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Abstract
BACKGROUND 
The prognosis of acute mesenteric ischemia (AMI) caused by superior mesenteric 
venous thrombosis (SMVT) remains undetermined and early detection of 
transmural bowel infarction (TBI) is crucial. The predisposition to develop TBI is 
of clinical concern, which can lead to fatal sepsis with hemodynamic instability 
and multi-organ failure. Early resection of necrotic bowel could improve the 
prognosis of AMI, however, accurate prediction of TBI remains a challenge for 
clinicians. When determining the eligibility for explorative laparotomy, the 
underlying risk factors for bowel infarction should be fully evaluated.

AIM 
To develop and externally validate a nomogram for prediction of TBI in patients 
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with acute SMVT.

METHODS 
Consecutive data from 207 acute SMVT patients at the Wuhan Tongji Hospital 
and 89 patients at the Guangzhou Nanfang Hospital between July 2005 and 
December 2018 were included in this study. They were grouped as training and 
external validation cohort. The 207 cases (training cohort) from Tongji Hospital 
were divided into TBI and reversible intestinal ischemia groups based on the final 
therapeutic outcomes. Univariate and multivariate logistic regression analyses 
were conducted to identify independent risk factors for TBI using the training 
data, and a nomogram was subsequently developed. The performance of the 
nomogram was evaluated with respect to discrimination, calibration, and clinical 
usefulness in the training and external validation cohort.

RESULTS 
Univariate and multivariate logistic regression analyses identified the following 
independent prognostic factors associated with TBI in the training cohort: The 
decreased bowel wall enhancement (OR = 6.37, P < 0.001), rebound tenderness 
(OR = 7.14, P < 0.001), serum lactate levels > 2 mmol/L (OR = 3.14, P = 0.009) and 
previous history of deep venous thrombosis (OR = 6.37, P < 0.001). Incorporating 
these four factors, the nomogram achieved good calibration in the training set 
[area under the receiver operator characteristic curve (AUC) 0.860; 95%CI: 0.771-
0.925] and the external validation set (AUC 0.851; 95%CI: 0.796-0.897). The 
positive and negative predictive values (95%CIs) of the nomogram were 
calculated, resulting in positive predictive values of 54.55% (40.07%-68.29%) and 
53.85% (43.66%-63.72%) and negative predictive values of 93.33% (82.14%-97.71%) 
and 92.24% (85.91%-95.86%) for the training and validation cohorts, respectively. 
Based on the nomogram, patients who had a Nomo-score of more than 90 were 
considered to have high risk for TBI. Decision curve analysis indicated that the 
nomogram was clinically useful.

CONCLUSION 
The nomogram achieved an optimal prediction of TBI in patients with AMI. Using 
the model, the risk for an individual patient inclined to TBI can be assessed, thus 
providing a rational therapeutic choice.

Key words: Superior mesenteric venous thrombosis; Acute mesenteric ischemia; 
Transmural bowel infarction; Reversible intestinal ischemia; Predictors; Nomogram

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The high mortality rate of acute superior mesenteric venous thrombosis is closely 
associated with the occurrence of transmural bowel infarction (TBI). Early detection and 
subsequent resection of irreversible necrotic intestine before sepsis and multi-organ failure 
could improve the functional outcome of the small bowel and patient prognosis. We found 
that the decreased bowel wall enhancement, rebound tenderness, serum lactate levels > 2 
mmol/L and previous history of deep venous thrombosis independently predicted TBI. A 
nomogram that incorporated these four risk factors achieved an area under the receiver 
operator characteristic curve of 0.860 and 0.851 in the training and validation cohort, 
respectively, with good calibration. The nomogram can be conveniently used to facilitate 
the individualized prediction of TBI in patients with acute mesenteric ischemia.
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INTRODUCTION
As a rare insidious condition, acute mesenteric venous thrombosis (MVT) has an 
incidence of 1 in 1000 emergency laparotomies for acute abdomen[1]. The prevalence of 
MVT has increased over the last two decades, likely as a result of the wide use of 
abdominal contrast-enhanced computed tomography (CT). Superior MVT (SMVT) is 
the most common type of MVT that accounts for approximately 5% - 10% of all 
mesenteric ischemia[2]. Despite advances in managing thromboembolic diseases over 
the past 40 years, the average 30-d mortality of acute SMVT is still as high as 32.1% in 
severe cases[3]. The predisposition to develop transmural bowel infarction (TBI) is of 
clinical concern, which can lead to fatal sepsis with hemodynamic instability and 
multi-organ failure[4].

