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Abstract

Background Portal vein system thrombosis (PVST) is a common postoperative complication brought by laparoscopic sple-
nectomy and pericardial disconnection (LSD) among patients who suffered from portal hypertension and hypersplenism.
This research lies mainly in probing into the risk factors of PVST and evaluating the effects of warfarin on PVST prevention.
Materials and methods We took 131 individuals who have carried out LSD from January 2015 to January 2021. Patients
were divided into warfarin group (n=68) and aspirin group (n=63). Meanwhile, thrombosis factors were analyzed in PVST
arm (n=48) and non-PVST arm (n=83).

Results We analyzed the early postoperative anticoagulation effect, 20 patients (29.4%) in the warfarin group developed
PVST, and 28 patients (44.4%) in the aspirin group. The chance to PVST during the first year after operation was lower
in the warfarin group than in the aspirin group (F=13.43, P=0.006). Risk factors for PVST were analyzed, and diabetes,
the diameter of the portal vein and splenic vein, and the velocity of portal blood flow were statistically significant between
the PVST arm and non-PVST arm (P < <0.05). Multiple logistic regression analyses have shown that diabetes, portal vein
diameter, splenic vein diameter, and the velocity of portal blood flow were the risk factors of PVST.

Conclusions The portal vein diameter, splenic vein diameter, portal vein flow velocity, and diabetes are risk factors for the
PVST after LSD. The prophylactic use of warfarin anticoagulation markedly decreases the probability of occurrence of the
PVST in patients with portal hypertension after LSD compared to aspirin.
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The portal vein diameter, splenic vein diameter, portal
vein flow velocity and diabetes are risk factors for the
PVST after LSD. The prophylactic use of warfarin
anticoagulation markedly decreases the probability of
occurrence of the PVST in patients with portal

hypertension after LSD compared to aspirin.
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Liver cirrhosis is a frequently occurring chronic liver dis-
ease, which is usually asymptomatic in early stage and por-
tal hypertension in later stage [1]. In patients with portal
hypertension, hypersplenism and upper gastrointestinal
bleeding are serious complications [2]. Nowadays, because
of advances in endoscopic technology, laparoscopic sple-
nectomy and pericardial devascularization (LSD) is the
main method for the treatment of hypersplenism and upper
gastrointestinal bleeding [3]. It has been widely reported
that patients after LSD surgery are prone to portal vein sys-
tem thrombosis (PVST) [3, 4], but reports on the incidence
rate of PVST in different centers are inconsistent, about
18.9-57% [5-7]. However, there are only a few reports of
PVST after laparoscopic splenectomy in spleen rupture or
hematologic diseases, which could be linked to the patho-
physiological features of portal hypertension [8].

PVST means a thrombosis occurring in the splenic vein,
portal vein, superior mesenteric vena, or intrahepatic portal
vein, the most common of which is the thrombosis occurring
in the splenic vein [9]. PVST can exacerbate portal hyperten-
sion, resulting in refractory ascites, hepatic encephalopathy,
and esophagogastric variceal bleeding [10]. So far, the spe-
cific mechanism of PVST formation is not completely clear,
but some studies have suggested that it may be related to
the surgical method, coagulation mechanism, hemodynamic
changes, and perioperative intervention [11, 12]. Due to the
differences in the degree, location, and onset time of PVST,
its clinical manifestations are often atypical and its therapeu-
tic is not effective. Although LSD has been widely carried
out in many centers, there are still few reports on postopera-
tive complications of LSD, and there are controversies about

the factors leading to PVST in patients after LSD. Therefore,
it is particularly important to find its formation factors and
conduct a comparative analysis.

Despite the fact that many studies have shown that rou-
tine prophylactic anticoagulant therapy after splenectomy
can reduce the risk of PVST formation, it is unclear which
anticoagulants are effective in preventing PVST after LSD.
It has been suggested that common antiplatelet drugs like
aspirin and clopidogrel are ineffective in preventing PVST
[13]. However, warfarin, the most commonly used oral anti-
coagulant in clinical practice, is relatively inexpensive but
rarely reported to prevent PVST.

Hence, the current research targeted to argue the major
factors for PVST and evaluate the effectiveness of warfarin
in preventing PVST formation following LSD. From Janu-
ary 2015 to January 2021, we compared the effectiveness
of warfarin and aspirin in the postoperative prophylaxis of
PVST in patients with portal hypertension who underwent
LSD surgery at our center.

