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Abstract

Background: The role of variceal embolization (VE) during tran-
sjugular intrahepatic portosystemic shunt (TIPS) creation for pre-
venting gastroesophageal variceal rebleeding remains controversial. 
Therefore, we performed a meta-analysis to compare the incidence 
of variceal rebleeding, shunt dysfunction, encephalopathy, and death 
between patients treated with TIPS alone and those treated with TIPS 
in combination with VE.

Methods: We performed a literature search using PubMed, EM-
BASE, Scopus, and Cochrane databases for all studies comparing the 
incidence of complications between TIPS alone and TIPS with VE. 

The primary outcome was variceal rebleeding. Secondary outcomes 
include shunt dysfunction, encephalopathy, and death. Subgroup 
analysis was performed based on the type of stent (covered vs. bare 
metal). The random-effects model was used to calculate the relative 
risk (RR) with the corresponding 95% confidence intervals (CIs) of 
outcome. A P value < 0.05 was considered statistically significant.

Results: Eleven studies with a total of 1,075 patients were included 
(597: TIPS alone and 478: TIPS plus VE). Compared to the TIPS 
alone, the TIPS with VE had a significantly lower incidence of var-
iceal rebleeding (RR: 0.59, 95% CI: 0.43 - 0.81, P = 0.001). Subgroup 
analysis revealed similar results in covered stents (RR: 0.56, 95% CI: 
0.36 - 0.86, P = 0.008) but there was no significant difference between 
the two groups in the subgroup analysis of bare stents and combined 
stents. There was no significant difference in the risk of encephalopa-
thy (RR: 0.84, 95% CI: 0.66 - 1.06, P = 0.13), shunt dysfunction (RR: 
0.88, 95% CI: 0.64 - 1.19, P = 0.40), and death (RR: 0.87, 95% CI: 
0.65 - 1.17, P = 0.34). There were similarly no differences in these 
secondary outcomes between groups when stratified according to 
type of stent.

Conclusions: Adding VE to TIPS reduced the incidence of variceal 
rebleeding in patients with cirrhosis. However, the benefit was ob-
served with covered stents only. Further large-scale randomized con-
trolled trials are warranted to validate our findings.

Keywords: Transjugular intrahepatic portosystemic shunt; Variceal 
bleeding; Variceal embolization; Embolotherapy

Introduction

Bleeding from gastroesophageal varices is a well-known and 
life-threatening complication of liver cirrhosis with a mortality 
rate up to 30% [1]. The transjugular intrahepatic portosystemic 
shunt (TIPS) has been used for secondary prophylaxis to pre-
vent recurrent variceal bleeding [1, 2]. Even after placement 
of TIPS, there is a 20-30% risk of recurrent bleeding, mainly 
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due to shunt dysfunction or fragile patent varices in an open 
shunt [3-5].

The additional use of esophagogastric variceal emboliza-
tion (VE) with TIPS is thought to reduce the risk of variceal 
rebleeding, as well as the risk of hepatic encephalopathy com-
pared to TIPS alone [6, 7]. A meta-analysis of six studies [8] 
suggested that combining embolic therapy with TIPS helps 
prevent variceal rebleeding. The finding of this meta-analysis 
[8] should be interpreted with caution since there was only one 
randomized controlled trial (RCT). Therefore, high-quality 
studies supporting this evidence were lacking. Furthermore, 
the stents used for TIPS placement in these studies were most 
commonly bare stents, which have a higher risk of rebleeding, 
and shunt dysfunction compared to polytetrafluoroethylene-
coated stents [9-13]. Recent studies [14-16] found conflicting 
results, with a recent RCT [17] showing the incidence of re-
bleeding comparable between patients receiving TIPS alone 
compared to TIPS with concomitant VE. The RCT was a sin-
gle study, and most of the included patients had hepatitis B 
virus (HBV)-related liver cirrhosis. The results can, therefore, 
only be generalized to a limited extent.