Advances in imaging modalities, especially CT angiography, have greatly enabled 
early detection of SMVT in the setting of acute abdominal pain. Unfortunately, TBI is 
not rare, and intestinal resection is still mandatory for some patients. TBI often leads to 
a complex clinical situation and increases the patients' physiological burden, which 
poses a major challenge for clinicians. Thus, accurate and reliable prediction of bowel 
infarction is critical for decision-making in an emergency setting. Preventing the 
progression from reversible intestinal ischemia to TBI should be a primary goal in the 
management of SMVT.

Nomograms can provide individualized and highly accurate risk estimation, which 
are easy to use and can facilitate clinical decision-making. We undertook the present 
study to develop and externally validate a nomogram to predict TBI in patients with 
acute SMVT.

MATERIALS AND METHODS
Patients
Consecutive patients with SMVT from Tongji Hospital of Huazhong University of 
Science and Technology, Wuhan, China (as training cohort) and from Nanfang 
Hospital of Southern Medical University, Guangzhou, China (as validation cohort) 
were included. This retrospective study (clinical trial number: ChiCTR1900026320) was 
approved by the institutional review board of the two hospitals. Since the study was 
retrospectively designed and did not cause any harm to the patients, the informed 
consent was waived by the board.

We retrospectively reviewed the electronic medical record system using the key 
word “mesenteric venous thrombosis” to identify SMVT patients with acute 
mesenteric ischemia (AMI) who underwent contrast-enhanced CT at the two 
institutions. SMVT-related AMI was defined as the association of acute abdominal 
symptoms, CT features of bowel injury, as well as vascular insufficiency of the 
superior mesenteric vein. Two senior radiologists reviewed all CT images and 
conrmed the presence of thrombosis and bowel injury based on consensus. K 
statistics was used to evaluate the concordance between the two radiologists, and any 
disagreements were resolved by discussion. Diagnosis was confirmed pathologically 
in cases that intestinal resection was performed. To explore the effect of SMVT on 
bowel infarction without confounding risk factors, we excluded patients who had 
coexisting mesenteric artery thrombosis. In addition, cases in that acute SMVT was 
secondary to mechanical small bowel obstruction were also excluded.

Treatment protocol
At the two tertiary referral centers in China, we have employed a standard protocol for 
the treatment of acute SMVT. The treatment protocol included bowel rest, nasogastric 
tube decompression for patients with abdominal distention, intravenous fluids, 
prophylactic antibiotics, prompt anticoagulation or surgical exploration if necessary. 
For all patients, once acute SMVT was diagnosed, intravenous administration of 
unfractionated heparin (3000-5000 IU/d) or subcutaneous administration of low-
molecular-weight heparin (LMWH or enoxaparin, 1 mg/kg per day) was applied at 
first. Thereafter, for patients with anticipated surgery, intravenous unfractionated 
heparin was administered according to the active partial thrombin time. Patients who 
received conservative treatment were injected with LMWH (1 mg/kg; BID) 
subcutaneously and monitored closely. Transmural bowel necrosis from resected 
specimens was confirmed histologically.
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Outcomes
To determine the indicators of TBI, patients were divided into two groups according to 
the final therapeutic outcome. The TBI group was defined as: (1) Pathology assessment 
as extensive, transmural intestinal necrosis; (2) Denite imaging of bowel perforation 
on CT; or (3) Unresected patients with extensive bowel necrosis assessed during open-
close laparotomy procedures. All resected specimens were retrospectively reviewed by 
a senior pathologist. The patients who did not progress to transmural bowel necrosis 
but recovered from AMI or superficial ischemic lesions after systemic anticoagulation 
or thrombectomy were categorized as reversible intestinal ischemia group. This was 
confirmed by explorative laparotomy, repeated CT scan or clinical follow-up.

Statistical analysis
Continuous variables were presented as median (interquartile range), and were 
compared between the training and validation cohort using Mann-Whitney U test or t
test as appropriate. Categorical variables were reported as whole numbers and 
proportions and were compared by the χ2 test or Fisher’s exact test where appropriate. 
Statistical analyses were conducted using R software (version 3.6.1) and SPSS 20.0 
software (SPSS Inc., Chicago, IL, United States). All the statistical signicance levels 
were two-sided, with P value less than 0.05. The detailed description of the decision 
curve analysis (DCA) algorithm is provided in the Supplementary text.

