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ABSTRACT

Introduction: Splenectomy and splenic artery
embolization are major treatment options for
hypersplenism and portal hypertension in liver
cirrhosis, but may lead to splanchnic vein
thrombosis (SVT), which is potentially lethal.
We conducted a systematic review and meta-
analysis to explore the incidence of SVT in liver
cirrhosis after splenectomy or splenic artery
embolization and the risk factors for SVT.

Methods: All relevant studies were searched
through the PubMed, EMBASE, and Cochrane
Library databases. The incidence of SVT in liver
cirrhosis after splenectomy or splenic artery
embolization was pooled. Odds ratios (ORs)
with 95% confidence intervals (CIs) were
calculated.
Results: Sixty-six studies with 5632 patients
with cirrhosis were included. The pooled inci-
dence of SVT after splenectomy and splenic
artery embolization was 24.6% (95% CI
20.2–29.3%) and 11.7% (95% CI 7.1–17.3%),
respectively. A meta-analysis of three compara-
tive studies demonstrated that the incidence of
SVT after splenectomy was statistically similar
to that after splenic artery embolization (OR
3.15, P = 0.290). Platelet count, mean platelet
volume, preoperative splenic or portal vein
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diameter, preoperative or postoperative portal
blood velocity, splenic volume and weight, and
periesophagogastric devascularization were sig-
nificant risk factors for SVT after splenectomy.
Postoperative use of preventive antithrombotic
therapy was a significant protective factor
against SVT after splenectomy.
Conclusions: SVT is common in liver cirrhosis
after splenectomy and splenic artery emboliza-
tion. Coagulation and hemostasis factors,
anatomical factors, and surgery-related factors
have been widely identified for the assessment
of high risk of SVT after splenectomy. Prophy-
lactic strategy after splenectomy, such as
antithrombotic therapy, might be considered in
such high-risk patients.
Study Registration: This study was registered in
PROSPERO with a registration number of
CRD42019129673.

Keywords: Incidence; Risk factors; Splanchnic
vein thrombosis; Splenectomy; Splenic artery
embolization

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13693651.

Key Summary Points

Why carry out this study?

Splenectomy and splenic artery
embolization are the treatment options
for portal hypertension and
hypersplenism in liver cirrhosis, but may
lead to splanchnic vein thrombosis (SVT).
The management of SVT after
splenectomy or splenic artery
embolization is often challenging.

What was learned from the study?

SVT was common in patients who
underwent splenectomy and splenic
artery embolization. The risk of SVT after
splenectomy was similar to that after
splenic artery embolization (OR 3.15, 95%
CI 0.38–25.91; P = 0.290).

Platelet count, mean platelet volume,
preoperative splenic or portal vein
diameter, preoperative or postoperative
portal blood velocity, splenic volume and
weight, and periesophagogastric
devascularization are associated with
development of SVT after splenectomy.

Early imaging screening and prophylactic
strategy might be beneficial in patients at
high risk for SVT.

INTRODUCTION

Liver cirrhosis, which is the end stage of chronic
liver disease, often has complications associated
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with portal hypertension and/or hypersplenism
[1]. In China and Japan, splenectomy and
splenic artery embolization are the mainstay
treatment options for portal hypertension and
hypersplenism in patients with liver cirrhosis
[2–4]. Splenectomy with devascularization can
increase hepatopetal blood flow into the portal
venous system, eliminate splenomegaly and/or
hypersplenism, and control variceal bleeding
[5]. Splenic artery embolization, which can
preserve a portion of the spleen, is an alterna-
tive, if a patient has any contraindication for
splenectomy [6]. However, both splenectomy
and splenic artery embolization can lead to
splanchnic vein thrombosis (SVT), which is life-
threatening [7–9]. Until now, the epidemiology
of and risk factors for SVT after the two proce-
dures remain inconsistent among studies.
Herein, we performed a systematic review and
meta-analysis with two major objectives: (1) to
explore the incidence of SVT in liver cirrhosis
after splenectomy or splenic artery emboliza-
tion and the risk factors for SVT after splenec-
tomy; and (2) to compare the incidence of SVT
in liver cirrhosis after splenectomy versus sple-
nic artery embolization.

