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Background: Although several clinical guidelines recommend vasodilator therapy for non-occlusive
mesenteric ischemia (NOMI) and immediate surgery when bowel necrosis is suspected, these recom-
mendations are based on limited evidence.

Methods: In this retrospective nationwide observational study, we used information from the Japanese
Diagnosis Procedure Combination inpatient database from July 2010 to March 2018 to identify patients
with NOMI who underwent abdominal surgeries on the day of admission. We compared patients who
received postoperative vasodilator therapy (vasodilator group) with those who did not (control group).
Vasodilator therapy was defined as venous and/or arterial administration of papaverine and/or
prostaglandin E1 within 2 days of admission. The primary outcome was in-hospital mortality. Secon-
dary outcomes included the prevalence of additional abdominal surgery performed >3 days after ad-
mission and short bowel syndrome.

Results: We identified 928 eligible patients (149 in the vasodilator group and 779 in the control group).
One-to-four propensity score matching yielded 149 and 596 patients for the vasodilator and control
groups, respectively. There was no significant difference in in-hospital mortality between the groups
(control vs. vasodilator, 27.5% vs. 30.9%; risk difference, 3.4%; 95% confidence interval, —4.9 to 11.6; p=
0.42) and no significant difference in the prevalences of abdominal surgery, bowel resection >3 days af-
ter admission, and short bowel syndrome.

Conclusions: Postoperative vasodilator use was not significantly associated with a reduction in in-
hospital mortality or additional abdominal surgery performed >3 days after admission in surgically
treated NOMI patients. (J] Nippon Med Sch 2024; 91: 316-321)
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Introduction teric arteries, which results in splanchnic necrosis'"”.
Non-occlusive mesenteric ischemia (NOMI) refers to mi- NOMI accounts for 20-30% of all cases of acute mesen-
crovascular vasoconstriction without occlusion of mesen- teric ischemia and has an alarmingly high mortality of
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50-80%*".

Several clinical guidelines on mesenteric ischemia rec-
ommend vasodilator therapy for NOMI and immediate
surgical intervention in cases of suspected bowel necro-
sis”"; however, there is limited evidence supporting these

recommendations ™

. A small-scale study conducted in
1977 examined intra-arterial infusion of papaverine to re-
lieve superior mesenteric artery vasoconstriction and re-
ported an improvement in mortality in cases of acute
mesenteric ischemia”. A study conducted in 2007 showed
that the combination of early diagnosis using multidetec-
tor row computed tomography and treatment with con-
tinuous intravenous prostaglandin E1 (PGE1) might im-
prove mortality in patients with NOMI” Because these
studies were small (n = 15-22)""", our team launched the
first large-scale nationwide observational study (n =
1,837) in 2020". Our previous study found that vasodila-
tor therapy using papaverine and/or PGE1 was associ-
ated with lower in-hospital mortality and lower preva-
lence of abdominal surgery in patients with NOML
However, that study excluded patients who underwent
abdominal surgery within 2 days of admission because it
was designed to assess the direct effect of vasodilator
therapy on mortality in the absence of surgical interven-
tion. Although postoperative adjuvant vasodilator ther-
apy may prevent further necrosis of the gut, previous
studies of vasodilator therapy for NOMI have not as-
sessed this specific indication ™.

The present study used a nationwide inpatient data-
base to evaluate the effectiveness of postoperative adju-
vant vasodilator therapy in NOMI patients who under-
went emergency abdominal surgery on the day of admis-

sion.

Materials and Methods

This study was approved by the Institutional Review
Board of the University of Tokyo (approval number,
3501). Because of the anonymous nature of the data, the
requirement for informed consent was waived. This
study is reported in accordance with the strengthening
the reporting of observational studies in epidemiology
(STROBE).

Data Source

In this retrospective cohort study, data were extracted
from the Japanese Diagnosis Procedure Combination da-
tabase'”, a national inpatient claims database in Japan.
The database contains discharge abstracts and adminis-
trative claims data from more than 1,200 acute-care hos-

pitals (approximately 90% of all tertiary-care emergency
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hospitals in Japan). The database includes individual
data on age, sex, comorbidities on admission, level of
consciousness on admission, procedures, prescriptions,
intensive care unit (ICU) admission, and discharge status
(discharge to home, discharge to other facility, or in-
hospital death). Diagnoses, comorbidities, and complica-
tions were recorded in Japanese by using International
Classification of Diseases Tenth Revision (ICD-10) codes.
The diagnoses and procedures in this database have been
validated. The specificity of diagnoses is greater than
96%, while sensitivity ranged from 50% to 80%. The
specificity and sensitivity of procedures both exceeded
90%"*.

