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Background: Portal vein system thrombosis (PVST) is a serious and potentially fatal disease. No definite
parameter can predict intestinal necrosis in patients with PVST to justify early surgical intervention. The
current study aimed to explore a simple and accurate model to predict the occurrence of intestinal necrosis in
patients with PVST.
Methods: Records of patients admitted to our emergency department with PVST from January 2010 to
October 2018 were reviewed. Clinical parameters, including patient history, physical examination, and the
results of laboratory investigations, were analyzed.
Results: Sixty-nine patients (27 females) were included. All patients were admitted to our emergency
department because of abdominal pain. Fourteen patients required exploratory laparotomy, and intestinal
necrosis was confirmed. Seven patients received thrombolytic therapy, and the other 48 patients had
completed anticoagulation successfully. According to multivariate logistic regression, high blood urea
nitrogen (BUN) (OR: 1.413, P=0.048) and the leukocyte count (OR: 1.180, P=0.005) were associated with
intestinal necrosis, and a prediction model for intestinal necrosis (PMIN) based on the BUN and leukocyte
count was established.
Conclusions: The PMIN score could effectively predict intestinal necrosis in patients with PVST.
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Introduction
Portal vein system thrombosis (PVST), including portal
vein thrombosis (PVT) and superior mesenteric vein
thrombosis (SMVT), is a potentially life-threatening
condition that has a concealed onset without any specific
symptoms and signs (1,2). The prevalence of PVST ranges
from 10–23% or approximately 1% in patients with or
without liver cirrhosis, respectively (3,4). PVST often leads
to an increase in mesenteric venous pressure and subsequent
congestion of the intestinal wall, which possibly results in
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transmural necrosis of the bowel wall. Thus, early diagnosis
and timely treatment are very important. In addition,
the location of thrombosis is often associated with the
severity of clinical symptoms. For instance, if thrombosis
occurs only in the portal vein, clinical symptoms such as
abdominal pain are usually not serious, whereas thrombosis
of the superior mesenteric vein presents with the upper
middle or lower middle abdomen, nausea, vomiting, and/or
hematochezia (5). Many PVT-SMVT patients usually go to
the emergency department for unexplained abdominal pain
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or distension (6,7). In order to achieve early diagnosis and
treatment, emergency physicians should not ignore PVST,
especially to judge the severity of embolism and whether
it has caused intestinal necrosis. Discriminating between
patients with PVST who developed intestinal necrosis and
are in urgent need of operation from patients who have
reversible intestinal congestion that can be managed with
conservative measures can serve to decrease the morbidity
and mortality rates and improve the outcome of patients
with PVST.
In order to facilitate decision making in patients with
PVST, we designed this study to determine the potential
clinical and laboratory factors associated with intestinal
necrosis and to construct a novel model based on these
factors to predict the occurrence of intestinal necrosis in
patients with PVST.
Methods
Patients
Records of patients with PVST who were admitted to
the Department of Emergency Medicine, First Affiliated
Hospital, Zhejiang University School of Medicine, from
January 2010 to October 2018 were retrospectively
reviewed.
Patients who presented to the emergency department
with symptoms and signs of acute abdominal condition were
admitted and investigated. Patients with chronic mesenteric
ischemia without acute intestinal injury, patients with acute
abdominal conditions or intestinal obstruction secondary
to causes other than PVST, and patients with incomplete
records missing some of the vital data required for the study
were excluded.
PVST was diagnosed by a characteristic abdominal
enhanced CT scan and exclusion of tumor embolism.
According to whether patients suffered from intestinal
necrosis, all of the enrolled patients were divided into
necrosis and non-necrosis groups.
Ethical approval of the study was obtained from the
Ethics Committee of the First Affiliated Hospital, Zhejiang
University School of Medicine, the current regulation of
the Chinese Government and the Declaration of Helsinki.
Every precaution has been taken to protect the privacy of
research subjects and the confidentiality of their personal
information. Informed consent was obtained from all
patients.
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Treatment
Exploratory laparotomy
The patients with deteriorating clinical condition or
CT-confirmed intestinal necrosis received exploratory
laparotomy. During exploratory laparotomy, the bowel
viability was checked. If the bowels were found to be
ischemic yet still viable, they were returned to the
peritoneal cavity, and the abdomen was closed. In contrast,
if nonviable bowel loops were found, resection with primary
anastomosis was then undertaken.
Thrombolytic therapy
If the duration from onset of abdominal pain to
hospitalization was <14 days, thrombolytic therapy was
given.
Conservative treatment
Stable patients were treated conservatively. Conservative
treatment comprised the administration of intravenous
fluids guided by a fluid chart, correction of arterial blood gas
(ABG) and electrolyte disturbances, intravenous antibiotics
(2 g of third generation cephalosporines every 12 h and
500 mg of ornidazole every 24 h), and subcutaneous injection
