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Abstract

Background The thrombosis of the main and intrahepatic branches of the portal vein (TMIP) is potentially lethal and deemed
a common complication following laparoscopic splenectomy and azygoportal disconnection (LSD) in patients with cirrhosis
and portal hypertension (PH). The predictors of TMIP after LSD remain unclear. The aim of this prospective study was to
explore the predictive and risk factors for TMIP after LSD in cirrhotic patients with PH caused only by hepatitis B virus.
Methods From September 2014 to March 2017, we enrolled 115 patients with hepatitis B cirrhosis and PH who successfully
underwent LSD. Patients were subdivided into a TMIP group and a non-TMIP group. Univariate and multivariate logistic
regression analysis was conducted on 24 items of demographic and preoperative data, to explore the risk factors of TMIP.
Results Twenty-nine (25.22%) patients developed TMIP on postoperative day (POD) 7 and 26 (22.81%) patients developed
TMIP on POD 30. From POD 7 to POD 30, 12 patients who did not have TMIP at POD 7 were newly diagnosed with TMIP,
with portal vein diameter 15.05 +2.58 mm. Another 14 patients in whom TMIP had resolved had portal vein diameter
14.02 + 1.76 mm. Univariate analysis and multivariate logistic regression revealed that portal vein diameter > 13 mm [rela-
tive risk (RR) 5.533, 95% confidence interval (CI) 1.222-25.042; P=0.026] and portal vein diameter > 15 mm (RR 3.636,
95% CI 1.466-9.021; P=0.005) were significant independent risk factors for TMIP on POD 7 and 30, respectively.
Conclusion Portal vein diameter > 13 mm and > 15 mm were significant independent predictors for TMIP after LSD in
patients with hepatitis B cirrhosis and PH on POD 7 and POD 30, respectively.

Trial registration We registered our research at https://www.clinicaltrials.gov/. The name of research registered is “Warfarin
Prevents Portal Vein Thrombosis in Patients After Laparoscopic Splenectomy and Azygoportal Disconnection.” The trial
registration identifier at clinicaltrials.gov is NCT02247414.
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Hepatitis B virus (HBV) is one of the main etiological fac-  is diverse, HBV infection is the leading risk for cirrhosis in
tors in liver cirrhosis [1]. Although the etiology of cirrhosis ~ Asia [2, 3]. In the stage of chronic cirrhosis, complications
including approximately 30% of esophagogastric variceal
bleeding and 30-50% of hypersplenism occur in patients
owing to portal hypertension [4, 5].

In treating cirrhosis with hypersplenism and esophago-
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In Asia, open splenectomy and azygoportal disconnec-
tion (OSD) has been widely used as an effective treatment
[10, 11]. However, owing to hemodynamic changes and
a sharp increase in platelets after surgery [12], patients
are more prone to (portal vein system thrombosis) PVST,
with incidence varying from 18.3 to 30.1% [13, 14]. In
recent years, with remarkable progress in laparoscopic
technology, laparoscopic splenectomy and azygoportal dis-
connection (LSD) has come to be considered a more ideal
surgical treatment owing to its advantage of rapid recovery
after surgery compared with OSD for patients with cirrho-
sis and esophagogastric varices and hypersplenism [15-17].
Even so, the occurrence of PVST remains troublesome and
there are inevitable complications after LSD. In our previous
study, PVST occurred in patients after LSD on postoperative
day (POD) 7 at a proportion of 42.9% (24/56) [18]. Addi-
tionally, related research shows that the occurrence rate of
PVST is significantly higher in patients who undergo LSD
(50.0%, 40/80) than in those who receive OSD (30.1%,
22/71) [14].

PVST refers to thrombosis occurring in the main or
intrahepatic portal vein branches, splenic vein, or superior
mesenteric vein [19]. The formation of PVST contributes
to a poor prognosis in patients with cirrhosis and is poten-
tially life-threatening owing to a series of severe possible
problems in patients with cirrhosis who have PVST, such as
highly elevated portal venous pressure, progressive impair-
ment of liver function [20], and development of ischemic
intestinal necrosis [21].