Data collection
Demographic and clinical data were extracted from case records, including age, 
gender, coexisting medical conditions (e.g., tobacco use, malignant disease, or previous 
history of deep venous thrombosis), clinical manifestations, physical ndings and 
laboratory test results. All serum biochemical parameters were collected at the onset of 
symptoms. Radiologic features including extent of thrombus and associated conditions 
(e.g., decreased bowel wall enhancement, bowel wall thickening and pneumatosis 
intestinalis) were also recorded. We also extracted the suspected risk factors for acute 
SMVT, such as recent surgery, intraperitoneal inflammation, and liver cirrhosis.

Construction of the nomogram
Continuous variables were transformed into dichotomous variables using the upper 
value of normal as the cutoff level (e.g., white blood cell count > 10 × 109/L, percentage 
of neutrophil granulocyte > 75%, creatinine > 106 µmol/L, or venous lactate levels > 2 
mmol/L), and C-reactive protein (50 mg/L as cutoff value in line with previous 
study[5].

Univariate logistic regression analysis was conducted to assess each variable in the 
training cohort for investigating the independent risk factors associated with TBI. 
Then, a multivariate logistic regression analysis incorporating all the significant risk 
variables was performed, using backward step-down selection procedure with a 
liberal P < 0.05 as the retention criteria to select the final indicators of TBI. A 
nomogram was developed based on the results of multivariate logistic regression 
analysis.

Performance of the nomogram
Calibration of the nomogram was evaluated using calibration curve and Hosmer-
Lemeshow test (non-significance of the Hosmer-Lemeshow test indicates good 
agreement)[6]. The discrimination performance of the nomogram was assessed using 
the area under the receiver operator characteristic curve (AUC). The nomogram was 
subjected to bootstrapping validation (1000 bootstrap resamples) to calculate a 
relatively corrected AUC. Then the performance of the nomogram was tested in the 
external validation cohort by calibration curve and AUC.

Clinical use assessment
DCA was performed to estimate the clinical usefulness of the prediction model by 
quantifying the net benets at different threshold probabilities[7,8]. For clinical use, the 
total scores (defined as Nomo-score in this study) of each case were calculated 
according to the nomogram algorithm. Then the optimal cutoff value of the Nomo-
score was determined by maximizing the Youden index. Performance of the optimal 
cutoff value of the Nomo-score was assessed by the sensitivity, specificity, as well as 
positive and negative predictive values.
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RESULTS
Patient selection
After excluding 12 patients with chronic SMVT, chart review yielded 230 consecutive 
patients who had acute SMVT in the training cohort between July 2005 and June 2018 
(Wuhan cohort). Of the 230 patients, 13 cases were excluded from the analysis as the 
acute SMVT was secondary to mechanical small bowel obstruction. Acute SMVT 
concomitant with mesenteric artery thrombosis was found in 10 patients, who were 
also excluded, leaving a nal sample of 207 patients. Explorative laparotomy was 
performed in 78 (38%) patients , and bowel resection was performed in 65 (83%) of 
these patients based on assessment of bowel viability with respect to color, dilatation 
and peristaltic motion of the bowel, pulsations of the mesenteric arcade arteries, as 
well as bleeding from cut surfaces. Thrombectomy was performed in 11 (14%) 
patients, and 2 (3%) received open-close procedure due to extensive bowel necrosis, 
who refused further treatment and died at last. The algorithm of patient screening in 
the training cohort is shown in Figure 1A. Pathological analysis of the surgical 
specimens confirmed TBI in 56 (86%) of the 65 patients, while superficial ischemic 
lesions were seen in 9 (14%) patients. The mean time between admission and surgical 
exploration for patients with and without TBI was 41.6 ± 30.5 (8-192) h and 32.4 ± 23.7 
(5-96) h, respectively.

In this study, patients with superficial ischemic lesions confirmed by pathological 
examination and clinically recovered through thrombectomy were classified as 
reversible intestinal ischemia group, while patients who underwent open-close 
procedure due to extensive bowel necrosis were deemed as TBI. One hundred twenty-
nine patients (62%) who did not progress to surgery and recovered after conservative 
therapy were considered as having reversible intestinal ischemia. Eventually, 
reversible intestinal ischemia and TBI were the final diagnosis in 149 (72%) and 58 
(28%) patients, respectively.

In the external validation cohort (Guangzhou cohort), 89 eligible cases were 
retrieved from August 2007 to December 2018 using the same criteria (Figure 1B). TBI 
was confirmed in 27 (30%) of these patients.

Characteristics of the study population
The patients’ clinical characteristics in the training and validation cohorts are 
summarized in Table 1. There were no differences in the clinicopathological 
characteristics between the two cohorts in most of the comparisons. In the training 
cohort, 82 patients had a clinical history of liver cirrhosis, and 20.7% (17/82) cases 
developed TBI. In the validation cohort, 18.9% (7/37) of the patients with liver 
cirrhosis progressed to TBI finally.

