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Abstract: Objective: This study is to investigate the risk factors of portal venous system thrombosis (PVT) in pa-
tients with cirrhotic portal hypertension after splenectomy and to establish a Logistic regression prediction model. 
Methods: A total of 119 patients with cirrhotic portal hypertension were enrolled. Their clinical data was retrospec-
tively analyzed. They were divided into PVT group (n = 18) and non-PVT group (n = 101). One-way analysis and 
multivariate Logistic regression analysis were performed to analyze the independent risk factors of PVT. Logistic 
regression prediction model was established. The receiver operating characteristic curve was generated and cor-
relation analysis was conducted. Results: Platelet count (PLT), mean platelet volume (MPV) and D-Dimer were in-
dependent risk factors affecting PVT. Anticoagulation therapy (UAT) and usage of reducing portal pressure therapy 
(URPT) were independent protective factors of PVT. Logistic regression prediction model was expressed as Logit P = 
-9.165 + 0.664 × PLT (× 1011/L) + 0.413 × MPV (fL) + 0.662 × D-Dimer (mg/L) -1.674 × UAT (Yes = 1, No = 0) -1.518 
× URPT (Yes = 1, No = 0). And, the cut-off value of Logit P was -1.14. The area under the receiver operating char-
acteristic curve and the accuracy were 0.865 and 84.03%. The cut-off value of PLT, MPV and D-Dimer were 4.42 × 
1011/L, 13.30 fL and 2.55 mg/L, respectively. MPV and D-Dimer were positively correlated. Conclusion: PLT, MPV 
and D-Dimer are independent risk factors while UAT and URPT are independent protective factors of PVT. Logistic 
regression prediction model can predict PVT with a high sensitivity, specificity and accuracy. It provides theoretical 
foundation and cut-off value for predicting PVT after splenectomy.

Keywords: Cirrhosis, portal hypertensive, splenectomy, portal venous system thrombosis, the independent risk 
factors, the logistic regression predict model

Introduction

Splenectomy is a conventional surgery for the 
treatment of portal hypertension, hypersplen-
ism, and upper gastrointestinal bleeding. It can 
significantly improve the prognosis of patients 
and increase the survival of patients with liver 
cirrhosis [1-6]. However, splenectomy has many 
complications. Portal vein thrombosis (PVT) is 
one of the common and serious complications 
of splenectomy [7]. If PVT is not timely diag-
nosed and treated, patient’s prognosis or even 
life will be seriously affected. Liver obstruction 
caused by PVT, liver fibrosis and nodular regen-
eration of liver cells may aggravate portal 
hypertension, leading to serious complications 
such as upper gastrointestinal bleeding, intrac-
table ascites, jaundice, ischemic necrosis of 
the small intestine and hepatic encephalopathy 
[8].

The application of color Doppler ultrasound, CT 
and MRI in clinical practice has improved the 
detection rate of PVT [9]. It was reported [10, 
11] that the natural incident rate of PVT in 
patients with liver cirrhosis was 6.6%. The inci-
dence rate of PVT after splenectomy was 
18.9%-57% and sometimes was up to 91.1%, 
significantly higher than the natural incident 
rate of PVT without surgery. These results indi-
cate that the incidence of PVT in patients 
underwent splenectomy is relatively high.

The incidence of PVT is occult. The early symp-
toms of PVT are mild and difficulty to be detect-
ed. Thus, the period for treatment of early stage 
thrombosis with thrombolytic therapy is easily 
missed. Once there are symptoms of serious 
complications, ideal interventions for the treat-
ment of PVT are rarely available [12]. Currently, 
there are no commonly accepted standards to 
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evaluate the risk factors and prevention strate-
gies for PVT [13, 14]. Therefore, it is very impor-
tant to analyze the risk factors of PVT and to 
establish a Logistic regression prediction 
model to predict the incidence of PVT. In this 
study, we collected the clinical data of 119 
cases of patients with liver cirrhosis. They had 
hypersplenism or esophageal varices and were 
hospitalized in the period from 2009-01-01 to 
2013-12-31. They all underwent splenectomy. 
Their clinical data was retrospectively analyzed 
to evaluate the independent factors of PVT and 
to predict the incidence of PVT.

