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SUMMARY
Background: Acute mesenteric ischemia is still fatal in 50% to 70% of 
cases. This consensus paper was written with the participation of phy -
sicians from all of the involved specialties for the purpose of improving 
outcomes. Mesenteric ischemia must be recognized as a vascular emer -
gency requiring rapid and efficient clinical evaluation and treatment.

Methods: We reviewed pertinent literature that was retrieved by a PubMed 
search on the terms “mesenteric ischemia” AND “arterial” OR “venous” OR 
“clinical presentation” OR “diagnosis” OR “therapy” OR “surgery” OR “ 
 interventional radiology.” Our review also took account of the existing 
guidelines of the American College of Cardiology/American Heart Associa -
tion. Intensive discussions among the participating physicians, repre -
senting all of the specialties involved in the management of mesenteric 
ischemia, led to the creation of this interdisciplinary paper. 

Results: Biphasic contrast-enhanced computerized tomography is the diag-
nostic tool of choice for the detection of arterial or venous occlusion. If 
non-occlusive mesenteric ischemia is suspected, angiography should be 
performed, with the option of intraarterial pharmacotherapy to induce local 
vasodilation. Endovascular techniques have become increasingly important 
in the treatment of arterial occlusion. Embolic central mesenteric artery 
 occlusion requires surgical treatment; surgery is also needed in case of 
peritonitis. Portal-vein thrombosis can be treated by local thrombolysis 
through a transhepatically placed catheter. This should be done within 3 to 
4 weeks of the event to prevent later complications of portal hypertension. 

Conclusion: Rapid diagnosis (within 4 to 6 hours of symptom onset) and in-
terdisciplinary cooperation in the provision of treatment are required if the 
poor outcome of this condition is to be improved.
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T he mortality rate of acute mesenteric ischemia 
(AMI) is 50% to 70% and has remained at this 

high level for decades (1). The reasons for this are on 
the one hand insufficient understanding of its clinical 
picture in differential diagnosis of abdominal pain, 
when it is not considered, and on the other hand an 
 unacceptable time delay before treatment even when a 
diagnosis of AMI is considered (2). This is often caused 
by the time-consuming use of inappropriate diagnostic 
procedures. As a result, even when mesenteric infarc-
tion is suspected diagnosis takes an average of 
7.9 hours, and treatment another 2.5 hours before 
 mesenteric reperfusion is achieved (3). Even a warm 
ischemia time of 6 hours leads to disintegration of the 
mucosal barriers with translocation. This is followed by 
morphological alterations of the intestinal wall.

While in total only around 1% of all patients with 
acute abdomen have AMI, AMI is the cause of acute 
abdomen in up to 10% of patients aged over 70. The 
following are predisposing risk factors: heart failure, 
atrial fibrillation, coronary heart disease (CHD), arter-
ial hypertension, and peripheral arterial occlusion (4, 5) 
(Box).

The aim of this consensus paper is to describe the 
emergency nature of this disorder and to outline a pro-
cedure that might reduce its high mortality rate (Figure 
1). The analysis contains a review of the literature per-
formed using PubMed and the term “mesenteric 
 ischemia” in line with the guidelines of the American 
College of Cardiology (ACC)/American Heart Associ-
ation (AHA). This was the basis for comprehensive 
 coordination between the involved specialties, in order 
to develop an interdisciplinary concept.

Occlusive mesenteric ischemia
Pathophysiology and clinical features
The superior mesenteric artery (SMA) forms a vulner-
able functional terminal vascular bed running from the 
central collateral blood supply to the mobile convolute 
of the small intestine. It is affected in 85% of all cases 
of enteric ischemia. Within 6 hours, an acute complete 
disruption to intestinal blood supply leads to irrevers-
ible mucosal ischemia with cellular energy loss and 
leucocyte infiltration, accompanied by the formation of 
oxygen radicals (6). 