Development and validation of a TBI-predicting nomogram
The results of univariate logistic analysis are presented in Table 2. Stepwise 
multivariate logistic regression indicated that the decreased bowel wall enhancement 
(OR = 6.37, P < 0.001), rebound tenderness (OR = 7.14, P < 0.001), serum lactate levels 
> 2 mmol/L (OR = 3.14, P = 0.009) and previous history of deep venous thrombosis 
(DVT) (OR = 6.37, P < 0.001) all independently predicted TBI (Table 3). These 
independently associated risk factors were used to construct a TBI risk estimation 
nomogram (Figure 2A). The scoring system is shown in Supplementary Table 1, which 
can be used for a more accurate calculation of predictions than drawing lines on the 
nomogram. Figure 2B shows the calibration curve of the nomogram. The calibration 
curve and Hosmer-Lemeshow test statistics (P = 0.316) showed good calibration in the 
training cohort. An AUC of 0.860 (95%CI: 0.771-0.925) also showed good 
discrimination by the nomogram (Figure 2D). The favorable calibration of the 
nomogram was also confirmed in the external validation set (Figure 2C). The Hosmer-
Lemeshow test yielded a P value of 0.203, and the AUC of the validation cohort was 
0.851 (95%CI: 0.796-0.897) (Figure 2E). Thus, our nomogram performed well in both 
the training and external validation sets.

Decision curve analysis DCA was used to facilitate the assessment of the nomogram. 
Figure 3A shows the basic plot of model performance for the nomogram. The DCA 
graphically demonstrated the clinical value of the model based on a continuum of 
threshold for TBI risk (X axis) and the net benet of using the model to stratify the risk 
of the patients (Y axis) relative to the hypothesis that no patient will have a TBI. The 
decision curve indicated that when the threshold probability for a patient or a doctor is 
within a range from 0 to 1.0, the nomogram adds more net benefit than the “treat-all” 

https://f6publishing.blob.core.windows.net/1f185164-2c9d-4f29-a015-92f9981db84e/WJG-26-3800-supplementary-material.pdf
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Table 1 Participant characteristics

Cohort, n (%)
Variable

Training (n = 207) Validation (n = 89) P value

Age, yrs 48.5 ± 13.2 51.3 ± 8.2 0.07

Gender 0.52

Male 145 (70.0) 59 (66.3)

Female 62 (30.0) 30 (33.7)

Tobacco use 40 (19.3) 25 (28.1) 0.09

Coexisting medical conditions

Hypertension 19 (9.2) 13 (14.6) 0.17

Diabetes 20 (9.7) 13 (14.6) 0.22

Ischemic heart disease 8 (3.9) 9 (10.1) 0.05

Previous history of DVT 39 (18.8) 17 (19.1) 0.81

Malignant disease 24 (2.4) 5 (5.6) 0.11

Clinical manifestations

Diarrhea 22 (10.6) 14 (15.7) 0.22

Hematochezia or melena 62 (30.0) 19 (21.3) 0.13

Fever 26 (12.6) 13 (14.6) 0.63

Physical ndings

Abdominal distention 109 (52.7) 37 (41.6) 0.16

Abdominal tenderness 39 (18.8) 24 (27.0) 0.12

Rebound tenderness 38 (18.4) 21 (23.6) 0.3

Laboratory ndings

White blood cells, 109/L 7.0 (4.7-11.4) 11.0 (7.5-14.4) 0.05

Hemoglobin, g/L 109 (82-122) 113 (92-130) 0.11

Platelets, 109/L 191 (100-288) 168 (133-214) 0.06

C-reactive protein, mg/L 51.3 (7.7-67.5) 53.9 (18.2-75.1) 0.23

Serum lactate levels, mmol/L 4.3 (2.7-6.5) 3.9 (1.3-5.7) 0.31

Creatinine, µmol/L 72 (60-91) 76 (65-108) 0.07

D-dimer, mg/L 16.9 (3.0-179.6) 14.1 (6.9-60.2) 0.61

Procalcitonin, µg/L 0.5 (0.4-0.6) 0.4 (0.1-1.8) 0.17

Radiologic features

Distal thrombosis 63 (30.4) 25 (28.1%) 0.69

Portal vein or/and splenic vein extension 143 (69.1) 54 (60.7) 0.16

Decreased bowel wall enhancement 70 (33.8) 36 (40.4) 0.28

Bowel wall thickening 42 (21.3) 19 (21.3) 0.84

Bowel loop dilation 41 (19.8) 16 (18.0) 0.71

Pneumatosis intestinalis 52 (25.1) 27 (30.3) 0.13

Ascites 91 (44.0) 31 (34.8) 0.14

Other risk factors

Recent surgery 46 (22.2) 15 (16.9) 0.3

Intraperitoneal inflammation 73 (35.3) 31 (34.8) 0.94

Liver cirrhosis 82 (39.6) 37 (41.6) 0.75
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Data are median (IQR) or n (%). P values were calculated by Mann-Whitney U test, t test, χ² test, or Fisher’s exact test, as appropriate. DVT: Deep venous 
thrombosis.