Materials and methods

Subjects

A total of 119 patients with liver cirrhosis and 
portal hypertension were enrolled in this study. 
They received splenectomy at Department of 
General Surgery, the First Affiliated Hospital of 
Xinjiang Medical University and during the peri-
od from 2009-01-01 to 2013-12-31. Their clini-

cal data was complete. Before surgery, all 
patients had varying degrees of hypersplenism 
and esophageal varices. No patient had PVT 
before surgery, as revealed by color Doppler 
ultrasound or abdominal computed tomogra-
phy angiography (CTA) examination. At 7 to 9 
weeks after surgery, the occurrence of PVT was 
detected by color Doppler ultrasound or abdom-
inal CTA examination. According to the exami-
nation results, patients were divided into PVT 
group (n = 18) and non-PVT group (n = 101).

Exclusion criteria: liver cirrhosis patients asso-
ciated with other malignancies; liver cirrhosis 
patients associated with abdominal trauma 
(such as splenic and hepatic rupture) which 
required splenectomy to prevent hemorrhagic 
shock; liver cirrhosis patients associated with 
congenital malformations of portal veins (such 
as vascular intimal cavernous degeneration of 
portal vein and Budd-Chiari syndrome); liver cir-
rhosis patients associated with preoperative 
PVT; liver cirrhosis patients associated with 
severe underlying diseases (such as cardiovas-

Table 1. Comparison of clinical features between PVT group and non-PVT group
Clinical features PVT group (n = 18) Non-PVT group (n = 101) P
Gender Male/Female 11 (61)/7 (39) 57 (56)/44 (44) 0.712
Age (year) 46.05 ± 10.73 50.13 ± 10.77 0.141
Child-pugh score Child-pugh A 6 (33) 25 (25) 0.636

Child-pugh B 12 (67) 76 (75)
Upper gastrointestinal hemorrhage Yes/No 13 (72)/5 (28) 53 (52)/48 (48) 0.120
Diabetes Yes/No 3 (17)/15 (83) 10 (10)/91 (90) 0.662
Diameter of portal vein (cm) 1.56 ± 0.27 1.43 ± 0.31 0.114
Esophageal and gastric varices Degree II 6 (33) 51 (50) 0.179

Degree III 12 (67) 50 (50)
Degree of hypersplenism Mild 7 (39) 34 (34) 0.805

Moderate 6 (33) 42 (42)
Severe 5 (28) 25 (24)

Operation time (min) 301 ± 64 294 ± 42 0.535
Intraoperative blood loss (ml) 505 ± 53 475 ± 58 0.042
Serious postoperative complications Yes/No 8 (44)/10 (56) 15 (15)/86 (85) 0.009
UAT Yes/No 7 (39)/11 (61) 76 (75)/25 (25) 0.002
hemostasis Yes/No 14 (78)/4 (22) 75 (74)/26 (26) 0.982
URPT Yes/No 9 (50)/9 (50) 74 (73)/27 (27) 0.048
PLT (×1011/L) 4.21 ± 0.96 3.62 ± 0.95 0.016
MPV (fL) 12.93 ± 1.52 11.35 ± 1.86 0.001
PDW (%) 16.93 ± 3.19 15.72 ± 2.43 0.066
D-Dimer (mg/L) 2.98 ± 1.34 2.13 ± 0.92 0.017
Note: UAT, anticoagulation therapy; URPT, usage of reducing portal pressure therapy; PLT, platelet count; MPV, mean platelet 
volume; PDW, platelet distribution width.
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cular diseases and respiratory diseases, etc.); 
patients with a previous history of pulmonary 
embolism or deep vein thrombosis; patients 
with incomplete clinical data.

Prior written and informed content was 
obtained from every patient. This study was 
approved by the ethical committee of Xinjiang 
Medical University.