Currently, the mechanism and risk factors of PVST in
patients with cirrhosis remain poorly understood. Particu-
larly in patients who undergo LSD, little is known regarding
the occurrence of TMIP. In addition, there may be a signifi-
cant correlation between the width of portal vein with TMIP.
Moreover, they may be heterogeneous in the development
of TMIP owing to liver cirrhosis between HBV and other
etiologies; however, little research has specifically investi-
gated this. Therefore, the aim of this study was to explore
the predictors of TMIP after LSD in patients with cirrhosis
and portal hypertension caused only by HBV, with the aim
to develop preventative clinical treatment for patients with
high risk of TMIP.

Materials and methods
Clinical data

In previous study, we sought to verify whether warfarin
anticoagulation is effective in the prevention of PVST in
patients with liver cirrhosis after LSD for portal hyperten-
sion. Between September 2014 and March 2017, a rand-
omized controlled trial entitled “Warfarin Prevents Portal

Vein Thrombosis in Patients After Laparoscopic Splenec-
tomy and Azygoportal Disconnection” (Clinicaltrials.gov trial
registration identifier NCT02247414) was carried out in our
department. The present research was a subordinate branch
of that previous study [22], with the aim to compare the cura-
tive effect of aspirin and warfarin for postoperative PVST.

On the basis of whether they met the inclusion criteria,
patients were enrolled in this study. The predefined inclusion
criteria were as follows: age 18-75 years; diagnosed with
cirrhosis caused only by HBV clinically, radiologically, or
histologically; Child—Pugh class A or B; splenomegaly with
severe thrombocytopenia and/or leukopenia; and success-
ful LSD without conversion to laparotomy. The exclusion
criteria were patients with liver or any other malignancy;
pulmonary embolism, deep venous thrombosis, and portal
vein embolization confirmed by ultrasonography or com-
puted tomography; uncontrolled hypertension; chronic renal
failure; history of hemorrhagic stroke; hypercoagulable state
not related to liver disease (e.g., malignancy, nephrotic syn-
drome, pregnancy); taking medication such as oral contra-
ceptives, anticoagulants, and antiplatelet drugs; pregnancy;
HIV infection; and refusal to participate in the study.

This study received the approval of the Ethics Commit-
tee of the Clinical Medical College of Yangzhou University.
All patients provided written informed consent before sur-
gery. Patients were randomized to receive treatment with
oral administration of enteric-coated aspirin tablets (Bayer,
Leverkusen, Germany) or warfarin sodium (Sine Pharma-
ceutical, Shanghai, China). In this study, from postoperative
day (POD) 3, the warfarin group was given oral sodium war-
farin until to postoperative 1 year. Patients were managed to
adjust to reach a target international normalized ratio (INR)
of 2-3, with an initial dose of 2.5 mg/day. If patients were
found to have TMIP during the first year, the adjustment of
the dose of warfarin was made to maintain the target INR
of 2-3. Otherwise, the previous dose of warfarin remained
unchanged regardless of whether or not the postoperative
INR level increased step by step. The aspirin group were
treated with 100 mg enteric-coated aspirin tablets (Bayer,
Leverkusen, Germany) once daily for postoperative 1 year.
Beginning on POD 3, both groups received low-molecular
weight heparin (CS Bio, Hebei, China) subcutaneously
(4.100 IU/day) for 5 days and 25 mg of oral dipyridamole
(Henan Furen, Henan, China) three times daily for 3 months,
as previously mentioned [22].

All patients’ preoperative data and clinical characteristics
were prospectively collected, including age, sex, etiology
of cirrhosis, hypertension, diabetes, Child—Pugh classifica-
tion, body mass index, international normalized ratio (INR),
anticoagulant therapy, serum albumin (ALB), p-dimer con-
centration, hemoglobin, blood urea nitrogen, white blood
cell count, platelet count, total bilirubin, creatinine, splenic
vein diameter, longitudinal diameter of the spleen, portal
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vein diameter, velocity of portal blood flow, and serum con-
centrations of liver fibrotic markers hyaluronidase (HA),
laminin, procollagen type III (PC-III), and type IV collagen
using a magnetic microbead chemiluminescence method,
according to the manufacturer’s instructions (Snibe, Shenz-
hen, China). Additionally, all patients underwent ultrasound
evaluation of TMIP on POD 7 and 30. Patients were divided
into a TMIP group and a non-TMIP group, according to the
absence or presence of postoperative TMIP.