METHODS

This is a meta-analysis based on previously
published studies and does not involve any new
studies of human or animal subjects performed
by any of the authors. The work is conducted
according to MOOSE and PRISMA. The MOOSE
and PRISMA checklists are shown in the sup-
plementary material.

Registration

This study was registered in PROSPERO with a
registration number of CRD42019129673.

Search Strategy

All published literature regarding SVT after
splenectomy or splenic artery embolization was
retrieved through the PubMed, EMBASE, and
Cochrane Library databases. Search items are

listed in the supplementary material. We con-
ducted the last search on March 24, 2019.

Study Selection

Inclusion criteria were as follows: (1) patients
should undergo splenectomy or splenic artery
embolization for hypersplenism secondary to
liver cirrhosis and/or portal hypertension; (2)
patients should be over 18 years old; (3) eligible
studies should report the incidence and/or risk
factors for SVT in liver cirrhosis after splenec-
tomy or splenic artery embolization; and (4)
there was no language limitation.

Exclusion criteria were as follows: (1) dupli-
cates; (2) case reports, reviews or meta-analyses,
guidelines, consensus or reports, experimental
or animal studies, comments or letters, notes,
and irrelevant papers; (3) patients were diag-
nosed with SVT before splenectomy or splenic
artery embolization; (4) no detailed data
regarding incidence of SVT after splenectomy or
splenic artery embolization could be extracted;
and (5) full text cannot be obtained.

Definitions

SVT is defined as thrombosis occurring in the
portal vein system, including portal, splenic,
and mesenteric veins. A cohort study is defined
as one in which the follow-up outcomes of
patients with cirrhosis undergoing splenectomy
or splenic artery embolization are observed to
explore the causal relationship of SVT with
splenectomy or splenic artery embolization. A
case–control study is defined as one in which a
group of patients with cirrhosis and SVT is
selected as the case group, and another group of
patients with cirrhosis but without SVT as a
control group; and then splenectomy or splenic
artery embolization as an exposure is compared
between case and control groups to explore the
association of SVT with splenectomy or splenic
artery embolization.

Data Extraction

The following data were collected: the first
author, publication year, region, enrollment
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period, study design, type of publication,
patients’ characteristics, type of splenectomy,
incidence and diagnostic approaches of SVT,
timing of SVT detection, preventive
antithrombotic therapy after splenectomy or
splenic artery embolization, splenic infarction
rate, timing of calculation of splenic infarction
rate after splenic artery embolization, and
number of patients who underwent and did not
undergo pericardial devascularization.

Study Quality

Cohort or case–control studies were evaluated by
the Newcastle–Ottawa scale (NOS), in which 0–3,
4–6, and 7–9 stars represent low, moderate, and
high quality, respectively. Randomized con-
trolled trials (RCTs) were evaluated by the
Cochrane risk of bias tool. Bias risk assessment
levels include low risk, high risk, and uncertainty.

Statistical Analysis

All meta-analyses were conducted by using
StatsDirect statistical software version 2.8.0
(StatsDirect Ltd, Sale, Cheshire, UK), STATA
version 12.0 (Stata Corp, College Station, Texas,
USA), and Review Manager software version 5.3
(Cochrane collaboration, the Nordic Cochrane
Centre, Copenhagen, Denmark). First, we
pooled the incidence of SVT after splenectomy
or splenic artery embolization in all studies, and
compared the incidence of SVT in liver cirrhosis
after splenectomy versus splenic artery
embolization. Second, we collected the risk
factors for SVT in patients with cirrhosis who
underwent splenectomy, and then odds ratios
(ORs) or mean difference (MD) with 95% con-
fidence intervals (CIs) were calculated, if any.
Only a random-effect model was performed. I2

statistics and Cochran’s Q test were used to
assess the heterogeneity among studies, and
I2[50% and/or P\ 0.1 was considered to have
statistically significant heterogeneity. Publica-
tion bias was performed with Egger’s test.
P\ 0.1 was considered as a statistically signifi-
cant publication bias. Subgroup and meta-re-
gression analyses were performed to explore the
sources of heterogeneity. In the subgroup

