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Abstract

Background To date, no large-scale study has been undertaken to understand the clinical features of non-occlusive mesenteric
ischemia (NOMI) after surgery. We thus performed a multicenter investigation to clarify the clinical outcomes and prognostic
factors of NOMI.

Patients and Methods Clinical databases from 22 Japanese facilities were reviewed for evaluation of patients who received
surgery for NOMI between 2004 and 2012. NOMI patients (n=51) were divided into two groups: group I (n=28) consisted of
patients who survived, and group II (n=23) consisted of patients who did not survived. Prognostic factors were compared
between the two groups.

Results NOMI surgery represented 0.04 % of the total number of operations performed in this time period. The overall mortality
rate for NOMI surgery was 45 %. Hemodialysis was a significant negative prognostic factor (p=0.027). Preoperative elevation of
transaminases, potassium, and white blood cell count, as well as metabolic acidosis and colon ischemia was poor prognostic
factors. The mean Physiological and Operative Severity Score for the enumeration of Mortality and Morbidity (POSSUM) score
of group I versus group II was 54.5+3.6 and 85.2+4.1, respectively (p<0.001).

Conclusions Currently, NOMI surgery has a 45 % mortality rate. POSSUM scores can be used to predict the clinical outcome of
patients who receive NOMI surgery.

Keywords Non-occlusive mesenteric ischemia - Acute cause of 10 to 30 % of all cases of acute mesenteric
mesenteric ischemia - Prognostic factor - Clinical features ischemia.”? Until recently, NOMI has had a dismal prognosis,
with mortality rates between 70 and 90 %.”* NOMI is asso-
ciated with age, diabetes mellitus, hypertension, and
altherosclerosis,” suggesting that it is a problem of aging.

Selective mesenteric angiography is considered the gold
standard for diagnosing acute mesenteric ischemia,” and the
American Gastroenterological Association has established
guideline for the diagnosis and treatment of acute mesenteric
ischemia.® However, debate regarding angiography and arte-
rial infusion therapy for NOMI exists,”” and the role of
surgical treatment for NOMI is controversial.*®®

Current understanding of NOMI is based on a small num-

Introduction

Non-occlusive mesenteric ischemia (NOMI) consists of intes-
tinal ischemia and/or necrosis in the absence of an organic
obstruction within the main trunk of the mesenteric artery or
vein." It is currently thought that NOMI is caused by mesen-
teric vasoconstriction.” NOMI has been reported to be the
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Patients and Methods

A retrospective chart review was performed on all patients
who underwent surgery at the Department of Surgery and
Science, Graduate School of Medical Sciences, Kyusyu Uni-
versity, and 21 related facilities between April 2004 and
September 2012. During this period, 114,224 operations (in-
cluding 12,388 emergency operations) were performed by the
22 institutes. Among them, 51 operations were performed on
NOMI patients (0.04 %).

The diagnosis of NOMI was based on operative findings. A
definitive diagnosis of NOMI requires the absence of an
organic obstruction of the blood vessels distributed in the
necrotic intestinal region, segmented discontinuous intestinal
ischemic changes, and necrosis.” !

In this study, physicians were asked to fill out a survey
form consisting of the following items: patient background
[gender, age, underlying disease, surgical division (emergency
or scheduled)], laboratory findings at the time of the decision
to proceed to surgery, metabolic acidosis upon admission,
preoperative hypotension, portal venous gas detected by CT
scan, range of ischemic lesion, POSSUM score (predictive
mortality rate), additional postoperative treatments (such as
prostaglandin El, continuous hemodiafiltration, polymyxin
B-immobilized column direct hemoperfusion, anticoagulant
therapy, nitrovasodilators, and octreotide), and prognosis.

NOMI patients were classified into two groups: group I
(n=28) consisting of patients who survived to discharge and
group I (n=23) consisting of patients who did not. Multiple
clinical factors were compared between the two groups.

POSSUM stands for Physiological and Operative Severity
Score for the enumeration of Mortality and Morbidity.'? It was
developed by Copeland et al.'> in 1991 and has since been
applied to a number of surgical groups including orthopedics,
vascular surgery, head and neck surgery, and Gl/colorectal

surgery. The POSSUM mortality equation is calculated as
follows: In[R/ (1 — R)]=-7.04 + (0.13 X physiological score)
+ (0.16 x operative severity score), where R is the predicted
risk of mortality.'”