Table 2 Univariate analysis of risk factors associated with transmural bowel infarction in the training cohort

Variable OR (95%CI) P value

Age, yr 0.97 (0.95-0.99) 0.01

Gender, male vs female 2.22 (1.06-4.65) 0.03

Tobacco use 1.03 (0.48-2.23) 0.94

Hypertension 1.10 (0.38-3.20) 0.86

Diabetes 3.85 (0.86-17.14) 0.08

Ischemic heart disease 2.81 (0.34-23.36) 0.34

Previous history of DVT 3.14 (1.53-6.47) 0.002

Malignant disease 0.41 (0.21-1.78) 0.99

Diarrhea 1.04 (0.39-2.81) 0.93

Hematochezia 2.53 (1.33-4.79) 0.004

Fever 1.16 (0.47-2.83) 0.75

Abdominal distention 3.56 (1.82-6.97) < 0.001

Abdominal tenderness 7.25 (3.40-15.46) < 0.001

Rebound tenderness 9.14 (4.17-20.04) < 0.001

White blood cells, > 10 × 109/L vs ≤ 10 × 109/L 1.12 (1.06-1.17) < 0.001

Hemoglobin, > 120 g/L vs ≤ 120 g/L 1.01 (1.00-1.02) 0.35

Platelets, > 100 × 109/L vs ≤ 100 × 109/L 1.00 (0.99-1.01) 0.96

C-reactive protein, > 50 mg/L vs ≤ 50 mg/L 1.02 (1.01-1.02) 0.05

Serum lactate levels, > 2 mmol/L vs ≤ 2 mmol/L 6.53 (3.27-13.04) < 0.001

Creatinine, > 106 µmol/L vs ≤ 106 µmol/L 2.05 (0.96-4.41) 0.07

D-dimer, > 0.5 mg/L vs ≤ 0.5 mg/L 1.00 (1.00-1.01) 0.50

Procalcitonin, > 0.5 µg/L vs ≤ 0.5 µg/L 1.02 (0.92-1.12) 0.72

Distal thrombosis 2.13 (1.07-4.36) 0.02

Portal vein or/and splenic vein extension 1.01 (0.52-1.94) 0.98

Decreased bowel wall enhancement 9.00 (4.24-19.12) < 0.001

Bowel wall thickening 1.99 (0.98-2.01) 0.24

Bowel loop dilation 2.21 (1.67-3.54) 0.03

Pneumatosis intestinalis 1.36 (1.23-3.15) 0.04

Ascites 1.40 (0.76-2.58) 0.28

Recent surgery 1.13 (0.54-2.38) 0.74

Intraperitoneal inflammation 1.63 (0.84-3.16) 0.15

Liver cirrhosis 2.44 (1.28-4.68) 0.007

OR: Odd ratio; CI: Condence interval; DVT: Deep venous thrombosis.

or “treat-none” schemes. Figure 3B shows the estimated number of patients who 
would be at high risk for each potential risk threshold and visually demonstrates the 
proportion of the patients who are truly positive cases. For instance, if a 40% risk 
threshold was used, of 1000 patients screened, about 200 patients would be deemed at 
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Table 3 Multivariate logistic regression analysis of risk factors associated with transmural bowel infarction in the training cohort

Variable β OR 95%CI P value

Decreased bowel wall enhancement 1.85 6.37 2.55-15.90 < 0.001

Rebound tenderness 1.97 7.14 2.73-18.65 < 0.001

Serum lactate levels > 2 mmol/L 1.44 3.14 1.33-7.41 0.009

DVT history 1.81 6.37 2.55-15.90 < 0.001

OR: Odd ratio; CI: Condence interval; DVT: Deep venous thrombosis.

high risk, with about 180 of these patients being true TBI cases.

Predicting TBI based on the Nomo-score
The optimal cutoff value of the Nomo-score was determined to be 90. The sensitivity, 
specificity, positive predictive value, and negative predictive value when used in 
predicting TBI were 88.89%, 67.74%, 54.55%, and 93.33% in the training cohort, and 
84.84%, 71.81%, 53.85%, and 92.24% in the external validation cohort, respectively 
(Table 4).