analyses, country (China versus Japan versus
Egypt), region (Europe versus Oceania versus
Africa versus Asia), publication year (before
2010 versus after 2010), design (cohort versus
case–control versus RCT), type of splenectomy
(open versus laparoscopic), diagnostic approa-
ches of SVT [ultrasound versus computed
tomography (CT) or magnetic resonance imag-
ing (MRI) versus computed tomography
angiography (CTA) or digital substraction
angiography (DSA)], timing of SVT detection
after surgery (within 7 days and[7 days), peri-
cardial devascularization (yes versus no), pre-
ventive antithrombotic therapy (yes versus no),
and splenic infarction rate (C 50% versus
\50%) were used as covariates. Meta-regression
analyses were performed in terms of country
(China versus Japan versus Egypt), region (Eur-
ope versus Oceania versus Africa versus Asia),
publication year (before 2010 versus after 2010),
study design (cohort versus case–control versus
RCT), sample size (C 100 versus \100), and
NOS (C 7 versus\7). Sensitivity analyses were
conducted to assess the stability of the results by
sequentially excluding one study in one turn.

RESULTS

Study Selection and Study Characteristics

We initially identified 766 studies through the
three databases and one study by reviewing the
reference list. Finally, 66 studies were included
(Fig. 1) [10–75], including splenectomy alone
[10–14, 16–19, 21, 22, 24, 26–41, 43–46,
48, 49, 51–55, 57–60, 62, 64, 67–69, 72–74]
(n = 51), splenic artery embolization alone
[15, 20, 25, 47, 50, 56, 61, 63, 65, 70, 71, 75]
(n = 12), and both [23, 42, 66] (n = 3). They
were published in the form of full text
[10–15, 17, 19–36, 38–41, 44–49, 51–54,
56–62, 64–75] (n = 58) or abstract
[16, 18, 37, 42, 43, 50, 55, 63] (n = 8) between
1979 and 2019; 39 were cohort studies
[11, 13, 16, 18, 19, 21, 25–27, 29, 30,
32–35, 37, 39–43, 46–48, 50–52, 55, 56, 60,
61, 63, 64, 67, 70–72, 74, 75], 20 were
case–control studies [12, 14, 17, 22–24,
28, 31, 36, 38, 44, 45, 49, 54, 57–59, 62, 65, 68],
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and 7 were RCTs [10, 15, 20, 53, 66, 69, 73]; 57
were performed in Asia [10–14, 17–19,
21–55, 57–62, 64, 65, 67–69, 72–74], 5 in Africa
[15, 16, 20, 56, 66], 3 in Europe [70, 71, 75], and 1
in Oceania [63]. They included 5632 patients
with cirrhosis, of whom 1275 developed SVT. The
information of the 66 included studies regarding
splenectomy and splenic artery embolization was
shown in Tables 1 and 2, respectively.

Study Quality

Among the cohort or case–control studies, 32
and 27 studies were of high
[11, 12, 17, 19, 22–24, 26, 28, 30–33, 35, 36,
38, 40, 42, 44, 45, 47–49, 51, 54,

57–59, 61, 64, 65, 68] and moderate quality
[13, 14, 16, 18, 21, 25, 27, 29, 34, 37, 39, 41,
43, 46, 50, 52, 55, 56, 60, 62, 63, 67,
70–72, 74, 75], respectively (Supplementary
Table 1). Among the RCTs, the attrition bias was
at high risk in one study, and other biases were
at low or unclear risk in all studies (Supple-
mentary Figs. 1, 2).

Incidence of Splanchnic Vein Thrombosis
in Liver Cirrhosis after Splenectomy
and Splenic Artery Embolization

Overall and Subgroup Analyses
Fifty-four studies explored the incidence of SVT
after splenectomy in patients with liver

Fig. 1 Flow chart of patient selection
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cirrhosis, and the pooled incidence of SVT was
24.6% (95% CI 20.2–29.3%) (Table 3). The
pooled incidence of SVT after splenectomy was
24.5%, 25.7%, and 21.0% in China, Japan, and
Egypt, respectively; 18.4% and 26.7% in studies
published before 2010 and after 2010, respec-
tively; 18.2%, 36.3%, and 22.4% in cohort
studies, case–control studies, and RCTs, respec-
tively; 25.5% and 30.2% after open splenec-
tomy (OS) and laparoscopic splenectomy (LS),
respectively; 28.0%, 26.5%, and 28.7% based on
ultrasound, CT/MRI, and CTA, respectively;
27.4% and 20.3% in studies evaluating SVT
within 7 days and [7 days after surgery,
respectively; 27.2% and 21.6% in patients with
and without pericardial devascularization,
respectively; and 32.2% and 23.1% in patients
with and without preventive antithrombotic
therapy, respectively.

