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Abstract: Surgery for acute mesenteric infarction (AMI) is associated with high mortality. This
study aimed to generate a mortality prediction model to predict the 30-day mortality of surgery for
AMI. We included patients ≥18 years who received bowel resection in treating AMI and randomly
divided into the derivation and validation groups. After multivariable analysis, the ‘Surgery for
acute mesenteric infarction mortality score’ (SAMIMS) system was generated and was including age
>62-year-old (3 points), hemodialysis (2 points), congestive heart failure (1 point), peptic ulcer disease
(1 point), diabetes (1 point), cerebrovascular disease (1 point), and severe liver disease (4 points). The
30-day-mortality rates in the derivation group were 4.4%, 13.4%, 24.5%, and 32.5% among very low
(0 point), low (1–3 point(s)), intermediate (4–6 points), and high (7–13 points)-risk patients. Compared
to the very-low-risk group, the low-risk (OR = 3.332), intermediate-risk (OR = 7.004), and high-risk
groups (OR = 10.410, p < 0.001) exhibited higher odds of 30-day mortality. We identified similar
results in the validation group. The areas under the ROC curve were 0.677 and 0.696 in the derivation
and validation groups. Our prediction model, SAMIMS, allowed for the stratification of the patients’
30-day-mortality risk of surgery for acute mesenteric infarction.

Keywords: acute mesenteric infarction; surgery; bowel resection; preoperative risk factors; scoring
system; mortality

1. Introduction

Despite significant improvements in surgical techniques and perioperative care, surgery
performed in patients with acute mesenteric infarction (AMI) remains associated with high
mortality [1,2]. Advanced mesenteric ischemia requiring bowel resection is associated with
a 15-fold increase in mortality compared to that not requiring bowel resection [3,4]. Adaba
et al. carried out a meta-analysis of observational studies in patients with AMI and observed
that the pooled in-hospital mortality was 63% [5]. The operative mortality of mesenteric is-
chemia ranged from 26 to 72% with a pooled mortality rate of 47% (95% confidence interval
(CI) = 40% to 54%) [6]. AMI is associated with high rates of major morbidities that vary de-
pending on the type of surgical approach (such as ischemic bowel requiring resection, open
revascularization, thromboembolectomy, and bypass) [7–9]. Recent publications describing
mortality following bowel resection have indicated that most deaths occur within 30 days of
the procedure [3,10]. Studies performed to date reveal that 30-day mortality is a reliable met-
ric to determine the outcomes of surgery to treat AMI. Preoperative factors associated with
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30-day mortality include patient vital parameters, comorbidities, clinical characteristics,
duration between diagnosis and surgery, and intraoperative interventions [3,11–25].

Preoperative risk factors for predicting postoperative 30-day mortality in patients with
AMI are not apparent because of the variations in design and investigated risk factors in
previous studies; therefore, improving the prediction of such mortality remains an unmet
need. Preoperative prediction is essential to determine whether patients need to undergo
a bowel resection to assess intestinal viability and determine the feasibility of reestablish-
ing blood supply to the ischemic bowel, removing the necrotic intestine, and promoting
a care-related quality-of-life improvement process. Previous studies have identified some
preoperative risk factors for 30-day surgical mortality post bowel resection [3,11–25]. How-
ever, few studies have involved scoring systems for predicting mortality following bowel
resection, specifically among patients with AMI [19,20]. The clinical applications of such
scoring systems remain limited because of varying preoperative risk factors (including
the absence of some critical variables), the lack of evidence-based guidelines and proper
validation studies [20,21]. The main limitation of preexisting scoring systems is a lack of
impact due to the small number of studies performed.

Our study aimed to generate a mortality prediction model based on preoperative
risk factors to predict the 30-day-mortality of surgery for AMI by analyzing data from
the national database, NHIRD. The National Health Insurance (NHI) Research Database
(NHIRD) of Taiwan is a large, powerful data source for biomedical research and a complete
prospectively populated, multicenter repository of patient information; it includes all data
available from primary outpatient departments and inpatient hospital care settings since
the year 2000 [26]. We expected the model to provide evidence from a relatively large
number of patients and to be easily accessible to clinicians in predicting surgical mortality
outcome in treating acute mesenteric infarction.

2. Materials and Methods
2.1. Database and Study Sample

The study protocol was reviewed and approved by the Institutional Review Board
of the E-da Hospital (No. EMRP-106-063). Informed consent is not required for this type
of study. We used data from Taiwan’s NHIRD (registration number NHIRD-103-246), pro-
vided by the NHI Administration and the Ministry of Health and Welfare. We extracted
data on inpatient expenditures by admission and information from the registry of beneficia-
ries and Registry of Catastrophic Illness Patient Database (RCIPD) entered into the NHIRD
between 1 January 1996 and 31 December 2013.

2.2. Data Extraction and Inclusion/Exclusion Criteria

We extracted admission data of adult patients (≥18 years) who were admitted with
mesenteric infarction between 2003 and 2012 from the NHIRD. Mesenteric infarction was
defined based on the International Classification of Diseases-9th revision diagnostic code
(ICD-9) 557.x, vascular insufficiency of the intestine. Bowel resection was defined by ICD-9:
45.6, resection of the small bowel [7,8,15].

Patients with chronic vascular insufficiency of the intestine only (ICD-9: 557.1), without
bowel resection, and those of undetermined sex, were also excluded. Finally, 4897 patients
were included and were randomly divided into the model derivation (n = 3918; 80%) and
validation groups (n = 979; 20%) [27]. The study schematic is shown in Figure 1.

2.3. Primary Endpoint

The primary endpoint was all-cause mortality within 30 days, which was identified
by discharge condition or removal from the NHI program [28]. The patients were either
followed up until death or censored at the end of the study period (31 December 2013).
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Figure 1. Flowchart of the study.

