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Background: Portal vein stent placement is used for portal vein stenosis. However, reports on postpancreatic surgery cases are
rare. Whether antithrombotic therapy should be administered remains controversial. In this paper, the authors reviewed current data
to evaluate the influence of antithrombosis on stent patency after pancreatic surgery.
Materials and methods: This systematic review and meta-analysis compared studies in which patients did or did not receive
antithrombotic therapy after portal vein stent placement. The authors compared patency after stent placement and
complication rate.
Results: There were 22 (n=207) studies in which patients received antithrombotic therapy and 8 (n=61) in which patients did not
receive therapy. Antithrombotic agents, such as aspirin, clopidogrel, heparin, and warfarin, were used. The overall patency rates
were similar between the groups (79.2% in the antithrombosis group vs. 88.0% in the nonantithrombosis group). Subgroup analyses
included those for the etiology of stenosis, types of antithrombotic agents, acute or chronic stenosis, and causes of stent stenosis.
None revealed a significant difference between the patency rates in the antithrombosis and nonantithrombosis groups. However,
bleeding complications only occurred in patients who received antithrombotic therapy.
Conclusion: There is no significant benefit of antithrombotic therapy after portal vein stent placement following pancreatic surgery.
Antithrombotic therapy should be performed with caution because it may cause complications, such as bleeding.
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Introduction

Portal vein stenosis is a rare complication of pancreatic surgery,
particularly when the portal vein is resected and

reconstructed[1,2]. Its etiology includes benign stenosis, such as
postoperative changes or compression, and malignant stenosis,
such as tumor recurrence[3]. Severe stenosis results in portal vein
hypertension, and patients experience clinical manifestations,
including ascites, gastrointestinal bleeding, abnormal liver func-
tion, and melena[3,4].

Percutaneous transhepatic stenting is the first-line treatment of
stenosis[5]. Clinical efficacy and safety have been widely dis-
cussed, and almost all studies have reported high patency rates
with few complications[6,7]. However, little is known about the
detailed use of stents owing to the relatively few cases encoun-
tered in practice. When is the suitable time for stent placement?
Should asymptomatic patients diagnosed with stenosis via radi-
ology undergo stent placement? In most cases, the presence of
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symptoms and stenosis on radiology are indications for stent
placement and should be discussed further[3]. In one study, the
influence of balloon pre-expansion was unclear, and the success
and patency rates were not compared between patients with or
without balloon pre-expansion[8]. However, one study reported
venous rupture following balloon dilation, indicating the poten-
tial risk of balloon dilation[4]. Furthermore, whether antith-
rombotic therapy should be administered remains unclear[9].
Many believe that antithrombosis is necessary to avoid throm-
bosis-related stenosis[9]. However, side effects such as bleeding
cannot be neglected. This controversy is due to the small number
of cases in each study. Therefore, a systematic review is needed to
summarize and reach a conclusion to guide stent placement.

Herein, we review current data to evaluate the influence of
antithrombosis on stent patency after pancreatic surgery.

Methods

Study protocol

This meta-analysis was reported in line with PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses)[10] and AMSTAR (Assessing the Methodological
Quality of Systematic Reviews)[11] guidelines. Two databases
(Medline since 1985 and PubMed since 1970) were searched
for studies published before July 2023. The search terms
included ‘anticoagulation OR antiplatelet’, ‘portal vein ste-
nosis OR portal vein stent’, and ‘pancreatic surgery OR pan-
creatic operation OR pancreatoduodenectomy OR Whipple’.
No search of unpublished literature was performed. Two
reviewers independently extracted each full-text article and
included the studies.

Study selection

We only included studies that described patients who underwent
pancreatic surgery, including pancreatoduodenectomy, pan-
createctomy, distal pancreatectomy, or total pancreatectomy,
and at least one patient who underwent portal vein stent place-
ment after surgery. Only studies that described the use of
antithrombotic agents and patency information were included. A
flowchart of the search process is shown in Figure 1.