Materials and methods
Participants

All individuals with cirrhosis hypersplenism admitted to the
Department of Hepatobiliary Surgery, Affiliated Hospital
of Guizhou Medical University, and The Affiliated Cancer
Hospital of Guizhou Medical University from January 2015
to January 2021 were recruited. The admission criteria were
as follows: The research object was aged from 18 to 80 years
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and had been diagnosed with portal hypertension and hyper-
splenism; History of esophagogastric variceal bleeding and
Childe-Pugh A or B liver function did not have PVST, and
detected by CT, MRI, or Doppler ultrasound before opera-
tion; and successfully underwent LSD.

The exclusion criteria were as follows: The patient was
diagnosed with liver cancer or any other malignant tumor;
there are coagulopathy or hypercoagulable unrelated to
liver disease; there is evidence of clot within the portal vein
system prior to undergoing the LSD procedure; combined
with serious angiocardiopathy, lung, kidney dysfunction
or blood system disease; baseline international normalized
ratio (INR) > 2; pregnancy; previous history of the cardio-
vascular and cerebrovascular hemorrhagic disease: infected
with immunodeficiency virus.

Study design

In this study, patients in both groups were subcutaneously
injected with low-molecular weight heparin (ALFA WAS-
SERMANN, Bologna, Italy) (4250 U/d) for 5 days and
orally dipyridamole (CSPC, Shijiazhuang, China) 25 mg 3
times a day for 3 months from the POD1. From postopera-
tive day (POD) 3, the experimental group was given warfarin
sodium (QILU, Shandong, China) orally for 6 months. The
pre-dose was 2.5 mg/d, and the dose was quickly adjusted to
achieve the target INR of 2-3. The control group was given
enteric-coated aspirin tablets (Bayer, Leverkusen, Germany)
orally at 100 mg/d on the POD3 for 6 months. Warfarin or
aspirin should not be used if PVST does not occur within
6 months after surgery. All the patients have completed clini-
cal observation during the 18 months of follow-up.

Once PVST was confirmed after LSD, the patients would
receive a thrombolytic therapy. Urokinase was administered
via the peripheral vein with a bonus dose of 250,000 units
within 10 min, followed by a continuous infusion of 5000
units/h for 48 ~72 h via a micro-infusion pump. Following
the thrombolytic treatment, the patients were administrated
with oral warfarin or aspirin plus dipyridamole according to
the different groups. The drug doses were adjusted based on
the INR and PLT levels.

Preoperative information was retrospectively collected,
including gender, age, body mass index (BMI), diabetes,
Childe-Pugh classification, leukocyte (WBC) count, platelet
count (PLT), total bilirubin (TBIL), alanine transaminase
(ALT), blood urea nitrogen (BUN), creatinine (CRE), INR,
fibrinogen (FIB), spleen longitudinal diameter, portal vein
diameter, splenic vein diameter, and speed of portal blood
flow. Intraoperative messages included duration of operation
and estimated intraoperative blood loss. Postoperative mate-
rials included WBC, PLT, TBIL, ALT, BUN, CRE, INR,
FIB, and postoperative anticoagulant treatment regimen.

@ Springer

Participants were randomly assigned to warfarin group
and aspirin group (warfarin group odd and aspirin group
even) according to the order in which they were enrolled.
Patients were treated with warfarin or aspirin plus dipy-
ridamole according to the different groups. Ultrasound and
radiologists were blinded to the randomization results. The
present study had approval from the Human Research Ethics
Committee at the Affiliated Hospital of Guizhou Medical
University. All sufferers were informed and consented.

Operative technique

The patients were placed in supine position. The operation
was performed under general anesthesia. A laparoscopic tro-
car was inserted into the umbilicus through a 12 mm inci-
sion, and the pneumoperitoneum was set to 9~ 10 mmHg.
Following the successful establishment of the pneumoperi-
toneum, three additional trocars were inserted at the level of
the subxiphoid, the left subcostal margin midclavicular line,
and the left flank level. First, pericardial devascularization
was using a LigaSure vessel-sealing instrument (Covidien,
Norwalk, CT, USA). Then splenogastric ligaments, sple-
nocolic ligament, and lienorenal ligament were divided by
LigaSure. In the tail of the pancreas, the splenopancreatic
fascia was cut and identified. With an endoscopic linear sta-
pler, splenic hilar was performed. The spleen was removed
from the umbilical incision, placed in a plastic bag, and
removed.