Fifteen studies explored the incidence of SVT
after splenic artery embolization in patients
with liver cirrhosis, and the pooled incidence of
SVT was 11.7% (95% CI 7.1–17.3%) (Table 4).
The pooled incidence of SVT after splenic artery
embolization was 22.6%, 16.7%, 10.7%, and
9.7% in Europe, Oceania, Africa, and Asia,
respectively; 18.4% and 8.0% in studies pub-
lished before 2010 and after 2010, respectively;
10.1%, 21.4%, and 12.1% in cohort studies,
case–control studies, and RCTs, respectively;
7.2%, 18.5%, and 10.0% based on ultrasound,
CT/MRI, and DSA, respectively; 32.1% and 7.4%
in studies evaluating SVT within 7 days and
[7 days after surgery, respectively; 13.0% and
9.3% in patients with a splenic infarction rate of
C 50% and\50%, respectively.

Three studies compared the incidence of SVT
after splenectomy versus splenic artery
embolization in patients with liver cirrhosis.
Meta-analysis indicated that the incidence of
SVT was not significantly different between the
two groups (OR 3.15, 95% CI 0.38–25.91;
P = 0.29) (Fig. 2).

Meta-Regression Analyses
Meta-regression analyses indicated that study
design (P = 0.007), rather than publication year
(P = 0.131), sample size (P = 0.368), region
(P = 0.875), and NOS score (P = 0.207), could

explain the potential source of heterogeneity
(Supplementary Table 2).

Meta-regression analyses indicated that
publication year (P = 0.232), sample size
(P = 0.824), study design (P = 0.895), region
(P = 0.783), and NOS score (P = 0.461) were not
the source of heterogeneity (Supplementary
Table 3).

Sensitivity Analyses
Sensitivity analyses were performed in all
included studies, but the source of heterogene-
ity was not found.

Risk Factors for Splanchnic Vein
Thrombosis in Liver Cirrhosis After
Splenectomy

Systematic Review
Twenty-four studies reported the risk factors for
SVT after splenectomy in liver cirrhosis. Fifteen
studies explored the risk factors for SVT by
univariate analysis (Supplementary Table 4); the
most common risk factors were preoperative
platelet count (seven studies) and preoperative
portal vein diameter (seven studies), followed
by preoperative splenic vein diameter (six
studies), postoperative platelet count (four
studies), and postoperative D-dimer level (four
studies). Twenty-four studies explored the risk
factors for SVT by multivariate analysis (Sup-
plementary Table 5); the most common risk
factor was preoperative portal vein diameter
(seven studies), followed by preoperative splenic
vein diameter (six studies), postoperative
D-dimer level (six studies), and splenic volume
and weight (four studies).

Meta-Analyses
Age Eleven studies provided detailed data
regarding the association of age with SVT. Meta-
analysis indicated that age was not significantly
associated with SVT (MD 0.81, 95% CI - 1.73 to
3.36; P = 0.53).

Preoperative Platelet Count Nine studies
provided detailed data regarding the association
of preoperative platelet count with SVT. Meta-
analysis indicated that lower preoperative

1914 Adv Ther (2021) 38:1904–1930
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platelet count was a significant risk factor for
SVT (MD - 5.96, 95% CI - 10.64 to - 1.28;
P = 0.01).

Postoperative Platelet Count Three studies
provided detailed data regarding the association
of postoperative platelet count with SVT. Meta-
analysis indicated that higher postoperative
platelet count was a significant risk factor for
SVT (MD 79.52, 95% CI 60.82–98.23;
P\ 0.00001).