2.4. Covariant Assessment

The patients’ general conditions were evaluated based on their characteristics and
comorbidities. After referring to previous studies, age, sex, Charlson Comorbidity Index
score, and cardiac conduction disease were identified as the preoperative risk factors, and
they were included in our study. Based on the details of the Charlson Comorbidity Index
score, we chose 13 diseases to evaluate [3,11–25] (Supplementary Table S1). The cutoff
value for continuous variables was determined using receiver operating characteristics
(ROC) curves. Any admission records in the NHIRD that predated the index admission
were used to identify the patients’ comorbidities as defined based on the Charlson comor-
bidity index [29]. Comorbidities recorded in the RCIPD of the NHIRD including dialysis,
dementia, rheumatoid disease, malignancy, severe liver disease (defined as cirrhosis with
intractable ascites, hepatic encephalopathy, or esophageal variceal bleeding), were also
extracted. Other comorbidities such as hypertension (ICD-9: 401–405), hyperlipidemia
(571.2, 571.4–571.6, 572.2–572.8, and 456.0–456.21), gout (582, 583, 585, 586, and 588), obesity
(278.0x and 278.1x), and heart conduction disease (426.x and 427.x) [30–33] were included
as covariates.

2.5. Statistical Analysis

We used MySQL software to extract the data from our database and do randomization.
Descriptive statistics and contingency tables were analyzed using the SPSS software version
22 (IBM Corp., Armonk, NY, USA). Differences in categorical variables in our model’s
derivation and validation groups were analyzed using the Chi-square or Fisher’s exact
test; such variables included age, sex, and comorbidities and were presented as numbers
(percentages). Continuous covariates, including age and length of hospital stay, were
analyzed using the Kolmogorov–Smirnov test and compared using the Wilcoxon rank-sum
test for non-normal distributions, which are presented as medians (interquartile ranges) or
using Student’s t-test for normal distributions, which are presented as means (standard
deviations). A 2-sided p-value <0.05 was considered statistically significant.

For predicting 30-day mortality, all variables were analyzed using a univariate logistic
regression model; factors with a modest (p < 0.2) association with 30-day mortality were
included in a multivariable backward stepwise logistic regression model to calculate the
odds ratio and regression coefficient. The regression coefficient of variables significantly
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related to mortality (p < 0.05) was multiplied by numbers and rounded to the nearest
integer to create a score on an additive scale [4,34–36]; this score was applied to the model’s
derivation group. The reliability of the predictive model was assessed with respect to
discrimination using the area under the ROC curve (AUC) and calibration using a Hosmer–
Lemeshow goodness-of-fit test. Finally, we applied the scoring system to the validation
group to evaluate the model’s performance. The 30-day mortality rates across risk groups
in both cohorts were compared by calculating the odds ratio (OR) of death within 30 days.

3. Results
3.1. Baseline Characteristics

Table 1 summarizes the characteristics of the 4897 patients in both the derivation
(n = 3918) and validation (n = 979) groups. There were no significant differences between
the groups regarding age, sex, or any of the covariates. The 30-day mortality rates in both
groups were similar (17.46% vs. 17.16%, p = 0.851), as were the lengths of hospital stay
(medians of 16 days for both, p = 0.318).

Table 1. Basic characteristics of patients in the derivation and validation groups.

Variable
Derivation Group Validation Group

p-Value
n 3918 n 979

Age in years, median (IQR) 71.92 (22.33) 72.00 (23.33) 0.838

Sex 0.067

Woman 1809 46.17% 420 42.90%
Man 2109 53.83% 559 57.10%

Major coexisting disease

Myocardial infarction 242 6.18% 61 6.23% 0.941
Congestive heart failure 687 17.53% 162 16.55% 0.479

Vascular disease 2283 58.27% 559 57.10% 0.515
Cerebrovascular disease 787 20.09% 197 20.12% 1.000

Dementia 80 2.04% 30 3.06% 0.069
Chronic pulmonary disease 685 17.48% 169 17.26% 0.888

Rheumatic disease 63 1.61% 10 1.02% 0.237
Peptic ulcer disease 1028 26.24% 269 27.48% 0.442
Severe liver disease 93 2.37% 33 3.37% 0.090

Diabetes 1039 26.52% 255 26.05% 0.777
Hemiplegia 154 3.93% 38 3.88% 1.000

Under dialysis 354 9.04% 93 9.50% 0.664
Malignancy 687 17.53% 187 19.10% 0.263

Heart conduct disease 801 20.44% 206 21.04% 0.691
Hypertension 1869 47.70% 441 45.05% 0.142

Hyperlipidemia 405 10.34% 105 10.73% 0.726
Gout 326 8.32% 97 9.91% 0.127

Obesity 8 0.20% 2 0.20% 1.000

Laparoscope operation 98 2.5% 23 2.35% 0.908

Perioperative outcomes

30-day mortality 684 17.46% 168 17.16% 0.851

Median LOH (IQR) 16 (18) 16 (19) 0.318
There were no significant differences between the groups regarding age, sex, or any of the covary-ates. LOH:
length of hospital stay; IQR: interquartile range.

3.2. Generating the Scoring System for the Prediction Model

Multivariable analysis revealed that an age ≥62 years (adjusted OR 2.275, p < 0.001),
as well as having a history of congestive heart failure (adjusted OR 1.475, p < 0.001),
cerebrovascular disease (adjusted OR 1.275, p = 0.019), peptic ulcer disease (adjusted OR
1.513, p < 0.001), severe liver disease (adjusted OR 3.140, p < 0.001), hemodialysis (adjusted
OR 1.736, p < 0.001), and diabetes (adjusted OR 1.353, p = 0.002) were associated with
30-day mortality (Supplementary Table S2). We tested several scoring systems to obtain
the scoring system with the best reliability and calibration (Supplementary Table S3). The
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‘Surgery for acute mesenteric infarction mortality score’ (SAMIMS) system was generated
for these patients based on each of the factors mentioned earlier, including age >62-year-old
(3 points), hemodialysis (2 points), congestive heart failure (1 point), peptic ulcer disease
(1 point), diabetes (1 point), cerebrovascular disease (1 point), and severe liver disease
(4 points) (Table 2).

Table 2. ‘Surgery for acute mesenteric infarction mortality score’ system.