Due to these contradictory findings and the above-men-
tioned limitations, we performed a systematic review and 
meta-analysis to compare the incidence of post-TIPS com-
plications between patients with liver cirrhosis and refractory 
variceal bleeding who were treated with TIPS alone versus pa-
tients treated with TIPS plus VE.

Materials and Methods

This study was conducted according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) statement for reporting systematic reviews and meta-
analyses of studies that evaluate healthcare interventions [18]. 
The Institutional Review Board approval was not required 
for this study. The study was registered at PROSPERO (ID: 
CRD42023396335) and conducted according to the Declara-
tion of Helsinki statement.

Literature search

We performed a literature search from inception to Novem-
ber 5, 2022, using PubMed, EMBASE, Scopus, and Cochrane 
databases for all studies comparing the incidence of complica-
tions between TIPS alone and TIPS with VE. The following 
keywords: “transjugular intrahepatic portosystemic shunt”, 
“TIPS”, “embolization”, “embolotherapy”, were used in vari-
ous combinations to identify studies reporting post-TIPS alone 
or post-TIPS plus embolization complications in patients with 
liver cirrhosis. We also hand-searched the reference lists of all 
included studies as well as previous meta-analyses (backward 
snowballing) to find articles that may have been missed in the 
literature search. The search was not limited to restrictions of 
region or publication type. Notably, the non-English language 
papers were also included in our meta-analysis to minimize 
language bias. Two authors independently conducted the lit-

erature search in consultation with an experienced medical 
librarian.

Eligibility criteria

Inclusion criteria were as follows: 1) patients who had a histo-
ry of gastroesophageal variceal bleeding and underwent TIPS, 
with or without VE; 2) the incidence of shunt dysfunction, 
variceal rebleeding, encephalopathy, or death was compared 
between the two groups; 3) either RCTs or non-randomized 
comparative studies. We excluded studies that 1) provided 
insufficient information about the outcomes of TIPS or their 
outcome to calculate event rate for our main results; 2) case 
studies, editorials, opinions, letters to the editor, book chapters, 
animal studies, or meta-analysis.

Data extraction

We first searched the databases for studies performed in hu-
man subjects describing post-TIPS alone with post-TIPS plus 
embolization complications in patients with variceal bleeding. 
Relevant studies were screened based on title and abstract by 
two investigators independently, then studies meeting our in-
clusion criteria were selected after performing an electronic 
search. Thereafter, all studies that passed the initial filtering 
process were thoroughly reviewed and evaluated. Data from 
eligible studies were extracted into a standardized table for 
analysis. The entire content of each article was independently 
assessed by two researchers using predetermined selection 
criteria and scoring methods. We extracted the following data 
from included studies: the first author, publication year, the 
country where the study was conducted, period of enrollment, 
study design, type of TIPS stent, embolization technique, type 
of embolic agents, number of patients per group, age, sex, 
follow-up duration, and number of events (shunt dysfunction, 
variceal rebleeding, encephalopathy, and death).

Quality and publication bias assessment

Using the Newcastle-Ottawa scale (NOS) [19] for cohort stud-
ies and Jadad scale for reporting RCTs [20], the methodologi-
cal quality of the included studies was assessed independently 
by two investigators. A third author addressed any discrepan-
cy. Points (maximum 9 points) were awarded for each cohort 
based on a developed checklist for the cohort studies. Studies 
with more than 6 points were considered to be of good quality; 
those with 5 - 6 points were considered studies of reasonable 
quality, and those with < 5 points were studies of poor qual-
ity. Points (maximum 8) were awarded for RCTs based on the 
modified Jadad scale. In the modified Jadad score, the study 
was considered as high quality for the total Jadad score of ≥ 3 
if blinding was feasible. Study designs in which blinding was 
not feasible, a score of ≥ 2 was considered high quality. For 
primary outcome (variceal rebleeding), publication bias was 
assessed qualitatively by visually assessing the funnel plot and 
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quantitively using Egger’s regression analysis. If the P value 
of Egger regression was < 0.10, the publication bias was con-
sidered significant.