The detection and diagnosis of PVST

PVST formation refers to venous thromboembolic events of
the splenic vein, the main branch of the portal vein, and the
intrahepatic branch vein. The primary endpoint of this work
was PVST. The patients routinely underwent enhanced CT
3 days before the operation. Ultrasound examinations were
performed at 1, 2, 4, and 12 weeks after surgery, as well as
every three months after that. However, due to the influence
of the operator's tech and the patient's body habitus, throm-
bus may not be detected by ultrasound scanning. Therefore,
a contrast-enhanced CT scan is to confirm the diagnosis
if the ultrasound reveals suspicious echogenic material or
reduced or no blood flow in the portal venous system lumen
[14]. The location of the PVST and its extension in the por-
tal vein main and/or intrahepatic branches and splenic vein
were defined. Review medical records are retrospectively to
document any other medical conditions.

Statistical analysis
Files are depicted as mean (standard deviation), median

(interquartile range), or percentage. Dual-tailed non-paired
Student’s t-test was applied for structural comparison. After
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the chi-square test, the classified data were expressed as fre-
quencies. The factors of PVST occurrence were discussed
by single-variable analysis, and then meaningless vari-
ables were gradually removed while the logistic regression
model for used in multivariate analysis. A P value <0.05
was defined as having statistical significance. The statistical
package for the Social Sciences (SPSS) Version 16 software
(SPSS Inc., Chicago, IL, USA) works for statistical analysis.

Results

From January 2015 to January 2021, all 156 individuals
with portal hypertension complicated and secondary hyper-
splenism received LSD in our center. Twenty patients were
excluded based on enrollment conditions in this study. The
other 136 patients were randomly allocated to the warfarin
group (n=69) or aspirin group (n=67). One patient stopped
warfarin on PODS5 due to bloody stools; four patients
stopped aspirin treatment on POD7 due to gastrointestinal
reactions. Finally, 131 patients completed treatment, includ-
ing the warfarin group (n=68) and aspirin group (n=63).
There was no substantial difference emerged in the warfa-
rin group and the aspirin ones, including gender, age, BMI,
diabetes, Child—Pugh classification (A/B), WBC, PLT,
TBIL, ALT, BUN, CRE, INR, FIB, spleen longitudinal
diameter, portal vein diameter, splenic vein diameter, speed

of portal blood flow, duration of surgery, and intraoperative
bleeding (P> 0.05; Table 1).

During the warfarin treatment process, INR was main-
tained between 2 and 3. Patients were required to take war-
farin tablets after meals, the oral dose ranged from 2.0 to
7.0 mg, and the mean dose was 3.5 mg. They took daily
warfarin 3.471 +£0.373 mg at POD7, 3.713+0.357 mg at
POD14, 3.889 +0.498 mg at POM1, 3.698 +0.345 mg at
POM3, and 3.786 +0.324 mg at POM6.

Compared with the aspirin ones, the postoperative chance
of PVST in the first year was substantially lower in the war-
farin group (F=13.43, P=0.006; Fig. 1). It was no sig-
nificant difference in PVST formation frequency between
the two teams at POD7 and POD14. However, at POM1,
POM3, and POMG6, the incidences of PVST in the warfarin
group were fairly lower in contrast with the aspirin group
(P<0.05; Table 2).

The two groups were compared for the incidence of
main portal vein thrombosis and splenic vein thrombo-
sis. In contrast with the aspirin group, the incidences of
main portal vein thrombosis (MPVT) in the first year after
operations were substantially lower in the warfarin team
(F=10.57, P=0.010; Fig. 2). It was no dramatic difference
in MPVT incidence among the two teams at POD 7, POD
14, POM 1, and POM 12, whereas, in POM 3 and POM
6, the MPVT incidences were dramatically fewer in war-
farin than in another team (P <0.05; Table 2). In contrast,