Data collection

The following data were recorded: gender, age, 
etiology, combination with diabetes, history of 
upper gastrointestinal bleeding, degree of 
esophageal and gastric varices, preoperative 
platelet and white blood cell count, grade of 
preoperative hepatic functional reserve, surgi-
cal approach, the operative time, blood loss, 
other serious postoperative complications 
(such as pulmonary complications, abdominal 
bleeding, subphrenic infection, abdominal 
infection, sepsis, pancreatic leakage, upper 
gastrointestinal bleeding, septic shock, or mul-

tiple organ failure), postoperative anticoagula-
tion, hemostasis, use of drugs to lower portal 
pressure and biochemical data at 7 to 10 days 
after surgery. 

At 7 to 10 days after surgery (in which period 
that formation of PVT was at a peak period), the 
biochemical indexes of platelet count (PLT), 
mean platelet volume (MPV), platelet distribu-
tion width (PDW) and D-Dimer were measured 
and collected. The higher value was used if 
more than two sets of test results were 
obtained. The biochemical test results nearest 
to surgery were defined as baseline values. 
Hypersplenism was defined when the preoper-
ative platelet count < 80 × 109/L or there were 
varying degrees of enlarged spleen. The degree 
of hypersplenism was defined as follows: mild 
hypersplenism, preoperative platelet count 
60-80 × 109/L; moderate hypersplenism, pre-
operative platelet count 40-60 × 109/L; severe 
hypersplenism, preoperative platelet count < 
40 × 109/L. 

Statistical analysis

The data was analyzed with IBM SPSS (version 
19, SPSS Statistics/IBM Corp, Chicago, Illinois, 
USA). Measurement data was expressed as 
mean ± standard deviation. Count data was 
presented as the number of cases (n) and per-
centage (%). The t test and chi-square test was 
performed to analyze the differences between 
PVT group and non-PVT group. Multivariate 
Logistic regression analysis was conducted 
among multiple factors. Logistic regression 
prediction model was established and Logit P 
value was calculated. Receiver operating char-
acteristic curve (ROC curve) was generated. P-P 
scatter plot was plotted after bivariate linear 
correlation analysis. P < 0.05 was considered 
as significant difference.

Table 2. Multivariate logistic regression analysis

Variables Regression coefficient 
(β value)

Standard 
error (SE)

Wald 
value

Degree of 
freedom P OR 95% confidence 

interval (CI)
PLT (×1011/L) 0.664 0.308 4.65 1 0.031 1.94 1.06 ~ 3.55
MPV (fL) 0.413 0.208 3.97 1 0.046 1.51 1.01 ~ 2.27
D-Dimer (mg/L) 0.662 0.282 5.53 1 0.019 1.94 1.12 ~ 3.37
UAT -1.647 0.678 5.91 1 0.015 0.19 0.05 ~ 0.73
URPT -1.518 0.703 4.66 1 0.031 0.22 0.06 ~ 0.87
Constant -9.165 3.264 7.88 1 0.005 0.00

Figure 1. ROC curve. ROC curve was generated 
based on the Logistic regression prediction model 
(Figure 1). The area under ROC curve of Logit P, PLT, 
MPV and D-Dimer was calculated.
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Results

General information of subjects

The general information of subjects was listed 
as follows. Among the 119 patients, there were 
68 cases (57.1%) of male patients and 51 
cases (42.9%) of female patients. They aged 30 
to 70 years, with an average age of (50 ± 11) 
years. For the types of liver cirrhosis, there 
were 52 cases (43.7%) with liver cirrhosis 
caused by hepatitis B, 21 cases (17.6%) with 
liver cirrhosis caused by hepatitis C, 3 cases 
(2.5%) with alcoholic liver cirrhosis, 5 cases 
(4.2%) with primary biliary cirrhosis, and 38 
cases (32.0%) with cryptogenic cirrhosis 
patients. For surgical treatment, 13 patients 
(10.9%) had simple splenectomy, 47 patients 
(39.5%) received splenectomy and portal-azy-
gous disconnection, and 59 patients (49.6%) 
underwent splenectomy and pericardial 
devascularization. 