Data synthesis and statistical analysis

A random-effects model within the Mantel-Haenszel method 
was used to assess the outcomes. The outcomes were summa-
rized as a pooled risk ratio (RR) with the corresponding 95% 
confidence intervals (CIs). P values < 0.05 were considered 
statistically significant. Heterogeneity was evaluated using the 
I2 statistic, as outlined in the Cochrane handbook for systemat-
ic reviews, and I2 value of 50% or more was considered signif-
icant heterogeneity. All statistical analyses were conducted by 
Review Manager 5.4 and Comprehensive Meta-Analysis 3.3. 
To confirm the robustness of our results, we conducted a leave-
one-out sensitivity analysis for the primary outcome (variceal 
bleeding). We also conducted subgroup analysis based on the 
stent type (covered vs. bare vs. mixed).

Results

Study selection

Overall, 3,043 articles were initially identified by our search 
strategy. Among them, 13 studies [9-17, 21-24] initially met 
eligibility criteria, but then two were removed, leaving 11 in 
the final analysis [9-17, 21, 22] (Fig. 1). Notably, two studies 
were conducted by Gaba et al, and were based on the same da-
tabase [12, 23]. Because the study published in 2010 had more 
comprehensive information than that published in 2012, the 
latter study was excluded from our meta-analysis. In addition, 
two studies were conducted in the same institution [10, 24]. 
As the period of enrollment was May 2007 to June 2010 in the 
study of Wei et al [24], and May 2007 to July 2011 in the study 
of Chen et al [10], the former study was excluded from our 
meta-analysis. Thus, a total of eleven studies were included 
in our meta-analysis. A summary of the study characteristics 
included is presented in Table 1 [9-17, 21, 22].

Baseline characteristics of studies

All included studies were published between 2004 and 2022. 
Of these, two were RCTs [10, 17], and nine [9, 11-16, 21, 22] 
were non-randomized studies (Table 1) [9-17, 21, 22]. A total 
of 1,075 patients were included: 597 (50.5%) in the TIPS alone 
group and 478 (49.5%) in the TIPS plus VE group (Table 1) 
[9-17, 21, 22]. VE was performed after TIPS in eight studies, 
before TIPS in two studies and unspecified in one study (Table 
2) [9-17, 21, 22]. Subgroup analyses were performed accord-
ing to the type of stents. The type of stents was covered stent 
alone in six studies [10, 12, 14-17], bare stent alone in two 
studies [9, 11], combined (both bare and covered stent) in two 
studies [13, 21], and unknown in one study [22]. Varices were 
angiographically embolized by coils with or without liquids 

agents or vascular plugs in 10 studies, with one study using 
sclerosing agents only [16]. Liquid agents were employed in 
six studies, including α-cyanoacrylate (n = 1), ethanol (n = 1), 
and sclerosing agents (n = 4).

Variceal rebleeding

Eleven studies reported data regarding the incidence of var-
iceal rebleeding. The TIPS with VE was associated with a 
significantly lower incidence of variceal rebleeding than the 
TIPS alone (RR: 0.59, 95% CI: 0.43 - 0.81, P = 0.001, I2 = 
18%) (Fig. 2). The results remained consistent on the leave-
one-out sensitivity analysis (Supplementary Material 1, www.
gastrores.org).

Subgroup analysis based on stent type showed consistent 
results favoring TIPS with VE over TIPS alone with covered 
stents (RR: 0.56, 95% CI: 0.36 - 0.86, P = 0.008, I2 = 15%) 
(Fig. 3), but there was no significant difference between the 
two groups with bare stents or mixed stents (Fig. 3).