Age Score

Age > 62 3

Comorbidities Score

Severe liver disease 4
Hemodialysis 2

Congestive heart failure 1
Peptic ulcer disease 1

Cerebrovascular disease 1
Diabetes 1

All variables show statistical significance for predicting 30-day mortality in multivariable logistic regression. The
regression coefficient of variables significantly related to mortality (p < 0.05) was multiplied by numbers and
rounded to the nearest integer to create a score on an additive scale. Then, this score was applied to the derivation
and validation group for further evaluation.

3.3. The ‘Surgery for Acute Mesenteric Infarction Mortality Score’ (SAMIMS)

The distribution of the patients in the derivation and validation groups after applying
the scoring system is presented in Supplementary Table S4. The cutoff was applied to
4 different homogeneous groups of risk according to their score: very low risk (0 points),
low risk (1–3 points), intermediate risk (4–6 points), and high risk (7–13 points).

The distribution of patients according to their scores is reported in (Supplementary Figure S1).
The patient distributions according to 30-day mortality were similar across both groups.
The AUCs were 0.677 (95% CI: 0.660–0.689, p < 0.001) and 0.696 (95% CI: 0.666–0.725,
p < 0.001) in the derivation and validation groups, respectively. The model demonstrated
good calibration per the Hosmer–Lemeshow χ2 test (Table 3). The 30-day mortality rates
(Figure 2) in the derivation group were 4.4%, 13.4%, 24.5%, and 32.5% for very-low-,
low-, intermediate-, and high-risk patients. Compared to the very low-risk group, the
low- (OR 3.332, p < 0.001), intermediate- (OR 7.004, p < 0.001), and high-risk groups (OR
10.410, p < 0.001) demonstrated higher odds of 30-day mortality (Table 3). In the validation
cohort, the 30-day mortality rates (Figure 2) were 3.5% for very-low-risk, 12.9% for low-risk,
24.7% for intermediate-risk, and 33.8% for high-risk patients. Compared to the very-low-
risk group, the low-risk (OR 4.117, p = 0.001), intermediate-risk (OR 9.082, p < 0.001), and
high-risk groups (OR 14.165, p < 0.001) demonstrated higher odds of 30-day mortality
(Table 3).

Table 3. Risk of 30-day mortality in the derivation and validation groups.

Derivation Group Validation Cohort

Score Mortality Rate OR p Score Mortality Rate OR p

0 (Very Low) 4.4% 1 0 (Very Low) 3.5% 1
1–3 (Low risk) 13.4% 3.332 (2.287–4.857) <0.001 1–3 (Low risk) 12.9% 4.117 (1.809–9.369) 0.001

4–6 (Median risk) 24.5% 7.004 (4.902–10.008) <0.001 4–6 (Median risk) 24.7% 9.082 (4.130–19.974) <0.001
7–13 (High risk) 32.5% 10.410 (6.763–16.023) <0.001 7–13 (High risk) 33.8% 14.165 (5.724–35.053) <0.001

ROC: AUC = 0.677, p < 0.001, 95% CI: 0.660–0.689,
Calibration (Hosmer–Lemeshow goodness-of-fit test) χ2 = 19.887

(p = 0.001)

ROC: AUC = 0.696, p < 0.001, 95% CI: 0.666–0.725,
Calibration (Hosmer–Lemeshow goodness-of-fit test) χ2 = 5.067

(p = 0.280)

Statistical significantly increased the risk of postoperative mortality with increasing preoperative scores demon-
strated in 4 subgroups. OR, odds ratio; ROC, receiver operating characteristic curve; AUC, area under the curve;
CI, confidence interval.
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4. Discussion

We established a scoring system, the ‘Surgery for acute mesenteric infarction mortality
score’ (SAMIMS), to evaluate the risks of 30-day hospital mortality among patients who
experienced mesenteric infarction and underwent bowel resection. The system included
age >62-year-old (3 points), hemodialysis (2 points), congestive heart failure (1 point),
peptic ulcer disease (1 point), diabetes (1 point), cerebrovascular disease (1 point), and
severe liver disease (4 points). The 30-day mortality rates in the derivation group were
4.4%, 13.4%, 24.5%, and 32.5% among very-low- (0 point), low- (1–3 point(s)), intermediate-
(4–6 points), and high-risk (7–13 points) patients. Compared to the very-low-risk group,
the low-risk (odds ratio 3.332, p < 0.001), intermediate-risk (7.004, p < 0.001), and high-risk
groups (10.410, p < 0.001) exhibited higher odds of 30-day mortality. We identified similar
results in the validation group. The areas under the receiver operating characteristic curve
were 0.677 (95% CI: 0.660–0.689) and 0.696 (0.666–0.725) in the derivation and validation
groups, respectively. With our study analyzing data from more than 4000 patients, SAMIMS
can enhance risk assessment and is easy to apply before surgery in daily practice.

It has been concluded that the management of specific etiologies of acute or chronic
intestinal ischemia depends on the specific etiology (i.e., arterial occlusion or thrombosis,
mesenteric venous thrombosis, and nonocclusive mesenteric ischemia). So, the standard
treatments of occlusive and non-occlusive have been established. However, the manage-
ment in different hospitals varies because of different patients’ conditions, the equipment
and the health care staff. The hospitals with inadequate resources would not distinguish
the etiologies of the AMI and treat the patients as standard guidelines. The patients in
severe conditions or in the hospital with insufficient and inadequate medical equipment
to follow treatment guidelines are thought to be the candidates to need bowel resection
assessed by clinicians. Therefore, it is necessary to understand the prognosis of AMI after
bowel resection. There are many different preoperative models for predicting mortality
such as NELA score, SORT, SMPM, and POSPOM [37–41]. All of them are not specific to
AMI after bowel resection.