Statistically significant differences were determined using
Fisher’s exact test and ¢ test. A p value less than 0.05 was
considered to be statistically significant. Receiver operator
characteristic (ROC) curves and the corresponding area under
the curve (AUC) were used to evaluate how the prediction
model performed on the study data.

Results
Characteristics and Symptoms of NOMI Patients

A comparison of patient characteristics is shown in Table 1.
Males accounted for 51.0 % of all NOMI patients. The median
patient age was 78 years (19-94 years), with 19 patients in
their 80s. The overall mortality rate was 45 % (n=23). There
were no significant differences in gender or age between the
two groups.

Hypertension was the most frequent comorbid condition
(49 %), followed by cardiovascular disease (47 %) and renal
failure (14 %). Four patients were taking digitalis (8 %). There
were no significant differences in comorbid conditions (hy-
pertension, cardiovascular disease) or medications between
the two groups. However, group II contained significantly
more patients on hemodialysis (p=0.027).

Several presenting symptoms were identified. Abdominal
pain was the presenting symptom in 30 patients (59 %) and
loss of consciousness in 9 (18 %). Seven patients (14 %) were
sedated and thus had no presenting complaint. Hematemesis/
bloody stool and abdominal distention were present in each

Table 1 Comparison of clinical

characteristics between group 1 Factors All (n =51) Group I (n=28) Group II (n=23) p value
and group 11
Average age 78 755423 76.1£2.6 0.856
Gender (Male/Female) 26/25 16/12 10/13 0.404
Comorbid conditions
Hypertension 25 (49) 14 (50) 11 (50) 0.551
Diabetes mellitus 10 (20) 5(18) 5(22) 0.500
Cardiovascular disease 24 (47) 16 (57) 8 (35) 0.970
Ischemic heart disease 11 (22) 7 (25) 4(17) 0.621
Atherosclerosis 7 (14) 6(21) 1(4) 0.112
Arrhythmia 7 (14) 6(21) 1(4) 0.112
Data listed for comorbid condi- Congestive heart failure 6 (12) 4(14) 2(9) 0.854
tions and medications are total Hemodialysis 7(14) 1(4) 6(27) 0.027
number (%) Medications
Group 1 patients who survived to Digitalis 4(®8) 14 3(13) 0.234
discharge, group II patients who Diuretics 10 (20) 9 (32) 1 @) 0.015

did not survive to discharge
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four patients. Finally, 16 patients (32 %) reported no abdom-
inal symptoms.

Laboratory and Radiological Findings of NOMI Patients

A comparison of laboratory findings is shown in Table 2.
Aspartate aminotransferase, alanine aminotransferase, potas-
sium, and white blood cell count were higher in group II than
those in group I (p<0.05).

Metabolic acidosis was present in 29 % of the patients in
group I and in 72 % of the patients in group II (p=0.017;
Table 3). Only one patient underwent angiography, whereas
46 patients underwent computed tomography for preoperative
diagnosis. No patient required CT angiography. Portal venous
gas was detected in 62 % in group I but in only 30 % of the
patients in group II (p=0.033). Extensive ischemia (small
intestine and colon) was observed in 25 % of the patients in
group I and in 61 % of patients in the group II (»=0.010). No
significant differences were observed in the incidence of pre-
operative hypotension, the operation time, or the amount of
blood lost between the two groups.

Surgery Performed for NOMI

The surgeries performed on the NOMI patients are listed in
Table 4. Thirty-two patients (63 %) underwent bowel resec-
tion with enterostomy, and eight patients (16 %) underwent
intestinal resection with reconstruction. Exploratory lap-
arotomy was performed for 11 patients, 4 of whom
(8 %) had no evidence of necrosis and 7 of whom
(14 %) had massive necrosis requiring resection. Three pa-
tients underwent a second operation for additional bowel
resection, because ischemic progression was suspected.

Median operation time was 152.6+12.6 min, and median
blood loss was 837.7+£397.8 mL.

