 
occasionally persist up to several months. As edema and hemorrhage resolve, 
most patients develop mucosal ulcerations. In the majority of patients the mucosa 
heals after several weeks, leaving minimal or no scarring. In a minority the 
ischemic injury is more severe. Acute transmural infarction may occur. If the injury 
is not transmural, but involves the muscular layers, scarring with stricture 
formation may result. In a few patients the mucosal injury does not resolve, 
leading to persistent colitis. 
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In his experience with 250 cases of ischemic colitis, one author noted that 51% 
had transient mucosal damage, 12% developed a stricture, 21% developed 
persistent colitis, and 18% presented with transmural infarction or perforation (45). 

Ischemic colitis may involve any area of the colon, but the splenic flexure and the 
sigmoid colon are most often affected, because the blood supply is most tenuous 
there. The rectum is rarely Involved because of good collateral flow, except in 
patients with disease of the internal lliacs (46). 

Clinical presentation 

Ischemic colitis is considered a distinct clinical syndrome largely because it does 
not usually have the disastrous consequences of acute mesenteric Ischemia. 

History: The typical case of ischemic colitis begins with the sudden onset of mild 
to moderate cramping lower abdominal pain. This is followed by several loose 
stools, with a moderate amount of blood. Patient are usually over 50 years old, 
and often have generalized arteriosclerosis. There is usually no identifiable 
precipitating event. 

Examination: Mild to moderate localized tenderness is often present. Fever, 
hypotension, and peritonitis occur with transmural infarction. Blood will be found 
on rectal examination, but proctoscopy is usually normal. 

Laboratory: Laboratory studies are usually normal. 
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X-ray: Plain abdominal x-rays may show nonspecific bowel dilatation. 
Occasionally edema of the wall of the colon, or ~humbprinting•, may be seen. 

Barium enema and colonoscopy in Ischemic colitis 

The characteristic evolution of Ischemic colitis may be seen by barium enema or 
colonoscopy. 

With barium enema, ~humbprinting• is the earliest change, and corresponds to 
edema and submucosal hemorrhage. As thumbprinting resolves, ulceration is 
seen in 40.50% of cases. After several weeks, the barium enema may be normal, 
or show scarring in the form of stricture or eccentric sacculation(47,48). 

With colonoscopy the earliest changes are areas of red, edematous, friable 
mucosa alternating with areas of blanching. Large dark blebs, representing 
submucosal hemorrhage, are typical. Ulceration Is appreciated more often with 
colonoscopy than with barium enema. . In one series, 70% of patients had 
ulceration after 2 weeks. The ulcers may be large and irregular. Healing may 
leave normal mucosa, fine granularity, or strictures. Colonoscopy is more 
sensitive than barium enema for the diagnosis of Ischemic colitis. In patients who 
do not have clinical signs of gangrene or perforation, colonoscopy with no prep, 
or after a minimal prep, Is well tolerated and may be the best way to make the 
diagnosis(49,50). Arteriography is rarely Indicated. 

Differential diagnosis: The differential diagnosis of ischemic colitis Includes acute 
infectious colitis (including pseudomembranous colitis), diverticulitis, colon cancer, 
and inflammatory bowel disease (51 ,52). 

Infectious colitis usually Involves the rectum, and stool cultures or assays for 
clostridia toxin will be positive. Diverticulitis is rarely associated with bleeding. 
Ischemic colitis has been associated with obstructing colon cancers, so the two 
may coexist. 

Distinguishing Ischemic colitis from inflammatory bowel disease (IBD) may be 
difficult. Mucosal inflammation, ulceration, pseudopolyps, pseudomembranes, and 
toxic megacolon are seen In ischemic colitis, as well as IBD. Biopsies In ischemic 
colitis may show Inflammation and crypt abscesses. In one study, one half of 
patients older than 50 originally thought to have Crohns disease, ulcerative colitis, 
or non-specific colitis were reclassified as having Ischemic colitis, making it the 
most common cause of colitis In that age group (53). 

