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Splenectomy versus non-splenectomy for 
gastrointestinal bleeding from left-sided 
portal hypertension: a systematic review 
and meta-analysis
Minghui Liu , Ning Wei and Yuhu Song

Abstract
Objectives: Left-sided portal hypertension (LSPH) leads to life-threatening gastrointestinal 
(GI) bleeding. There are no recommendations or consensus about the management of GI 
bleeding caused by LSPH. This systematic review and meta-analysis were conducted to 
evaluate the incidence of GI bleeding and the mortality of patients with LSPH receiving 
different therapeutic strategies.
Design: A systematic review and meta-analysis were performed to determine the efficacy of 
different therapeutic strategies for GI bleeding caused by LSPH.
Data sources and methods: All relevant studies were searched from PubMed, Embase, Web 
of Science, Cochrane Library, Scopus, ScienceDirect, MEDLINE, Google Scholar, CNKI, and 
Wanfang Data without language restriction through 15 November 2023. Odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated through RevMan5.3 software. (The Cochrane 
Collaboration, Copenhagen, Denmark).
Results: Seventeen retrospective studies and one prospective study involving 624 patients 
were included. This systematic review and meta-analysis found that: (1) splenectomy was 
more effective than non-splenectomy therapeutic strategies in reducing the incidence of GI 
bleeding caused by LSPH (OR: 0.12; 95% CI: 0.06–0.27); (2) splenectomy was superior to partial 
splenic artery embolism (PSAE) (OR: 0.06; 95% CI: 0.01–0.62) or endoscopic interventions 
(OR: 0.04; 95% CI: 0.01–0.19) in the prevention of GI bleeding, respectively; (3) no significant 
difference in the mortality was observed between splenectomy and non-splenectomy 
therapeutic strategies (OR: 0.46; 95% CI: 0.20–1.08); and (4) patients receiving preoperative 
PSAE followed by splenectomy had less intraoperative bleeding and shorter operative time 
than those receiving splenectomy.
Conclusion: This meta-analysis demonstrated that splenectomy is superior to non-
splenectomy therapeutic strategies in reducing the incidence of GI bleeding from LSPH, which 
revealed that splenectomy should be recommended in the management of these patients.
Trial registration: This study has been registered on the PROSPERO database with the 
registration number CRD42023483764.
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Meta-analysis

Introduction
Left-sided portal hypertension (LSPH), a rare 
extrahepatic portal hypertension, is also known as 

localized, regional, or sinistral portal hyperten-
sion.1,2 LSPH is characterized by increased pres-
sure on the left portal system secondary to the 
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compression or the obstruction of splenic vein. 
Normal liver function and main portal vein 
patency are observed in patients with LSPH.3 
LSPH is caused mainly by pancreatic diseases, 
including chronic pancreatitis, pancreatic pseu-
docysts, pancreatic carcinoma, etc.4,5 Isolated 
gastric varices are a typical manifestation of 
LSPH, which results in severe or persistent gas-
trointestinal (GI) bleeding.5–7

The main therapeutic goal for GI bleeding from 
gastric varices is to manage the occurrence and 
recurrence of the bleeding. Generally, therapeutic 
strategies for cirrhosis-derived gastric varices con-
tain endoscopic interventions, balloon-occluded 
retrograde transvenous obliteration, transjugular 
intrahepatic portosystemic shunt, etc.8,9 However, 
gastric varices derived from liver cirrhosis or 
LSPH have different vascular anatomy, which 
results in the difference in the management of GI 
bleeding. Therapeutic strategies for bleeding 
from LSPH include endoscopic interventions, 
partial splenic arterial embolization (PSAE), and 
splenectomy.10–13 Endoscopic interventions are 
widely used for gastroesophageal varices in 
patients with liver cirrhosis but have a high failure 
rate in the management of GI bleeding caused by 
LSPH.12 PSAE is a major therapeutic strategy for 
hypersplenism. Some studies demonstrated that 
PSAE was an effective approach for GI bleeding 
caused by LSPH.12,14,15 However, the efficacy of 
PSAE needs to be investigated. Splenectomy is 
used for GI bleeding caused by LSPH by remov-
ing the spleen. Limited data demonstrated sple-
nectomy were effective in reducing GI bleeding 
caused by LSPH.16 In summary, there is no con-
sensus guideline for the management of GI bleed-
ing from LSPH. Additionally, meta-analyses 
evaluating the efficacy of different therapeutic 
strategies for GI bleeding from LSPH have not 
been reported until now.6 Therefore, this system-
atic review and meta-analysis aimed to determine 
the incidence of GI bleeding and the mortality of 
patients with LSPH after the patients had received 
different therapeutic strategies.