Study Population

We identified patients with NOMI who underwent ab-
dominal surgeries on the day of admission from July
2010 to March 2018. The diagnosis of NOMI is included
in the ICD-10 category K550 in the Japanese text". Pa-
tients were excluded from the present study if they i)
were younger than 18 years of age, ii) had documented
readmission for NOM], iii) had died or were discharged
within 2 days of admission (to avoid immortal time
bias), or iv) were diagnosed with NOMI as a complica-
tion after admission (i.e., NOMI diagnosed after cardiac
surgery).

We compared patients who received postoperative
vasodilator therapy (vasodilator group) with those who
did not (control group). We defined vasodilator therapy
as venous and/or arterial administration of papaverine
and/or PGE1 within 2 days of admission.

Outcomes and Covariates

The primary outcome was in-hospital mortality. The
secondary outcomes included prevalence of additional
abdominal surgery, bowel resection performed >3 days
after admission, and incident short bowel syndrome. The
list of abdominal surgeries as outcomes included explora-
tory laparotomy, damage control surgery, laparoscopic
exploratory laparotomy, laparoscopic exploratory exci-
sion, surgery for secondary peritonitis, laparoscopic sur-
gery for secondary peritonitis, enterectomy, small bowel
resection, laparoscopic small bowel resection, colectomy,
laparoscopic colectomy, enteroanastomosis, colostomy, la-
paroscopic colostomy, proctostomy, rectal excision, and
laparoscopic rectal excision. The list of bowel resections
as outcomes included laparoscopic exploratory excision,
enterectomy, small bowel resection, laparoscopic small
bowel resection, colectomy, laparoscopic colectomy, rectal
excision, and laparoscopic rectal excision. Short bowel

syndrome was defined as the placement of central ve-
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1140 Patients with non-occlusive mesenteric ischemia who were
performed abdominal surgeries on the day of admission from
July 2010 to March 2018.

212 Excluded patients

2 Age <18 years
27 Readmission
101 Length of hospital stay <2 days
82 NOMI as complication after admission

v

v

928 Eligible patients

v v

149 Vasodilator group

779 Control group

1:4 propensity score matching
\ 4 A4

148 Propensity score-matched
vasodilator group

592 Propensity score-matched
control group

Fig. 1 Flow of patient selection
NOMI, Non-occlusive mesenteric ischemia

nous port systems and/or diagnosis of short bowel syn-
drome entered into the claims database in Japanese text.

The covariates included in the study were age, sex,
ambulance use, Charlson Comorbidity Index, Japan
Coma Scale at admission, abdominal surgery with bowel
resection on the day of admission, procedures performed
within 2 days of admission (mechanical ventilation, renal
replacement therapy and invasive arterial monitoring),
use of vasopressors (dopamine, dobutamine, adrenaline,
noradrenaline, and vasopressin), antibiotic use (carbap-
enem, anti-methicillin-resistant ~ Staphylococcus — aureus
agents, and others), use of sodium bicarbonate solution,
blood transfusions (fresh frozen plasma, red blood cells,
and platelets), albumin, hydroxyethyl starch, and unfrac-
tionated heparin within 2 days of admission, amount of
crystalloid used within 2 days of admission, type of hos-
pital (teaching or non-teaching), and ICU admission
within 2 days of hospital admission.

Charlson Comorbidity Index scores were calculated
from comorbidities on admission and categorized into
four groups: 0, 1, 2, and >3". The Japan Coma Scale
score was categorized into four groups as 0 (alert), 1-3
(delirium), 10-30 (somnolence), and 100-300 (coma)®. The
Japan Coma Scale correlates well with the Glasgow
Coma Scale”.

Statistical Analysis

Propensity score matching analyses were performed to
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account for differences in the characteristics between the
vasodilator and control groups. Propensity scores were
calculated using a multivariable logistic regression model
for receiving vasodilator therapy within 2 days of admis-
sion. All covariates mentioned above were included as
covariates in the propensity score calculations. We con-
ducted one-to-four matching with replacement using the
nearest neighbor matching within 20% of the standard
deviation of the estimated propensity scores on the logit
scale”. Using the standardized difference, we assessed
the characteristics of NOMI patients between the two
groups before and after propensity score matching®. An
absolute standardized difference of <10% was regarded
as balanced”. For comparisons of the primary and secon-
dary outcomes, we used the chi-square test to calculate
risk differences with 95% confidence intervals (CI) be-
tween the two groups in the propensity-matched cohort.
Continuous variables were presented as median and in-
terquartile range (IQR) and categorical variables as num-
bers and percentages.