DISCUSSION
Acute SMVT is a rare but serious condition due to its intestinal ischemic 
complications. The widespread use of contrast-enhanced CT has made early diagnosis 
possible by a noninvasive approach, which can provide incremental information as 
evidence of ischemia warranting a change in treatment strategy. However, acute 
SMVT still carries a high risk of extensive intestinal infarction and surgical exploration 
with bowel resection is still mandatory for some patients. Recently, Kim et al[9] 
conducted a study involving 66 patients with acute SMVT, of whom 15 (23%) patients 
underwent bowel resection due to progressive intestinal ischemia and bowel 
infarction, and 3 (5%) patients died at last, despite adequate intravenous or 
subcutaneous anticoagulation were applied immediately at diagnosis. Another 
research reported the application of multidisciplinary stepwise management strategy 
for acute SMVT, and 18 of the 43 (42%) subjects underwent bowel resection due to 
TBI[10]. The reported rates of bowel infarction in existing literatures ranged from 6% to 
42%, consistent with our rate of 29%[2,10-16]. Therefore, preventing the progression from 
reversible to irreversible ischemic bowel injury should be a primary goal in the 
management of acute SMVT[5]. However, the early detection of TBI remains a 
challenge and further investigation is required to identify the most important 
prognostic factors.

In this retrospective study, we developed and externally validated a nomogram to 
predict TBI in patients with acute SMVT. The decreased bowel wall enhancement, 
rebound tenderness, serum lactate levels > 2 mmol/L and previous history of DVT 
independently predicted this event. Incorporating these clinical, biological, and 
radiological factors into an easy-to-use prediction model can facilitate the 
individualized prediction of TBI. The nomogram also consistently predicted TBI with a 
high accuracy and provided good clinical usefulness throughout the range of bowel 
infarction risk as assessed by DCA.

Based on our ndings, the previous history of DVT could increase the chances of 
bowel infarction in the setting of acute SMVT. Venous thrombosis often results from a 
combination of endothelial injury, hypercoagulability or stasis. The patients with a 
previous history of DVT may have had several episodes of undetected (possibly 
asymptomatic) MVT prior to the index event and thus have acute-on-chronic 
thrombosis with greater compromise of venous flow.

The decreased bowel wall enhancement on CT angiography is a strong established 
risk indictor for bowel infarction[9,17]. In our study, CT scan detected this feature in 70 
patients, and among them, 34 patients had confirmed TBI finally. Previous studies 
demonstrated that the decreased bowel wall enhancement in patients with acute 
SMVT was signicantly associated with surgical exploration and bowel resection[9,10].

Several other reports on AMI implied that the extent of venous thrombus was 
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Table 4 Performance of the nomogram for estimating the risk of transmural bowel infarction

Value (95%CI)
Variable

Training cohort (207) Validation cohort (89)

Cutoff value 90 90

AUC 0.860 (0.771-0.925) 0.851 (0.796-0.897)

Sensitivity, % 88.89 (71.94-96.15) 84.48 (73.07-91.62)

Specificity, % 67.74 (55.37-78.05) 71.81 (64.11-78.42)

Positive predictive value, % 54.55 (40.07-68.29) 53.85 (43.66-63.72)

Negative predictive value, % 93.33 (82.14-97.71) 92.24 (85.91-95.86)

Positive likelihood ratio 2.76 (2.43-3.07) 3.00 (2.84-3.16)

Negative likelihood ratio 0.16 (0.08-0.32) 0.22 (0.17-0.27)

Diagnostic accuracy, % 74.16 (64.20-82.12) 75.36 (69.07-80.73)

AUC: Area under the receiver operator characteristic curve; CI: Condence interval.

related to TBI[9,18]. However, Grisham et al[19] found no association between the presence 
of multiple vein thromboses and increased mortality rates. Additionally, Kumar et al[20] 
showed that patients with isolated SMVT were even at a greater risk of development 
of bowel infarction, and more likely to require surgery. In view of that the extent of 
venous thrombus did not show enough predictive strength on the basis of univariate 
association with bowel infarction, we excluded this variable for model construction.

Peritoneal signs, including involuntary guarding, rebound tenderness, and 
abdominal wall rigidity often present in the case of TBI. According to our results, the 
rebound tenderness could be a strong predictor for TBI. In parallel with our outcomes, 
Kim et al[9] found that rebound tenderness was observed more frequently in patients 
who underwent bowel resection than those who did not (33% vs 4%).