Encephalopathy

Eight studies reported the incidence of encephalopathy [9, 10, 
13, 14, 16, 17, 21, 22]. There was no difference between the 
two group in the incidence of encephalopathy (RR: 0.84, 95% 
CI: 0.66 - 1.06, P = 0.13, I2 = 5%) (Fig. 4a). The results re-
mained consistent in the subgroup analysis based on stent type 
(Supplementary Material 2, www.gastrores.org).

Shunt dysfunction

Six studies reported the incidence of shunt dysfunction [9, 10, 
14, 16, 17, 22]. Shunt dysfunction was similar between TIPS 
with VE and TIPS alone groups (RR: 0.88, 95% CI: 0.64 - 1.19, 
P = 0.40, I2 = 1%) (Fig. 4b). The results were also consistent 
in the subgroup analysis based on stent type (Supplementary 
Material 3, www.gastrores.org).

Death

The death rate was similar between TIPS with VE and TIPS 
alone groups (RR: 0.87, 95% CI: 0.65 - 1.17, P = 0.34, I2 = 
13%) (Fig. 4c). The results also remained consistent in the sub-
group analysis based on stent type (Supplementary Material 4, 
www.gastrores.org).

Quality and publication bias assessment

The two RCTs were considered of high quality using the modi-
fied Jadad scale (Supplementary Material 5, www.gastrores.
org). Six of the remaining studies were high quality using 
the NOS, while the remaining three were of medium quality 
(Supplementary Material 6, www.gastrores.org). There was no 



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org 71

Jaber et al  Gastroenterol Res. 2023;16(2):68-78

evidence of publication bias for the primary outcome (variceal 
rebleeding) as shown here (Supplementary Material 7, www.
gastrores.org).

Discussion

The effectiveness of VE during the TIPS procedure in reduc-
ing variceal rebleeding and other post-TIPS complications 
remains controversial. In this meta-analysis, we systemically 

examined outcomes after TIPS alone compared to TIPS plus 
VE. We found that simultaneous VE at the time of TIPS is 
associated with fewer rebleeding episodes than TIPS alone. 
In addition, the significant difference between the two groups 
could be only observed in the subgroup meta-analysis of stud-
ies with covered stents alone, but not that with bare stents 
alone or with the combined type of stents. Furthermore, we 
found no evidence that concomitant VE is beneficial regarding 
shunt dysfunction, encephalopathy, and mortality between the 
two groups.

Figure 1. PRISMA flowchart for the selection process. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.
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Figure 2. Forest plots of meta-analyses comparing the incidence of variceal rebleeding between the TIPS alone groups and TIPS 
combined with variceal embolization group (TIPS + EMB). TIPS: transjugular intrahepatic portosystemic shunt; EMB: emboliza-
tion; CI: confidence interval.

Figure 3. Forest plots of meta-analyses comparing the incidence of variceal rebleeding between the TIPS alone groups and TIPS 
combined with variceal embolization group (TIPS + EMB) based on stent types (covered vs. bare vs. combined vs. unknown). 
TIPS: transjugular intrahepatic portosystemic shunt; EMB: embolization; CI: confidence interval.



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org 75

Jaber et al  Gastroenterol Res. 2023;16(2):68-78

It is assumed that persistent patency of the varices after 
TIPS and shunt closure are possible causes of recurrent variceal 
bleeding after placement of TIPS [10]. It has been hypothesized 
that patent collateral vessels, if embolized, would increase flow 
in TIPS, thereby reducing the likelihood of shunt dysfunction 
that can lead to variceal rebleeding [10]. In addition, elevated 
systemic venous pressure greater than 15 mm Hg represents a 
risk of variceal rebleeding after TIPS [12, 25]. Our meta-anal-
ysis, which included 11 studies, found that the rate of variceal 

rebleeding was significantly lower in the TIPS-plus VE group 
compared to the TIPS-only group (RR: 0.621, 95% CI: 0.47 
- 0.819, P < 0.001). Qi et al [8] performed a meta-analysis on 
six studies and found similar results. A previous RCT by Chen 
et al [10] supported our results by reporting a lower 6-month 
rebleeding rate in patients receiving VE plus TIPS (6%) versus 
TIPS alone (20%). These results differ from a recent RCT by 
Lv et al [17], who reported no significant difference in variceal 
and all-cause rebleeding between the two cohorts. In this RCT 