Additional Postoperative Treatments and POSSUM Score

Additional postoperative treatments for NOMI patients are
shown in Table 5. Ten patients were treated with prostaglandin
El, nine with continuous hemodiafiltration, three with poly-
myxin B-immobilized column direct hemoperfusion, and
three with anticoagulation therapy. Prostaglandin El is a
vasodilator; it was used to prevent vasospasm. The first line
therapy upon suspicion of NOMI has been angiography and
continuous administration of vasodilators, prostaglandin E1,
and papavelin. Mitsuyohi et al. reported that high dose
intravenous administration of PGEl was effective in
NOMIL® Continuous hemodiafiltration was used for re-
move of inflammatory cytokines and renal
replacement.'® Direct hemoperfusion with polymyxin
B-immobilized column was used for remove of
endotoxin.'® The percent of NOMI patients who
underwent additional postoperative treatment was 61 %
in group I and 26 % in group II (»p=0.014).

The mean POSSUM scores of groups I and II were 54.5+
3.6 and 85.2+4.1, respectively (p<0.001; Table 3). All pa-
tients with a POSSUM score over 90 were in group II. Fur-
thermore, 22 of the 25 patients with a POSSUM score under
76.1 were in group I. Group I contained a higher percentage of
patients with POSSUM scores between 76.1 and 90 who had
received additional postoperative treatment (p=0.024;
Table 6). The treatments were as follows: one patient
was treated with anticoagulant therapy, one was treated with
direct hemoperfusion with polymyxin B-immobilized column,

Table 2 Comparison of preoperative laboratory findings between group I and group II

Factors All (n=51) Group I (n=28) Group II (n=23) p value
Serum aspartate aminotransferase (IU/L) 39 (12-6715) 60+£190 738+215 0.011
Serum alanine aminotransferase (IU/L) 28 (6-996) 28+41 237+46 <0.001
Serum total bilirubin (mg/dL) 0.8 (0.2-6.8) 1.5+0.5 1.2+0.5 0.300
Serum creatine phosphokinase (IU/L) 105 (3.4-84106) 970+2,900 8,700+3,300 0.083
Serum blood urea nitrogen (mg/dL) 32 (12-94) 35.6+3.7 39.7+4.2 0.235
Serum creatinine (mg/dL) 1.4 (0.4-11.7) 1.7+0.4 2.940.5 0.071
Serum albumin (g/dL) 2.9(1.34.5) 3.0+0.2 2.7+0.2 0.081
Serum sodium (Eq/dL) 137 (120-155) 137+1.1 138+1.3 0.364
Serum potassium (Eq/dL) 4.0 (2.2-7.6) 3.9+0.2 4.6+0.2 0.014
White cell count (/uL) 9,500 (1,490-52,000) 9,700+1,800 16,100+2,000 0.011
Hemoglobin (mg/dL) 11.8 (7.2-18.1) 11.5+£0.4 12.2+0.5 0.152
Hematocrit (%) 35.4 (21-58) 33.0+1.4 36.1+1.6 0.237
Platelets (x10*/uL) 16.6 (1.2-36.7) 19.5+1.7 15.5+£2.0 0.074

Data listed for all patients are mean values (range). Data listed for group I and group II are mean values+standard deviation

Group 1 patients who survived to discharge, group II patients who did not survive to discharge
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Table 3 Comparison of clinical findings between group I and group II

Factor All Group 1 Group 11 p value
Metabolic acidosis 17/32 (53) 4/14 (29) 13/18 (72) 0.017
Postoperative hypotension 20/50 (40) 8/27 (30) 12/23 (52) 0.179
Portal venous gas 22/46 (48) 16/26 (62) 6/20 (30) 0.033
Colon ischemia 21/51 (41) 7/28 (25) 14/23 (61) 0.010
Bowel resection >1 m 35/51 (69) 17/28 (61) 18/23 (78) 0.149
POSSUM score (n=47), mean+SD 68.3+3.5 54.5+£3.6 85.2+4.1 <0.001
Duration of operation (min; n=51), mean+SD 153+£13 149+17 158+19 0.365
Blood count (mL; n=51), mean+SD 838+£398 320+530 1,470+£590 0.070

Data listed are total number (%)

SD standard deviation, group I patients who survived to discharge, group II patients who did not survive to discharge

and one was treated with prostaglandin E1 and continuous
hemodiafiltration.

Discussion

Acute mesenteric ischemia, including mesenteric arterial em-
bolism, mesenteric arterial thrombosis, NOMI, and mesenteric
venous thrombosis, has a poor prognosis with a high in-
hospital mortality rate (59-93 %).> NOMI is a particularly
poorly understood condition marked by progressive intestinal
ischemia leading to infarction, sepsis, and death in a high
proportion of patients.