Relationship between clinical features and oc-
currence of PVT

To determine the relationship between clinical 
features of patients and occurrence of PVT, 
clinical features of patients were compared 
between patients with PVT and without PVT. 
According to the occurrence of PVT, patients 
were divided into PVT group (n = 18) and non-
PVT group (n = 101). As shown in Table 1, there 
were significant differences in clinical features 
of intraoperative blood loss, serious postopera-
tive complications, PLT, MPV, D-Dimer, UAT, and 
URPT between PVT group and non-PVT group (P 
< 0.05). No significant difference was found in 
other clinical features between these two 
groups. These results suggest that the clinical 
features of intraoperative blood loss, serious 
postoperative complications, PLT, MPV, 
D-Dimer, UAT, and URPT may be related with 
the occurrence of PVT.

Analysis of independent factors for PVT

To analyze the independent factors for PVT, 
multivariate Logistic regression analysis was 
performed. The analyzed factors were intraop-
erative blood loss, serious postoperative com-
plications, PLT, MPV, D-Dimer, UAT, and URPT. 
As shown in Table 2, the factors of PLT, MPV, 
D-Dimer, UAT, and URPT were significantly dif-
ferent between PVT group and non-PVT group 
(P < 0.05). Among these factors, PLT, MPV, and 
D-Dimer were independent risk factors for post-
operative PVT occurrence, with OR values > 1. 
UAT and URPT were independent protective fac-
tors for postoperative PVT occurrence, with OR 
values < 1. These results indicate that PLT, 
MPV, D-Dimer, UAT, and URPT are independent 
factors for PVT.

Prediction of PVT with Logistic regression pre-
diction model

To obtain an accurate cut-off value and predic-
tion model for predicting independent factors 
of PVT after splenectomy, Logistic regression 
prediction model was established. Based on 
the results of multivariate Logistic regression 
analysis, the Logistic regression prediction 
model was established, which was Logit P = 
-9.165 + 0.664 × PLT (× 1011/L) + 0.413 × MPV 
(fL) + 0.662 × D-Dimer (mg/L) -1.674 × UAT (yes 
= 1, no = 0) -1.518 × URPT (yes = 1, no = 0). The 
values of Logit P were between -5.3 and 2.8. 
The bigger Logit P value was, the higher the risk 
for PVT was. Then, ROC curve was generated 
based on the Logistic regression prediction 
model (Figure 1). The area under ROC curve 
(AUROC) of Logit P, PLT, MPV and D-Dimer was 
shown in Table 3. The AUROC for Logit P was 
0.865, higher than that of PLT, MPV and 
D-Dimer. The cut-off value for Logit P, PLT, MPV 
and D-Dimer was -1.14, 4.42 × 1011/L, 13.30 
fL, and 2.55 mg/L, respectively. Base on the 
cut-off value of Logit P, PVT was formed when 
Logit P ≥ -1.14 and PVT was not formed when 
Logit P < -1.14. As shown in Table 4, there were 
29 patients with Logit P ≥ -1.14. Among these 
29 patients, 14 patients had postoperative 
PVT. The positive prediction value was 48.28% 
and the sensitivity was 77.78%. Among the 18 
cases with PVT, 14 cases were with Logit P ≥ 
-1.14. There were 90 patients with Logit P < 
-1.14. And, 86 patients did not have postopera-
tive PVT. The negative prediction value was 
95.56%, the specificity was 85.15%, and the 

Table 3. AUROC of each predictive factor
Predictive 
factors AUROC Cut off 

value
Logit P 0.865 (0.780 ~ 0.949) -1.14
PLT (×1011/L) 0.655 (0.506 ~ 0.804) 4.42
MPV (fL) 0.727 (0.613 ~ 0.842) 13.30
D-Dimer (mg/L) 0.670 (0.499 ~ 0.842) 2.55
Note: AUROC, area under the receiver operating charac-
teristic curve.
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total accuracy was 84.03%. Among the 101 
cases without PVT, 86 cases were with Logit P 
< -1.14. These results suggest that Logistic 
regression prediction model has good sensitiv-
ity, specificity and accuracy in predicting PVT.

Linear correlation analysis

To further analyze the relationship among the 
independent factors of PLT, MPV, D-Dimer, UAT, 
and URPT, bivariate linear correlation analysis 
was performed. There was positive correlation 
between MPV and D-Dimer (r = 0.230, P < 
0.05) (Figure 2). However, no correlation was 
found among other factors (data not shown). 
These results indicate that MPV is positively 
correlated with D-Dimer.