Statistical analysis

The data are presented as mean (standard deviation) or median
(interquartile range, IQR), where applicable, using an inde-
pendent samples ¢ test or the Mann—Whitney U test to com-
pare two groups. Categorical data are presented as number
(percentage), using the y” test for comparisons. Correlation
analysis was used to identify significant cut-off values of candi-
date variables for predicting TMIP. Then, logistic multivariate
regression with forward stepwise selection was used to ana-
lyze the influencing factors of TMIP by gradually eliminating
non-significant variables. A value P <0.05 was considered
statistically significant. IBM SPSS 25.0 software (IBM Corp,
Armonk, NY, USA) was used to analyze the collected data.

Results

A total of 210 patients with cirrhosis together with portal
hypertensive bleeding and secondary hypersplenism were
screened for study eligibility and 95 patients were excluded
from the study. The trial profile is presented in Fig. 1.

Finally, 115 patients with cirrhosis and portal hyperten-
sion owing to HBV infection underwent LSD successfully
(90 men and 25 women; mean age 51.15+10.67 years, range
18-75 years). One patient died of esophagogastric variceal
rebleeding within 1 month of surgery.

On POD 7, the proportion of PVST occurring in patients
was 57.4% (66/115). Patients with TMIP accounted for
42.4% (28/66) of PVST cases, including 20 (30.3%) cases
in the main portal vein, 2 (3.0%) in the intrahepatic branches
of the portal vein (1 patient with the right branch and 1
patient with the left branch of the portal vein), and 6 (9.1%)
cases in both the main and intrahepatic branches of the por-
tal vein (4 patients with the main and right branch of the
portal vein and 2 patients with main and left branch of the
portal vein), which were verified using B-mode ultrasound
examination. Demographic and preoperative clinical charac-
teristics between the TMIP and non-TMIP groups on POD 7
are presented in Table 1. Significant differences were found
in preoperative age, INR, p-dimer, ALB, portal vein diam-
eter, and PC-III between the two groups (all P <0.05).
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Analysis of the relationship between portal vein diameter
and TMIP on POD 7 was conducted using bivariate cor-
relation analysis. With portal vein diameter > 13 mm, the
relationship presented the most significant levels according
to the correlation coefficient (r=0.227; P=0.015), as shown
in Table 2. Then, significant variables in univariate analysis
were taken as the independent variable and events of TMIP
on POD 7 as a dependent variable. Logistic multivariate
regression revealed that portal vein diameter > 13 mm was
the only significant independent risk factor for TMIP on
POD 7 [relative risk (RR) 5.328, 95% confidence interval
(CI) 1.175-24.158; P=0.030] (Table 3).

At follow-up on POD 30, 52 (45.6%) patients had devel-
oped PVST, among which 26 (50%) patients had TMIP.
The outcomes were 17 (32.7%) cases, 2 (3.9%) cases, and 7
(13.5%) cases involving the main portal vein, intrahepatic
branches of the portal vein (1 patient with the right branch
and 1 patient with the left branch of the portal vein), and
both the main and intrahepatic branches of the portal vein
(5 patients with the main and right branch of the portal vein
and 2 patients with main and left branch of the portal vein),
respectively. The demographic data and preoperative clinical
characteristics in the two groups are shown in Table 4. After
POD 7 until to POD 30, 12 patients newly developed TMIP,
which was confirmed on ultrasound examination; portal vein
diameter was 15.05 +2.58 mm. From POD 7 to POD 30,
TMIP was found to have resolved in 14 patients with por-
tal vein diameter 14.02 +1.76 mm. And another 14 patients
with persistent TMIP had a wider portal vein diameter that
was 15.30+2.05 mm. There was no significant difference
of the portal vein diameter between two groups (P =0.088).