NOMI appears to occur secondary to cardiac disease, dia-
betes mellitus, and chronic dialysis-dependent renal
failure.>*!'* In this study, 49 % of NOMI patients suffered
from hypertension, 47 % from cardiovascular disease, 20 %
from diabetes mellitus, and 14 % from dialysis-dependent
renal disease. According to previous reports, digitalis is an
additional risk factor for NOMIL*'3'¢ perhaps because it
induces vasoconstriction and thus increases resistance in pe-
ripheral splanchnic vessels. In this study, 8 % of NOMI
patients were on digitalis therapy.

Conventional angiography is regarded as the gold standard
imaging method in patients with acute mesenteric

Table 4 Comparison of operative procedures between group I and group II

ischemia.”>® However, NOMI often occurs in patients with
poor or unstable systemic conditions, and angiography may
not be possible in many of these patients due to its complexity
and invasiveness.”'” Catheter angiography is invasive and
difficult to perform, so its use is limited to select centers.”>"”
Indeed, Bender et al.'® reported that none of their sample
population received angiograms. In this study, only one pa-
tient underwent angiography. Hence, angiography is not the
primary method for NOMI diagnosis in clinical practice.
Mitsuyoshi et al.® reported the usefulness of multidetector-
row computed tomography for the diagnoses of NOML. In this
study, computed tomography was the primary imaging mo-
dality used for NOMI diagnosis.

Histopathologic detection of hemorrhagic and necrotic
changes is required for definite diagnosis of NOMI.'? Unfor-
tunately, pathological examination was not available for 11
study patients who received exploratory laparotomy. In these
cases, we used macroscopic findings from the laparotomy to
definitively diagnose NOMI. Furthermore, although 40 pa-
tients underwent bowel resection, a pathological evaluation of
the resected specimen was available for only 25 patients. The
findings from all 25 patients met the pathological criteria of a
NOMI diagnosis.

Ischemic colitis represents the most common form of gas-
trointestinal ischemia. Many previous reports have not distin-
guished NOMI from ischemic colitis. Witternberg et al.'’

Operative procedure All Group I (n=28) Group II (n=23)
Intestinal resection with enterostomy 30 (59) 18 12

Intestinal resection with reconstruction (with diverting enterostomy) 2(4) 1 1

Intestinal resection with reconstruction (without diverting enterostomy) 8 (16) 7 1

Exploratory laparotomy (no findings of intestinal necrosis) 4(8) 2 2

Exploratory laparotomy (findings of intestinal necrosis) 7 (14) 0 7

Data listed are total number (%)

Group 1 patients who survived to discharge, group II patients who did not survive to discharge
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Table 5 Comparison of additional postoperative treatment between
group I and group II

Additional postoperative treatment All Group I  Group I
(n=51) (n=28) (n=23)
Patients who received treatment 23 17(74) 6 (26)*
Prostaglandin E1 10 7 3
CHDF 9 5 4
PMX 3 2 1
Anticoagulant therapy 3 3 0
Nitrovasodilator 1 1 0
Octreotide 1 1 0
Patients who did not receive treatment 28 11 (39) 17 (61)*

Data listed are total number (%)

CHDF continuous hemodiafiltration, PMX polymyxin B-immobilized
column direct hemoperfusion, group I patients who survived to discharge,
group 1I patients who did not survive to discharge

*There was significant difference in postoperative mortality between
patients who did or did not receive additional postoperative treatment

(p=0.01)

reported differences in the incidence of the underlying vascu-
lar etiologies of the two major categories of primary ischemic
disease of the bowel. NOMI is a disease primarily of the
superior mesenteric artery distribution, whereas ischemic co-
litis is a disease primarily of the inferior mesenteric artery
distribution. We thus excluded cases of bowel ischemia iso-
lated to areas of the colon supplied by the inferior mesenteric
artery.

Hemodialysis is a known risk factor for NOMI, because
patients with end-stage renal disease have many risk factors
for mesenteric ischemia.” However, the prognostic impact of
hemodialysis on patients who undergo surgery for NOMI has
not been evaluated. Our results demonstrate that hemodialysis
is a negative prognostic factor for NOMI patients who receive
surgery.