Mean Platelet Volume Two studies provided
detailed data regarding the association of mean
platelet volume with SVT. Meta-analysis indi-
cated that larger mean platelet volume was a
significant risk factor for SVT (MD 1.62, 95% CI
1.05–2.19; P\ 0.00001).

P-selectin Two studies provided detailed data
regarding the association of P-selectin with SVT.
Meta-analysis indicated that P-selectin was not
significantly associated with SVT (MD 27.20,
95% CI - 2.92 to 57.33; P = 0.08).

Postoperative D-dimer Level Five studies pro-
vided detailed data regarding the association of
postoperative D-dimer level with SVT. Meta-
analysis indicated that higher postoperative D-
dimer level was a significant risk factor for SVT
(MD 8.90, 95% CI 2.91–14.88; P = 0.004).

Preoperative Splenic Vein Diameter Five
studies provided detailed data regarding the
association of preoperative splenic vein diame-
ter with SVT. Meta-analysis indicated that wider
preoperative splenic vein diameter was a sig-
nificant risk factor for SVT (MD 2.01, 95% CI
0.83–3.19; P = 0.0008).

Preoperative Portal Vein Diameter Four
studies provided detailed data regarding the
association of preoperative portal vein diameter
with SVT. Meta-analysis indicated that wider
preoperative portal vein diameter was a signifi-
cant risk factor for SVT (MD 1.87, 95% CI
1.47–2.28; P\ 0.00001).

Preoperative Portal Blood Flow Velocity Four
studies provided detailed data regarding the
association of preoperative portal blood flow
velocity with SVT. Meta-analysis indicated that
decreased of preoperative portal blood flow
velocity was a significant risk factor for SVT (MD
- 8.80, 95% CI - 14.72 to - 2.88; P = 0.004).

Postoperative Portal Blood Flow Velocity Two
studies provided detailed data regarding the
association of postoperative portal blood
velocity with SVT. Meta-analysis indicated that
decreased postoperative portal blood velocity
was a significant risk factor for SVT (MD
- 10.35, 95% CI - 15.39 to - 5.30;
P\ 0.0001).

Splenic Volume Three studies provided
detailed data regarding the association of sple-
nic volume with SVT. Meta-analysis indicated
that larger splenic volume was a significant risk
factor for SVT (MD 216.40, 95% CI
80.35–352.45; P = 0.002).

Splenic Weight Five studies provided detailed
data regarding the association of splenic weight
with SVT. Meta-analysis indicated that larger
splenic weight was a significant risk factor for
SVT (MD 202.22, 95% CI 31.83–372.61;
P = 0.02).

Fig. 2 Forest plot showing a comparison of the incidence of SVT after splenectomy versus splenic artery embolization in
cirrhosis
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Pericardial Devascularization Four studies
provided detailed data regarding the association
of pericardial devascularization with SVT. Meta-
analysis indicated that pericardial devascular-
ization was a significant risk factor for SVT (OR
2.81, 95% CI 1.74–4.53; P\0.0001).

Preventive Antithrombotic Therapy Four
studies provided detailed data regarding the
association of preventive antithrombotic ther-
apy with SVT. Among them, some patients
received prophylactic antiplatelet therapy in
two studies, including aspirin or dipyridamole;
some patients received prophylactic
antithrombotic therapy in one study, including
low molecular weight heparin, warfarin, and
aspirin; and some patients received prophylac-
tic anticoagulation in one study, but anticoag-
ulant drugs were unspecified. Meta-analysis
indicated that postoperative use of preventive
antithrombotic therapy was a significant pro-
tective factor against SVT (OR 0.40, 95% CI
0.17–0.91; P = 0.03).

DISCUSSION

Our proportion meta-analysis demonstrated
that the pooled incidence of SVT seemed to be
absolutely higher in patients who underwent
splenectomy than those who underwent splenic
artery embolization (24.6% versus 11.7%).
However, our meta-analysis of three compara-
tive studies evaluating splenectomy versus
splenic artery embolization in liver cirrhosis
demonstrated that the risk of SVT after
splenectomy was not significantly different
from that after splenic artery embolization. This
seemingly contradictory phenomenon can be
explained by the fact that the characteristics of
patients included in the three studies were well
comparable between the two groups. In details,
in the RCT by Amin et al. [66], white blood cells
count, hemoglobin, serum creatinine, alanine
aminotransferase, aspartate aminotransferase,
serum albumin, serum bilirubin, prothrombin
concentration, and international normalized
ratio were statistically similar between the two
groups; in the case–control study by Jiao et al.
[23], age, gender, serum HBV DNA level,