Clinically the initial stage, characterized by sudden-
onset, cramp-like abdominal pain, is followed after 

Department of General, Thoracic, Vascular and Transplantation Surgery, University Medical Center Rostock: 
 Prof. Dr. med. Klar

Department of Cardiothoracic Surgery, Cardiac Center, University Hospital of Cologne:  
PD Dr. med. Rahmanian

Department of Diagnostic and Interventional Radiology, Saarland University Medical Center, Homburg/Saar: 
 Prof. Dr. med. Bücker

Institute of Diagnostic and Interventional Radiology, University Medical Center Rostock:  
Prof. Dr. med. Hauenstein

Surgical Clinic and Policlinic, Großhadern Hospital, Ludwig-Maximilians-Universität, Munich:  
Prof. Dr. med. Dr. h.c. Jauch

Department of Vascular Surgery at HELIOS Klinikum Krefeld:  
Prof. Dr. med. Dr. phil. Luther

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2012; 109(14): 249–56 249



M E D I C I N E

 approximately 3 to 6 hours by a deceptive pain-free in-
terval caused by a decline in intramural pain receptors 
as a result of sustained underperfusion of the intestinal 
wall. Subsequently, the mucosal barriers collapse, with 
bacterial translocation and gangrene of the wall of the 
intestine with peritonitis resulting from bacterial 
 infiltration, ileus, sepsis, and multiorgan failure.

Parameters for prognosis
The decisive predictive factors for AMI progression 
are time to diagnosis and to enteric revascularization, 
location and etiology of AMI, and patient age and 
 comorbidities. Thus the mortality rate rises from 0% 
to 10% with swift treatment to 50% to 60% with 
 delays of 6 to 12 hours and 80% to 100% with delays 
of more than 24 hours after symptom onset (7). Turning 
to location, peripheral AMI is associated with lower 
mortality rates than central occlusion, as a result of 
better collateral growth capacity. Surprisingly, the 
prognosis of the non occlusive form of AMI is worse 
than that of the occlu sive form, because as a result 
 of its uncharacteristic clinical presentation the former 
is often diagnosed too late and so causes irreversible 
damage.

Among the many serum parameters that have been 
investigated there is no sufficiently sensitive or specific 
marker to guarantee diagnosis of AMI. The diagnostic 

significance of serum lactate is generally overesti-
mated. Although AMI mortality is associated with high 
lactate serum values, a normal serum lactate value does 
not rule AMI out (8). Increased D-dimer levels are 
equally nonspecific (9).

Diagnosis
AMI must be diagnosed urgently. The optimum time 
for imaging differs for the acute occlusive and acute 
nonocclusive forms of mesenteric ischemia (Box).

When acute occlusive mesenteric ischemia is 
 suspected, biphasic contrast-enhanced computed 
 tomography with three-dimensional multiplanar recon-
struction (MPR-CT) is the diagnostic tool of choice. 
MPR-CT should include the whole abdomen, in both 
the arterial and the venous phases. Pragmatically, it can 
be assumed that the widespread use of initial abdominal 
plain film does not lead to any significant time delay, 
and the possibility of detecting free abdominal air can 
yield substantial benefits for differential diagnosis 
 between mesenteric ischemia and hollow organ per -
foration. If abdominal plain film cannot reliably distin-
guish between mesenteric ischemia and other clinical 
pictures, computed tomography (CT) must be used 
 immediately in addition (Figure 2). It is essential to 
 define the suspected diagnosis when requesting diag-
nostic  imaging. Both to save time and to achieve better 

BOX

Clinical manifestation, risk factors, and classification of acute  
mesenteric ischemia
● Arterial occlusive
Sudden occlusion of the superior 
mesenteric artery by an embolus or 
thrombus in patients with preexisting 
wall alterations

Predisposition:
–  Cardiac arrhythmia, particu-

larly atrial fibrillation
– Coronary heart disease, clini-

cal status following myocardial 
infarction

– Peripheral arterial occlusive 
disease (PAOD)

Clinical manifestations:
– Sudden-onset abdominal pain
– Pain-free interval approxi-

mately 6 to 12 hours after 
symptom onset

– Subsequent gangrene of the 
intestine with peritonitis  

● Arterial nonocclusive
Ischemia caused by reduction in 
cardiac output with reactive vessel 
spasm mesenterically