of low-molecular-weight heparin calcium (Fraxiparine
4100U) every 12 h.
Data collection
The following variables were recorded for the study
population: age, sex, etiology, operation history, clinical
manifestation, complete blood count (CBC), liver function,
kidney function, ABG analysis result, coagulation function,
venous embolization site, and therapy. All data from the
laboratory and radiological examinations performed within
30 minutes after the patient arrived at emergency medicine
were collected.
Statistical analysis
The statistical analysis was performed using the statistical
software IBM SPSS software (Ver. 19.0; SPSS Inc.,
Chicago, IL, USA). Quantitative variables are expressed
as the mean ± standard deviation or median and range
depending on the distribution. Categorical variables are
presented as values and percentages. Student’s t-test was
used to compare quantitative variables. The Chi-square test
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was used to compare categorical variables. To identify risk
factors for intestinal necrosis, a multivariate analysis was
performed using the logistic regression model with forward
elimination. Receiver operating characteristic (ROC) curves
were constructed to determine the optimal cut-offs of
continuous factors in predicting recurrence. All tests were
two-sided, with a P value of <0.05 considered statistically
significant.
Results
Overview
Sixty-nine adult patients were included in the study. All of
these enrolled patients were admitted to our emergency
department because of abdominal pain. A total of 14 (20.3%)
patients developed radiologic or operative confirmed
transmural intestinal necrosis. Patients included 42 (60.9%)
males and 27 (39.1%) females. The mean age of patients
was 46±13.8 (range, 17–79) years. Nineteen (27.5%)
patients had liver cirrhosis, 12 (17.4%) had a history of
splenectomy, and 5 (7.2%) had a history of gastrointestinal
surgery. Regarding clinical signs on admission, 35 (50.7%)
patients had signs of abdominal distention, 16 (23.2%) had
signs of intestinal obstruction, 4 (5.8%) had ascites, and 3
(4.3%) had hematochezia.
Clinical factors related to intestinal necrosis
The univariate results shown in Table 1 corresponded to
the incidence of transmural intestinal necrosis. Compared
with the patients without intestinal necrosis, the intestinal
necrosis group showed significantly higher leukocyte counts,
neutrophil-to-lymphocyte ratio (NLR), serum aspartate
aminotransferase (AST), creatinine (Cr) and blood urea nitrogen
(BUN) levels (17.83±8.05×10E9/L vs. 9.55±5.20×10E9/L,
P<0.01; 15.72±2.65×10E9/L vs. 6.89±0.71×10E9/L, P<0.01;
50.93±15.35 vs. 27.57±2.65 U/L, P<0.05; 80.85±11.42 vs.
63.08±2.36 μmol/L, P<0.05; 6.93±2.65 vs. 4.72±1.93 mmol/L,
P<0.01) (Figures 1,2). There were no differences in ABG
analysis results or coagulation function between the necrosis
group and the non-necrosis group (Figures 3,4).
Prediction model for intestinal necrosis (PMIN)
Leukocytes, NLR, AST, creatinine and BUN were
significantly correlated with intestinal necrosis in univariate
analysis and were then entered into multivariate logistic
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regression (Table 2). A PMIN was established: PMIN score
=−5.476 + 0.356 × serum BUN (mmol/L) +0.165 × leukocyte
× 10−9. The area under the curve (AUC) of the entire model
was 0.843 (95% CI, 0.699–0.987), with a standard error
of 0.073 within 30 minutes after the patients arrived at
our emergency medicine department for predicting the
incidence of intestinal necrosis (Figure 5). Using the ROC
curve, the cut-off value of PMIN predicting the onset of
intestinal necrosis was −0.92 with a sensitivity and specificity
of 78.6% and 90.4%. According to their PMIN scores, all
patients were divided into a high-risk group (PMIN score
≥−0.92, n=16) and a low-risk group (PMIN score <−0.92,
n=53). The proportion of intestinal necrosis in the highrisk group was much higher than that in the low-risk group
(68.8% vs. 5.7%, P<0.01).
Discussion
PVST can lead to venous pressure increase and intestinal
wall congestion, which can cause a state of reversible
intestinal wall congestion that, if not promptly corrected,
may progress to irreversible tissue damage and necrosis (8).
The outcome of PVST depends on the development or
extent of irreversible intestinal necrosis, which requires
immediate resection of affected intestines (9). In particular,
the early diagnosis of intestinal necrosis is crucial for
planning the surgery. To aid in predicting PVST patient
intestinal necrosis as early as possible, a time-point
of 30 minutes after the patient arrives in emergency
medicine was selected as the appropriate time for model
construction.
In order to determine the predictors of intestinal
necrosis, we divided the patients according to intestinal
survival into two groups: patients with viable intestine and
patients with intestinal necrosis. Transmural intestinal
necrosis was diagnosed intraoperatively and confirmed
by histopathologic examination of the resected nonviable
loops. This study demonstrated that high BUN and
leukocyte levels were two independent risk factors for the
occurrence of intestinal necrosis in patients with PVST.
BUN is regarded as one of the most efficient kidney
function parameters (10). The main causes of an increase
in BUN are a high protein diet, decreased glomerular
filtration rate and blood volume, congestive heart
failure, gastrointestinal hemorrhage, fever, and increased
catabolism. Koutroumpakis et al. found that a rise in BUN
at 24 h may be the optimal marker in predicting pancreatic
necrosis in acute pancreatitis (11).
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Table 1 Characteristics of patients with necrosis and without necrosis
Characteristics