Between the TMIP with non-TMIP groups, the portal
vein diameter and HA showed significant differences (all
P <0.05; Table 4). According to bivariate correlation anal-
ysis, portal vein diameter > 15 mm (r=0.269; P=0.004;
Table 5) showed the optimal correlation coefficient asso-
ciated with TMIP. Similarly, significant variables in uni-
variate analysis were taken as independent variables and
the events of TMIP on POD 30 as a dependent variable.
Results from logistic multivariate regression revealed that
portal vein diameter > 15 mm on POD 30 was the only sig-
nificant independent risk factor for TMIP (RR 3.636, 95%
CI 1.466-9.021, P=0.005), as shown in Table 3.

Discussion

Chronic hepatitis B cirrhosis may result in patients with
varying degree of portal hypertension, which indicates
increased portal vascular resistance [23]. Owing to HBV
infection being the main cause of liver cirrhosis in Asia
[2, 3], to ensure homogeneity in etiology for the formation
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Fig.1 CONSORT flow chart for the trial. HCC hepatocellular carcinoma, H/V human immunodeficiency virus infection, HBV hepatitis B virus,

HCYV hepatitis C virus

of TMIP, this study was focused on patients with cirrhosis
owing to HBV alone. Our findings will be helpful in provid-
ing accurate treatment for specific groups with a higher risk
for TMIP after LSD owing to HBV infection.

Despite high rates of splenic vein thrombosis,
this does not directly interfere with liver function in
the short term. In addition, the incidence of mesenteric
venous thrombosis in PVST is also infrequent, ranging from
0 (0/75) to 1.3% (1/80) [22, 24]. Thus, this study focused on
TMIP after LSD.

The incidence of the thrombosis of the main and intra-
hepatic branches of the portal vein (TMIP) accounts for a
relatively high proportion in PVST. It has been reported that
in patients with cirrhosis who develop PVST, TMIP ranges
from 61.7 (132/214) to 64.6% (51/79) [25, 26]. As for
patients with cirrhosis who have undergone LS, Ikeda et al.
reported that postoperative PVST occurred in 12 patients,
among whom 8 (66.7%) had TMIP [27]. A previous study
also showed that main trunk thrombosis and splenic vein
thrombosis were major events in PVST after LSD and found
that although patients received anticoagulation therapy,
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Table 1 Demographic

and preoperative clinical
characteristics between TMIP
and non-TMIP groups on POD
7

including aspirin tablets or warfarin sodium, the incidence
rates of PVST were 47.1% and 41.2% on POD 7 and 52.2%

Variables Non-TMIP TMIP P
n=2386 n=29
Age (years) (%) 0.040
<65 78 (90.70) 22 (75.86)
>65 8 (9.30) 7 (24.14)
Sex (%) 0.874
Male 67 (77.27) 23 (84.62)
Female 19 (22.73) 6 (15.38)
Child—Pugh classification (%) 0.289
A 62 (71.59) 24 (82.76)
B 24 (28.41) 5(17.24)
Hypertension (%) 0.438
No 76 (89.77) 25 (80.77)
Yes 10 (10.23) 4(19.23)
Diabetes (%) 0.890
No 75 (87.50) 26 (86.21)
Yes 11 (12.50) 3(10.34)
BMI (kg/m?) (%) 0.743
<18.5 2(2.33) 1(3.45)
>18.5 84 (97.67) 28 (96.55)
Anticoagulation (%) 0.555
Warfarin 42 (48.84) 16 (55.17)
Aspirin 44 (51.16) 13 (44.83)
INR 1.38+0.14 1.31+0.16 0.044
p-dimer (mg/L) 1.48+2.17 0.88+0.74 0.030
WBC (x 10°/L) 2.86+1.95 3.16+2.00 0.476
HGB (g/L) 105.37 +£23.18 104.31+21.67 0.829
PLT (x 10°/L) 49.07 £27.31 54.59+23.44 0.333
TBIL (umol/L) 23.23+13.51 18.23+9.22 0.067
BUN (mmol/L) 5.34+1.84 6.18+3.30 0.203
CRE (umol/L) 80.51+17.52 89.72+23.62 0.061
ALB (g/L) 38.57+4.09 40.12+3.39 0.048
Longitudinal diameter of spleen (mm) 180.43 +30.96 178.07 +26.86 0.715
Portal vein diameter (mm) 13.61+2.11 14.60+1.97 0.028
Splenic vein diameter (mm) 10.82+2.97 11.60+3.30 0.237
Velocity of portal blood flow (cm) 16.75+5.62 16.51+4.82 0.842
PC-III (ug/L)* 41.34 (26.94-63.73) 27.24 (20.60-47.19) 0.017
HA (ug/L)* 90.93 (53.96-179.95) 73.15 (45.44-132.25) 0.268
LN (ug/L)* 42.12 (25.12-80.12) 32.00 (13.68-66.77) 0.175
C-1V (ug/L)? 47.89 (26.84-64.93) 29.72 (18.31-52.11) 0.050