Data collection, synthesis, and management

Data were collected using a standardized data collection form.
The collected information included author, country, year of
publication, study type, patient demographics, type of operation,
portal vein resection/reconstruction information, symptoms after
surgery, indications for stent placement, stenting information,
including stent type, technical details, patency parameters, and
complications. The meta-analysis was conducted in accordance
with the methodology recommended by the PRISMA statement.
The pooled effect was calculated using a common-effect model
considering that the heterogeneity was low, except for a subgroup
analysis of the nonantithrombosis group because there were too
few studies to obtain an accurate estimate of the between-studies
variance.

Sensitivity analysis and assessment of heterogeneity

We performed sensitivity analysis by conducting a leave-one-out
analysis to address its influence on the effect estimate. The exis-
tence of heterogeneity among the effect sizes of individual studies
was assessed using the I2 statistic and defined as low (25–50%),
moderate (50–75%), or high (>75%).

Figure 1. Flow chart of the search history for meta-analysis.
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Table 1
Overview of characteristics of included studies.

Author Year Study type n
Type of
operation

Clinical
manifestations

Indications for stent
placement

Technical
success

AT after
stenting Patency Etiology for stent stenosis

Selection
bias

Lost to
follow-up

Information
bias

Confounding
bias

Overall
bias

Khan[12] 2020 Retrospective
study

8 PD-7, TP-1 GIB, Ascites Enhanced CT: Stenosis
> 50%, Doppler US

8/8 8/8 AT+ :6/8 AT+ : Thrombosis-1,
Recurrence-1

Unclear Low Low Low Low

Ferral 2021 Retrospective
study

12 PD-12 Abdominal pain,
Ascites

Enhanced CT 12/12 5/12 AT+ :2/5,
AT-:4/7

AT+ : Recurrence-3; AT-:
Recurrence-3

Low Low Low Low Low

You[13] 2021 Retrospective
study

15 PD-15 GIB, Ascites Enhanced CT: Stenosis
> 50%, Symptoms

14/15 11/14 AT+ :9/11,
AT-:2/3

AT+ : Recurrence-2; AT-:
Recurrence-1

Unclear Unclear Low Low Unclear

Beyer[14] 2015 Retrospective
study

2 PD-2 Ascites Enhanced CT: Stenosis
> 90%

2/2 2/2 AT+ :1/2 AT+ : Thrombosis-1 Low Unclear Low Unclear Unclear

Kim[3] 2011 Retrospective
study

9 PD-9 GIB, Ascites Enhanced CT 9/9 0/9 AT-:6/9 AT-: Thrombosis-1, Recurrence-2Low Low High Low Unclear

Mugu[4] 2020 Retrospective
study

39 PD-24, DP-
10, TP-5

GIB, Ascites CT Volumetric Analysis,
Symptoms

35/39 25/35 AT+ :22/25,
AT-:7/10

AT+ : Thrombosis-1,
Recurrence-2; AT-:
Thrombosis-3

Low Unclear Unclear Low Unclear

Kato[6] 2017 Retrospective
study

14 P-14 HE, GIB, Ascites Enhanced CT 14/14 14/14 AT+ :11/14 AT+ : Recurrence-3 Low Low Unclear High Unclear

Miyazaki[15] 2017 Retrospective
study

1 DP-1 N.A. Enhanced CT, Doppler US 1/1 1/1 AT+ :0/1 AT+ : Thrombosis-1 Unclear Unclear High Low Unclear

Nio[16] 2009 Retrospective
study

4 N.A. GIB, Ascites Enhanced CT 4/4 4/4 AT+ :4/4 – Low Low Unclear Unclear Unclear

Zhou[9] 2014 Retrospective
study

35 N.A. GIB, Ascites Enhanced CT, Doppler US 35/35 35/35 AT+ :24/35 AT+ : Thrombosis-3,
Recurrence-8

Unclear Low High Unclear Unclear

Hiyoshi[26] 2015 Retrospective
study

5 PD-5 GIB Enhanced CT, Symptoms 4/5 4/4 AT+ :3/4 AT+ : Recurrence-1 Low Low Low Low Low

Jeon[7] 2016 Retrospective
study

22 PD-13, P-2 GIB, Ascites Enhanced CT: Stenosis
> 50%

21/22 0/21 AT-:20/21 AT-: Recurrence-1 Low Unclear Low Low Low

Hyun[27] 2017 Retrospective
study

9 PD/PPPD-8,
TP-1

GIB Enhanced CT, Symptoms 9/9 0/9 AT-:8/9 AT-: Thrombosis-1 Low Low Low Low Low

Ohgi[28] 2019 Retrospective
study

6 PD-6 GIB, Ascites Enhanced CT: Shortest
Diameter <3 mm

6/6 6/6 AT+ :6/6 – Unclear Low Low Low Low

Lee 2020 Retrospective
study

60 N.A. HE, GIB, Ascites Enhanced CT, Symptoms 60/60 60/60 AT+ :47/60 AT+ : Thrombosis-11,
Recurrence-2

Unclear Low High Low Unclear