Figure 4. Forest plots of meta-analyses comparing the incidence of (a) encephalopathy, (b) shunt dysfunction, and (c) mortality 
between the TIPS alone groups and TIPS combined with variceal embolization group (TIPS + EMB). TIPS: transjugular intrahe-
patic portosystemic shunt; EMB: embolization; CI: confidence interval.
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[17], the authors suggested that the lack of reduction in rebleed-
ing from all causes was probably due to achieving less than 
12 mm Hg portacaval pressure gradient (PPG; measured as the 
difference between the portal vein and the inferior vena cava 
pressures in most patients), in addition to the favorable shunt 
patency due to the use of covered stents [17].

According to the type of TIPS stents, subgroup analysis 
showed similar results of reducing variceal bleeding when us-
ing covered stents but not with bare stents or combined stents. 
This could be explained by the fact that the diameter of bare 
stents tends to decrease over time. Thus, there is no sustain-
ability in the decrease in PPG attained after TIPS, and this is 
progressively lost until TIPS revision is required. The resultant 
shunt dysfunction is the main reason for variceal rebleeding. 
It is worth noting that covered stents have a higher patency 
(80-90%) [26-29] and have resulted in reduction of recurrent 
variceal bleeding to < 10% after TIPS [27, 29, 30]. However, 
other considerations have been explored to further reduce post-
TIPS bleeding due to the significant morbidity and mortality 
associated with gastrointestinal variceal bleeding [31]. Eleva-
tion of systemic venous pressure greater than 15 mm Hg and 
stent dysfunction were found to be risk factors for recurrent 
bleeding after TIPS. Adjunctive gastroesophageal VE could 
potentially address these risk factors by occluding venous col-
lateral channels, which can recanalize in the presence of ele-
vated systemic venous pressure or stenotic or occluded shunts. 
The combined benefits of covered stents and adjunctive VE 
might explain our results of the statistically significant reduc-
tion in variceal bleeding with the setting of covered stents, but 
not with the bare or combined stents.

Studies have shown that failure of varices resolution after 
TIPS could be due to various etiologies. These include shunt 
dysfunction, which may be secondary to thrombosis, or col-
lapse of the TIPS tract due to stent retraction into the liver 
parenchyma [10, 16, 17]. Our analysis showed no significant 
difference in shunt dysfunction and encephalopathy between 
patients who underwent TIPS plus VE compared to TIPS 
only. Similarly, Lv et al [17] found no difference in shunt dys-
function rates between patients with TIPS plus VE vs. TIPS 
alone. Lv et al [17] hypothesized that better shunt patency, 
which was achieved through optimal stent placement, might 
partially explain the nonsignificant difference in rebleeding 
rates since shunt dysfunction is a cause of recurrent variceal 
bleeding after TIPS placement [17]. In addition, it is unclear 
whether shunt diameter contributes to the risks of hepatic en-
cephalopathy, but the data suggest that a larger shunt diameter 
may be the culprit behind the development of this complica-
tion [12, 25, 32]. Higher encephalopathy rates were observed 
after TIPS in patients who only had large (> 6 mm) spontane-
ous portosystemic shunts, while no significant worsening of 
hepatic encephalopathy was reported in patients with small 
spontaneous portosystemic shunts [33]. In addition, Shi et al 
[16] showed that patients with recurrent encephalopathy who 
underwent shunt diameter reduction showed an improvement 
in their symptoms.