Abdominal aortic aneurysm repair and ischemic colitis 

Ischemic colitis Is common following repair of AAA. In a prospective series, 19/71 
patients developed ischemic colitis after AAA surgery. Most presented with 
diarrhea in the postoperative period. Some had only signs of sepsis. Diagnosis 
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was made by flberoptic sigmoidoscopy. Eleven of the 19 died (44). Preoperative 
angiography for elective AAA repair should include assessment of the mesenteric 
vessels. If the IMA Is occluded, H may be sacrificed, but If it Is not, the SMA and 
marginal artery must be checked. If collateral flow Is poor, the IMA must be 
reimplanted. 

Treatment and prognosis: Most patients require no specific therapy. Most 
strictures, when they develop, are not symptomatic. Patients with acute peritonitis 
and those with non-healing ulceration require surgery. 

Review of case presentation: This patient Illustrated the most typical clinical 
presentation of Ischemic colitis: transient colitis without complications. Follow· 
up colonoscopy or barium enema would be advisable to document the resolution 
of the ischemic changes and to exclude the formation of a stricture. 

MESENTERIC VENOUS THROMBOSIS 

Case report A 39 year old man was admitted with abdominal pain, nausea, and 
hematochezia. Two weeks before admission he had watery diarrhea associated 
with rectal bleeding, diffuse abdominal pain, vomiting, and subjective fever. 
He had diabetes controlled with diet. One year before admission he suffered a 
nail wound to his left foot, which did not heal, and required amputation. At that 
time, a preoperative angiogram showed severe peripheral vascular disease. 
On examination he was afebrile. Pulse was 120 and blood pressure 170/1 00. His 
abdomen was distended, but not tender. Bowel sounds were normal. He had 
black Hemoccult positive stool. Proctoscopy was normal. Nasogastric aspirate 
revealed 800 cc. of coffee-ground material. 

Initial WBC count was 38000. Hematocrit was 51, BUN 30, glucose 350, AST 67, 
LDH 328, and CPK 1500. Amylase was normal. Distended loops of small bowel 
were seen on KUB. 

He was treated with nasogastric suction, intravenous fluids, and antibiotics. His 
pain improved by the next day, but during the next several days, he complained 
of recurrent intermittent abdominal pain. Abdominal distention persisted, but 
bowel sounds were normal. He developed no tenderness. 

EGO showed mild esophagitis. Colonoscopy was normal. Abdominal CT showed 
a moderate amount of ascites, edematous, dilated small bowel, and thickened 
mesentery. 

Ascitic fluid had a ABC count of 50000, and WBC count of 4300, of which 97% 
were PMNs. Ascitic fluid albumin was 1.8, and amylase was 1 0. 

When an attempt was made to discontinue his nasogastric suction, his abdominal 
pain worsened, and he developed a low grade fever. Surgery was scheduled, but 
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he died suddenly. 

At autopsy he was found to have thrombosis of the SMV and Its tributaries, with 
segmental Infarction of the Ileum. There was also thrombosis of the femoral and 
external Iliac veins. The Immediate cause of death was a pulmonary embolus. 

Prevalence: Mesenteric venous thrombosis (MVT) with Intestinal Infarction Is rare. ·- . 
At Montefiore Hospital, approximately 1 case per year Is seen (54). In a series of 
98 cases of Intestinal Infarction, only 15% were due to MVT (55). In addition, MVT 
does not always lead to intestinal ischemia. In an autopsy study from the Mayo 
clinic only 50% of patients with MVT had Intestinal Infarction (56). In 2 reports in 
which MVT was diagnosed by CT scan, Intestinal ischemia was present in only 1 
of 15 cases (57 ,58). 

Pathophysiology: The mesenteric venous system has extensive collaterals in both 
the bowel wall and mesenteric arcades. Bowel Infarction does not occur unless 
the arcades and vasa recta are clotted. Occlusion of the portal vein, superior 
mesenteric vein, or the larger tributaries often does not compromise the bowel. 
However, a small area of thrombus In the bowel wall and arcades can cause 
intestinal ischemia without Involvement of the central veins. Clot may begin in the 
central veins and propagate toward the bowel, or begin at the bowel and 
propagate centrally. 

Mesenteric venous thrombosis causes congestion, edema, and mucosal 
hemorrhage. Uke other forms of mesenteric vascular disease, It can be 
complicated by arterial spasm. 

