@ Therapeutic Advances in Gastroenterology

Original Research

Covered versus bare stents for transjugular
intrahepatic portosystemic shunt:

an updated meta-analysis of randomized
controlled trials

Xingshun Qi*, Yulong Tian*, Wei Zhang*, Zhiping Yang* and Xiaozhong Guo

Abstract

Background: Transjugular intrahepatic portosystemic shunt (TIPS) is a standard treatment
option for the management of portal hypertension in liver cirrhosis. Since the introduction of
covered stents, shunt patency has been greatly improved. However, it remains uncertain about
whether covered stents could improve survival. A meta-analysis of randomized controlled
trials has been performed to compare the outcomes of covered versus bare stents for TIPS.
Methods: PubMed, EMBASE, and Cochrane Library databases were searched to identify

the relevant randomized controlled trials. Overall survival, shunt patency, and hepatic
encephalopathy were the major endpoints. Hazard ratios (HRs] with 95% confidence intervals
(Cls) were calculated. Heterogeneity was calculated. Cochrane risk of bias tool was employed.
Results: Overall, 119 papers were identified. Among them, four randomized controlled

trials were eligible. Viatorr covered stents alone, Fluency covered stents alone, and Viatorr
plus Fluency covered stents were employed in one, two, and one randomized controlled
trials, respectively. Risk of bias was relatively low. Meta-analyses demonstrated that the
covered-stents group had significantly higher probabilities of overall survival (HR=0.67, 95%
Cl=0.50-0.90, p=0.008) and shunt patency (HR=0.42, 95% Cl=0.29-0.62, p <0.0001) than the
bare-stents group. Additionally, the covered-stents group might have a lower risk of hepatic

encephalopathy than the bare-stents group (HR=0.70, 95% Cl=0.49-1.00, p=0.05). The
heterogeneity among studies was not statistically significant in the meta-analyses.
Conclusions: Compared with bare stents, covered stents for TIPS may improve the overall
survival. In the era of covered stents, the indications for TIPS may be further expanded.

Keywords: liver cirrhosis, portal hypertension, transjugular intrahepatic portosystemic shunt

Introduction

Nowadays, transjugular intrahepatic portosys-
temic shunt (TIPS) is a well established and
widely used interventional procedure for the
management of portal hypertension [Boyer and
Haskal, 2005, 2010; Keller et al. 2016; Patidar
et al. 2014; Rosch, 2015; Rossle, 2013]. The
current status of TIPS is irreplaceable in the
therapeutic algorithm of portal hypertension. For
example, the updated UK guideline on the man-
agement of variceal hemorrhage in liver cirrhosis
clearly recommended that ‘the units that do not
offer a TIPS service should identify a specialist

center which offers a 24-hour emergency TIPS
service and have appropriate arrangements for
safe transfer of patients in place’ [Tripathi ez al.
2015]. Also, the updated Baveno consensus
clearly recommended that ‘early TIPS must be
considered in cirrhotic patients with ‘high-risk’
acute variceal bleeding’ [De Franchis, 2015].

Since its first clinical application, the indica-
tions for TIPS have been largely and rapidly
expanded [Smith and Durham, 2016].
Undoubtedly, the use of covered stents may be
one of the major contributing factors for the

Ther Adv Gastroenterol
2017, Vol. 10(1) 32-41

DOI: 10.1177/
1756283X16671286

© The Authorl(s), 2016.
Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

Correspondence to:
Xiaozhong Guo, MD
Xingshun Qi, MD
Department of
Gastroenterology, General
Hospital of Shenyang
Military Area, Shenyang
100840, China.
guo_xiao_zhong(@126.com
xingshungif@126.com

Xingshun Qi, MD
Department of
Gastroenterology and
Meta-Analysis Study
Interest Group, General
Hospital of Shenyang
Military Area, Shenyang,
China

Evidence-Based Medicine
Group, Xijing Hospital of
Digestive Diseases, Fourth
Military Medical University,
Xi'an, China

Yulong Tian, MD

Wei Zhang, MD
Department of
Interventional Radiology
and Key Laboratory of
Diagnostic Imaging and
Interventional Radiology
of Liaoning Province,
First Affiliated Hospital of
China Medical University,
Shenyang, China

Zhiping Yang, MD
Evidence-Based Medicine
Group, Xijing Hospital of
Digestive Diseases, Fourth
Military Medical University,
Xi‘an, China

Xiaozhong Guo, MD
Department of
Gastroenterology and
Meta-Analysis Study
Interest Group, General
Hospital of Shenyang
Military Area, Shenyang,
China.