Our study is not free from limitations. Most included stud-
ies were observational retrospectives with variations in pa-
tients’ characteristics, the stage of liver cirrhosis, MELD score, 
and Child-Pugh scores. In addition, other reasons contribute 

to the limitations of our meta-analysis and warrant cautious 
interpretation of the finding. First, the location of the varices 
was inconsistent between studies (Table 2) [9-17, 21, 22]. The 
level of the varices can interfere with the effectiveness of VE. 
Second, the degree of embolization could influence recurrent 
variceal bleeding. While proximal afferent vessel embolization 
using coils alone could potentially allow sustained variceal 
perfusion via collaterals, distal embolization via fluid agents 
helps occlude the variceal space or cause thrombosis [8]. A 
combination of coils and liquid agents, such as cyanoacrylate 
and ethanol, may be recommended to achieve long-acting 
embolization proximally and distally to prevent new collat-
erals formation [8]. The variability in embolic agents makes 
it difficult to determine which embolic agent or combination 
of agents would produce a better outcome. Third, while the 
indication for TIPS was variceal bleeding in all studies, the 
indication for VE was variable. Adjunctive VE was performed 
as needed in retrospective studies; persistent varices with a 
pressure gradient greater than 12 mm Hg after TIPS. Fourth, 
follow-up period for primary and secondary outcomes in the 
studies varied from few months to few years. This could have 
introduced heterogeneity and potential bias in the study. In ad-
dition, the timing of embolization may differ in the included 
studies. Some may perform embolization after TIPS when the 
risk of rebleeding was high, rather than performing truly si-
multaneous embolization. This could lead to a selection bias 
that excludes patients with a higher risk for embolization. Fi-
nally, heterogeneity in the technique used to perform the TIPS 
procedure and VE technique may have influenced the results. 
Further studies with large sample sizes and consistent embolic 
therapy agents and techniques are warranted to confirm our 
results.

Despite the limitation, our meta-analysis includes pool-
ing a larger sample size, a total of 1,075 patients, to provide 
evidence for an important clinical question. In addition, we 
analyzed the post-TIPS outcomes based on the type of stents, 
given recent evidence demonstrating that covered stents have 
better shunt patency than bare stents [9-13].

To conclude, our meta-analysis suggests that simultaneous 
VE at the time of TIPS in patients with gastroesophageal var-
iceal bleeding is associated with fewer rebleeding episodes than 
TIPS alone. The difference was observed only in studies with 
covered stents, supporting that these stents could have better 
outcomes in reducing variceal rebleeding. In addition, rates of 
shunt dysfunction, encephalopathy, and mortality were similar 
in patients treated with TIPs plus VE compared to TIPS alone. 
Nevertheless, the individual risk-benefit balance should be im-
plemented when considering adding VE during TIPS. Given 
the different indications for VE, stent type, embolic agent, and 
location of the varices, additional well-designed RCTs with a 
larger sample size are warranted to validate whether there is a 
meaningful difference in therapeutic efficacy.

Supplementary Material

Suppl 1. Leave-one-out sensitivity analysis for studies com-
paring variceal rebleeding between the TIPS alone group and 
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TIPS combined with variceal embolization group.
Suppl 2. Forest plots of meta-analyses comparing the inci-
dence of encephalopathy between the TIPS alone group and 
TIPS combined with variceal embolization group based on 
stent types (covered vs. bare vs. combined vs. unknown).
Suppl 3. Forest plots of meta-analyses comparing the inci-
dence of shunt dysfunction between the TIPS alone group and 
TIPS combined with variceal embolization group based on 
stent types (covered vs. bare vs. combined vs. unknown).
Suppl 4. Forest plots of meta-analyses comparing the inci-
dence of mortality between the TIPS alone group and TIPS 
combined with variceal embolization group based on stent 
types (covered vs. bare vs. combined vs. unknown).
Suppl 5. Quality assessment of the included studies in the me-
ta-analysis using Newcastle-Ottawa scale.
Suppl 6. Quality assessment of the included RCTs in the meta-
analysis using modified Jadad scale.
Suppl 7. Funnel plot for the primary outcome (rebleeding).
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