Methods

Search strategy
This systematic review and meta-analysis were 
registered in PROSPERO (registration number: 
CRD42023483764) and performed by the 
Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) 2020 statement17 
(Supplemental Table S1). The two authors inde-
pendently searched English databases (PubMed, 
Embase, Web of Science, Cochrane Library, 
Scopus, ScienceDirect, MEDLINE, and Google 
Scholar) and Chinese databases (CNKI, Wanfang 
Data) from inception to 15 November 2023. 
Search keywords included LSPH, sinistral portal 
hypertension, bleeding, splenectomy, partial 
splenic artery embolization, and endoscopic inter-
ventions. The detailed search strategy was shown 
in Supplemental Table S2.

Selection criteria
Studies were included if they met the following 
criteria: (i) patients with LSPH; (ii) patients 
receiving different therapeutic strategies for 
LSPH; (iii) reported incidence of GI bleeding in 
patients after treatment; (iv) reported mortality in 
patients after treatment; (v) the patients with a 
minimum follow-up period of 6 months; (vi) odds 
ratios (ORs) or other data for the calculation of 
ORs and 95% confidence intervals (CIs) were 
reported. Studies presented as case series, reports, 
reviews, or comments were excluded. For the 
studies with overlapping cohorts, recent studies 
with comprehensive data were enrolled.

Data abstraction
We collected the first author’s name, the publica-
tion year, and the type of research and extracted 
the number, age, sex, and etiology of the patients 
with LSPH from the cohorts. The number of 
patients, the surgical procedures for splenectomy, 
the rate of GI bleeding, and the mortality of 
patients in different treatment groups were col-
lected for this meta-analysis.

Quality assessment
The Newcastle-Ottawa Scale (NOS) was utilized 
to evaluate the quality of included articles by  
two researchers.18 If there were a disagreement 
between the two researchers, all the researchers 
would reach an agreement after careful discus-
sion. The literature with an NOS score of <5 was 
considered to be low quality.19

Statistical analysis
Heterogeneity was assessed using the Chi-square-
based Q-tests and I2 statistic. Studies with an I2 
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statistics of 0%, 25%, 50%, and 75% corre-
sponded to no, low, moderate, and high hetero-
geneity. p Value >0.10 or I2 < 50% indicates 
low heterogeneity and a fixed-effect model 
would be performed.20 Publication bias was 
analyzed and represented by funnel plots and 
Egger’s test.21 State MP15 (Stata Corporation, 
College Station, TX, USA) was used to run 
Egger’s test, and RevMan5.3 software (The 
Cochrane Collaboration, Copenhagen, Denmark) 
was used to produce all calculations and graphics.

Results

Search results and quality of included studies
Figure 1 illustrates the selection process of litera-
ture. After a comprehensive search, 523 papers 
were chosen, and 478 papers were excluded 
because the titles and the abstracts were not asso-
ciated with the efficacy of therapeutic strategies 

for GI bleeding from LSPH, or the studies were 
presented as case series, reports, reviews, or 
comments.

Twenty-seven articles were removed due to no 
available data for the calculation of ORs and 95% 
CIs. Finally, a total of 18 studies were included in 
our meta-analysis. The results of the quality 
assessment were shown in Supplemental Table 
S3 and the quality scores of all included studies 
were ⩾5 in this meta-analysis. Therefore, all 
included studies were considered to be high 
quality.

Characteristics of included studies
A summary of characteristics of the included 
studies were showed in Table 1. These studies 
were published between 1992 and 2022. Included 
studies contained 1 prospective study22 and 17 
retrospective studies.16,23–38 Two studies were 

Figure 1. Flow diagram of the selection.
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performed in the United States,39,26 one study 
was from Spain,23 one study was from Japan,38 
and the rest of the studies were from China. A 
total of 624 patients were included in this meta-
analysis. 71.72% of patients were male because 
LSPH is more common in men than in women, 
with a male-to-female ratio of nearly 2:1.27,40,41 
The etiologies of enrolled patients with LSPH 
included acute pancreatitis, chronic pancreatitis, 
pancreatic pseudocyst, pancreatic carcinoma, 
etc.4,42 The patients with chronic pancreatitis 
were recruited in two studies,25,39 while the other 
studies included patients with different pancreatic 
diseases. The follow-up times were variable 
among different studies, which ranged from 6 to 
128 months. There are two types of splenectomy: 
splenectomy and splenectomy combined with 
pancreatic surgery. Major non-splenectomy ther-
apeutic strategies include endoscopic interven-
tions and PSAE. Endoscopic interventions 
include endoscopic sclerotherapy using N-butyl-
2-cyanoacrylate and endoscopic variceal ligation. 
In addition, four studies determined the efficacy 
of preoperative PSAE followed by splenectomy 
and splenectomy.22,23,27,33