Table 1 The demographics,

. . Variable Warfarin (n=68) Aspirin (n=63) P

preoperative laboratory indexes,

and intraoperative clinical Gender (female/male) 48/20 46/17 0.455

characteristics of warfarinand (o) 45.40+8.19 46.59+8.51 0.416

aspirin groups
BMI 22.36+2.12 22.71+1.84 0.321
Diabetes 8(11.8%) 13(20.6%) 0.126
Child-Pugh (A/B) 28/40 26/37 0.566
WBC (x 10°/L) 2.85+0.87 2.68+0.76 0.291
PLT (x 10°/L) 44.06 +13.90 44.37+16.59 0.787
TBIL (umol/L) 20.07+9.08 18.78 +7.99 0.391
ALT (U/L) 32.94+18.73 32.40+14.12 0.758
BUN (mmol/L) 5.49+1.61 4.96+1.83 0.156
CRE (umol/L) 77.58 £22.34 79.81+18.96 0.436
INR 1.34+0.16 1.31+0.15 0.253
FIB (g/L) 2.84+0.99 2.75+0.97 0.716
Longitudinal diameter of spleen (mm) 182.17+30.13 185.82+23.82 0.445
Portal vein diameter (mm) 13.23+1.37 13.43+1.73 0.478
splenic vein diameter (mm) 1093 +1.75 10.81+1.76 0.707
Mean portal flow velocity (cm/s) 14.58 +1.55 14.34+1.74 0.406
Operation time (min) 129.26+37.59 132.21+34.24 0.460
Intraoperative blood loss (ml) 167.72+112.20 175.98 +109.70 0.446

Data shown as mean + standard deviation, or number of patients, as indicated

BMI Body Mass Index, WBC white blood cell, PLT platelets, TBIL total bilirubin, ALT alanine transami-
nase, BUN blood urea nitrogen, CRE creatinine, FIB fibrinogen
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Fig.1 The postoperative chance of PVST in patients with portal
hypertension and hypersplenism undergoing LSD

Table2 The comparison of thrombosis incidence between warfarin
and aspirin groups

Time point Warfarin (n=68) Aspirin (n=63) P
PVST
POD7 20(29.4%) 26(41.3%) 0.108
POD14 19(27.9%) 27(42.9%) 0.054
POM1 18(26.5%) 27(42.9%) 0.037
POM3 11(16.2%) 25(39.7%) 0.002
POM6 6(8.8%) 16(25.4%) 0.010
POMI12 3(4.4%) 5(7.9%) 0.317
MPVT
POD7 11 (16.2%) 13 (20.6%) 0.332
POD14 10 (14.7%) 14 (22.2%) 0.188
POM1 10 (14.7%) 14 (22.2%) 0.188
POM3 6 (8.8%) 13 (20.6%) 0.047
POM6 2(2.9%) 10 (15.9%) 0.011
POMI12 1(1.5%) 3 (4.8%) 0.281
SVT
POD7 14 (20.6%) 18 (28.6%) 0.195
POD14 14 (20.6%) 19 (30.2%) 0.145
POM1 13 (19.1%) 19 (30.2%) 0.103
POM3 9 (13.2%) 17 (30.0%) 0.040
POM6 5(7.4%) 10 (15.9%) 0.104
POM12 2(2.9%) 3 (4.8%) 0.464

Data shown as number of patients (%), as indicated

MPVT main portal vein thrombosis, SVT splenic vein thrombosis

the postoperative chance of splenic vein thrombosis (SVT)
formed in the first year was considerably lower in warfarin
than in those (F=19.51, P=0.002; Fig. 3). It has presented
significant differences in SVT that happened at POM 3 on
the two arms (P <0.05; Table 2).

Then we analyzed the clinical baseline traits of the PVST
and non-PVST arms in Table 3. It has not had a significant
difference between the two teams, covering gender, age, BMI,

@ Springer
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Fig.3 The postoperative chance of SVT in patients with portal
hypertension and hypersplenism undergoing LSD

Child-Pugh classification (A/B), WBC, PLT, TBIL, ALT,
INR, PT, FIB, BUN, CER, spleen longitudinal diameter, dura-
tion of surgery time, and intraoperative blood loss (P> 0.05).

By univariate analysis, we confirmed that diabetes, por-
tal vein diameter, splenic vein diameter, and the velocity of
portal blood flow were statistically significant among the
research teams (P <0.05; Table 3). Compared to the non-
PVST arm, the PVST arm had a broader portal vein diameter
(P <0.05), a broader splenic vein diameter (P <0.05), and
a slower speed of portal blood flowing (P <0.001). Files
have been performed by logistic multivariable regression,
and certain statistically significant variables covered portal
vein diameter, splenic vein diameter, and speed of portal
blood flowing (Table 4).