antiviral therapy, spleen weight, grade of eso-
phageal varices, Child–Pugh class, indocyanine
green retention value at 15 min, comorbidity
rate, and ASA grade were statistically similar
between the two groups; in the study by Wu
et al. [42], age, gender, and Child–Pugh class
were statistically similar between the two
groups. More importantly, we have also identi-
fied the risk factors for SVT after splenectomy,
including coagulation and hemostasis factors,
anatomical factors, and surgery-related factors,
which may be useful to enable the risk stratifi-
cation and improve patient management.

Our subgroup analysis demonstrated that the
incidence of SVT after splenectomy was the
highest based on CTA, followed by ultrasound
and CT/MRI. CTA is a gold standard for the
detection of thrombosis, but it is so invasive
and expensive that it is not considered as the
first-line choice of detection [76]. Ultrasound is
a non-invasive and inexpensive approach for
diagnosis of thrombosis with good compliance.
The sensitivity and specificity of ultrasound in
the diagnosis of SVT were 89–93% and 92–99%,
respectively [77]. Ultrasound can be valuable for
screening early asymptomatic SVT to improve
the detection rate of thrombosis as compared to
CT/MRI scans. However, the results of ultra-
sound are often limited by the operator’s expe-
rience and the patient’s disease conditions (i.e.,
obesity, ascites, and bowel gas) [77, 78]. In
addition, it is still a clinical challenge to dis-
tinguish SVT and disappearance of portal vein
blood flow by color Doppler ultrasound. In the
case where a patient is suspected of having SVT
by color Doppler ultrasound, further verifica-
tion with CT/MRI scan should be considered
[77, 79].

Our subgroup analysis found that the inci-
dence of SVT was higher in the cases where SVT
was evaluated within 7 days after surgery than
those where SVT was evaluated[7 days after
surgery. It seems to be counterintuitive that
more SVT events are observed during a longer
follow-up duration. However, it can be assumed
that early asymptomatic SVT might be sponta-
neously resolved in some cases [80], which
might lead to a relatively lower incidence of SVT
detected during a longer follow-up period.
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Several factors associated with coagulation
and hemostasis have been identified as risk
factors for SVT after splenectomy. First, lower
preoperative platelet count and higher postop-
erative platelet count were risk factors for SVT
after splenectomy in liver cirrhosis. This finding
seemed to be a paradox. Indeed, a low preop-
erative platelet count indicated more severe
portal hypertension, splenomegaly, and hyper-
splenism in liver cirrhosis. Because the spleen
size is a well-known indicator for SVT after
splenectomy [81], it is easy to understand that a
low preoperative platelet count should also be
considered as a risk factor for SVT. By compar-
ison, a higher postoperative platelet count
indicated a hypercoagulable state after splenec-
tomy [11, 28, 44]. As known, platelet aggrega-
tion should be the first step of the blood
coagulation process. A rapid increase of platelet
count and augmented aggregation competence
of platelets after splenectomy predispose to the
development of SVT [82]. Second, mean platelet
volume is positively related to platelet activity.
When larger platelets are activated, more
prethrombotic substances are released, such as
P-selectin, platelet factor 4, and platelet-derived
growth factor, thus promoting the formation of
SVT. Third, P-selectin, a prethrombotic sub-
stance, can promote the adhesion of platelets to
endothelial cells and inflammation of vascular
wall [83], which may be related to the risk of
thrombosis. Fourth, thrombus precursor protein
is a soluble fibrin monomer, which is involved
in the second step of the coagulation process.
Soluble fibrin is converted into insoluble fibrin,
which plays an important role in the formation
of venous thromboembolism [84, 85]. Fifth, D-
dimer is one of the fibrin degradation products,
which is a sign of early thrombosis. Higher
postoperative D-dimer level is associated with
SVT after splenectomy, which is consistent with
our previous meta-analysis that postoperative D-
dimer level was significantly higher in the SVT
group than the non-SVT group [86].