A two-sided p value of <0.05 was considered to indi-
cate statistical significance. All statistical analyses were
performed using Stata MP 15 software (Stata Corp., Col-
lege Station, TX, USA).

Results
A total of 928 eligible patients from 390 facilities were
identified during the study period. Patients were divided
into the vasodilator (1=149) and control group (n=779).
One-to-four propensity score matching yielded 149 and
596 patients for the vasodilator and control groups, re-
spectively (Fig. 1).

Table 1 shows the baseline characteristics of the two
groups before and after propensity score matching. Pa-
tients were more likely to receive vasodilator therapy if
they received vasopressors, blood transfusions, and un-
fractionated heparin before propensity score matching.
Abdominal surgery with bowel resection on the day of
admission was more likely to be performed in the control
group before propensity score matching. After propensity
score matching, most of the baseline patient characteris-
tics were well-balanced between the two groups. The C-
statistic for the propensity score model was 0.76.

Table 2 shows patient outcomes after propensity score
matching. There was no significant difference in mortal-
ity between the control and vasodilator groups (control
vs. vasodilator, 27.5% vs. 30.9%; risk difference, 3.4%;
95% CI, 4.9 to 11.6; p=0.42) and no significant difference

in the prevalences of additional abdominal surgery,
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Table 1 Characteristics of patients in the control and vasodilator groups before and after propensity score matching

Before propensity score matching

After propensity score matching

Variables Control group Vasodilator group ~ ASD Control group Vasodilator group ~ ASD
(n=779) (n=149) (%) (n=596) (n=149) (%)
Age, years, median (IQR) 79 (71, 85) 80 (73, 85) 0.7 78 (69, 84) 80 (73, 85) 7.5
Male 424 (54.4) 79 (53.0) 2.8 317 (53.2) 79 (53.0) 0.3
Ambulance use 581 (74.6) 103 (69.1) 12.1 394 (66.1) 103 (69.1) 6.4
Charlson Comorbidity
Index
0 315 (40.4) 58 (38.9) 3.1 219 (36.7) 58 (38.9) 4.5
1 178 (22.8) 35 (23.5) 15 144 (24.2) 35 (23.5) 1.6
2 158 (20.3) 31 (20.8) 1.3 125 (21.0) 31 (20.8) 0.4
3 128 (16.4) 25 (16.8) 0.9 108 (18.1) 25 (16.8) 3.5
Japan Coma Scale
0 (alert) 459 (58.9) 88 (59.1) 0.3 373 (62.6) 88 (59.1) 7.2
1-3 (delirium) 207 (26.6) 42 (282) 36 142 (23.8) 42 (28.2) 10.0
10-30 (somnolence) 50 (6.4) 8 (5.4) 4.5 27 (4.5) 8 (5.4) 3.9
100-300 (coma) 63 (8.1) 11 (74) 2.6 54 (9.1) 11 (74) 6.1
Abdominal surgery with 641 (82.3) 108 (72.5) 23.5 425 (71.3) 108 (72.5) 2.6
bowel resection on the
day of admission
Procedures within 2 days
of admission
Mechanical ventilation 471 (60.5) 87 (58.4) 4.2 352 (59.1) 87 (58.4) 1.4
Renal replacement 219 (28.1) 48 (32.2) 8.9 197 (33.1) 48 (32.2) 1.8
therapy
Invasive arterial 585 (75.1) 120 (80.5) 13.1 474 (79.5) 120 (80.5) 2.5
monitoring
Vasopressor use
Dopamine 265 (34.0) 66 (44.3) 21.1 255 (42.8) 66 (44.3) 3.0
Dobutamine 57 (7.3) 9 (6.0) 5.1 27 (4.5) 9 (6.0) 6.7
Adrenaline 66 (8.5) 12 (8.1) 15 47 (7.9) 12 (8.1) 0.6
Noradrenaline 462 (59.3) 87 (58.4) 1.9 348 (58.4) 87 (58.4) <0.1
Vasopressin 63 (8.1) 16 (10.7) 9.1 50 (8.4) 16 (10.7) 8.0
Antibiotic use
Carbapenem 418 (53.7) 90 (60.4) 13.6 353 (59.2) 90 (60.4) 24
Anti-MRSA agent 22 (2.8) 4 (2.7) 0.9 21 (3.5) 4 (27) 48
Others 488 (62.6) 90 (60.4) 4.6 377 (63.3) 90 (60.4) 59
Transfusions
Fresh frozen plasma 283 (36.3) 69 (46.3) 20.3 251 (42.1) 69 (46.3) 8.4
Red blood cells 331 (42.5) 82 (55.0) 25.2 321 (53.9) 82 (55.0) 2.4
Platelet 72 (9.2) 22 (14.8) 17.0 79 (13.3) 22 (14.8) 43
Albumin use 457 (58.7) 94 (63.1) 9.1 383 (64.3) 94 (63.1) 24
Hydroxyethyl starch 359 (46.1) 77 (51.7) 11.2 332 (55.7) 77 (51.7) 8.1
use
Crystalloid, mL (IQR) 11,500 (8,000, 17,500) 11,500 (8,000, 17,500) 4.5 11,000 (7,500,16,000) 11,500 (8,000,17,500) 12.8
Unfractionated heparin 228 (29.3) 78 (52.3) 48.2 319 (53.5) 78 (52.3) 2.3
use
Sodium bicarbonate 262 (33.6) 44 (29.5) 8.8 161 (27.0) 44 (29.5) 5.6
solution use
Admission site
Teaching hospital 723 (92.8) 137 (91.9) 3.3 541 (90.8) 137 (91.9) 42
Intensive care unit 501 (64.3) 103 (69.1) 10.2 398 (66.8) 103 (69.1) 5.0
admission
ASD, absolute standardized difference; IQR, interquartile range; MRSA, Methicillin-resistant Staphylococcus aureus
bowel resection >3 days after admission, and short Discussion
bowel syndrome. This nationwide cohort study examined the potential
J Nippon Med Sch 2024; 91 (3) 319
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Table 2 Outcomes after propensity score matching