Cao[31] 2013 Retrospective
study

6 PD/PPPD-4.
P-2

Abdominal pain,
GIB, Ascites

Enhanced CT 5/6 5/5 AT+ :4/5 AT+ : Thrombosis-1 Low Low Low Low Low

Takao[8] 2021 Case report 1 PD-1 GIB Enhanced CT 1/1 1/1 AT+ :1/1 – Unclear Low Low Low Low
Schellhammer[17]2008 Case report 1 PD-1 Abdominal pain Enhanced CT, Doppler US 1/1 1/1 AT+ :1/1 – Unclear Unclear Low Low Unclear
Ota[18] 2005 Case report 1 PD-1 GIB Enhanced CT 1/1 1/1 AT+ :1/1 – Unclear Low Low Low Low
Sakai[19] 2005 Case report 1 N.A. GIB Enhanced CT 1/1 1/1 AT+ :1/1 – Unclear Low High Low Unclear
Hwang[20] 2007 Case report 1 PD-1 GIB Enhanced CT 1/1 0/1 AT-:1/1 – Unclear Low Low Low Low
Ichihara[21] 2007 Case report 1 PD-1 GIB Angiography, Symptoms 1/1 1/1 AT+ :1/1 – Unclear Low Low Low Low
Tsuruga[22] 2013 Case report 3 PD-2, DP-1 Ascites Enhanced CT, Symptoms 3/3 3/3 AT+ :3/3 – Low Low Low Low Low
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Subgroup analysis

Subgroup analyses were performed for different etiologies of
primary portal vein stenosis (thrombosis, postoperative changes,
and recurrence), usage of anticoagulants/antiplatelet agents,
acute or chronic stenosis, and causes of stent stenosis (thrombosis
and recurrence).

Results

The meta-analysis included 268 patients in 27 studies[3–9,12–31],
of whom 207 (77.2%) received antithrombotic therapy after
portal vein stent placement, and 61 (22.8%) did not receive
antithrombotic therapy after stent placement. Table 1 presents a
summary of these studies.

There has been no randomized controlled trial on this topic,
and 11 of the studies included were case reports with one to five
cases of stent placement. In most studies, the choice of antith-
rombotic therapy was all or none for all patients. Therefore, the
meta-analysis was one-armed, comparing the patency rates in the
antithrombosis and nonantithrombosis groups after portal vein
stent placement. We also assessed the quality of the included
studies; the risk of bias analysis is presented in Table 1.

In general, the pooled patency rate was 79.2% (95% CI:
73.4–84.4%, I2= 28%) for the antithrombosis group and 88.0%
(95% CI: 80.1–96.0%, I2= 7%) for the nonantithrombosis
group (Fig. 2A and B). No significant differences were found
between both groups. Funnel plots of the studies used in the meta-
analysis are shown in Figure 2C and D and show a basic sym-
metric triangle distribution, excluding publication bias.
Sensitivity analysis showed that the patency rates of the two
groups were solid.

Next, we investigated why antithrombotic therapy did not
significantly impact stent patency. First, we performed subgroup
analyses for different etiologies of portal vein stenosis: throm-
bosis, postoperative changes or anastomotic stenosis, and tumor
recurrence. Reports on portal vein stenosis caused by thrombosis
after pancreatic surgery are scarce; only nine patients from three
studies received antithrombotic therapy, and only three from a
single study did not receive antithrombotic therapy (Fig. 3A).
Among the nine patients who received antithrombotic therapy,
six underwent stent placement within 1 month after surgery
owing to acute thrombosis. Among these, stent placement failed
in one patient, and stent patency was not maintained in two due
to stent thrombosis, even after receiving antithrombotic therapy.
The remaining three patients underwent stent placement after
surgery for several months, and all exhibited stent patency. For
the three patients who did not receive antithrombotic therapy,
stent placements were all conductedwithin 1month after surgery,
and all exhibited stent patency. Owing to the limited reports and
cases, we could not conclude on the impact of antithrombotic
therapy in this subgroup; however, we believe that it is necessary
to administer antithrombotic therapy if the patient’s portal vein
stenosis is caused by acute thrombosis unless contraindicated,
such as during bleeding.