Discussion

Studies [15-17] find that MPV is closely related 
with platelet activity. Platelets with larger vol-
umes contain more dense granules, a- parti-

cles and highly active proteases than small 
platelets. When platelets with larger volumes 
are activated, they can release more thrombot-
ic precursor material, thus increasing the risk 
of thrombosis. Enlarged MPV is considered to 
be a sign of increased platelet activity. And, 
enlarged MPV reflects the level of vascular inju-
ry and inflammation in the body. Vascular endo-
thelial cell injury can release thromboxane and 
endothelin, which activates the extrinsic coagu-
lation system to form thrombosis. Under nor-
mal circumstances, the aging platelets and red 
blood cells can be removed by the spleen. After 
splenectomy, platelets increase rapidly in the 
short term and the blood is in a hypercoagula-
ble state, thereby increasing the risk of throm-
bosis. D-Dimer is a specific marker of the fibri-
nolytic process. It is reported that [18-20] 
D-Dimer can be used as a very important and 
sensitive diagnostic indicator of thrombosis. 
However, the correlation among occurrence of 
PVT, enlarged MPV and PVT after splenectomy 
is rarely studied.

In this study, intraoperative blood loss and 
other serious postoperative complications 
were significantly different between PVT group 
and non-PVT group, as shown by univariate 
analysis. However, the multivariate Logistic 
regression analysis showed no significant dif-
ference, suggesting that they were indepen-
dent risk factors. PLT, MPV, and D-Dimer were 
independent risk factors of PVT after splenec-
tomy. At 7 to 10 days after splenectomy, the 
occurrence of PVT would increase when PLT ≥ 
4.42 × 1011/L, MPV ≥ 13.30 fL, and D-Dimer ≥ 
2.55 mg/L. To the best of our knowledge, this is 
the first study to report MPV as an independent 
risk factor for PVT. Our results also showed that 
there was a positive correlation between MPV 
and D-Dimer. This may be because that MPV is 
enlarged and risk of thrombosis is increased 
after splenectomy. Thus, as a thrombolytic 
product and an important indicator of thrombo-
sis, D-Dimer will increase accordingly.

Table 4. Prediction of PVT with Logit P
Cut-off 
value Cases

PVT Sensitiv-
ity (%)

Specific-
ity (%)

Positive predic-
tion value (%)

Negative predic-
tion value (%)

Accuracy 
(%) AUROC

Yes No
≥ -1.14 29 14 15 - - - - - (0.780 ~ 0.949)
< -1.14 90 4 86 - - - - - -

119 18 101 77.78 85.15 48.28 95.56 84.03 0.865
Note: -, not indicated.

Figure 2. Linear correlation analysis between MPV 
and D-Dimer. Bivariate linear correlation analysis 
was performed to analyze the correlation between 
MPV and D-Dimer. P-P scatter plot was plotted after 
bivariate linear correlation analysis.
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Multivariate Logistic regression analysis found 
that UAT was an independent protective factor 
for PVT. This result was consistent with previ-
ous reports [21-23]. For example, Rosario et al 
[21] considered that the low molecular weight 
heparin was valuable in anticoagulation pro-
phylaxis of people at higher risk for thrombosis. 
The selective anticoagulant activity and high 
bioavailability of low molecular weight heparin 
has been widely used in clinical treatment of 
thrombosis and prevention of thrombotic dis-
ease. And, due to the high selectivity of the low 
molecular weight heparin, the risk of bleeding 
is greatly reduced compared with unfractionat-
ed heparin. Furthermore, we reported for the 
first time that URPT was also an independent 
protective factor for PVT within 2 month after 
surgery. This result suggests that using drugs 
to lower the pressure of portal vein is neces-
sary and possible.

In conclusion, Logit P ≥ -1.14 indicates a higher 
risk of PVT after splenectomy. The high sensi-
tivity, specificity and accuracy of the prediction 
model suggest that the prediction model is of 
certain value in predicting PVT. Our study pro-
vides a good prediction model and cut-off value 
for the prevention of thrombosis after splenec-
tomy. The predictive value of this prediction 
model needs to be further verified.
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