Discussion

PVST is one of the familiar complications accompanied by
liver cirrhosis in patients suffering from portal hypertension.
Based on portal vein hypertension, surgical intervention



Surgical Endoscopy (2022) 36:8918-8926 8923

Table 3 The demographics, Variable Non-PVST (n=83) PVST (n=48) P

preoperative laboratory indexes,

and intraoperative clinical Gender (female/male) 59124 35/13 0.822

characteristics of non-PVSTand ooy 46.00+8.43 45.9248.26 0.956

PVST groups
BMI 2276 +1.93 22.13+2.06 0.084
Diabetes 9(10.8%) 12(25%) 0.033
Child-Pugh (A/B) 32/51 22/26 0.415
WBC (x 10°/L) 2.77+0.77 2.76+0.91 0.697
PLT (x 10°/L) 43.60+13.97 4525+17.21 0.871
TBIL (umol/L) 19.81+8.29 18.83+9.09 0.528
ALT (U/L) 3191+16.14 34.02+17.49 0.390
BUN (mmol/L) 533+1.79 5.07+1.62 0.166
CRE (umol/L) 79.25+21.66 77.62+19.20 0.873
INR 1.31+0.17 1.35+0.13 0.189
FIB (g/L) 2.78+0.98 2.83+1.00 0.754
Longitudinal diameter of spleen (mm) 186.30+27.72 179.83+26.16 0.191
Portal vein diameter (mm) 13.02+1.49 13.86 +1.52 0.002
splenic vein diameter (mm) 10.46 +1.67 11.59+1.65 <0.001
Mean portal flow velocity (cm/s) 14.85+1.33 13.82+1.91 0.001
Operation time (min) 129.93+37.19 131.98+33.92 0.560
Intraoperative blood loss (ml) 180.14+112.62 157.08 +106.74 0.104

Data shown as mean =+ standard deviation, or number of patients, as indicated

BMI Body Mass Index, WBC white blood cell, PLT platelets, TBIL total bilirubin, ALT alanine transami-
nase, BUN blood urea nitrogen, CRE creatinine, FIB fibrinogen

Table 4 Outcome of logistic
multivariate regression

Independent variables p SE Wald df P OR 95.0% CI

Diabetes 1.024 0570 3225 1 0.073 2783  0.910-8.508
Portal vein diameter (mm) 0.396 0.159 6205 1 0.013 1486  1.088-2.030
splenic vein diameter (mm) 0283  0.141 4.006 1 0.045 1.327  1.005-1.749
Mean portal flow velocity (cm/s)  —0.413  0.138 8952 1 0.003  0.662  0.505-0.867

CI confidence interval

further promoted the PVST [15]. The reported incidence of
PVST after LSD varies greatly, the inconsistence is possibly
due to several reasons [3, 16, 17]. This may be because most
patients with PVST are asymptomatic, and there are differ-
ences in examination methods, time, and frequency of post-
operative examinations [12]. Our current study also showed
a high incidence of PSVT after LSD. In portal hypertension
or cirrhosis; however, no anticoagulant therapy is consist-
ently recommended to prevent PVST after LSD. Therefore,
we need to find the risk factors of PVST after LSD through
clinical practice and use safe and effective anticoagulants to
prevent PVST.

Even if the detailed mechanisms generating the PVST
in post-splenectomy were still controversial, it is generally
agreed that patient’s factors [18], hemorheology changes
[19], coagulation mechanism [20], and irrational use of
anticoagulants [21] are all associated with risk of throm-
bosis. In this project, the risk factors for PVST mainly

included diabetes, portal vein diameter, splenic vein diam-
eter, and portal vein flow velocity. The consequences are
by to past reports [22]. Studies have confirmed that dia-
betic patients with hyperglycemia and insulin resistance
will lead to changes in platelet count and activation, as
well as qualitative and/or quantitative modifications of
coagulation and fibrinolytic factors, thus, making diabetic
patients more prone to thrombosis. Previous research has
revealed that after splenectomy, the reduced portal vein
blood flow and the residual blind end of the splenic vein
caused blood stasis and turbulence which promoted the
PVST [17]. Furthermore, severe SVT may develop into
MPVT and mesenteric vein thrombosis which may eventu-
ally lead to intestinal blood stasis, intestinal wall edema,
and ischemic necrosis [12, 16]. Broe et al. found in their
study that PVST originated from the splenic vein and
gradually spread into the portal vein and vena mesenterica
superior [23]. The cause of the splenic vein thrombosis
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group is uncertain but can be explained as follows: (1)
CO2 pneumoperitoneum may cause hypercoagulability in
the patient's blood [24]; (2) mechanical injury of splenic
vein vessels with an endoscopic cutting closure device
results in exposure of subintimal collagen that activates
the clotting system; and (3) Ultrasonic scalpel and Ligas-
ure may cause thermal or oscillatory injury of venous
intima [8]. As a result of the splenic vein's larger diameter,
when the splenic vein is cut, the splenic vein blood flow is
rapidly reduced, which may promote PVST formation [25].