We observed a postoperative 17% in-hospital mortality of AMI in our study. In
contrast, the POSPOM study reported a relatively lower postoperative mortality rate of
0.5%. Several large-scale studies have reported postoperative mortality rates ranging from
1.3 to 4%. These scales did not totally fit the AMI patients. Compared to SAMIMS, several
mentioned preoperative risk factors in POSPOM including ischemic heart disease, cardiac
arrhythmia or heart blocks, peripheral vascular disease, dementia, hemiplegia, chronic
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obstructive pulmonary disease, chronic respiratory failure, chronic alcohol abuse, and
cancer in POSPOM are not included in SAMIMS, which were designed for specifically
predicting the 30-day mortality after bowel resection for AMI. It might be inaccurate if the
patients had some risk factors unrelated to the postoperative mortality in AMI in other
scoring systems. Thus, we believe the SAMIMS could provide more accurate results for the
clinicians and help health care agent to understand.

A patient with 0–6 SAMIMS points is estimated to have a 4.4–24.5% probability of
death; this rises to 32.5% with a score of 7–13 points. However, the mortality rates in
this study were lower than those reported in a previous systemic review, where the short-
term average mortality rate was 47% [6]. An explanation for the lower mortality rate
in our study may be due to the easy accessibility of hospitals, doctors’ offices, clinics,
and other health care providers in Taiwan. Moreover, the National Health Insurance in
Taiwan allows patients to go and seek urgent medical attention when needed willingly.
Another explanation could be a selection bias; surgeons might have chosen patients whose
conditions were relatively stable and would likely have higher chances of survival after
bowel resection. Therefore, our scoring system is most useful for surgeons to predict the
surgical mortality outcome of patients receiving bowel resection due to AMI. The SAMIMS
could thus help improve the understanding of the mortality risk for patients and their
families before surgery.

Age is a significant factor in decision making and risk assessment. Our study demon-
strated that an age ≥62 years is a significant predictor of postoperative death within
30 days (worth 3 points). Older patients deemed eligible for surgical treatment may not
exhibit elevated mortality rates, but they still represent a high-risk population that re-
quires comprehensive assessment and optimized treatment [11,42]. Another reason for
old age as a significant risk factor is those elderly individuals with AMI exhibit atypical
symptoms, which may lead to delayed diagnosis. Like previous reports, our analyses
revealed that 3 points for age ≥62 years per the SAMIMS predicted at least a mortality rate
of 13.4% post-laparotomy.

In our study, severe liver diseases had a strong negative impact on 30-day mortality
(4 points); therefore, patients with severe liver disease should be treated cautiously. How-
ever, we posit that bowel resection can be performed safely in patients with milder disease,
such as those with Child–Pugh, a stage with normal liver function test results and no
ascitic edematous decompensation. Moreover, elevated hepatic aspartate aminotransferase
(AST) is a preoperative risk factor as reported by Haga et al. and Merle et al. [20,21];
however, elevated AST likely indicates the degree of intestinal ischemia; its elevation alone
without other indices related to liver function being affected does not strongly correspond
to severe hepatic disease. The ‘Model for End-stage Liver Disease’ score has been sug-
gested as an alternative to the Child–Pugh classification that provides for more appropriate
risk assessment in patients with cirrhosis; however, this warrants further analysis [43–46].
Moreover, the patient with AMI is usually an emergency event. There is no time for such
management. If we could track their previous medical records or ask the patient’s family,
we may preliminarily understand the patient’s liver condition.

Patients with a history of hemodialysis had another 2 points added to their SAMIMS
in this study. Previous studies have shown that kidney diseases are another factor closely
related to postoperative survival, as a history of renal disorders or elevated creatinine levels
were predictors of an increased risk of postoperative death [11,16,22]. Patients undergoing
hemodialysis indicate a higher grade per the American Society of Anesthesiologists phys-
ical status classification system. Therefore, they have higher mortality rates after bowel
resection for AMI compared with those without undergoing hemodialysis [6,47]. As such,
the treatment strategy should not only focus on the early surgical intervention; proper fluid
replacement and avoiding drug-induced renal toxicity are also crucial.

Regarding comorbidities, a history of congestive heart failure is considered an im-
portant negative prognosticator after four previous studies observed that patients with
heart failure had higher mortality rates after surgery [12,22,24,25]; the investigators rec-
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ommended that individuals being considered for surgery undergo careful preoperative
cardiovascular workups as a result. However, in our study, myocardial infarction and
perivascular disease were not observed to be independent preoperative risk factors, which
was inconsistent with previous studies [12,21]; therefore, these variables were not incor-
porated into the SAMIMS. Conversely, the peptic ulcer was observed to be a negative
prognosticator in our study even though it has not been previously reported. However,
the relationship between these conditions is unclear. Moreover, why patients with AMI
who have peptic ulcer exhibit higher mortality rates after bowel resection is poorly under-
stood [29,48]; therefore, this topic requires further exploration. Cerebrovascular disease
(1 point) and diabetes (1 point) were negative prognosticators. Previous studies have re-
vealed that some comorbidities (such as diabetes and cerebrovascular diseases) in some
patients impacted postoperative mortality rates [13,23]. However, there is no obvious
explanation of why a history of diabetes and cerebrovascular disease are risk factors for
short-term postoperative mortality of AMI.

Our study had several limitations. First, although the standard treatments of occlusive
and non-occlusive have been established, in fact, in the management in different hospitals
there remain some discrepancies because of different patients’ conditions, the equipment
and the health care staff. Moreover, we could not confirm the etiologies of AMI However,
the clinicians in our study select the patients with severe condition who are candidates
for small bowel resection. Additionally, the hospitals with inadequate resources would
not distinguish the etiologies of the AMI and treat the patients as standard guidelines.
Therefore, it is necessary to understand the prognosis of AMI after bowel resection. We
believe that there is research value in our scoring system. Second, due to unknown
etiologies in AMI, using liver disease as a risk factor in predicting the mortality in AMI may
lead to be a selection bias, since liver diseases are more important in mesenteric venous
thrombosis than arterial AMI [49,50].