Regarding the postoperative change, anastomotic stenosis, or
benign portal vein stenosis subgroup in many studies, the pooled
patency rate was 90.9% (95% CI: 73.6–99.4%, I2=30%) in the
antithrombosis group and 87.4% (95% CI: 64.9.6–99.2%,
I2= 87%) in the nonantithrombosis group (Fig. 3B). There was
no significant difference, and the overall patency rate was higher,
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indicating that portal vein stenosis caused by postoperative
changes could be kept patent with stent placement. For the
recurrence subgroup, the pooled patency rate was 85.5% (95%
CI: 69.7–96.1%, I2= 9%) for the antithrombosis group and
68.9% (95% CI: 39.9–91.5%, I2= 53%) for the non-
antithrombosis group (Fig. 3C). However, the difference was not
statistically significant.

We next investigated whether the usage of anticoagulants or
antiplatelet agents would influence stent patency. Patients
receiving antithrombotic therapy after stent placement were
divided into anticoagulant only, antiplatelet agent only, and
anticoagulant combined with antiplatelet agent subgroups. Most
patients in the anticoagulant only subgroup were administered
heparin, low-molecular-weight heparin, or warfarin. Four
patients were administered rivaroxaban. The pooled patency rate
was 80.5% (95% CI: 69.1–89.8%, I2= 47%) (Fig. 4A). Most
patients in the antiplatelet only subgroup were administered
aspirin and clopidogrel, and the pooled patency rate was 79.4%
(95% CI: 69.3–88.0%, I2= 0%) (Fig. 4B). Heparin and sequen-
tial aspirin was frequently administered to patients in the antic-
oagulant combined with antiplatelet agent subgroup, and the
pooled patency rate was 78.8% (95% CI: 67.2–88.5%,
I2= 41%) (Fig. 4C). Overall, there was no significant difference
among three subgroups, and the patency rates were also similar to
those in the nonantithrombosis group (Figs. 2B and 4).

Acute and chronic stenoses differ in clinical practice.
Therefore, we conducted a subgroup analysis of the interval

between surgery and stent placement. Acute portal vein stenosis
was defined as stenosis within 30 days of surgery, and chronic
stenosis was defined as stenosis within 30 days after surgery.
Notably, the acute portal vein stenosis subgroup was a subset of
the thrombosis subgroup described previously, that is, six
patients received antithrombotic therapy, and three did not
receive antithrombotic therapy; their acute stenoses were all
caused by thrombosis (Fig. 3A). This indicated that acute portal
vein stenosis was frequently caused by thrombosis formation.
Moreover, the chronic subgroup is similar to that shown in the
general summary table. This contradicts the finding of a previous
study that reported that 10/826 patients experienced post-
operative portal vein stenosis/occlusion within the first month
after surgery and that all stenosis cases were not due to throm-
bosis but occurred following postoperative changes[2]. Therefore,
more detailed cases should be investigated to reach a reliable
conclusion regarding acute stenosis of the portal vein.

The next analysis concerned the etiology of secondary stenosis
after stent placement, which was caused by thrombosis or tumor
recurrence. For the thrombosis-induced secondary stenosis sub-
group, the pooled incidence rate was 2.6% (95% CI: 0.6–5.7%,
I2= 18%) for the antithrombosis group and 3.8% (95% CI:
0.5–9.9%, I2= 44%) for the nonantithrombosis group (Fig. 5A).
The incidence was higher in the nonantithrombosis group,
although the difference was not significant, mainly because of the
heterogeneity in the nonantithrombosis group. For the recurrence
subgroup, the incidence rates were higher, that is, 14.2% (95%

