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International Hospital, Tokyo, Japan

Received: December 22, 2010; Accepted: March 25, 2011
Corresponding author: Toshinobu Kazui, MD. Cardiothoracic 
Surgery Research Laboratory, Washington University in St. Louis 
School of Medicine, Box 8234 3308 CSRB 660 South Euclid, St. 
Louis, Missouri 63110, USA
Email: tokaz73@gmail.com
©2011 The Editorial Committee of Annals of Thoracic and 
Cardiovascular Surgery. All rights reserved.

We report two cases of non-obstructive mesenteric ischemia (NOMI), a rare but potentially 
lethal complication after cardiovascular surgery, which was successfully managed. In both 
cases (a 74-year-old chronic hemodialysis patient who underwent emergency aortic valve 
replacement and coronary artery bypass graft (CABG), and a 74-year-old patient who 
underwent emergency abdominal aortic aneurysm operation), NOMI occurred early postop-
eratively (on day 8 and 22, respectively). They suffered from severe abdominal pain, confu-
sion, and metabolic acidosis. Contrast-enhanced multi-detector CT (MDCT) scan and subse-
quent selective mesenteric angiography revealed characteristic signs of NOMI, for which 
selective papaverine infusion through the angiography catheter was performed. It was effec-
tive in both cases to halt progressive bowel ischemia and bided our time to perform a hemi-
colectomy of the necrotic segment. Contrast-enhanced MDCT scan and subsequent selective 
angiography are vital for diagnosis. If the condition does not improve after selective papaver-
ine infusion, exploratory laparotomy and resection of necrotic intestinal segment should be 
performed immediately.
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Introduction

Although non-occlusive mesenteric ischemia (NOMI) 
is a rare complication after cardiovascular surgery (with 
the frequency between 0.1 and 0.87%).1,2) It is a devastat-
ing condition with poor prognosis, with reported morality 
rates ranging from 30% to 93%.3–5)

Here, we report two consecutive cases of NOMI, for 
whom contrast-enhanced multi-detector CT (MDCT) 

scan and subsequent selective angiography could offer 
precise and relatively early diagnosis. Selective infusion 
of papaverine following angiography effectively con-
tained necrosis process and enabled us to have time for 
laparotomy and necessary surgical procedures.

Case Report

Case1
A74-year-old woman with chronic obstructive pulmo-

nary disease (COPD) was referred to our hospital with 
the diagnosis of impending rupture of abdominal aortic 
aneurysm (AAA) with intestinal obstruction. She under-
went an emergency aneurysmectomy and prosthetic 
grafting for AAA. After subsidence of the abdominal 
pain probably originated from surgical wound, the pain 
recurred and progressively increased with restlessness at 
13:00 on 22nd postoperative day. Blood analysis at 20:00 
showed metabolic acidosis (arterial pH, 7.34; the base 
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excess－3.2) (Fig. 1), but LDH and CK were within the 
normal range (195 IU/L and 20 IU/L, respectively). A 
contrast-enhanced MDCT scan at 18:45 showed enlarged 
segments of ascending to transverse colon with the wall 
flaccid and thinned (Fig. 2). Wall in these segments were 
poorly dyed with the contrast medium. No mesenteric 
torsion leading to mechanical obstruction was found. 
Also, proximal mesenteric trunk was patent with no signs 
of thrombotic and/or embolic arterial obstruction. These 
findings, the bowel ischemia without major arterial ob-
struction, strongly suggested the occurrence of NOMI, 
which lead us to perform subsequent selective mesenteric 
angiography for the definitive diagnosis. It was performed 
at 20:30. It revealed that proximal superior mesenteric ar-
tery (SMA) with diffusely spastic distal branches. Inflow 
velocity of the contrast medium was significantly de-
creased (Fig. 3A). After selective drip infusion of papav-
erine (40 mg/min), which was started from 20:40, 
through the angiography catheter into SMA, distal perfu-
sion was improved (Fig. 3B), and the filling velocity of 
contrast medium was significantly increased. Although 

her pain decreased to a considerable extent, remaining 
colon ischemia was suspected as the residual abdominal 
symptom did not disappear completely. Considering pos-
sible grave consequence of NOMI when treated belatedly, 
subsequent exploratory laparotomy was performed, in 
which colon segments supposedly involved in NOMI 
showed good appearance with recovered perfusion so 
that any colonic resection did not seem necessary. The 
papaverine infusion had been continued for 36 hours 
from the beginning. She completely recovered from se-
vere abdominal pain at the end of the infusion, we de-
cided to stop it. Although she needed a long time to re-
cover because of the presence of COPD and muscle 
weakness, finally, she was able to leave the hospital on 
postoperative day 79.