Necrosis group (n=14)

Non-necrosis group (n=55)

P value

Age, mean (SD)

52±4

45±2

0.090

6/8

21/34

0.767

Liver cirrhosis

5/9

14/41

0.508

HBV

2/12

5/50

0.624

Alcohol

1/13

6/49

1.000

Portal hypertension

4/10

17/38

1.000

CTPV

2/12

10/45

1.000

Splenectomy

3/11

9/46

0.698

Gastrointestinal surgery

0/14

5/50

0.575

10 (71.43)

6 (10.91)

<0.001

Hematochezia

1 (7.14)

2 (3.64)

0.499

Abdominal distention

8 (57.14)

27 (49.09)

0.766

Ascites

1 (7.14)

3 (5.45)

1.000

Female/male
Etiology (+/−)

Surgery history (+/−)

Clinical manifestation (%)
Intestinal obstruction

Thrombosis type

0.753

PVT

1

8

SMVT

1

3

PVT combined with SMVT

12

44

Therapy

<0.001

Anticoagulation

1

48

Operation

13

0

Intervention

0

7

13.5±2.4

9.0±0.9

Hospital stay (d)

0.036

CTPV, cavernous transformation of portal vein; CRP, C-reactive protein; AST, aspartate aminotransferase; Hb, hemoglobin; APTT,
Activated partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio.

Some hemocytes, such as leukocyte counts, platelet
counts and neutrophil ratios, are recognized and
often applied as hematological inflammatory markers.
In particular, the NLR and platelet-to-lymphocyte
ratio (PLR) have been recently used as hematological
inflammatory markers. The increase in neutrophil count
during inflammation is recognized, which leads to relative
lymphopenia in this process. Some previous studies have
used the NLR as an important biomarker for predicting
acute intestinal necrosis or acute mesenteric ischemia
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and the need for intestinal resection in patients who will
undergo surgery for acute abdominal pain with the lack
of radiological imaging methods (12-14). In the present
study, leukocytes but not the NLR or PLR significantly
predicted the onset of intestinal necrosis in patients with
acute intestinal ischemia caused by PVST. Although the
onset of intestinal ischemia is usually associated with
leukocytosis (15-17), patients who developed intestinal
necrosis in this study had a significantly higher leukocyte
count than that of patients without intestinal necrosis. The
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Figure 1 Comparison of the complete blood count (CBC) between the two groups. Compared with the patients without intestinal
necrosis, the intestinal necrosis group showed significantly higher leukocyte counts (A) and neutrophil-to-lymphocyte ratios (NLRs) (C).
(17.83±8.05×10E9/L vs. 9.55±5.20×10E9/L and 15.72±2.65×10E9/L vs. 6.89±0.71×10E9/L, **, P<0.01, respectively). Hemoglobin levels (B)
and the platelet-to-lymphocyte ratio (PLR) (D) did not differ significantly between the two groups (P>0.05).