In patients with liver cirrhosis complicated with portal
hypertension, the total number of platelets decreases, mainly
due to the increase of platelet reserve and slowing down of
platelet velocity during splenomegaly, allowing enough time
for them to contact splenic macrophages [9]. As a result, the
spleen loses its ability to clear platelets after LSD, and the
number of platelets circulating in the blood increases 2—6
times in a short period of time. According to some studies,
an increase in postoperative platelet count is an important
risk factor for PVST in patients with portal hypertension, and
the use of anticoagulant drugs can be based on the change
in postoperative platelet count [9, 25]. However, in this
study, we found that although platelets rose rapidly in some
patients after surgery, no PVST was formed (Table S1-2).
The effects confirmed that there were no significant differ-
ences in platelet count at admission and different postopera-
tive periods between the PVST group and non-PVST group
(all P>0.05), suggesting that platelets cannot be a separate
pathogenic factor for PVST formation when LSD has been
done. This result may be related to prophylactic anticoagu-
lant therapy after the operation.

The diameter of the portal vein has been mentioned sev-
eral times as a potentially dangerous factor in PVST forma-
tion [26]. This is consistent with the results of this study, the
wider the diameter of portal vein and splenic vein of patients
before surgery, the greater the decrease of portal vein pres-
sure and the slower the blood flow velocity after surgery, and
the greater the possibility of PVST after surgery.

At present, prophylactic anticoagulant therapy for
PVSD after LSD has been in a dilemma for a long time,
because the portal vein system may still have thrombosis
in the presence of decreased platelet count and increased
INR. The most concern was that early postoperative use of
anticoagulants in patients with cirrhosis may increase the
risk of postoperative bleeding due to the inner blood coag-
ulation disorder. Therefore, the prophylactic anticoagulant
therapy for PVST after LSD is still controversial, mainly
based on personal experience. However, recent studies
have proved that prophylactic anticoagulant therapy is safe
and feasible, which can effectively reduce the occurrence
of PVST and reduce the risk of bleeding [21, 27]. There
are few randomized controlled studies on the effects of
warfarin and aspirin on the prevention of postoperative
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PVST formation in laparoscopic splenectomy and Porto-
azygos disconnection combined with portal hypertension.

Based on our 1-year randomized controlled study
involving patients with cirrhosis after LSD, prophylactic
use of warfarin has been proven to be effective and safe.
Warfarin treatment can significantly reduce the happen-
chance of PVST following surgery, in contrast with aspirin
treatment. In this study, we realized that the chance of
PVST in warfarin teams occurred fewer than the aspirin
ones at all-time points from POD7 to POM12, and the
difference between the two groups from POM1 to POM6
was statistically significant. Finally, compared to aspirin,
earlier postoperative use of warfarin significantly reduced
the occurrence rate of PVST.

The work implemented as a single-center-based cohort
study enlisted a comparatively small sample capacity, so
the consequences had potential limitations. Our study sub-
jects were cirrhotic patients with portal hypertension in
Guizhou, China, and the results may have limited external
validity in different regions and Settings. In addition, it is
difficult for some patients to achieve the target value of
2-3 during oral warfarin adjustment of INR, which brings
potential difficulties for clinical application.

Conclusions

In conclusion, PVST is familiar postoperative comorbidity
of LSD; furthermore, its incidence might be reduced by
early postoperative anticoagulation. The anticoagulation
effect of warfarin is better than that of aspirin. The portal
vein diameter, splenic vein diameter, and portal vein flow
velocity are predictors of PVST occurrence. Close post-
operative follow-up and early anticoagulation are critical
for patients who are at high risk of venous thrombosis
formation.
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