Case2
A78-year-old man with chronic renal failure and he-

modialysis-dependent (HD) was referred to our depart-
ment for surgical treatment. His condition was diagnosed 
as unstable angina with triple vessel disease, and aortic 

Fig. 1
 A: Sequential changes of laboratory data in Case 1. The black arrow shows the timing of operation. The white arrow shows 

the timing of angiography.
 B: Sequential changes of laboratory data in Case 2. The white arrow shows the timing of angiography.

A     B
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Fig. 2 Abdominal CT of Case 1.
 There was no mesenteric torsion. The intestinal wall of the segment of luminal dilatation (from 

ascending to transverse colon) was flaccid and thin and was poorly dyed with contrast medium.

Fig. 3
 A: Selective superior mesenteric angiography before papaverine infusion in 

Case1. Prominent vasoconstriction with poor distal opacification of peripheral 
vessels was found. Inflow velocity of contrast medium was decreased.

 B: Selective superior mesenteric angiography after papaverine infusion in Case1. 
Distal perfusion of superior mesenteric artery became better. Inflow velocity 
of contrast medium was normalized.
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valve stenosis. Echocardiography showed a transvalvular 
peak pressure gradient of approximately 60 mmHg. Al-
though cardiac contractility was preserved, with the left 
ventricular ejection fraction measured on echocardiogra-
phy of approximately 70%, his cardiac pumping function 
failed to achieve a sufficient output and blood pressure. 
Expeditious intra-aortic balloon pump support was estab-
lished, and emergency combined surgery of coronary ar-
tery bypass grafting with five distal anastomoses and 
aortic valve replacement using a mechanical valve pros-
thesis was subsequently performed. Although immediate 
postoperative recovery was smooth, his consciousness 
level deteriorated to stupor during HD on postoperative 
day 8. He also had abdominal pain and bloody stool at 
14:00 after the HD. Laboratory data showed metabolic 
acidosis (arterial pH of 7.398 and the base excess －9.7) 
with increased lactate concentration (10.4 mmol/L) and 
LDH 1225 IU/L. (Fig. 1B). An abdominal roentogeno-
gram showed gas in the small bowel and dilated colon, 
both abnormal findings which prompted us to perform 
contrast-enhanced MDCT scan. On CT which was per-
formed at 15:35, no mesenteric torsion leading to bowel 
obstruction was found. In transverse to descending colon, 
the wall was found thin, with the lumen significantly di-
lated, and poorly dyed with the contrast medium such as 
case 1. Subsequent selective mesenteric angiography was 
performed at 18:40 and it revealed the same findings in 
Case 1. With the diagnosis of NOMI, selective continuous 
infusion of papaverine (40 mg/min), which was started at 
18:45, was performed as in the first case. Distal perfusion 
of SMA was improved, and inflow velocity of the con-
trast medium was increased, as well. Considering the 
persisting acidosis and lactate accumulation, and with 
betting the improvement of the whole bowel perfusion by 
papaverine infusion, which was still going on (Fig. 1B), 
subsequent expeditious laparotomy was performed. On 
laparotomy, necrosis was contained to lower half of the 
colon, which was resected. Colostomy was made with the 
ascending colon stump. The papaverine infusion was 
continued for 48 hours from the beginning. He recovered 
from abdominal pain at the end of the infusion. The path-
ological findings of the resected colon showed neutrophil 
infiltration of all layers of the wall and necrosis of intesti-
nal mucosa. Although he was complicated with superfi-
cial wound infection, postoperative recovery was good 
with angiographically proved wide patency of all coro-
nary grafts and excellent cardiac and aortic valvular 
prosthetic functions demonstrated by echocardiography. 
He was discharged on foot on 23rd postoperative day.

Discussion and Conclusion

Ever since NOMI (non-obstructive mesenteric isch-
emia) was first described in literature in 1958,6) it has 
been a rare and devastating disease. NOMI accounts for 
10%–20% of all cases of acute mesenteric ischemia. It 
has been recognized as a difficult disease to treat because 
its onset of symptoms is so vague that the treatment tends 
to delay.7) An early diagnostic workup and expeditious 
treatment is mandatory to improve clinical outcome.