Predisposing conditions 

Conditions which predispose to MVT Include: 

Abdominal Infections 
Inflammatory bowel disease 
Surgery, particularly splenectomy 
Abdominal malignancy 
Portal hypertension 
Sclerotherapy esoph. varices 
Hypercoagulable states 

Abdominal malignancies, particularly tumors of the pancreas and colon may 
compress or Invade the venous system, or lead to a hypercoagulable state. 
Mesenteric venous thrombosis has been reported as a complication of 
sclerotherapy for esophageal varices. Studies have shown that sclerosant may 
flow retrograde Into the portal vein, initiating clotting there (59-62). In one fatal 
case, the entire portal, splenic, and mesenteric venous system was found to be 
thrombosed(59). Vasopressin, which slows splanchnic blood flow, may contribute. 



Hypercoagulable states: A number of cases of MVT occur in hypercoagulable 
states. In addition to its association with tumors, MVT has been associated with 
sickle cell disease, thrombocytosis, polycythemia vera, pregnancy, and the use of 
birth control pills (63). 

In older series, 1 5-30% of cases of MVT were associated with recurrent deep 
venous thrombosis (DVT) of unknown cause (63). Since the 1980s we have been 
able to define several of the primary hypercoagulable states. 

In normal circumstances several anticoagulant mechanisms operate to prevent clot 
formation. These Include antithrombin Ill, protein C, and protein S. Antithrombin 
Ill Inactivates thrombin, especially in the presence of heparin. Protein C and 
protein S degrade activated factor V and VIII after exposure to thrombin and a 
cofactor on vascular Intimal surfaces (64). 

. Formation of the hemostatic plug.at the site of vascular 
Injury. Three major physiologic anticoa"ulant mechanism$-antl· 
thrombin Ill (AT Ill) protuin C, and the fibrinolytic system-are actl· 
vated to limit clot formation to the site of damage and to prevent 
senerallzed thrombOSIS. T;; thrombin. 

(Schafer, Ann Int Med, 1985) 
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The primary hypercoagulable disorders are listed In the table below. 

Primary Hypercoagulable States 

Antithrombin Ill deficiency 
Protein C deficiency 
Protein S deficiency 
Hypoplasmlnogenemla 
Abnormal plasminogen 
Plasminogen activator deficiency 
Dysflbrlnogenemla 
Factor XII deficiency 
Lupus anticoagulant 

27 

MVT has been reported with deficiency of AT Ill, protein C, and proteinS, so MVT 
should be considered in patients with abdominal pain and a history of previous 
DVT (65·68). 

Clinical presentation 

History: Symptoms of MVT are non-specific. The pain of MVT usually begins 
Insidiously, with gradual worsening over a period of days or even weeks. In one 
series of 20 patients, 12 had symptoms for more than 5 days, and 6 had pain for 
more than one month before seeking medical care (69). As In other forms of 
intestinal Ischemia, the pain Is often out of proportion to the physical findings. In 
contrast with Intestinal angina, fear of eating Is uncommon. Nausea and vomiting 
occur in about one · half of patients, and changes In bowel habits or 
gastrointestinal bleeding are less common. 

Physical examination: Physical examination Is also nonspecific. Abdominal 
tenderness and distention are common. Bowel sounds are usually hypoactive. 
Guarding, rebound tenderness, and low grade fever are present In about half the 
patients. 

Laboratory: WBC count is often elevated, but there are no other consistent 
laboratory abnormalities. 

X-ray: As in other forms of Intestinal Ischemia, plain abdominal x-rays usually 
show only dilatation, but may show edema and thumbprinting, which may also be 
seen on barium studies (70). 

Arteriography: If arteriography is done, Intense and prolonged opacification of the 
capillary phase Is seen, with poor or no venous return. As discussed, arterial 
spasm is common. 

Sonography and CT: Sonography may demonstrate edema of intestinal loops, and 
a small amount of ascites, which when tapped will be bloody. Abdominal gas may 
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make evaluation of mesenteric veins difficult (71 ). 

CT scan may be the best single diagnostic study for making the diagnosis of MVT. 
Contrast enhanced CT scanning will disclose not only bowel edema and ascites, 
but clot can be visualized in the superior mesenteric vein (57,58,71 ,72). 