Values are mean (standard deviation) or number (percent), unless otherwise indicated

TMIP the thrombosis of the main and intrahepatic branches of the portal vein, POD postoperative day, BMI
body mass index, INR international normalized ratio, WBC white blood cell, HGB hemoglobin, PLT plate-
lets, TBIL total bilirubin, BUN blood urea nitrogen, CRE creatinine, ALB serum albumin, PC-III procolla-
gen type III, HA hyaluronidase, LN laminin, C-IV type IV collagen

#Values are median (interquartile range)

and 41.3% on POD 30, respectively [18].

Although OSD can relieve portal venous pressure, the
incidence of PVST after OSD ranges from 18.3 to 30.0% [13,
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14]. Furthermore, LSD not only reduces portal venous pres-
sure but it also has the advantages of minimal invasiveness,
rapid rehabilitation, and reducing inflammatory responses
in comparison with OSD [15-17]. It is worth noting that
the rate of PVST is higher after LSD, ranging from 42.6 to
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Table 2 Correlation analysis of portal vein diameter with TMIP on
POD 7

Variables Correlation coefficient P
Portal vein diameter (mm)
>11 0.136 0.147
>12 0.161 0.086
>13 0.227 0.015
>14 0.055 0.557

TMIP the thrombosis of the main and intrahepatic branches of the
portal vein, POD postoperative day

50.0%, as compared with OSD [14, 18]. In particular, the
formation of TMIP after LSD or OSD accounts for a higher
proportion of PVST cases, ranging from 30 to 52.2% [14,
18]. This pathological process in TMIP concurrently leads
to significantly increased portal vein pressure and blockage
of perfusion to the liver from the portal vein, which directly
exacerbates damage to the liver [21]. In previous research,
the occurrence rate of TMIP in postoperative PVST was
41.3% on POD 7 and 58.7% on POD 30 in patients who had
undergone LSD [24]. Similarly, in this study, the incidence
of TMIP in patients with postoperative PVST on POD 7
reached 42.4% and 50% on POD 30. Therefore, we should
pay greater attention to preventing TMIP in patients with a
higher risk of developing TMIP after LSD.

The causes of TMIP after LSD remain controversial.
Several factors are thought to be responsible for the devel-
opment of postoperative TMIP, as follows. During the pro-
cedure of laparoscopy, the application of CO, in the pneu-
moperitoneum leads to a hypercoagulable state, which may
contribute to TMIP [28, 29]. Additionally, the use of the
LigaSure vessel sealing device (Covidien, Boulder, CO,
USA) and harmonic shears (Ethicon, Cincinnati, OH, USA)
may result in damage to the venous intima owing to heat
energy or oscillation.