Predisposition:
–  Clinical status following heart 

surgery with extracorporeal 
circulation, particularly with 
complicated disease course

– Long-term hemodialysis
– Digitalis medication

Clinical manifestations:
– In responsive patients: in-

creasing abdominal pain
– In intubated patients: abdomi-

nal distension, increase in in-
flammatory parameters, signs 
of sepsis

● Venous
Thrombosis of the mesenteric-
 portal axis

Predisposition:
– Paraneoplasia
– Pancreatitis, pancreatic 

 carcinoma
– Congenital thrombophilia (e.g. 

AT III deficiency, protein C 
deficiency, protein S deficiency)

– HCC (hepatocellular carcino-
ma) with macrovascular in-
vasion

Clinical manifestations:
– Dependent on severity of 

thrombosis
– Often nonspecific abdominal 

complaints lasting several 
days

– Venous infarction with peritoni-
tis in a minority of cases
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representation of alterations in the intestinal wall, oral 
contrast should not be used. After administration of in-
travenous contrast substance, an arterial and a venous 
phase are routinely performed. The venous phase is 
 essential for the diagnosis of mesenteric venous throm-
bosis. The universal availability and the quality of 
multidetector computed tomography (MDCT) allows 
sufficient enhancement of the mesenteric vessels. 
Three-dimensional reconstruction by CT angiography 
accurately depicts the mesenteric vascular anatomy. As 
a result, catheter angiography is becoming less popular 
(10). In addition to examining the wall of the intestine, 
the main advantages of multidetector CTA over 
 catheter angiography are its use in ruling out other 
 disorders during differential diagnosis of AMI. The 
sensitivity and specificity of MPR-CT are 93% and 
100% respectively; its positive and negative predictive 
values are between 94% and 100% (11). 

Because mesenteric ischemia generally leads to dis-
tension of the intestinal loops, ultrasound should not be 
used for examination (Class III recommendation, level 
of evidence C, according to ACC/AHA guidelines). 
 Although magnetic resonance imaging (MRI) can 
 theoretically be used for diagnosis, computed 
 tomography should be preferred because of the time it 
saves.

Treatment
AMI is a vascular emergency with comparable urgency 
to myocardial infarction or apoplexy. If treated during 
its initial stage, its mortality rate is less than 30%. If 
treatment is begun more than 6 to 8 hours after 
 symptom onset, however, the mortality rate increases 
exponentially (6).

Basic intensive care treatment
Every patient with AMI should concomitantly receive 
emergency diagnosis and treatment according to the 
principles of intensive care. The first procedure is 
 intravascular fluid replacement to stabilize hemo -
dynamics, as volume displacement to the ischemic 
 portions of the intestines and general endothelial disin-
tegration occur within a few hours. In order to prevent 
exacerbation of thromboembolic occlusion, immediate 
anticoagulation should be performed using 5000 IU 
 heparin IV followed by perfusor-directed application at 
an initial dose of 20 000 IU heparin/24 hours. Anti-
biotic treatment must be started concomitantly (e.g. 
second-generation cephalosporin plus metronidazole).

Endovascular techniques
The recommendations for treatment provided below 
are based on retrospective cohort studies with popu-
lations of between 67 and 76 patients (12–14) and one 
case study (15). Because of patients’ high comorbidity 
rate (average age above 68 years) and the major access 
trauma of open vascular reconstruction, and thanks to 
the advances in endovascular techniques, indirect ca-
theter techniques using transfemoral or transaxillary 
access should be favored when possible (12). The 
 filigrane catheter and stent technologies available today 
can often be used instead of open vascular reconstruc-
tion. Choice and applicability of method are 
 determined by the cause of AMI and the condition of 
the patient (Table). In particular, clinical manifestations 
of peritonitis or evidence of pre-existing gangrene of 
the intestine, which can be identified using computed 
tomography on the basis of gas in the wall of the 
 intestine or the portal venous system (portal gas), rule 