*These authors
contributed equally.

32

http://tag.sagepub.com

Creative Commons Non Commercial CC-BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 3.0 License (http://www.creativecommons.org/
[T |icenses/by-nc/3.0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the
SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


http://www.sagepub.co.uk/journalsPermissions.nav
http://www.sagepub.co.uk/journalsPermissions.nav
mailto:guo_xiao_zhong@126.com
mailto:xingshunqi@126.com

X Qi, Y Tian et al.

evolution of the indications for TIPS [Ferral
et al. 2016; Qi er al. 2014a]. This was primarily
because covered stents significantly decreased
the incidence of shunt dysfunction and recur-
rence of portal hypertension-related complica-
tions [Yang er al. 2010]. However, its survival
benefit remained unclear [Qi ez al. 2015a;
Yang et al. 2010]. Herein, we conducted a
meta-analysis of randomized controlled trials
(RCTs) to compare the outcomes of covered
versus bare stents for TIPS.

Methods

This work was performed according to the
PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate
health care interventions [Moher ez al. 2009].

Study registration
This meta-analysis was registered on PROSPERO
[unique ID: CRD42016037893].

Search strategy

We searched three major databases, including the
PubMed, EMBASE, and Cochrane Library data-
bases on 17 April 2016. The search items were:
‘(Covered stent) OR (Fluency) OR (Viatorr)’
AND ‘(transjugular intrahepatic portosystemic
shunt) OR (TIPS)’ AND ‘randomized’.

Eligibility criteria

We identified all RCTs that compared the out-
comes of covered wversus bare stents for TIPS. In
details, according to the PICOS rule, the partici-
pants should be patients who underwent TIPS,
the interventional group should be patients who
underwent TIPS with covered stents, the control
group should be patients who underwent TIPS
with bare stents, the outcomes should be overall
survival, shunt patency, with or without hepatic
encephalopathy, and the study design should be
RCTs. Exclusion criteria were as follows: (1)
duplicates; (2) narrative or systematic reviews;
(3) protocols; (4) case reports; (5) nonrand-
omized studies; (6) TIPS with covered stents was
not the interventional group; and (7) the type of
stent for TIPS was not compared. Additionally, if
the data were overlapping among two or more
studies, only one study with a longer follow-up
duration would be included.

Data extraction

We extracted the following data: journal, publica-
tion year, region, enrollment period, indication
for TIPS, number of patients randomized, type of
stents, mortality, rate of shunt patency, and rate
of being free of hepatic encephalopathy.

Risk of bias

We employed the revised ‘risk of bias’ tool
described in the Cochrane Handbook version
5.1.0 to evaluate the study quality. It included
five major domains (i.e. selection bias, perfor-
mance bias, detection bias, attrition bias, and
reporting bias) using six questions (i.e. random
sequence generation, allocation concealment,
blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome
data, and selective reporting). The judgment for
every question should be expressed as ‘low risk’,
‘high risk’, or ‘unclear risk’ of bias.

Data analysis

We performed all meta-analyses by using ran-
dom-effect models in the Review Manager 5.3.
Forest plots were drawn. Because the overall sur-
vival, shunt patency, and hepatic encephalopathy
produced the time-to-event data, hazard ratios
(HRs) with 95% confidence intervals (CIs) and p
values were calculated as the effect size that was
mentioned previously [Qi et al. 2014b, 2015b,
2015c]. Specifically, we firstly collected the rates
of overall survival, shunt patency, and being free
of hepatic encephalopathy at different times. If
only the rate of shunt dysfunction was provided,
the rate of shunt patency would be estimated as
‘100% — rate of shunt dysfunction’. Similarly, if
only the rate of hepatic encephalopathy was pro-
vided, the rate of being free of hepatic encepha-
lopathy would be estimated as ‘100% — rate of
hepatic encephalopathy’. If the relevant data were
not available in the text, we extracted the rates of
overall survival, shunt patency, and being free of
hepatic encephalopathy at three different times
from Kaplan—Meier curves by using the Distance
Tool in the Measurements menu of Foxit PDF
Reader software (Foxit Cooperation, California,
USA). Then, the data were entered into the cal-
culation sheets developed by Tierney and col-
leagues [Tierney et al. 2007]. After that, the
natural logarithm of the HR with standard error
would be automatically calculated. Finally, we
selected the Generic Inverse Variance as the data
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type to calculate the HRs with 95% CIs in the
Review Manager 5.3. p<0.05 was of statistically
significant difference.