Several factors associated with anatomical
structure have been identified as risk factors for
SVT. First, wider preoperative portal and splenic
vein diameter were significant risk factors for
SVT after splenectomy. There are several possi-
bilities for explaining this finding. (1) Wider

portal and splenic vein diameter usually indi-
cates higher portal pressure, which may cause
vascular endothelial damage [24, 44], thereby
triggering the coagulation system. (2) Wider
portal and splenic vein diameter leads to a
reduction of portal vein flow velocity
[14, 28, 49, 87]. (3) A larger splenic vein can
aggravate blood turbulence and stasis in the
splenic vein stump after splenectomy, resulting
in increased coagulation capacity [45, 59, 88].
Second, a patient with a massive spleen seems
to have a wider splenic vein diameter which
positively correlates with the rate of change of
portal or splenic vein flow [88]. Once a massive
spleen is removed, there is a more drastic
change in portal or splenic blood flow, which
enhances the development of SVT.

Several factors associated with surgery have
been identified as risk factors for SVT. First, our
subgroup analysis reported that the pooled
incidence of SVT after LS seemed to be higher
than that after OS. This may be because carbon
dioxide (CO2) pneumoperitoneum significantly
increases intra-abdominal pressure during
laparoscopic procedures, thereby decreasing
portal vein blood flow [89]. Moreover, CO2

pneumoperitoneum may lead to hypercoagula-
bility [90]. In addition, the instrument for liga-
tion of splenic vessels (LigaSure vessel-sealing
device or harmonic shears) during LS may be a
potential factor that contributes to the devel-
opment of SVT by causing venous intimal
damage using heat energy or oscillation [24],
whereas the ligation of the splenic vessels dur-
ing OS is mainly achieved by the application of
traditional clamp and a ligature or suture with
silk. Second, pericardial devascularization
increases the risk of SVT after splenectomy,
which may be due to a decreased blood flow in
the portal system and more severe endothelial
damage after devascularization [44, 69]. Third,
pancreatic fistula develops as a potential com-
plication of splenectomy due to damage of the
pancreas tail, which may lead to pancreatic
leakage and subphrenic inflammation, and in
turn causes the portal vein inflammation and
increases the risk of thrombosis [91].

Preventive antithrombotic therapy has been
identified as a protective factor against SVT,
which was consistent with our meta-analysis
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[92]. Anticoagulants can improve blood hyper-
coagulability, thereby reducing the occurrence
of thrombosis [32, 93]. Theoretically, patients
with liver cirrhosis have abnormal coagulation
function and risk of bleeding, and early anti-
coagulation treatment after surgery may
encounter the dilemma of bleeding. However,
previous studies have shown that early use of
anticoagulants after splenectomy in cirrhosis is
a safe and effective regimen to prevent from
SVT [93]. On the other hand, because increased
platelet count and enhanced aggregation are
important factors in the occurrence of SVT after
splenectomy, it may be necessary to consider
antiplatelet therapy after surgery. Aspirin has an
antiplatelet aggregation effect and its efficacy in
the prevention and treatment of thrombotic
diseases has been recognized [94]. Zhou et al.
reported that antiplatelet drugs after splenec-
tomy in liver cirrhosis should be safe [11].

Our study had several limitations. First, the
heterogeneity among studies was significant.
Second, follow-up period was different among
studies. Third, nine studies were published in
the form of an abstract, in which some detailed
information cannot be obtained. Fourth, the
majority of included studies were retrospective,
which might cause recall bias. Fifth, despite an
absolute difference in the incidence of SVT
among subgroups, a statistical comparison
cannot be performed.

CONCLUSIONS

SVT is common in liver cirrhosis after splenec-
tomy and splenic artery embolization. Early
imaging screening should be valuable to
improve the detection rate of asymptomatic
SVT. Coagulation and hemostasis factors,
anatomical factors, and surgery-related factors
associated with development of SVT after
splenectomy should be fully considered. Addi-
tionally, an early prophylactic strategy might be
beneficial in patients at high risk for SVT.
However, large-scale RCTs are necessary in
future to explore the efficacy and safety of
antithrombotic therapy for prevention of SVT
after splenectomy.
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