Suspected mesenteric ischemia (arterial)

Laparotomy

Peritonitis

Remaining 
intestine 
too short

Remaining 
intestine 
sufficient

CT/CT angiography

No peritonitis

Central Peripheral Suspected  NOMI

No 
resection

Interventional 
radiology

Interventional 
radiology

Interventional 
radiologySurgery

Catheter
embolectomy 

and lysis, 
possibly stent 

Lysis, 
vasodilation

Vasodilation
(also postsurgery 

following 
resection)

Embolectomy

Resection

FIGURE Procedure for 
diagnosing and 
treating acute 
mesenteric 
 ischemia
NOMI: nonocclusive 
mesenteric ische-
mia
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out percutaneous endovascular therapies and are a 
 direct indication for surgery.

Endovascular treatment includes the possibility of 
angiographically-directed catheter-aspiration embolec-
tomy and/or catheter lysis with recombinant tissue 
 plasminogen activator (rt-PA), urokinase, or pharmaco-
therapy with prostaglandin E1 (16). In such cases, frac-
tionation of the thrombus using a guide wire increases 
the surface area that comes into contact with the 
 fibrinolytic agent and so speeds up dissolution of the 
thrombus. The aim is to reopen the main arterial 
branches of the SMA, as this will allow even remaining 
occlusion to be well compensated for as a result of 
good collateral growth.

If fibrinolysis and/or pharmacotherapy reveal 
changes in the vessel wall, stent PTA (percutaneous 
transluminal angioplasty) via the femoral artery can 
rechannel arteriosclerotic vessel occlusions or stenoses 
or at least facilitate a bridging reperfusion across the af-
fected area (Figure 3). If the abdomen is open, this 
possibility is offered by retrograde catheterization of 
the peripheral SMA with intervention in the central 
 segment (15).

Options for surgical treatment
Immediate surgical intervention remains the treatment 
of choice for central occlusion of the SMA, failure of 
endovascular treatment, or peritonitis. Cooperation 
 between visceral and vascular surgeons is essential for 
this. Treatment is guided by the principle of arterial 
reperfusion before intestinal resection is considered. 
From a vascular point of view, mastery of embolec-
tomy as well as reconstruction techniques for visceral 
arteries is required (13). Curing abdominal infection, 
on the other hand, involves identifying and resecting 
 irreversibly ischemic portions of the intestine. Because 
damage to the inner mucosal layer is usually consider-
ably more extensive than can be identified externally, 
continuity resections of the intestine must be consid -
ered very carefully. If relative ischemia of nonresected 
portions of the intestine is underestimated and an 
 anastomosis is created, this results in failure of the 
 anastomosis and a dramatically increased mortality rate 
(14). In case of doubt, the ends of the intestine classi-
fied as worth preserving should be placed outside the 
abdominal wall, as this offers a more favorable progno-
sis. It also allows endoscopic follow-up.

If any preserved portions of the intestine have uncer-
tain reperfusion, second-look surgery must be per -
formed within 12 hours of initial surgery. In addition, 
repeat exploration is indicated if the patient’s condition 
fails to stabilize.

If resection of larger portions of the intestine is 
necessary, the following minimum remaining intestinal 
lengths must be respected (17):
● 100 cm for terminal jejunostomy (colon removed)
● 65 cm for jejunocolic anastomosis (colon re-

tained)
● 35 cm for jejunoileal anastomosis with retention 

of the ileocecal region.