Third, the results of the secondary and administrative databases we used were re-
stricted to the strict framework of Taiwan’s NHIRD without the possibility of conducting
an in-depth analysis. For example, certain details such as demographic data, socioeconomic
status, the timing of surgery, and details of each surgery were not recorded in the database
and could not be obtained. Moreover, the study lacked some important clinical data, in-
cluding vital signs, shock status, and laboratory findings, such as lactate levels. Previous
studies observed that many other laboratory parameters could predict short-term death
in patients with AMI after bowel resection. Forth, even though we performed specific
correction testing while devising our scoring system, the discrimination remained poor.
This limitation is common to every reported mortality prediction model involving rare
clinical events and reflects the significant complexity in determining the causes of death
within 30 days.

Fifth, our model may not be helpful for patients with unstable conditions or those
thought to be ineligible for surgery. While a selection bias did exist, we included patients
who were also diagnosed with mesenteric infarction and underwent bowel resection, as
these conditions would be fully evaluated by surgeons from the outset. We aimed to
generate a scoring system that would provide an additional metric for evaluating the
mortality risk of these patients.

Sixth, there was a risk of miscoding since surgeons do not usually use the ICD-9;
instead, they employ different systems and Health Insurance Surgical orders obtained from
the Taiwanese NHI payment system. Moreover, we only used inpatient expenditure and
admission data to identify patients and evaluate comorbidities; therefore, we may have
underestimated the comorbidities of these patients. However, most ICD-9 codes during
admission were assigned by professionals based on admission records, as these codes
are directly related to payments from the NHI. Moreover, a table comparing ICD-9 and
NHI payment system codes was generated by the NHI Administration at the Ministry of
Health and Welfare, and we used relatively reliable data such as age, sex, date of admission,
discharge condition, and death for our analyses. We also used the RCIPD, a relatively



J. Clin. Med. 2022, 11, 5937 9 of 11

accurate database of comorbidities, given that specific confirmatory details such as surgical
pathology or laboratory data are required for registration. As such, the odds of miscoding
ought to be relatively low.

5. Conclusions

Surgery for acute mesenteric infarction is associated with high mortality. Although
it is important to understand the mortality before surgery, only a few studies have in-
volved scoring systems for predicting mortality following bowel resection for AMI with
a main limitation due to the small patient numbers. We established a scoring system,
the ‘Surgery for acute mesenteric infarction mortality score’ (SAMIMS), from a national
database to evaluate the risks of 30-day hospital mortality among patients who experienced
mesenteric infarction and underwent bowel resection. Our study analyzed data from more
than 4000 patients. It is easy to apply preoperatively based patient’s age and underlying
comorbidities in daily practice. Moreover, no matter whether in the derivation group or the
validation group, SAMIMS can offer significant predictive value and enhance risk assess-
ment before surgery. We believe the prediction model can offer evidence from a relatively
large population and is easily accessible to assist clinicians in predicting surgical mortality
outcome in treating acute mesenteric infarction.
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in two groups.

Author Contributions: Conceptualization, J.-H.C., S.-W.L., C.-Y.C. and K.-T.W.; methodology, J.-H.C.,
C.-Y.C. and Y.-C.Y.; software, J.-H.C.; validation, J.-H.C. and C.-Y.C.; formal analysis, J.-H.C., S.-W.L.
and K.-T.W.; investigation, J.-H.C.; resources, J.-H.C.; data curation, J.-H.C., C.-Y.C. and Y.-C.Y.;
writing—original draft preparation, S.-W.L. and P.-C.Y.; writing—review and editing, J.-H.C.; visual-
ization, P.-C.Y., S.-W.L., K.-T.W. and Y.-C.S.; supervision, J.-H.C. and S.-W.L.; project administration,
J.-H.C. and Y.-C.Y.; funding acquisition, Y.-C.Y. All authors have read and agreed to the published
version of the manuscript.

Funding: The authors gratefully acknowledge the grant support of E-Da Hospital, Taiwan, and IRB
(EDAHI-110-003, EDAHP-111-007, EDAHC-111-007, EDAHP-111-021, EDAHP-111-018).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Institutional Review Board of the Buddhist E-da
Hospital (No. EMRP-106-063).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: This study is based in part on data from the National Health Insurance
Research Database (NHIRD), provided by the National Health Insurance Administration of the
Ministry of Health and Welfare and managed by the National Health Research Institutes (registration
number NHIRD-103-246). The data utilized in this study cannot be made available in the manuscript,
supplementary files, or in a public repository due to the “Personal Information Protection Act”
executed by Taiwan’s government, which took effect in 2012. Data are available with the permission
of NHIRD.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Clair, D.G.; Beach, J.M. Mesenteric Ischemia. N. Engl. J. Med. 2016, 374, 959–968. [CrossRef] [PubMed]
2. Berland, T.; Oldenburg, W.A. Acute mesenteric ischemia. Curr. Gastroenterol. Rep. 2008, 10, 341–346. [CrossRef] [PubMed]
3. Gupta, P.K.; Natarajan, B.; Gupta, H.; Fang, X.; Fitzgibbons, R.J. Morbidity and mortality after bowel resection for acute mesenteric

ischemia. Surgery 2011, 150, 779–787. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm11195937/s1
https://www.mdpi.com/article/10.3390/jcm11195937/s1
http://doi.org/10.1056/NEJMra1503884
http://www.ncbi.nlm.nih.gov/pubmed/26962730
http://doi.org/10.1007/s11894-008-0065-0
http://www.ncbi.nlm.nih.gov/pubmed/18625147
http://doi.org/10.1016/j.surg.2011.07.079


J. Clin. Med. 2022, 11, 5937 10 of 11

4. Acosta, S.; Ögren, M.; Sternby, N.-H.; Bergqvist, D.; Björck, M. Clinical Implications for the Management of Acute Thromboembolic
Occlusion of the Superior Mesenteric Artery: Autopsy findings in 213 patients. Ann. Surg. 2005, 241, 516–522. [CrossRef]

5. Adaba, F.; Askari, A.; Dastur, J.; Patel, A.; Gabe, S.; Vaizey, C.; Faiz, O.; Nightingale, J.; Warusavitarne, J. Mortality after acute
primary mesenteric infarction. A systematic review and meta-analysis of observational studies. Color. Dis. 2015, 17, 566–577.
[CrossRef] [PubMed]