The risk factors of NOMI have been reported such as 
older age, low cardiac output which leads to peripheral 
hypoperfusion, vasoconstrictors like ergotamine, diuret-
ics like furosemide, digitalis, and causes which can lead 
to vasoconstriction such as shock, dehydration, hypoten-
sion, condition after hemodialysis and heart surgery or 
major abdominal surgery.1,5,8,9)

Lacking clear clinical symptoms makes NOMI a diffi-
cult disease to diagnose. Early symptoms are frequently 
absent or limited to abdominal discomfort and/or restless-
ness. Howard and his colleagues described the diagnostic 
dilemma of NOMI. In their retrospective study, which in-
cluded 113 patients with acute mesenteric ischemia, 12% 
of the patients were shown to have NOMI in whom 
abdominal pain was absent in 23%.7) Our patients fortu-
nately showed certain clear clinical symptoms at an early 
stage, which might contribute to expeditious treatment, 
which seemed vital for saving the life of the patient with 
NOMI.

Despite of technical evolutions of non-invasive modali-
ties, such as CT, MR, ultrasonography, selective digital 
subtraction angiography (DSA) of the mesenteric arteries 
is still the gold standard for the diagnosis. Patent proxi-
mal mesenteric trunk without any signs of thrombotic/
embolic occlusion, and diffuse peripheral vasospasm are 
characteristic and definitively diagnostic of NOMI.2) Al-
though blood markers such as elevation of lactic acid, 
LDH, and/or CK may help doubt the presence of on-going 
NOMI, these are nonspecific.1,10) In case 1, we didn’t ob-
serve much elevation of these measurement value as in 
case 2. In our experience, contrast-enhanced multi-detec-
tor CT (MDCT) scan was remarkably useful in the diag-
nosis of NOMI. The combined findings of mechanical 
intestinal obstruction (absence of mesenteric torsion), di-
lated intestinal segment with flaccid and thinned wall 
poorly dyed with the contrast medium, and patent proxi-
mal mesenteric trunk with no signs of thrombi and/or 
emboli were thought to be specifically characteristic. 
Mitsuyoshi and coworkers also reported that the early  
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diagnosis of NOMI was possible, using MDCT, and that 
the subsequent, selective swift infusion of prostaglandin 
E1 (PGE1) might increase survival in patients with 
NOMI.11) Selective mesenteric angiography and following 
continuous infusion of vasodilators such as papaverine12) 
and prostaglandin E111) are not only diagnostic of NOMI 
but also effective in containing ischemic process. Without 
these expeditious catheter treatments, patients with 
NOMI might not be able to survive.11,12)

In terms of the duration of the PGE1 infusion, treat-
ment was based on the patient’s condition. Stockmann 
and colleagues reported survival of eight of their nine pa-
tients treated with PGE1 (60 μg/ 24 hours for 3 days).2) 
Mitsuyoshi and colleagues reported that 0.01 to 0.03 
μg/kg/min for maximum of 5 days (until abdominal 
symptoms had improved).11) We also had to decide the in-
fusion period based on the patient’s symptoms. In our 
cases, the first case was on the drug for 36 hours and sec-
ond case was for 48 hours from the angiographic diagno-
sis of NOMI.

At the same time, however, we have to know that sur-
gical intervention should not be hesitated nor delayed in 
patients with NOMI when intestinal ischemia seems re-
main and progress. Although swift catheter diagnosis and 
intervention described above may prevent the progression 
of ischemia,3) necrosis in certain degree and extension 
may be unavoidable according to such factors as the tim-
ing of diagnosis, severity of mesenteric vasospasm, varia-
tion of collaterals, general circulatory status of the patient, 
etc. Many reports suggested that expeditious surgery was 
the key to succeed in treating NOMI.13,14)

In conclusion, if patients, especially those with a high-
risk condition, who had undergone a major cardiovascular 
operation, suffer from vague, abdominal symptoms early, 
postoperatively; NOMI, an almost fatal complication un-
less expeditiously treated, should be considered as one of 
the presumed causes. Although nonspecific, confusion/
delirium, lactic acidosis, abnormal intestinal gas and dis-
tention on roentogenogram may help suspect its presence. 
A contrast-enhanced MDCT may give certain definitive 
diagnostic findings. Subsequent and swift selective an-
giography to find diffuse mesenteric vasospasm is defini-
tive not only for the diagnosis but also for treatment with 
a vasodilator. If the necrotic process cannot be completely 
contained by the vasodilatation, an emergency laparo-
tomy has to be performed without delay to remove the 

necrotic segment.
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