Here, I? and p values calculated by Chi-square
tests were expressed as the heterogeneity among
studies. Specifically, I2>50% and p<0.1 were of
statistically significant heterogeneity. Otherwise,
the heterogeneity was not statistically significant.
Funnel plots were not drawn due to a small
number of included studies.

Subgroup analyses were performed according to
the brands of covered stents (Viatorr alone,
Fluency alone, and mixed) and regions (Western
countries and China). I?2 and p values were also
calculated to evaluate the subgroup differences
among studies. Of note, I2>50% and/or p<<0.1
were of statistically significant subgroup differ-
ence. Otherwise, the subgroup difference was not
statistically significant.

Results

Study selection and characteristics

A total of 111 papers were searched via the three
databases, including 29 papers in PubMed data-
base, 30 papers in EMBASE database, and 52
papers in Cochrane Library database. After
excluding irrelevant papers, five papers reporting
the results of four RCTs were eligible [Bureau
et al. 2004, 2007; Huang et al. 2010; Perarnau
et al. 2014; Wang et al. 2016]. Notably, the short-
term and long-term follow-up results of one RCT
were published in two papers [Bureau ez al. 2004,
2007]. Thus, only one of them with long-term
follow-up results was finally included in the
meta-analysis [Bureau ez al. 2007; Huang et al.
2010; Perarnau ez al. 2014; Wang et al. 2016]
(Figure 1).

Study characteristics were briefly summarized in
Table 1. According to the enrollment period, all
of the four included studies were performed
between 2000 and 2010. According to the regions
where the studies were conducted, one study was
conducted in three countries [Bureau ez al. 2007],
one study in France [Perarnau ez al. 2014], and
two studies in China [Huang er al. 2010; Wang
et al. 2016]. The sample size was 527 in all of the
four included studies, ranging from 60 to 258 in
each study. The main indications for TIPS were
variceal bleeding and ascites or hydrothorax.

Retrieved papers (n=111)
® PubMed (n=29)

® EMBASE (n=30)

# Cochrane library (n=52)

i ® Duplicates (n=35) :
| ® Narrative and systematic reviews or study protocols (n=55) |
1; ® Case reports (n=1) 1
| ® Non-randomized studies (n=6)

| Randomized studies (n=14) ‘

1 @ Experimental group was not covered TIPS (n=1)

"7 ® Control group was not bare TIPS (n=8)

Included papers (n=4)

Figure 1. Flowchart of study inclusion.

Characteristics of two different groups are sum-
marized in Table 2. According to the brands of
covered stents for TIPS, one study employed only
Viatorr stents [Bureau er al. 2007], one study
employed both Viatorr and Fluency stents
[Perarnau ez al. 2014], and two studies employed
only Fluency stents [Huang et al. 2010; Wang
et al. 2016]. The brands of bare stents were largely
heterogeneous. Severity of liver dysfunction, eti-
ology of liver cirrhosis, and indications for TIPS
were similar between the two groups.

Risk of bias

Risk of bias for each study is summarized in
Supplementary Tables S1-S4. Notably, an
unclear risk of bias in the question ‘random
sequence generation’ was observed in two studies
[Bureau ez al. 2007; Huang ez al. 2010]; a high
risk of bias in the question ‘blinding of partici-
pants and personnel’ was observed in three stud-
ies [Bureau er al. 2007; Huang et al. 2010;
Perarnau ez al. 2014]; and an unclear risk of bias
in the question ‘blinding of outcome assessment’
was observed in two studies [Bureau er al. 2007;
Huang er al. 2010].

Overall survival

All of the four included studies provided the
cumulative data regarding overall survival
[Bureau ez al. 2007; Huang et al. 2010; Perarnau
et al. 2014; Wang et al. 2016]. The meta-analysis
demonstrated that the covered-stents group had
a significantly better overall survival than the
bare-stents group (HR=0.67, 95% CI=0.50-
0.90, p=0.008) (Figure 2). The heterogeneity
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Table 1. Characteristics of RCTs.

among studies was not statistically significant
2=0%, p=0.78).

In the subgroup analyses according to the brands
of covered stents, the benefit in the improve-
ment of overall survival remained statistically
significant in studies with Fluency alone covered
stents, rather than those with Viatorr alone or
mixed covered stents. Subgroup difference was
not statistically significant (I?=0%, p=0.58). In
the subgroup analyses according to the regions,
the benefit in the improvement of overall sur-
vival remained statistically significant in Chinese
studies, rather than Western studies. Subgroup
difference was not statistically significant
2=0%, p=0.38).