6. Cudnik, M.T.; Darbha, S.; Jones, J.; Macedo, J.; Stockton, S.W.; Hiestand, B.C. The Diagnosis of Acute Mesenteric Ischemia:
A Systematic Review and Meta-analysis. Acad. Emerg. Med. 2013, 20, 1087–1100. [CrossRef] [PubMed]

7. Eslami, M.H.; Rybin, D.; Doros, G.; McPhee, J.T.; Farber, A. Mortality of acute mesenteric ischemia remains unchanged despite
significant increase in utilization of endovascular techniques. Vascular 2016, 24, 44–52. [CrossRef]

8. Mamode, I.P.N. Failure to Improve Outcome in Acute Mesenteric Ischaemia: Seven Year Review. Eur. J. Surg. 1999, 165, 203–208.
[CrossRef]

9. Bala, M.; Kashuk, J.; Moore, E.E.; Kluger, Y.; Biffl, W.; Gomes, C.A.; Ben-Ishay, O.; Rubinstein, C.; Balogh, Z.J.; Civil, I.; et al. Acute
mesenteric ischemia: Guidelines of the World Society of Emergency Surgery. World J. Emerg. Surg. 2017, 12, 38. [CrossRef]

10. Emile, S.H.; Khan, S.M.; Barsoum, S.H. Predictors of bowel necrosis in patients with acute mesenteric ischemia: Systematic review
and meta-analysis. Updat. Surg. 2021, 73, 47–57. [CrossRef]

11. Otto, C.C.; Czigany, Z.; Heise, D.; Bruners, P.; Kotelis, D.; Lang, S.A.; Ulmer, T.F.; Neumann, U.P.; Klink, C.; Bednarsch, J.
Prognostic Factors for Mortality in Acute Mesenteric Ischemia. J. Clin. Med. 2022, 11, 3619. [CrossRef] [PubMed]

12. Wu, W.; Liu, J.; Zhou, Z. Preoperative Risk Factors for Short-Term Postoperative Mortality of Acute Mesenteric Ischemia after
Laparotomy: A Systematic Review and Meta-Analysis. Emerg. Med. Int. 2020, 2020, 1382475. [CrossRef] [PubMed]

13. Miao, S.-L.; Ye, X.-N.; Lin, T.-T.; Qiu, Y.-H.; Huang, J.-Y.; Zheng, X.-W.; Chen, F.-F. The psoas muscle density as a predictor of
postoperative complications and 30-day mortality for acute mesenteric ischemia patients. Abdom. Radiol. 2020, 47, 1644–1653.
[CrossRef]

14. Grotelüschen, R.; Bergmann, W.; Welte, M.; Reeh, M.; Izbicki, J.; Bachmann, K. What predicts the outcome in patients with
intestinal ischemia? A single center experience. J. Visc. Surg. 2019, 156, 405–411. [CrossRef] [PubMed]

15. Vural, V.; Ozozan, O.V. The Usefulness of Inflammation-based Prognostic Scores for the Prediction of Postoperative Mortality in
Patients Who Underwent Intestinal Resection for Acute Intestinal Ischemia. Cureus 2019, 11, e6372. [CrossRef]

16. Caluwaerts, M.; Castanares-Zapatero, D.; Laterre, P.-F.; Hantson, P. Prognostic factors of acute mesenteric ischemia in ICU
patients. BMC Gastroenterol. 2019, 19, 80. [CrossRef]

17. Matthaei, H.; Klein, A.; Branchi, V.; Kalff, J.C.; Koscielny, A. Acute mesenteric ischemia (AMI): Absence of renal insufficiency and
performance of early bowel resection may indicate improved outcomes. Int. J. Color. Dis. 2019, 34, 1781–1790. [CrossRef]

18. Paladino, N.C.; Inviati, A.; Di Paola, V.; Busuito, G.; Amodio, E.; Bonventre, S.; Scerrino, G. Predictive factors of mortality in
patients with acute mesenteric ischemia. A retrospective study. Ann. Ital. Chir. 2014, 85, 265–270.

19. Evennett, N.J.; Petrov, M.S.; Mittal, A.; Windsor, J.A. Systematic Review and Pooled Estimates for the Diagnostic Accuracy of
Serological Markers for Intestinal Ischemia. World J. Surg. 2009, 33, 1374–1383. [CrossRef]

20. Huang, H.-H.; Chang, Y.-C.; Yen, D.H.-T.; Kao, W.-F.; Chen, J.-D.; Wang, L.-M.; Huang, C.-I.; Lee, C.-H. Clinical Factors and
Outcomes in Patients with Acute Mesenteric Ischemia in the Emergency Department. J. Chin. Med. Assoc. 2005, 68, 299–306.
[CrossRef]

21. Haga, Y.; Odo, M.; Homma, M.; Komiya, K.; Takeda, K.; Koike, S.; Takahashi, T.; Hiraka, K.; Yamashita, H.; Tanakaya, K. New
Prediction Rule for Mortality in Acute Mesenteric Ischemia. Digestion 2009, 80, 104–111. [CrossRef] [PubMed]

22. Merle, C.; Lepouse, C.; De Garine, A.; Frayssinet, N.; Leymarie, F.; Leon, A.; Jolly, D. Surgery for mesenteric infarction: Prognostic
factors associated with early death within 72 hours. J. Cardiothorac. Vasc. Anesth. 2004, 18, 734–741. [CrossRef] [PubMed]

23. Akyıldız, H.Y.; Sözüer, E.; Uzer, H.; Baykan, M.; Oz, B. The length of necrosis and renal insufficiency predict the outcome of acute
mesenteric ischemia. Asian J. Surg. 2015, 38, 28–32. [CrossRef] [PubMed]

24. Alhan, E.; Usta, A.; Çekiç, A.; Saglam, K.; Türkyılmaz, S.; Cinel, A. A study on 107 patients with acute mesenteric ischemia over
30 years. Int. J. Surg. 2012, 10, 510–513. [CrossRef] [PubMed]