The diagnosis of MVT Is difficult because of Its insidious and non-specific 
presentation. The key to the diagnosis, Is a high level of suspicion In patients 
with abdominal pain and a condition predisposing to MVT. As In acute mesenteric 
Ischemia, most cases are diagnosed at laparotomy or In the course of 
Investigating some other possibility. 

Treatment 

Many patients will have surgery for diagnosis or because they have peritonitis. 
If a short segment of necrotic bowel Is found, It Is resected with generous 
margins, and anticoagulation Is started promptly. When a long segment is found, 
frankly necrotic bowel Is resected, but marginal bowel Is not. Thrombectomy may 
be attempted. Anticoagulation and Intraarterial papaverine are started, and a 
second look surgery is planned (54). 

When the diagnosis Is made before the development of peritonitis, it may be 
possible to start anticoagulation and follow the patient closely. A number of cases 
have been managed successfully with anticoagulation alone (57, 71 , 72). 

Prognosis 

The prognosis of MVT Is considerably better than that of arterial thrombosis. 
Smaller segments of bowel are usually Involved. With heparinization, survival rates 
are approximately 80%, although they depend on age and associated conditions. 

Review of case presentation: The clinical presentation and CT findings were 
suggestive, but were not appreciated at the time. Edematous bowel loops with a 
small amount of bloody ascites made mesenteric Ischemia likely. Anticoagulation 
early In the course might have prevented the progression to bowel infarction and 
the pulmonary embolism. This patient may have had a primary hypercoagulable 
condition, since he was found to have both mesenteric and systemic venous 
thrombosis. 

MESENTERIC ARTERITIS 

Various forms of arteritis may involve the gastrointestinal tract. These include 
polyarteritis nodosa, SLE, and rheumatoid arthritis. 

Arteritis causes Ischemia of short segments of bowel, rather than generalized 
ischemia. Systemic symptoms usually are related to the arteritis. 
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There are several patterns of clinical presentation in mesenteric arteritis. Mucosal 
ulceration may cause acute bleeding. Stricture may form, causing symptoms of 
small bowel obstruction. The combination of mucosal disease and partial 
obstruction may be difficult to distinguish from Crohns disease. 

A local area of transmural infarction, with perforation presents as the sudden onset 
of pain with localized peritoneal signs, like appendicitis, cholecystitis, or 
diverticulitis. 

COCAINE AND INTESTINAL ISCHEMIA 

Cocaine abuse causes myocardial ischemia and infarction (Lange, R.A., 
Cardiovascular Complications of Cocaine Use, Medical Grand Rounds, U.T. 
Southwestern Medical School, 1990). There have also been reports of Intestinal 
Ischemia associated with cocaine (73-76). In one report, a patient gave a history 
of recurrent right sided abdominal pain and diarrhea within 15 minutes of using 
cocaine. A more severe episode lead to hospitalization and surgery, at which time 
an Ischemic right colon was resected. Other cases have involved the small bowel. 
In all the reports the patients were young, and none had stenosis of the major 
vessels. Cocaine causes mesenteric vasoconstriction. This may be the 
mechanism of intestinal ischemia, but members of our cardiology section have 
noted that cocaine may also cause fibrointimal injury, with hyper-reactivity and a 
proliferative response, In the coronary arteries. (Eichorn, E.,et al, unpublished 
data). 

EXERCISE AND INTESTINAL ISCHEMIA 

Many runners are familiar with •runners trots•, or symptoms of abdominal cramping 
and diarrhea which may occur during exercise. Occult gastrointestinal blood loss 
is common in marathon runners (77). Occasionally, overt hematemesis or rectal 
bleeding occur. After his world record marathon in 1979, Derek Clayton related 
that he was -vomiting black mucus and had a lot of black diarrhea. • A number of 
reports have documented ischemic colitis in runners (78-81 ). In one report, 34 
year old Swiss woman was hospitalized with abdominal pain and bleeding after 
a 15 km. mountain race, and found to have hemorrhagic gastritis and extensive 
ischemic colitis. Using duplex scanning, the same authors found a 70% fall In 
mesenteric blood flow In another symptomatic runner (79). •Runners trots• are 
probably due to mild intestinal ischemia. Runners who become volume depleted, 
or have unfavorable mesenteric arterial anatomy, may develop more severe 
mesenteric ischemia and mucosal damage. 
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