Hypersplenism is caused by increased portal blood flow
to the splenic vein owing to cirrhosis [30]. When patients
receive splenectomy and azygoportal disconnection, changes

in the portal venous system hemodynamics will be reversed
[12]. The velocity of blood flow in the portal vein will be
slowed on account of loss of splenic vein perfusion to the
portal vein [31]. Rapid elevation of postoperative thrombo-
cytosis, coupled with the injury of the venous intima owing
to energy-producing instruments and hemodynamic changes
of the portal vein, are all pathogenic factors of PVST [29,
32, 33].

Enlarged splenic vein diameter has been reported as an
independent risk factor for PVST in patients with cirrho-
sis who undergo splenectomy [34]. However, in this study,
splenic vein diameter was not identified as a significant fac-
tor for TMIP. The reason for this might be that the portal
vein diameter was not included as a variable in the statistical
analysis of that previous study.

To a certain extent, the diameter of the portal vein is
positively correlated with portal vein pressure in patients
with cirrhosis. The larger the diameter of the portal vein,
the higher the portal hypertension and the slower the flow
velocity of the portal vein, sequentially. However, a larger
portal vein diameter is often associated with injured venous
intima. Therefore, enlarging the portal vein diameter can
stimulate the formation of thrombosis, regardless of the sur-
gical procedure performed [31, 34]. It has also been reported
that the portal vein diameter can be used to accurately pre-
dict PVST after OSD [31]. In a previous study, portal vein
diameter > 13 mm was reported to be an independent factor
for PVST after LS in patients with cirrhosis of various eti-
ologies, including HBV, hepatitis C virus, schistosomiasis,
and autoimmunity [35].

In this study, portal vein diameter > 13 mm on POD 7
and > 15 mm on POD 30 both showed a significant posi-
tive correlation with TMIP. Some studies have reported
that PVST mainly occurs within 1 month after surgery
[22, 36]. The question arises of why the independent
risk factor of portal vein diameter > 13 mm on POD 7
increased to > 15 mm on POD 30. Some possible expla-
nations concerning the change are as follows. First, with
increased time after LSD, the influence of a hypercoagula-
ble state owing to CO, used in the pneumoperitoneum on

Table 3 Multivariate logistic

. . Independent B SE Wald df Sig Exp (B) 95% CI
regression analysis of factors variables
associated with TMIP groups on
POD 7 and POD 30 POD 7
Portal vein diameter (mm)
>13 1.673 0.771 4.705 1 0.030 5.328 1.175-24.158
POD 30
Portal vein diameter (mm)
>15 1.291 0.464 7.757 1 0.005 3.636 1.466-9.021

TMIP the thrombosis of the main and intrahepatic branches of the portal vein, POD postoperative day, SE
standard error, Sig statistical significance, CI confidence interval
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Table 4 Demographic

. . Variables Non-TMIP TMIP P
and preoperative clinical
characteristics between TMIP n=88 n=26
gr(l)d non-TMIP groups on POD Age (years) 0.417
<65 76 (86.36) 24 (92.31)
>65 12 (13.64) 2 (7.69)
Sex (%) 0.420
Male 68 (77.27) 22 (84.62)
Female 20 (22.73) 4 (15.38)
Child—Pugh classification (%) 0.180
A 63 (71.59) 22 (84.62)
B 25 (28.41) 4 (15.38)
Hypertension (%) 0.219
No 79 (89.77) 21 (80.77)
Yes 9 (10.23) 5(19.23)
Diabetes (%) 0.896
No 77 (87.50) 23 (88.46)
Yes 11 (12.50) 3(11.54)
BMI (kg/m?) (%) 0.340
<18.5 3341 0 (0.00)
>18.5 85 (96.59) 26 (100.00)
Anticoagulation (%) 0.218
Warfarin 49 (55.68) 8 (30.77)
Aspirin 39 (44.32) 18 (69.23)
INR 1.38+0.15 1.31+0.13 0.060
p-dimer (mg/L) 1.29+1.71 1.48+2.58 0.658
WBC (x 10°/L) 3.00+1.94 2.77+2.07 0.597
HGB (g/L) 107.16 +22.96 98.50+21.36 0.089
PLT (x 10°/L) 49.09 +£27.31 55.54+23.07 0.278
TBIL (umol/L) 23.14 +13.65 18.22+8.26 0.084
BUN (mmol/L) 5.28+2.01 6.49+3.00 0.063
CRE (umol/L) 81.51+19.72 87.46+18.96 0.176
ALB (g/L) 38.94+4.01 38.82+3.81 0.891
Longitudinal diameter of spleen (mm) 180.25+30.90 177.31+£26.58 0.661
Portal vein diameter (mm) 13.48+1.92 15.18+2.27 <0.001
Splenic vein diameter (mm) 10.93+2.95 11.43+3.46 0.464
Velocity of portal blood flow (cm) 17.23+5.70 14.92+4.04 0.056
PC-III (ug/L)* 42.23 (26.42-61.76) 28.53 (20.34-50.21) 0.063
HA (ug/L)* 90.93 (57.20-210.15) 68.63 (41.16-123.16) 0.027
LN (ug/L)* 43.76 (23.08-75.17) 31.94 (17.75-72.41) 0.223
C-1V (ug/L)? 47.40 (26.61-64.37) 28.51 (17.99-61.17) 0.124