25. Crawford, R.S.; Harris, D.G.; Klyushnenkova, E.N.; Tesoriero, R.B.; Rabin, J.; Chen, H.; Diaz, J.J. A Statewide Analysis of the
Incidence and Outcomes of Acute Mesenteric Ischemia in Maryland from 2009 to 2013. Front. Surg. 2016, 3, 22. [CrossRef]
[PubMed]

26. Lin, L.-Y.; Warren-Gash, C.; Smeeth, L.; Chen, P.-C. Data resource profile: The National Health Insurance Research Database
(NHIRD). Epidemiol. Health 2018, 40, e2018062. [CrossRef]

27. Johnston, L.E.; Grimm, J.C.; Magruder, J.T.; Shah, A.S. Development of a Transplantation Risk Index in Patients With Mechanical
Circulatory Support: A Decision Support Tool. JACC Heart Fail. 2016, 4, 277–286. [CrossRef]

28. Wu, C.-Y.; Chen, Y.-J.; Ho, H.J.; Hsu, Y.-C.; Kuo, K.N.; Wu, M.-S.; Lin, J.-T. Association Between Nucleoside Analogues and
Risk of Hepatitis B Virus–Related Hepatocellular Carcinoma Recurrence Following Liver Resection. JAMA 2012, 308, 1906–1914.
[CrossRef]

29. Tun, M.; Malik, A.K. Massive small bowel infarction and duodenal perforation due to abdominal polyarteritis nodosa: A case
report. Malays. J. Pathol. 1994, 16, 75–78.

http://doi.org/10.1097/01.sla.0000154269.52294.57
http://doi.org/10.1111/codi.12938
http://www.ncbi.nlm.nih.gov/pubmed/25739990
http://doi.org/10.1111/acem.12254
http://www.ncbi.nlm.nih.gov/pubmed/24238311
http://doi.org/10.1177/1708538115577730
http://doi.org/10.1080/110241599750007054
http://doi.org/10.1186/s13017-017-0150-5
http://doi.org/10.1007/s13304-020-00857-9
http://doi.org/10.3390/jcm11133619
http://www.ncbi.nlm.nih.gov/pubmed/35806904
http://doi.org/10.1155/2020/1382475
http://www.ncbi.nlm.nih.gov/pubmed/33083058
http://doi.org/10.1007/s00261-020-02714-0
http://doi.org/10.1016/j.jviscsurg.2019.01.007
http://www.ncbi.nlm.nih.gov/pubmed/30745185
http://doi.org/10.7759/cureus.6372
http://doi.org/10.1186/s12876-019-0999-8
http://doi.org/10.1007/s00384-019-03388-x
http://doi.org/10.1007/s00268-009-0074-7
http://doi.org/10.1016/S1726-4901(09)70165-0
http://doi.org/10.1159/000219367
http://www.ncbi.nlm.nih.gov/pubmed/19556795
http://doi.org/10.1053/j.jvca.2004.08.011
http://www.ncbi.nlm.nih.gov/pubmed/15650983
http://doi.org/10.1016/j.asjsur.2014.06.001
http://www.ncbi.nlm.nih.gov/pubmed/25183292
http://doi.org/10.1016/j.ijsu.2012.07.011
http://www.ncbi.nlm.nih.gov/pubmed/22885139
http://doi.org/10.3389/fsurg.2016.00022
http://www.ncbi.nlm.nih.gov/pubmed/27148538
http://doi.org/10.4178/epih.e2018062
http://doi.org/10.1016/j.jchf.2015.11.009
http://doi.org/10.1001/2012.jama.11975


J. Clin. Med. 2022, 11, 5937 11 of 11

30. Cheng, C.-Y.; Hsu, C.-Y.; Wang, T.-C.; Liu, C.-Y.; Yang, Y.-H.; Yang, W.-H. Risk of Cardiac Morbidities and Sudden Death in
Patients With Epilepsy and No History of Cardiac Disease: A Population-Based Nationwide Study. Mayo. Clin. Proc. 2021,
96, 964–974. [CrossRef]

31. Tamariz, L.; Harkins, T.; Nair, V. A systematic review of validated methods for identifying ventricular arrhythmias using
administrative and claims data. Pharmacoepidemiol. Drug Saf. 2012, 21, 148–153. [CrossRef] [PubMed]

32. Brown, D.W.; Croft, J.B.; Giles, W.H.; Anda, R.F.; Mensah, G.A. Epidemiology of pacemaker procedures among Medicare enrollees
in 1990, 1995 and 2000. Am. J. Cardiol. 2005, 95, 409–411. [CrossRef]

33. DeLea, T.E.; Hagiwara, M.; Phatak, P.D. Retrospective study of the association between transfusion frequency and potential
complications of iron overload in patients with myelodysplastic syndrome and other acquired hematopoietic disorders. Curr.
Med. Res. Opin. 2009, 25, 139–147. [CrossRef] [PubMed]

34. D’Journo, X.B.; Boulate, D.; Fourdrain, A.; Loundou, A.; Henegouwen, M.I.V.B.; Gisbertz, S.S.; O’Neill, J.R.; Hoelscher, A.; Piessen,
G.; van Lanschot, J.; et al. Risk Prediction Model of 90-Day Mortality After Esophagectomy for Cancer. JAMA Surg. 2021,
156, 836–845. [CrossRef] [PubMed]

35. Nguyen, D.T.; Graviss, E.A. Development and validation of a prognostic score to predict tuberculosis mortality. J. Infect. 2018,
77, 283–290. [CrossRef] [PubMed]

36. Rassi, A., Jr.; Little, W.C.; Xavier, S.S.; Rassi, S.G.; Rassi, A.G.; Rassi, G.G.; Hasslochermoreno, A.M.; Sousa, A.S.; Scanavacca, M.I.
Development and Validation of a Risk Score for Predicting Death in Chagas’ Heart Disease. N. Engl. J. Med. 2006, 355, 799–808.
[CrossRef]

37. Reilly, J.R.; Gabbe, B.J.; Brown, W.A.; Hodgson, C.L.; Myles, P.S. Systematic review of perioperative mortality risk prediction
models for adults undergoing inpatient non-cardiac surgery. ANZ J. Surg. 2021, 91, 860–870. [CrossRef]