Incidence of GI bleeding after treatment
Meta-analysis. A total of 12 studies provided 
evaluable data, involving 218 patients in the sple-
nectomy group and 170 patients in the non-sple-
nectomy group. Forest plots showed that 
splenectomy was more effective than non-sple-
nectomy therapeutic strategies in reducing the 
incidence of GI bleeding caused by LSPH (OR: 
0.12; 95% CI: 0.06–0.27; p = 0.23; I2 = 23%, Fig-
ure 2). The difference was statistically significant 
and the heterogeneity among the 12 studies was 
low.

Subgroup analysis. Subgroup analyses were per-
formed to determine the efficacy of splenectomy 
and non-splenectomy strategies containing endo-
scopic interventions and PSAE (Figure 2). Firstly, 
the patients undergoing splenectomy had a lower 
risk of GI bleeding than those undergoing endo-
scopic interventions (OR: 0.04; 95%CI: 0.01–
0.19; p = 0.77; I2 = 0%). Secondly, splenectomy 
was superior to PSAE in the prevention of GI 
bleeding (OR: 0.06; 95% CI: 0.01–0.62; p = 0.63; 
I2 = 0%). Additionally, pancreatic surgery leads to 
LSPH, and the mechanism underlying LSPH 
from pancreatic surgery is different from that of 
LSPH caused by pancreatitis.43,44 Thus, the 

patients who underwent pancreatic surgery were 
excluded when a subgroup analysis was per-
formed. The patients in the splenectomy group 
had a lower rate of GI bleeding than those in the 
non-splenectomy group (OR: 0.12; 95% CI: 
0.04–0.39; p = 0.52; I2 = 0%, Figure 2).

All-cause mortality after treatment
Meta-analysis. There were 106 patients in the 
splenectomy group and 103 patients in the non-
splenectomy group from eight studies. However, 
the result revealed no statistical difference in all-
cause mortality between the splenectomy group 
and the non-splenectomy group (OR: 0.46; 95% 
CI: 0.20–1.08; p = 0.63; I2 = 0%, Figure 3).

Subgroup analysis. Subgroup analyses were per-
formed according to the etiology, operative 
approach, or therapeutic strategy. Firstly, patients 
with pancreatic carcinoma were excluded due to 
poor prognosis; then, the mortality was deter-
mined in patients who received splenectomy or 
non-splenectomy. There was no significant differ-
ence in mortality between the splenectomy group 
and the non-splenectomy group (OR: 0.08; 95% 
CI: 0.01–1.08; p = 0.49; I2 = 0%, Figure 3). Sec-
ondly, there was no statistically significant differ-
ence in all-cause mortality between the 
splenectomy group and the non-splenectomy 
group after removing patients who had received 
pancreatic surgery (OR: 0.76; 95% CI: 0.27–2.15; 
p = 0.55; I2 = 0%, Figure 3). Finally, all-cause 
mortality of patients receiving the splenectomy 
was lower than that of those receiving PSAE 
(OR: 0.20; 95% CI: 0.04–0.97; p = 0.41; I2 = 0%, 
Figure 3).

The efficacy and the safety of preoperative 
PSAE followed by splenectomy
Incidence of GI bleeding after treatment. A total of 
four studies provided evaluable data, with 89 
patients who received splenectomy (splenectomy 
group) and 46 patients who received preoperative 
PSAE followed by splenectomy (preoperative 
PSAE group). The findings demonstrated no sta-
tistical difference in the incidence of bleeding 
between the splenectomy group and the preoper-
ative PSAE group (OR: 3.01; 95% CI: 0.51–
17.54; p = 0.56; I2 = 0%, Figure 4).