Lactate is an important parameter that closely related to necrosis, inflammation and 
hypoxia. Our results demonstrated that serum lactate levels > 2 mmol/L was 
significantly associated with the occurrence of TBI. In line with our findings, 
Higashizono and Nuzzo revealed that serum lactate levels tend to increase 
significantly after bowel infarction[5,21]. Additionally, Leone et al[22] indicated that serum 
lactate levels decreased significantly after resection of the necrotic bowel, further 
validating its predictive value for TBI.

Accurate identification of patients that will need surgery due to bowel infarction is 
crucial, because of the high morbidity and mortality associated with unidentified and 
unresected necrotic intestine[3,23,24]. Earlier resection of necrotic bowel before the 
development of multi-organ failure could improve the functional outcome of the small 
bowel and patient prognosis. However, this issue remains a challenge. In a study the 
authors presented 767 surgeons with a clinical vignette of AMI, and showed that the 
surgeons’ decision on whether a surgery is required or not varies markedly[25].

In a previous study, Nuzzo et al[5] developed a risk score incorporating organ failure, 
serum lactate levels > 2 mmol/L and bowel loop dilation on CT scan to predict 
irreversible transmural bowel necrosis for AMI. The risk factors associated with bowel 
necrosis identified in this study was partly different from ours, probably because their 
cohort comprised venous and arterial occlusion, but we just included acute SMVT 
patients. In addition, we suggested that organ failure might be of late onset during the 
disease course. Furthermore, we think that the risk score based on the number of 
predictive factors could not reflect the weight of each parameter.

Although several studies have investigated the risk factors of TBI for AMI, to our 
knowledge, none have presented the data in the form of a validated nomogram[5,9,26,27]. 
Nomograms have advantages as they provide quantied individual risk assessment in 
a dynamic manner. For clinical use of our nomogram, we proposed the sensitivity, 
specificity, negative and positive predictive value in assessing the risk of TBI using 90 
as the cut-off value (Table 4). We show that patients with a Nomo-score less than 90 
are the subgroup of low-risk inclined to TBI (negative predictive value, 93.33% for 
training and 92.24% for validation). The AUC of our model was 0.860 and 0.851 in the 
training and external validation cohort, respectively. The calibration curves presented 
a good agreement between the actual probability and predicted probability of TBI. 
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Figure 1  Flow diagram of study populations. A: Training cohort; B: Validation cohort. SMVT: Superior mesenteric venous thrombosis; AMI: Acute 
mesenteric ischemia.

Thus, we believe that our nomogram could be a reliable and objective tool that will 
provide clinicians favorable evidence for decision making.

Cautions should be exercised when interpreting the ndings due to several 
limitations. First, some bias may inevitably exist and affect our analysis because it was 
a retrospective study. And thus, treatment strategy might not be entirely consistent 
among clinicians. Second, although we have validated the nomogram in an external 
cohort, the number of variables evaluated in respect to the number of primary 
outcome events may have led to an overfitting of the accuracy of the model, thus 
prospective multicenter validation using a larger group of patients is still necessary to 
acquire high-level evidence for further clinical application. Third, pathological 
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Figure 2  Nomogram for evaluation of transmural bowel infarction risk and its predictive performance. A: Nomogram for estimating the risk of 
transmural bowel infarction (TBI) in patients with acute mesenteric ischemia (AMI). The nomogram is used to find the position of each variable on the corresponding 
axis, draw a line to the points axis for the number of points, add the points from all of the variables, and draw a line from the total points axis to determine the risk of 
TBI at the lower line of the nomogram. For example, a 30-year-old male patient (have transmural bowel infarction finally) with a previous history of deep venous 
thrombosis and serum lactate levels > 2 mmol/L, no rebound tenderness and no decreased bowel wall enhancement, has a risk of 59% of TBI calculated by the 
nomogram; B and C: Calibration curves of the nomogram in the training and validation sets, respectively. Calibration curves depict the calibration of the model in 
terms of the agreement between the predicted probabilities of TBI and observed outcomes of TBI. The dotted blue line represents an ideal prediction, and the dotted 
red line represents the predictive ability of the nomogram. The closer the dotted red line fit is to the dotted blue line, the better the predictive accuracy of the 
nomogram is; D and E: The ROC curves of the nomogram in the training and validation sets, respectively. TBI: Transmural bowel infarction; AMI: Acute mesenteric 
ischemia; DVT: Deep venous thrombosis; AUC: Area under the receiver operator characteristic curve; ROC: Receiver operator characteristic curve.