Figure 2: Com-
puted tomography 

following IV 
contrast adminis-

tration (arterial 
phase) with evi-

dence of occlusion 
of the superior 

mesenteric artery 
close to its origin, 

by an embolus 
(arrow). Distension 
of the represented 
portions of the in-

testine as a sign of 
paralytic ileus

TABLE 

Endovascular treatment for AMI

AMI: acute mesenteric ischemia; IA: intraarterial; rt-PA: recombinant tissue plasminogen activator;  
PTA: percutaneous transluminal angioplasty; TIPS, transjugular intrahepatic portosystemic stent shunt

Treatment

Arterial

Transfemoral aspiration 
 embolectomy

IA continuous drug perfusion 
 (papaverine, prostavasin, heparin)

Local fibrinolysis (rt-PA)

Stent PTA

Portal venous (transjugular transhepatic)

Portal venous rechanneling

Portal decompression (TIPS)

Indication

Large embolus close to outlet

Peripheral embolism with  
no peritonitis, 
nonocclusive ischemia

Peripheral embolism with  
no peritonitis, 
as diagnostic technique for cases  
of stenosis

Stenoses and occlusions close  
to outlet

Ischemia of the wall of the intestine  
in cases of mesenteric/portal  
venous thrombosis

Portal hypertension with venous  
ischemia of the wall of the intestine 
caused by congestion

Level of 
evidence

IIa, C

IIa, C

IIa, C

I, B

IV

IV
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Figure 3:  
Stent PTA of the  
superior mesenteric 
artery following  
fibrinolysis  
of a thrombotic  
occlusion.  
PTA: percutaneous 
transluminal angio-
plasty

Figure 4:  
NOMI following 
heart surgery 
 before and after 
 intraarterial prosta-
vasin infusion.  
NOMI: nonocclusive 
mesenteric 
 ischemia
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Failure to respect these minimum values leads to 
short bowel syndrome. This requires long-term paren-
teral nutrition and possibly a small intestine transplant. 
Depending on the patient’s comorbidities and age, the 
aim of treatment may then need to be changed (to 
 palliative care).

Postreperfusion phase
Intensive care must be continued until all infection par-
ameters return to normal values and all organ function 
is stable. In particular, the end products of infection and 
ischemia and bacterial translocation can lead to a septic 
clinical picture in the longer term, and long-term 
 artificial ventilation and dialysis are therefore not 
 uncommon. In the initial postoperative phase it is 
 particularly important to be vigilant for the effects of 
ischemia/reperfusion on abdominal, cardiac, pulmo -
nary, and renal function, due to the risk of secondary 
organ failure. Subsequent follow-up consists of duplex 
ultrasound examination of the intestinal arteries and 
elimination of relevant risk factors.

Nonocclusive mesenteric ischemia
Clinical manifestations
Nonocclusive mesenteric ischemia (NOMI) is mesenteric 
underperfusion with reactive vascular spasm. It  affects 
various portions of the intestine to varying extents, up 
to and including gangrene. The mortality rate of NOMI 
has been described at the constantly high level of 50% 
to 70% in recent years, which highlights the need for 
prompt diagnosis and treatment (18). NOMI occurs most 
frequently in two very different scenarios:
● Long-term hemodialysis: caused by fluid loss 

with hypovolemia. After the onset of abdominal 
pain, volume replacement alone cannot interrupt 
intestinal vascular spasm.

● Clinical status following heart surgery with extra-
corporeal circulation: NOMI manifests after 
 approximately 0.5% to 1% of all heart operations 
(8, 19). Etiology depends on multiple factors. On 
the one hand, a reduction in cardiac output or a 
perioperative hypotonic phase can lead to vascu-
lar constriction of the splanchnic flow as a classi-
cal shock reaction. On the other hand, heart-lung 
machines can also contribute to reduced 
 splanchnic blood flow. A generalized inflamma-
tory reaction, laminar blood flow with no signifi-
cant difference between systolic and diastolic 
pressure, and vasopressors that must be adminis-
tered for heart surgery all play a role (20). Other 
risk factors for NOMI include patient-related fac-
tors such as age, limited left ventricular pump 
function, peripheral vascular and cerebrovascular 
diseases, and renal failure; and surgical factors 
such as bypass time, and the need for an intra -
aortic balloon pump. Diagnosis of NOMI is 
 complicated by the fact that initial symptoms are 
usually nonspecific and often begin during an 
 unstable phase when patients are frequently 
 receiving sedation, analgesia, and/or artificial 

ventilation. Increased lactate levels are not con-
clusive, because they can also be observed after 
surgery involving heart-lung machines even with-
out mesenteric ischemia (21).