Intraoperative and postoperative outcomes. The 
intraoperative and postoperative outcomes of 
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Figure 2. GI bleeding rate in patients with LSPH. (a) GI bleeding rate in patients receiving splenectomy or non-
splenectomy; (b) GI bleeding rate in patients receiving splenectomy or endoscopic interventions; (c) GI bleeding 
rate in patients receiving splenectomy or PSAE; (d) GI bleeding rate in patients receiving splenectomy or non-
splenectomy after excluding patients who underwent pancreatic surgery.
Events, the number of bleeding patients; GI, gastrointestinal; LSPH, left-sided portal hypertension; PSAE, partial splenic 
artery embolization; total, the number of patients enrolled in this group.

three studies were summarized in Table 2.22,27,33 
Less intraoperative bleeding was observed in the 
patients receiving preoperative PSAE followed by 
splenectomy compared with those receiving sple-
nectomy only. Tu et al. demonstrated the 

difference in operative time between the two 
groups was not significant,33 but other studies 
showed shorter operative time in the preoperative 
PSAE group compared with the splenectomy 
group. Postoperative pancreatic fistula (POPF) 
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Figure 3. All-cause mortality in patients with LSPH. (a) All-cause mortality in patients receiving splenectomy 
or non-splenectomy; (b) all-cause mortality in patients receiving splenectomy or PSAE; (c) all-cause mortality 
in patients receiving splenectomy or non-splenectomy after excluding patients with pancreatic carcinoma; 
(d) all-cause mortality in patients receiving splenectomy or non-splenectomy after excluding patients who 
underwent pancreatic surgery.
Events, the number of dead patients; GI bleeding, gastrointestinal bleeding; LSPH, left-sided portal hypertension; PSAE, 
partial splenic artery embolization; total, the number of patients enrolled in this group.

was the most common complication of splenec-
tomy, and no statistical difference in the occur-
rence of POPF was observed between the 

preoperative PSAE group and the splenectomy 
group. In Table 3, we provided a summary of the 
results of meta-analysis.
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Table 2. Intraoperative and postoperative outcomes of patients who received splenectomy or preoperative PSAE followed by 
splenectomy.

First 
author, year

Splenectomy Preoperative PSAE followed by splenectomy p Value

Number 
of patients

Intraoperative 
blood loss (ml)

Operation 
time (min)

POPF Number of 
patients

Intraoperative 
blood loss (ml)

Operation 
time (min)

POPF Intraoperative 
blood loss

Operation 
time

Zhihe Wang, 
202127

41 637.0  
(416.5–1109.9)

174.0 
(145–212)

7 18 420.3  
(278.1–620.1)

141.5 
(120–166.25)

6 0.041 0.012

Angzhi Li, 
202122

42 858.3 174.9 1 18 559.2 146.8 1 0.035 0.027

Guangping 
Tu, 201933

3 728.0 214.3 – 8 541.6 201.2 – – –

POPF, Postoperative pancreatic fistula; PSAE, partial splenic artery embolization.

Table 3. Summary of meta-analysis results.

Group No. studies Pooled OR (95% CI)

Incidence of GI bleeding after treatment

 Splenectomy versus non-splenectomy 12 0.12 (0.06–0.27)

Subgroup

 Splenectomy versus endoscopic interventions 4 0.04 (0.01–0.19)

 Splenectomy versus PSAE 5 0.06 (0.01–0.62)

 Splenectomy versus non-splenectomy (pancreatic surgery excluded) 7 0.12 (0.04–0.39)

All-cause mortality after treatment

 Splenectomy versus non-splenectomy 8 0.46 (0.20–1.08)

Subgroup

 Splenectomy versus PSAE 5 0.20 (0.04–0.97)

 Splenectomy versus non-splenectomy (pancreatic carcinoma excluded) 4 0.08 (0.01–1.08)

 Splenectomy versus non-splenectomy (pancreatic surgery excluded) 6 0.76 (0.27–2.15)

Splenectomy versus preoperative PSAE followed by splenectomy

 Incidence of GI bleeding after treatment 4 3.01 (0.51–17.54)

GI bleeding, gastrointestinal bleeding; PSAE, partial splenic artery embolization.

Figure 4. GI bleeding rate in patients receiving splenectomy or preoperative PSAE followed by splenectomy.
GI bleeding, gastrointestinal bleeding; PSAE, partial splenic artery embolization.
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Sensitivity analysis and publication bias. Accord-
ing to the results of Chi-square-based Q-tests and 
I2 statistics, all meta-analyses showed low hetero-
geneity and the fixed-effect model was performed 
to pool ORs and 95% CIs. For the risk of poten-
tial heterogeneity, we performed subgroup analy-
ses to eliminate this risk. p Value >0.10 and 
I2 < 50% were observed in all subgroup analyses, 
which revealed low heterogeneity. Funnel plots 
for meta-analysis were roughly symmetrical, 
showing that there was no obvious publication 
bias among the studies (Supplemental Figures 
S1–S3). p > 0.05 of Egger’s test in all meta-
analyses and no publication bias was observed 
(Supplemental Table S4).