38. Eugene, N.; Oliver, C.; Bassett, M.; Poulton, T.; Kuryba, A.; Johnston, C.; Anderson, I.; Moonesinghe, S.; Grocott, M.; Murray,
D.; et al. Development and internal validation of a novel risk adjustment model for adult patients undergoing emergency
laparotomy surgery: The National Emergency Laparotomy Audit risk model. Br. J. Anaesth. 2018, 121, 739–748. [CrossRef]

39. Le Manach, Y.; Collins, G.; Rodseth, R.; LE Bihan-Benjamin, C.; Biccard, B.; Riou, B.; Devereaux, P.; Landais, P. Preoperative Score
to Predict Postoperative Mortality (POSPOM): Derivation and Validation. Anesthesiology 2016, 124, 570–579. [CrossRef]

40. Protopapa, K.L.; Simpson, J.C.; E Smith, N.C.; Moonesinghe, S.R. Development and validation of the Surgical Outcome Risk Tool
(SORT). Br. J. Surg. 2014, 101, 1774–1783. [CrossRef]

41. Glance, L.G.; Lustik, S.J.; Hannan, E.L.; Osler, T.M.; Mukamel, D.B.; Qian, F.; Dick, A.W. The Surgical Mortality Probability
Model: Derivation and validation of a simple risk prediction rule for noncardiac surgery. Annals of surgery. Ann. Surg. 2012,
255, 696–702. [CrossRef] [PubMed]

42. Desserud, K.F.; Veen, T.; Søreide, K. Emergency general surgery in the geriatric patient. Br. J. Surg. 2016, 103, e52–e61. [CrossRef]
[PubMed]

43. Malinchoc, M.; Kamath, P.S.; Gordon, F.D.; Peine, C.J.; Rank, J.; Ter Borg, P.C.J. A model to predict poor survival in patients
undergoing transjugular intrahepatic portosystemic shunts. Hepatology 2000, 31, 864–871. [CrossRef] [PubMed]

44. Kamath, P.S.; Wiesner, R.H.; Malinchoc, M.; Kremers, W.K.; Therneau, T.M.; Kosberg, C.L.; D’Amico, G.; Dickson, E.R.; Kim, W.R.
A model to predict survival in patients with end-stage liver disease. Hepatology 2001, 33, 464–470. [CrossRef]

45. Said, A.; Williams, J.; Holden, J.; Remington, P.; Gangnon, R.; Musat, A.; Lucey, M.R. Model for end stage liver disease score
predicts mortality across a broad spectrum of liver disease. J. Hepatol. 2004, 40, 897–903. [CrossRef]

46. Leise, M.D.; Kim, W.R.; Kremers, W.K.; Larson, J.J.; Benson, J.T.; Therneau, T.M. A Revised Model for End-Stage Liver Disease
Optimizes Prediction of Mortality Among Patients Awaiting Liver Transplantation. Gastroenterology 2011, 140, 1952–1960.
[CrossRef]

47. Doyle, D.J.; Goyal, A.; Bansal, P. American Society of Anesthesiologists Classification; StatPearls: Treasure Island, FL, USA, 2022.
48. Mathew, A.; Devereaux, P.; O’Hare, A.; Tonelli, M.; Thiessen-Philbrook, H.; Nevis, I.; Iansavichus, A.; Garg, A. Chronic kidney

disease and postoperative mortality: A systematic review and meta-analysis. Kidney Int. 2008, 73, 1069–1081. [CrossRef]
49. Francoz, C.; Valla, D.; Durand, F. Portal vein thrombosis, cirrhosis, and liver transplantation. J. Hepatol. 2012, 57, 203–212.

[CrossRef] [PubMed]
50. Intagliata, N.; Caldwell, S.H.; Tripodi, A. Diagnosis, Development, and Treatment of Portal Vein Thrombosis in Patients With and

Without Cirrhosis. Gastroenterology 2019, 156, 1582–1599.e1581. [CrossRef]

http://doi.org/10.1016/j.mayocp.2020.04.050
http://doi.org/10.1002/pds.2340
http://www.ncbi.nlm.nih.gov/pubmed/22262601
http://doi.org/10.1016/j.amjcard.2004.09.046
http://doi.org/10.1185/03007990802565867
http://www.ncbi.nlm.nih.gov/pubmed/19210147
http://doi.org/10.1001/jamasurg.2021.2376
http://www.ncbi.nlm.nih.gov/pubmed/34160587
http://doi.org/10.1016/j.jinf.2018.02.009
http://www.ncbi.nlm.nih.gov/pubmed/29649520
http://doi.org/10.1056/NEJMoa053241
http://doi.org/10.1111/ans.16255
http://doi.org/10.1016/j.bja.2018.06.026
http://doi.org/10.1097/ALN.0000000000000972
http://doi.org/10.1002/bjs.9638
http://doi.org/10.1097/SLA.0b013e31824b45af
http://www.ncbi.nlm.nih.gov/pubmed/22418007
http://doi.org/10.1002/bjs.10044
http://www.ncbi.nlm.nih.gov/pubmed/26620724
http://doi.org/10.1053/he.2000.5852
http://www.ncbi.nlm.nih.gov/pubmed/10733541
http://doi.org/10.1053/jhep.2001.22172
http://doi.org/10.1016/j.jhep.2004.02.010
http://doi.org/10.1053/j.gastro.2011.02.017
http://doi.org/10.1038/ki.2008.29
http://doi.org/10.1016/j.jhep.2011.12.034
http://www.ncbi.nlm.nih.gov/pubmed/22446690
http://doi.org/10.1053/j.gastro.2019.01.265

	Introduction 
	Materials and Methods 
	Database and Study Sample 
	Data Extraction and Inclusion/Exclusion Criteria 
	Primary Endpoint 
	Covariant Assessment 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Generating the Scoring System for the Prediction Model 
	The ‘Surgery for Acute Mesenteric Infarction Mortality Score’ (SAMIMS) 

	Discussion 
	Conclusions 
	References