Values are mean (standard deviation) or number (percent), unless otherwise indicated

TMIP the thrombosis of the main and intrahepatic branches of the portal vein, POD postoperative day, BMI
body mass index, INR international normalized ratio, WBC white blood cell, HGB hemoglobin, PLT plate-
lets, TBIL total bilirubin, BUN blood urea nitrogen, CRE creatinine, ALB serum albumin, PC-III procolla-
gen type III, HA hyaluronidase, LN laminin, C-IV type IV collagen

#Values are median (interquartile range)

postoperative PVST gradually weakens [28, 29]. What’s
more, the gradual postoperative decline in platelet count
and adjustment by the organism to the change in portal
venous system hemodynamics are primary factors. Addi-
tionally, the damage to the vascular intima caused by heat
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energy or oscillation is gradually repaired. Owing to a
combination of these factors, on POD 30 only the elevated
portal vein diameter > 15 mm reached the new threshold
value for the formation of TMIP, which may be attributed
to a broader portal vein diameter associated with lower
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Table5 Correlation analysis between portal vein diameters with
TMIP on POD 30

Variables Correlation coefficient P
Portal vein diameter (mm)
>13 0.173 0.065
>14 0.254 0.006
>15 0.269 0.004
>16 0.223 0.017

TMIP the thrombosis of the main and intrahepatic branches of the
portal vein, POD postoperative day

velocity of the portal vein system and greater possibility
of damage to the venous intima, thus contributing to the
development of TMIP.

In addition, from POD 7 to POD 30, TMIP was found
to be resolved in 14 patients, and another 14 patients with
persistent TMIP had a wider portal vein diameter than
that of 14 patients with resolved TMIP. Although there
was no significant difference of the portal vein diameter
between two groups, it may be due to small sample size
(only 28 cases).

To the best of our knowledge, this study was the first to
explore predictors for TMIP on POD 7 and POD 30 after
LSD and also the first to focus on cirrhosis owing to HBV
infection only. We found that portal vein diameter > 13 mm
and > 15 mm could both effectively predict TMIP in patients
with HBV infection after LSD on POD 7 and POD 30,
respectively. The RR of TMIP was increased 5.328 times
with portal vein diameter > 13 mm compared with portal
vein diameter < 13 mm on POD 7. Similarly, in compari-
son with portal vein diameter < 15 mm, the RR of TMIP was
elevated 3.636 times with portal vein diameter > 15 mm on
POD 30. In our previous study, warfarin and aspirin both
can effectively prevent the formation of TMIP after LSD.
Therefore, anticoagulant therapy, such as aspirin and war-
farin [22], should be used to prevent TMIP in patients with
a high risk of TMIP after LSD. If patients with refractory
TMIP, warfarin was more likely to achieve a satisfactory
therapeutic effect. The relevant details message has been
described in previous research [22]. The present findings
will be beneficial in helping to reduce the incidence of TMIP
as much as possible.
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