Figure 2. Forest and funnel plots examining the pooled proportions of the patency rate with or without antithrombotic agent use. A, B, Forest plots of the pooled
proportions of the patency rate of included studies with (A) or without (B) antithrombotic agent use. C, D, Funnel plots of included studies with (C) or without (D)
antithrombotic agent use.
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Figure 3. Subgroup analysis of different etiologies of portal vein stenosis. A, Case of portal vein stenosis after pancreatic surgery due to thrombosis. B-C, Forest
plots of the pooled proportions of the patency rate with etiologies of portal vein stenosis being postoperative changes (B) or tumor recurrence (C) with or without
antithrombotic agent use. AT+ /AT-: with/without antithrombotic agent use, DP, distal pancreatectomy; NA, not available; P, pancreatectomy; PD, pancreati-
coduodenectomy; PPPD, pylorus-preserving pancreaticoduodenectomy; SP, splenectomy.
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CI: 8.8–20.6%, I2=29%) in the antithrombosis group and
12.1% (95% CI: 5.2–21.4%, I2= 51%) in the non-
antithrombosis group, with no significant difference (Fig. 5B).

The abovementioned analysis showed no significant difference
between the antithrombosis and nonantithrombosis groups, even
after subgroup analysis for the etiology of portal vein stenosis,
interval between surgery and stent placement, and etiology of
secondary stent stenosis. We inferred that the etiology of portal
vein stenosis and secondary stent stenosis rarely involved
thrombosis. Therefore, antithrombotic therapy did not sig-
nificantly prevent stenosis. Most patients experience stenosis
owing to postoperative changes or tumor recurrence. As a result,
the impact of antithrombotic therapy after stent placement is
limited unless portal vein stenosis occurs shortly after pancreatic
surgery due to acute thrombosis, and this requires further
research.

We summarized the stent-related complications (Table 2).
Complications included bleeding, acute thrombosis, and infec-
tion or fever. Bleeding complications only occurred in the
antithrombosis group, with three studies reporting five cases of
bleeding. Bleeding was not observed in the nonantithrombosis
group. This finding suggests that bleeding should be considered
when deciding on antithrombotic therapy.

Overall, we systematically reviewed studies on the use of
antithrombotic agents after portal vein stent placement. Our
findings showed that antithrombotic therapy did not significantly

influence stent patency, although it introduced potential
bleeding risks.

Discussion

Portal vein stenosis/occlusion is a rare complication of pancreatic
surgery[28]. However, it can cause severe complications, including
bleeding, ascites, hematochezia, and melena[12]. Percutaneous
transhepatic stent placement has been reported in many studies
and has proven safe and useful in resolving clinical manifesta-
tions. However, this procedure is rarely performed, and its
technical details remain unknown; therefore, whether antith-
rombotic therapy should be adopted is controversial. This review
systematically summarized studies on stent placement after pan-
creatic surgery and focused on the use of antithrombotic agents.
In most studies, antithrombotic therapy was administered to
prevent stent thrombosis[28,29]. However, many researchers have
mentioned concerns about the side effects of antithrombosis, such
as bleeding, and some have not used antithrombotic therapy after
stent placement[4]. It was reported that antithrombosis did not
increase stent patency for benign superior vena cava
syndrome[32]. However, reports on stent placement after pan-
creatic surgery are rare, and this should be independently dis-
cussed because the situation after surgery differs. Some studies
with relatively large postpancreatic surgery sample sizes reported

Figure 4. Subgroup analysis of usage of anticoagulants/antiplatelet agents. A-C, Forest plots of the pooled proportions of the patency rate with the usage of
antithrombotic drugs after stent placement being anticoagulants only (A), antiplatelet agents only (B), and anticoagulants combined with antiplatelet agents (C).
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that stent patency was unrelated to antithrombosis agent use[4,6],
although none confirmed this conclusion.