Outcomes

Control group

Primary outcome
In-hospital mortality

Secondary outcomes
Abdominal surgery 23 days after admission
Bowel resection 23 days after admission
Short bowel syndrome

27.5% (164/596)

13.8% (82/596)
8.4% (50/596)
7.6% (45/596)

Vasodilator Risk difference (95%CI) p-value
group
30.9% (46/149) 3.4% (—4.9% to 11.6%) 0.42
14.8% (22/149) 1.0% (-5.3 to 7.3) 0.75
5.4% (8/149) -3.0% (7.3 to 1.2) 0.22
5.4% (8/149) —2.2% (6.4 to 2.0) 0.35

CI, confidence interval

benefits of postoperative adjuvant vasodilator therapy in
patients who received abdominal surgery for NOMI in
the acute phase. After using propensity score matching to
adjust for numerous confounders, no significant differ-
ence was noted in mortality or additional abdominal sur-
gery >3 days after admission between the control and
vasodilator groups.

Although we previously found that vasodilator ther-
apy was associated with reduced mortality for NOMI",
no significant differences were noted in the present
study. A possible reason for this discrepancy is differ-
ences in the inclusion criteria for the two studies, i.e.,
whether abdominal surgery was performed during the
early phases of NOMI. The present patients underwent
surgery on the day of admission, presumably because of
the possibility of intestinal necrosis. Disease severity was
thus likely worse in the present study. Similarly, the pre-
sent patients in the vasodilator group were more likely to
receive mechanical ventilation, renal replacement therapy,
vasopressors, and blood transfusions than were those in
the previous study.

During initial laparotomy on the day of admission, ne-
crotic bowels are often resected. In the present study,
most patients underwent abdominal surgery with bowel
resection on the day of admission. Vasodilator therapy
might not have reduced mortality in the present study
because most regions affected by NOMI were necrotic
and resected during the laparotomy. Therefore, vasodila-
tors may rescue regions affected by NOMI that have not
yet developed transmural bowel necrosis in abdominal
surgeries on the day of admission.

This study has several limitations that warrant men-
tion. First, it was a retrospective cohort study without
randomization. Although propensity score matching was
used to adjust for differences in baseline characteristics
and disease severity, there could be residual unmeasured
confounders. Second, the present administrative claims

database has no information on the reason for selecting
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additional abdominal surgery >3 days after admission.
Third, the protocol adopted for use of vasodilator ther-
apy in our cohort was not standardized. Therefore, the
dosage and timing of vasodilator administration were de-
termined by clinicians using their own criteria. Fourth,
patients who underwent a planned “second look” sur-
gery >3 days after admission may have been inadver-
tently included in the secondary outcome because the
current DPC database does not distinguish scheduled

from unscheduled surgeries.

Conclusions
To examine the effectiveness of postoperative adjuvant
vasodilator therapy with papaverine and/or PGEl, we
performed propensity score matching analyses of patients
with NOMI who received abdominal surgery. There was
no significant difference in mortality or the rate of addi-
tional abdominal surgery >3 days after admission be-

tween the control and vasodilator groups.
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