evidence could not be obtained for patients that did not progress to surgery but 
confirmed by recovery from the specific vascular therapy. Fourth, evaluation of 
decreased bowel wall enhancement in the nomogram was related to the reading of CT 
images, and interpretation may vary among radiologists. In addition, since it is hard to 
assess the length of decreased bowel wall enhancement quantitatively on CT imaging, 
we did not examine the association between this factor and TBI. Further high-level 
evidence is needed to clarify this issue. Finally, data on the long-term outcomes of 
patients were unavailable, however, this will not affect our ability to identify risk 
factors of TBI associated with AMI.
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Figure 3  Decision curve analysis for the nomogram. A: The Y-axis shows the net benefit. The X-axis shows the corresponding risk threshold. The green 
line represents the assumption that all patients have transmural bowel infarction (TBI). The thin black line represents the assumption that no patients have TBI. The 
red line represents the nomogram. The decision curve in the validation cohort indicated that if the threshold probability is between 0 and 1.0, then using the 
nomogram to predict TBI adds more benefit than the treat-all-patients scheme or treat-none scheme; B: Clinical impact curve for the risk model. Of 1000 patients, the 
red solid line shows the total number who would be deemed at high risk for each risk threshold. The green dashed line shows how many of those would be true 
positives cases. DCA: Decision curve analysis; TBI: Transmural bowel infarction.

In conclusion, our nomogram is an individual predictive tool that incorporates four 
risk factors, shows favorable predictive accuracy for assessing TBI risk in patients with 
AMI. The model might facilitate timely recognition and effective management of high-
risk patients.

ARTICLE HIGHLIGHTS
Research background
The prognosis of acute mesenteric ischemia (AMI) caused by superior mesenteric 
venous thrombosis (SMVT) remains obscure and early detection of transmural bowel 
infarction (TBI) is crucial. The predisposition to develop TBI is of clinical concern, 
which can lead to fatal sepsis with hemodynamic instability and multiorgan failure. 
Early resection of necrotic bowel could improve the prognosis of AMI, however, 
accurate prediction of TBI remains a challenge for clinicians. When determining 
eligibility for explorative laparotomy, the underlying risk factors for bowel infarction 
should be fully evaluated.

Research motivation
Nomograms can provide individualized and highly accurate risk estimation, which 
are easy to use and can facilitate clinical decision-making. We undertook the present 
study to develop and externally validate a nomogram to predict TBI in patients with 
acute SMVT.

Research methods
Consecutive data from 207 acute SMVT patients at the Wuhan Tongji Hospital and 89 
patients at the Guangzhou Nanfang Hospital between July 2005 and December 2018 
were included in this study. They were grouped as training and external validation 
cohort. The 207 cases (training cohort) from Tongji hospital were divided into TBI and 
reversible intestinal ischemia groups based on the final therapeutic outcomes. Then 
univariate and multivariate logistic regression analyses were conducted to identify 
independent risk factors for TBI using the training data, and a nomogram was 
subsequently developed. The performance of the nomogram was evaluated with 
respect to discrimination, calibration, and clinical usefulness in the training and 
external validation cohort.

Research results
Univariate and multivariate logistic regression analyses identified the following 
independent prognostic factors associated with TBI in the training cohort: The 
decreased bowel wall enhancement (OR = 6.37, P < 0.001), rebound tenderness (OR = 
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7.14, P < 0.001), serum lactate levels > 2 mmol/L (OR = 3.14, P = 0.009) and previous 
history of deep venous thrombosis (OR = 6.37, P < 0.001). Incorporating these four 
factors, the nomogram achieved good calibration in the training set (AUC 0.860; 
95%CI: 0.771-0.925) and the external validation set (AUC 0.851; 95%CI: 0.796-0.897). 
The positive and negative predictive values (95%CIs) of the nomogram were 
calculated, resulting in positive predictive values of 54.55% (40.07%-68.29%) and 
53.85% (43.66%-63.72%) and negative predictive values of 93.33% (82.14%-97.71%) and 
92.24% (85.91%-95.86%) for the training and validation cohorts, respectively. Based on 
the nomogram, patients who had a Nomo-score of more than 90 were considered to 
have high risk for TBI. Decision curve analysis indicated that the nomogram was 
clinically useful.

Research conclusions
The nomogram achieved an optimal prediction of TBI in patients with AMI. Using the 
model, the risk for an individual patient inclined to TBI can be assessed, thus 
providing a rational therapeutic choice.

Research perspectives
Although we have validated the nomogram in an external cohort, the number of 
variables evaluated in respect to the number of primary outcome events may have led 
to an overfitting of the accuracy of the model, thus prospective multicenter validation 
using a larger group of patients is still necessary to acquire high-level evidence for 
further clinical application.
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