To the best of our knowledge, our study is the first to sum-
marize previous studies and find that stent patency did not differ
significantly with or without antithrombosis agent use. Studies
varied in the usage of antithrombotic agents owing to the lack of
standard protocols in the literature[14]; therefore, we wondered
whether the patency rates would be influenced by the use of dif-
ferent types of drugs. Anticoagulants inhibit the coagulation
cascade and fibrin formation, whereas antiplatelet agents pri-
marily inhibit platelet activation and aggregation[33]. Venous
thrombosis is rich in fibrin and is usually without damage to the
vessel wall[33]. Therefore, the use of anticoagulants is crucial for
managing portal vein thrombosis (PVT)[34] and is suggested to be
related to PVT improvement, recanalization, and decreased all-
cause mortality in patients with PVT[35]. Direct oral antic-
oagulants are also favored in the treatment of PVT and are pre-
ferred to warfarin because of better patient compliance and its
safety profile[36]. Four patients from two studies were adminis-
tered rivaroxaban[8,13], and all retained patent stents in the fol-
low-up without complication. Stent placement would possibly
cause damage to the vessel wall, and the platelets would be
recruited and aggregated; hence, the use of antiplatelet agents is
justifiable. Therefore, anticoagulants and antiplatelet agents
work at different stages of PVT formation and would likely help
in the patency rates. We performed the subgroup analysis and
found no significant difference in the use of different types of
antithrombotic agents (Fig. 4). This piqued our interest in why
antithrombotic therapy seemed ineffective. In most cases, stents
maintain their patency during further evaluation. Only 10–15%

of patients experience stent stenosis/occlusion; most occlusions
are caused by tumor recurrence or progression. Thrombosis
accounted for only a small portion of occlusions. Therefore,
antithrombotic therapy may not prevent stenosis. Furthermore,
antithrombotic therapy may be ineffective when a shunt is
created[6] owing to decreased blood flow in the portal vein. The
presence of a collateral vein was reportedly related to the devel-
opment of stent occlusion because of which antithrombosis was
not very effective.

What types of patients can benefit from antithrombotic ther-
apy? We presumed that patients with PVT, especially acute
thrombosis, could benefit after stent placement. However, only
nine patients who underwent stent placement due to acute PVT
after pancreatic surgery had been reported in previous studies
(Fig. 3A). Among them, six patients received antithrombotic
therapy after stent placement; two of these six patients had
thrombosis after stent placement and experienced clinical failure
(Fig. 3A AT+ No. 2, 8). Their experience emphasizes the impor-
tance of antithrombotic therapy in treating patients with previous
thrombosis. However, it is strange that all patients who underwent
stent placement within 1 month of surgery had PVT, which con-
tradicts the results of previous incidence studies[2]. Therefore, we
could not conclude on the use of antithrombotic agents if the
patient’s stenosis occurred shortly after surgery or was likely
caused by thrombosis. More retrospective studies are needed.

Complications are a major concern during stent placement.
There are several types of stent-related complications. The first is
infection; some patients experience transient fever, although
others may experience septicemia or liver abscess and require
antibiotics. Second, thrombosis did not cause stent occlusion.

Figure 5. Subgroup analysis of pooled incidence rates of different causes of stent stenosis. A-B, Forest plots of the pooled incidence rates of thrombosis (A) or
tumor recurrence (B) causing stent stenosis with or without antithrombotic agent use. AT+ /AT-: with/without antithrombotic agent use.
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Third, bleeding was only reported in the antithrombosis
group. As patients with portal vein stenosis usually have
manifestations of portal vein hypertension, they tend to
experience bleeding owing to varices and abnormal liver
function. Therefore, antithrombotic therapy should be con-
sidered after carefully evaluating the potential benefits and
risks. Our results suggest that unless explicit stenosis is caused
by thrombosis, antithrombosis cannot improve the stent
patency rate but could cause bleeding. Therefore, antith-
rombotic therapy should be considered carefully.

This study has some limitations. First, since portal vein
stent placement after pancreatic surgery is relatively rare in
clinical situations, there were no prospective studies or ran-
domized control trials; we could only enroll retrospective
studies and case reports. However, the use of antithrombotic
agents is important in clinical decisions because of which
prospective studies with more cases are needed in the future.
Second, there is no standard indication for portal vein stent
placement, and we hope that future studies could investigate
this further.

Conclusion

This study suggests that there is no significant benefit of antith-
rombotic therapy after portal vein stent placement following pan-
creatic surgery. Antithrombotic therapy should be performed with
caution because it may cause complications, such as bleeding.
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