Discussion
Our systematic review and meta-analysis evalu-
ated the efficacy of different therapeutic strategies 
for GI bleeding caused by LSPH. Our meta-anal-
ysis demonstrated that splenectomy reduced the 
incidence of GI bleeding more effectively than 
other therapeutic strategies containing PSAE and 
endoscopic interventions. These indicated that 
splenectomy should be recommended in the 
management of GI bleeding caused by LSPH. 
Additionally, the mortality in the splenectomy 
group was lower than that in the PSAE group. 
LSPH is caused by the obstruction or emboliza-
tion of the splenic vein. Then, the blood in the 
splenic vein reverses into the fundal venous plexus 
through the short gastric veins, producing iso-
lated fundal varices.3 Gastric varices is a life-
threatening cause of bleeding in the upper GI 
tract. The management of bleeding gastric varices 
presents a challenge for patients with LSPH.45 In 
theory, the blockage of afferent veins is an effec-
tive strategy for gastric varices. Splenectomy 
removes the entire spleen and cuts off the blood 
supply from the spleen artery, which reduces 
blood flow in the splenic vein and the short gas-
tric veins effectively. Endoscopic interventions is 
recommended in the management of bleeding 
gastric varices.46 Although endoscopic interven-
tions are effective in controlling bleeding gastric 
varices from LSPH, our meta-analysis revealed 
the incidence of bleeding in patients receiving 
endoscopic interventions was higher than that in 
those who received splenectomy. PSAE occludes 
the artery supply of the spleen peripherally, which 
results in ischemic necrosis of splenic tissue fol-
lowed by a decrease in spleen size.11,14 Thus, sple-
nectomy and PSAE prevent bleeding by reducing 

the blood flow of the afferent vein (the short gas-
tric veins). Because splenectomy reduces blood 
flow of the short gastric veins more efficiently 
than PSAE, our meta-analysis showed splenec-
tomy was superior to PSAE in GI bleeding con-
trol and mortality improvement.

There was no significant difference in all-cause 
mortality between the splenectomy group and the 
non-splenectomy group. Since the patients with 
pancreatic carcinoma had a poor prognosis, the 
mortality of enrolled patients was determined 
after excluding the patients with pancreatic carci-
noma. Similarly, statistical results showed no sig-
nificance in mortality between the splenectomy 
group and the non-splenectomy group. However, 
the forest plot showed lower mortality in the sple-
nectomy group compared with the non-splenec-
tomy group. No statistical significance between 
the two groups was probably attributed to sample 
size and the quality of the study.

The resection and reconstruction of the portal 
vein and/or superior mesenteric vein has become 
a standard procedure when patients with pancre-
atic head carcinoma and venous invasion receive 
pancreatoduodenectomy.47,48 The splenic vein 
has been ligated traditionally during mesenteric-
portal venous reconstruction because it simplifies 
surgical operation and facilitates the removal of 
tissue.49 However, this leads to LSPH.38 Thus, 
the patients who underwent pancreatic surgery 
were excluded in our meta-analysis. Splenectomy 
was effective in preventing GI bleeding in the 
remaining patients.

PSAE followed by splenectomy was an alternative 
strategy for GI bleeding caused by LSPH.50–52 
Our meta-analysis found no significant difference 
in reducing the GI bleeding rate between the 
splenectomy group and the preoperative PSAE 
group. Additionally, the preoperative PSAE 
group exhibited less blood loss and shorter oper-
ation time; thus, PSAE followed by splenectomy 
could be performed in high-risk patients for 
splenectomy.53

The complications of splenectomy, including 
hemorrhage, infection, pancreatic injury, portal, 
and splenic vein thrombosis, are less common in 
patients with LSPH compared with patients with 
liver cirrhosis. Meanwhile, some new therapeutic 
strategies, such as splenic vein stenting and endo-
scopic ultrasound-guided coil and glue injection 
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for obliteration of splenic artery, have emerged. 
More studies should be performed to assess their 
efficacy and safety in future.54,55

Study limitations
There were several limitations existed in our 
meta-analysis. Firstly, it is difficult to evaluate the 
efficacy and the safety of therapeutic interven-
tions through randomized controlled trials due to 
the low incidence of LSPH. Thus, there were 18 
studies included in our meta-analysis and only 
one of them was a prospective study. Secondly, 
Chinese-language studies were included in this 
meta-analysis, which revealed further studies 
should be performed in future. Thirdly, only 624 
patients were involved in this meta-study. 
Fourthly, the follow-up times were variable 
among different studies, which ranged from 6 to 
128 months.

Conclusion
In conclusion, splenectomy is effective in reduc-
ing the incidence of GI bleeding caused by LSPH, 
which revealed that splenectomy should be rec-
ommended in the management of these patients.
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