A

B

70

60
Serum AST (U/L)

Serum ALT (U/L)

60
50
40
30
20
10

80

50
40
*

30
20
10

Necrosis

0

Non-necrosis

D

90

Necrosis

Non-necrosis

12
10

70

*

60
50
40
30
20
10
0
Necrosis

Non-necrosis

Serum BUN (mmol/L)

C

100

Serum Creatinine (umol/L)

0

70

8
**
6
4
2
0

Necrosis

Non-necrosis

Figure 2 Comparison of liver and kidney function. Compared with the patients without intestinal necrosis, the intestinal necrosis group
showed significantly higher serum aspartate aminotransferase (AST) (B), creatinine (Cr) (C) and blood urea nitrogen (BUN) (D) levels after
being sent to emergency medicine. (50.93±15.35 vs. 27.57±2.65 U/L, *, P<0.05; 80.85±11.42 vs. 63.08±2.36 μmol/L, *, P<0.05; 6.93±2.65 vs.
4.72±1.93 mmol/L, **, P<0.01). Alanine transaminase (ALT) (A) did not differ significantly between the two groups (P>0.05).
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Figure 3 Comparison of arterial blood gas (ABG) analysis results between the two groups. There were no differences in the pH (A),
bicarbonate concentration (B) and lactic acid concentration (C) between the patients with and without intestinal necrosis (7.38±0.07 vs.
7.43±0.05, 20.39±6.37 vs. 22.65±4.21 mmol/L and 2.69±0.60 vs. 1.70±0.74 mmol/L, P>0.05, respectively).
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Figure 4 Comparison of coagulation function between the two groups. There were no differences in the prothrombin time (A), activated
partial thromboplastin time (APTT) (B), international normalized ratio (INR) (C) and D-dimer (D) between the patients with and without
intestinal necrosis (14.11±2.09 vs. 14.05±4.33 s, 33.12±8.26 vs. 34.26±7.97 s, 1.22±0.17 vs. 1.21±0.37 and 13621.25±3586.99 μg/L vs.
8,202.21±1,736.91 μg/L, P>0.05, respectively).

Table 2 Multivariable analysis of factors associated with necrosis
Variable

P value

B

SE

Wald Chi-square

OR

95% CI for OR

BUN

0.048

0.356

0.175

3.909

1.413

1.003–1.992

Leukocyte count

0.005

0.165

0.059

7.961

1.180

1.052–1.324

BUN, blood urea nitrogen; SE, standard error; OR, odds ratio.
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Figure 5 AUROC of the predicted model for intestinal necrosis
(PMIN) for predicting the incidence of intestinal necrosis. The
PMIN score was calculated within 30 minutes after the patients
arrived in emergency medicine. The area under the curve of the
entire model was 0.843 (95% CI, 0.699–0.987), with a standard
error of 0.073.

higher leucocyte count in patients with intestinal necrosis
could be interpreted that leukocytosis associated with
reversible intestinal ischemia is considered one part of the
systemic inflammatory response to ischemic injury, whereas
intestinal necrosis is characterized by more bowel tissue
injury and is accompanied by bacterial translocation, which
may substantially increase the total leukocyte count (18).
The PMIN score based on serum levels of BUN and the
leukocyte count has revealed a powerful prognostic ability,
with an excellent AUC of 0.843 in retrospective studies and
perfect predictive accuracy in prospective identification.
Generally, many previous studies have focused on
inflammatory biomarkers, such as the leukocyte count,
neutrophils, and platelets, to predict intestinal resections.
Some biomarkers were not taken into consideration. Our
model is the first to focus on both inflammation and kidney
function. Regardless of how perplexing the circumstances
are, intestinal resections could be simply and accurately
evaluated by only two variables immediately.
However, considering the limitation of sample size,
potential bias may exist in this study. In order to gain
a reliable conclusion, larger sample size or multicenter
validation will be enrolled in the following years in our next
research program.
In conclusion, the PMIN score is a simple and effective
model based on BUN and the leukocyte count that can
predict intestinal necrosis in patients with PVST.
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