Shunt patency

All of the four included studies provided the
cumulative data regarding the rate of shunt
patency or dysfunction [Bureau et al. 2007;
Huang er al. 2010; Perarnau et al. 2014; Wang
et al. 2016]. The meta-analysis demonstrated
that the covered-stents group had a significantly
higher probability of shunt patency than the
bare-stents group (HR=0.42, 95% CI=0.29-
0.62, p<<0.0001) (Figure 3). The heterogeneity
among studies was not statistically significant
2=50%, p=0.11).

Regardless of the brands of covered stents, the
benefit in the improvement of shunt patency
remained statistically significant. Subgroup

difference was statistically significant (I>=65.5%,
p=0.06). Regardless of the regions, the benefit in
the improvement of shunt patency remained sta-
tistically significant. Subgroup difference was not
statistically significant (I2?=0%, p=0.60).

Free of hepatic encephalopathy

Three of the four included studies provided the
cumulative data regarding the rate of being free
of hepatic encephalopathy [Bureau ez al. 2007;
Huang et al. 2010; Perarnau er al. 2014]. The
remaining study provided only the data regard-
ing the overall incidence of hepatic encephalop-
athy [Wang et al. 2016]. The meta-analysis of
three studies demonstrated that the covered-
stents group might have a higher probability of
free-of-hepatic encephalopathy than the bare-
stents group (HR=0.70, 95% CI=0.49-1.00,
p=0.05) (Figure 4). The heterogeneity among
studies was not statistically significant (I2=0%,
p=0.45).

In the subgroup analyses according to the brands
of covered stents, the benefit in the improvement
of hepatic encephalopathy was statistically signifi-
cant in studies with Viatorr alone covered stents,
rather than those with Fluency alone or mixed
covered stents. Subgroup difference was not sta-
tistically significant (I2=0%, p=0.45). Regardless
of the regions, the benefit in the improvement of
hepatic encephalopathy was not statistically sig-
nificant. Subgroup difference was not statistically
significant (?=0%, p=0.71).
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Covered stents Bare stents Hazard Ratio Hazard Ratio
—Study or Subgroup __log[Hazard Ratio] ___SE Total Total Weight IV, Random. 95% C| IV, Random. 95% CI
Bureau C -039 029 39 41 27.2% 0.68 [0.38, 1.20] bl _
Huang Q -11.49 63248 30 30 0.0% 0.00[0.00, Mot estimable]
Perarnau JM -0.15 0.3 62 67 254% 0.86 [0.48, 1.55] =
Wang L -054 022 13 127 47.3% 0.58 [0.38, 0.90) =
Total (95% CI) 262 265 100.0% 0.67 [0.50, 0.90] i
Heterogeneity: Tau® = 0.00; Chi* = 1.10, df = 3 (P = 0.78), I = 0% 02 05 1 2 5

Test for overall effect: Z = 2.64 (P = 0.008)

Favours [Covered stents] Favours [Bare stents]

Figure 2. Forest plot comparing overall survival between covered and bare-stent groups.
SE, standard error; Cl, confidence interval; DF, degrees of freedom; IV, inverse variation.

Covered stents Bare stents

Hazard Ratio Hazard Ratio

_Study or Subgroup __log[Hazard Ratio] SE Total Total Weight IV, Random, 95% Cl| IV, Random, 95% Cl
Bureau C -1.28 041 39 41 159% 0.28 [0.12, 0.62] -
Huang Q -0.82 052 30 30 11.2% 0.44[0.16, 1.22] T
Peramau JM -047 02 62 67 34.5% 0.63 [0.42, 0.92] —_—
Wang L -1.04 017 131 127 38.4% 0.35[0.25, 0.49) —a
Total (95% Cl) 262 265 100.0% 0.42 [0.29, 0.62] ) '." X )

Heterogeneity: Tau® = 0.07; Chiz =596, df =3 (P =0.11); I? = 50%
Test for overall effect: Z = 4.40 (P < 0.0001)

w4
-
o

;
0.1 . 0.5 1
Favours [Covered stents] Favours [Bare stents]

Figure 3. Forest plot comparing shunt patency between covered- and bare-stent groups.
SE, standard error; Cl, confidence interval; DF, degrees of freedom; IV, inverse variation.

Covered stents Bare stents

Bureau C -0.72 0.34

39 41

Huang Q 0.18 057 30 30 10.6%
Peramau JM 021 024 62 67 59.7%
Total (95% CI) 131 138 100.0%

Heterogeneity: Tau® = 0.00; Chi? = 1.81, df =2 (P = 0.45); I? = 0%
Test for overall effect: Z = 1.93 (P = 0.05)

Figure 4. Forest plot comparing the rate of being free of
stent groups.