Among the 46 patients who underwent computed tomog-
raphy, portal venous gas was detected in 22 (48 %). Portal
venous gas may be found in a variety of conditions.” Portal
venous gas resulting from bowel ischemia has been shown to
be a poor prognostic factor, with an associated mortality rate

Table 6 Comparison of survival rates between patients who did or did
not receive additional postoperative treatment

POSSUM score With Without p value
postoperative postoperative
treatment (n=22) treatment (n=25)
90< (n=11) 0/4 (0) 0/7 (0) -
76.1< and <90 (n=11)  3/3 (100) 1/8 (13) 0.024
<76.1 (n=25) 13/15 (87) 9/10 (90) 0.802
Average POSSUM score  66.9+4.9 69.5+5.2 0.360

Percentages are in parentheses

@ Springer

of 75-90 %.%' Surprisingly, in our study, patients with portal
venous gas had a significantly better prognosis. This finding
may be explained by the fact that patients with portal venous
gas were diagnosed with severe intestinal necrosis and
underwent immediate surgery.

The area affected by ischemic bowel can range from a few
decimeters up to the entire small intestine and colon. Sotriadis
J et al.> reported that patients with isolated right colon ische-
mia had a worse outcome than patients with ischemia involv-
ing other colon regions. We found that patients with extensive
bowel involvement (extending from the small intestine to the
colon) had a poorer prognosis. Aliosmanoglu et al.* reported
that acute mesenteric ischemia involving both the colon and
the small intestine resulted in a higher mortality. The high
mortality rate in these patients may be due to vasoconstriction
of the inferior and superior mesenteric artery territories.

In some cases of NOMI, ischemia progresses after surgery,
requiring a second-look surgery to be performed.® Ward et al.®
reported that aggressive re-exploration and delayed intestinal
anastomosis improved survival of NOMI patients. In this
study, 31 patients (59 %) underwent bowel resection with
enterostomy (without anastomosis), 10 patients (20 %) with
anastomosis (2 patients with diverting enterostomy), and 3
patients underwent second-look surgery. It can be difficult for
surgeons to determine whether to create an anastomosis or an
enterostomy during NOMI operations. We found no compli-
cations associated with anastomosis formation, suggesting
that surgeons appropriately judged the most suitable operative
procedure for each patient.

POSSUM scores and the Acute Physiology and Chronic
Health Evaluation (APACHE) II are used to evaluate the risk
of surgery.”* *® The POSSUM score is easier to use than
APACHE II and has been reported to be superior to APACHE
II in predicting mortality in patients admitted to a high-
dependency unit after general surgery.”’ To the best of our
knowledge, this is the first study to report the prognostic role
of the POSSUM score in a series of NOMI patients treated
with surgery. We found that a POSSUM score of 76.1 or
higher [as determined by the ROC curve (AUC=0.905)]
was a predictor of in-hospital mortality.

To date, no published study has focused on additional
postoperative treatment of NOMI patients. In this study, pa-
tients who received additional postoperative treatments had a
better clinical course. However, we found no significant dif-
ference in the POSSUM scores of patients who underwent
additional postoperative treatment and those who did not
(Table 6). Hence, additional postoperative treatment of NOMI
patients has the potential to improve prognosis, especially
among patients with POSSUM scores between 76.1 and 90.

Patients with NOMI commonly receive intra-arterial infu-
sions of papaverine after surgery. However, angiography is
difficult to perform, and access is limited to select centers;
hence, intra-arterial infusions of vasodilators can be difficult.
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Mituyoshi et al. reported that continuous intravenous PGE1
administration resolved the spasm and narrowing of the supe-
rior mesenteric artery in NOMI patients. In our study, ten
patients received continuous intravenous PGE1 administra-
tion. A larger study is required to understand the efficacy of
continuous intravenous PGE1 administration for additional
postoperative treatment of NOML

Our study is the largest study to date to evaluate the clinical
features and prognostic factors of NOMI. Based on our find-
ings, we conclude that the POSSUM score can be used to
predict the outcome of NOMI patients who undergo surgery.
Surgery followed by additional postoperative treatment may
improve the prognosis of NOMLI. It is difficult and impractical
to use randomized controlled trials to determine the usefulness
of surgery for NOMI, and retrospective studies from multiple
institutions may be required to provide sufficient data. Our
findings offer useful information for determining the treatment
strategy for NOML.
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