Diagnosis and treatment
The first step in cases of suspected NOMI is catheter 
angiography (digital subtraction angiography, DSA) 
(Class I recommendation, level of evidence B, accord-
ing to ACC/AHA guidelines), as the treatment of 
choice is the selective application of vasodilators into 
the SMA (PGE1 alprostadil 20 µg bolus, followed by 
perfusor-directed 60 to 80 µg/24 hour; alternative: 
PGI2 epoprostenol 5 to 6 ng/kg/min heparin IV 
20 000 IU/24 hour). This can successfully interrupt 
generalized vascular spasm. For patients with sus-
pected NOMI who generally require catecholamine 
therapy, vasodilators are largely catabolized as they 
pass through the liver, so no systemic effect or resulting 
neutralization of the effect of catecholamine is to be 
 expected. Follow-up angiography is used to verify the 
efficiency of vasodilation (Figure 4). Surgery is 
required only when there is clinical evidence of perito-
nitis or for intubated patients with secondary disruption 
to organ function. It is indicated only for the resection 
of irreversibly damaged portions of the intestine.

Venous thrombosis
In most cases, venous thrombosis only leads to irre-
versible damage to the intestinal wall if it is centrally 
located and affects several areas downstream (22). 
Thrombosis of the superior mesenteric vein alone is 
also usually effectively compensated for by sufficient 
collateral vessel formation, even in central segments. In 
contrast, additional complete thrombosis of the portal 
vein leads to venous infarction of portions of the small 
intestine, of varying severity.

Clinical manifestation is often nonspecific and 
 frequently does not lead to targeted diagnosis for 
 several days. Biphasic contrast-enhanced CT with 
three-dimensional MPR reconstruction (MPR-CT) is 
the diagnostic tool of choice for imaging venous throm-
bosis, thickened walls of the intestine, and ascites. To 
prevent intestinal gangrene, the technique of choice is 
rechanneling via transjugular transhepatic access, 
 possibly implanting a stent-shunt (TIPS, transjugular 
intrahepatic portosystemic stent shunt) (23, 24). For 
septic thromboses, systemic antibiotic treatment must 
be administered first, as rechanneling of the portal 
 venous system can cause microbes in the thrombus to 
be released into the bloodstream. For peritonitis requir -
ing laparotomy, a catheter can be transmesenterically 
placed before or in the thrombus intraoperatively, for 
subsequent local lysis. rt-PA 2 mg/hour is administered 
for 2 to 3 days, with daily angiographic monitoring. 
Just a few hours after thrombosis, the venous endothe-
lium has undergone inflammatory alterations. Surgical 
thrombectomy is therefore performed only in 
 exceptional circumstances, as there is a high repeat 
thrombosis rate.
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If the portal vein is affected, endovascular 
rechannel ing is always recommended, even if the pa-
tient presents after a delay (1 to 3 weeks) and intestinal 
perfusion appears to be clinically compensated for. In 
these cases, long-term life-limiting secondary compli-
cations of portal hypertension, particularly varices of 
the esophagus, fundus, and corpus with upper gastroin-
testinal bleeding, must be prevented.

Conclusion
The mortality rate of mesenteric arterial ischemia 
 remains high, making it necessary to review the 
 diagnostic and therapeutic approach to it. Mesenteric 
infarction is a vascular emergency and must be con-
sidered as such by physicians. Time-saving and conse-
quent treatment are the decisive factors in prognosis. 
Emergency diagnosis must involve biphasic contrast-
enhanced CT only, as this allows all treatment options 
to be deduced swiftly. Endovascular treatment tech-
niques should be preferred, in order to place less of an 
additional burden on patients, most of whom have 
multiple morbidities. Immediate laparotomy must be 
performed for acute abdomen. Swift revascularization 
of the intestine is the primary aim of treatment. 
 Irreversibly damaged portions of the intestine must be 
resected.
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