Hazard Ratio

Hazard Ratio

Random Random

0.49 [0.25, 0.95]
0.84 [0.27, 2.55]
0.81[0.51, 1.30) — T
0.70 [0.49, 1.00] ——
02 05 1 2 5

Favours [Covered stents] Favours [Bare stents]

hepatic encephalopathy between covered and bare-

SE, standard error; Cl, confidence interval; DF, degrees of freedom; IV, inverse variation.

Discussion

In 2010, we published for the first time a meta-
analysis of one RCT and five observational stud-
ies to compare the patency and clinical outcomes
of TIPS with covered wersus bare stents [Yang
et al. 2010]. The statistical analyses demonstrated
that shunt patency, hepatic encephalopathy, and
survival were significantly improved by the use of
covered stents. However, given the quality of
included studies, the conclusions might be unreli-
able. Therefore, the conclusions were that cov-
ered stents improved shunt patency without any
increased risk of hepatic encephalopathy and with
a trend towards better survival.

In 2015, we published another meta-analysis of
two RCTs from Western countries to further
explore the survival benefit of covered stents for
TIPS [Qi er al. 2015a]. The statistical analysis
showed only a borderline survival benefit.

The present meta-analysis had three major
strengths. First, four RCTs were included. No

observational studies were considered. Second,
the relevant studies were systematically searched.
Third, only a random-effect model was employed.
The statistical results were more conservative. By
comparison, our previous meta-analysis employed
a fixed-effect model, in which the results were
more aggressive [Qi ez al. 2015a]. Fourth, the risk
of bias was relatively low. According to the com-
mon practice for Cochrane reviews of endoscopic
or surgical RCTs while physicians could not be
blinded, the question ‘blinding of participants
and personnel’ was judged as ‘high risk of bias’ in
three studies. However, considering that the out-
comes (i.e. overall survival, shunt patency, and
hepatic encephalopathy) are objective, we
believed that the outcome measurement might
not be largely influenced by the absence of blind-
ing of types of stents.

In the present meta-analysis, we found that cov-
ered stents not only significantly improved the
shunt patency, but also significantly decreased
the risk of death. Additionally, the risk of hepatic
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encephalopathy was not increased by the use of
covered stents. Notably, the heterogeneity among
studies was not statistically significant, suggesting
that the statistical results should be stable.
Although the findings were heterogeneous in
some subgroup analyses, we should fully acknowl-
edge that the results of subgroup meta-analyses
were unpowered due to a small number of rele-
vant studies.

Our findings were of importance in clinical prac-
tice and future trial design, because most indica-
tions for TIPS were established in the era of bare
stents. For example, early evidence suggested that
TIPS with bare stents should be superior to endo-
scopic and pharmacological treatment for
decreasing the risk of variceal rebleeding, but
inferior in relation to hepatic encephalopathy and
not advantageous in terms of overall survival
[Zheng er al. 2008]. Considering the benefits of
covered stents, we had some confidence about
the theoretical possibility that TIPS with covered
stents would result in better survival. However,
the evidence from at least three recent clinical tri-
als with covered stents did not remarkably
upgrade the role of TIPS for the prevention of
variceal rebleeding. Sauerbruch and colleagues
reported the results of a German multicenter pro-
spective randomized trial regarding the preven-
tion of variceal rebleeding in liver cirrhosis
[Sauerbruch ez al. 2015]. The experimental group
was TIPS with covered stents. The control group
was hepatic-venous-pressure-gradient-guided
medical-therapy prophylaxis (propranolol and
isosorbide-5-mononitrate followed by variceal-
band ligation and TIPS). They suggested that
TIPS was more straightforward and prevented
variceal rebleeding more effectively, but did not
improve the survival. Luo and colleagues reported
the results of a Chinese single-center randomized
trial regarding the prevention of recurrent variceal
bleeding in liver cirrhosis with portal vein throm-
bosis [Luo er al. 2015] . The experimental group
was TIPS with covered stents. The control group
was endoscopic-band ligation plus propranolol.
They suggested that TIPS had a significantly
lower risk of variceal bleeding, but a similar risk of
hepatic encephalopathy and death. Holster and
colleagues also reported the results of a Dutch
multicenter prospective randomized trial regard-
ing the prevention of variceal rebleeding in liver
cirrhosis [Holster ez al. 2016]. The experimental
group was TIPS with covered stents. The control
group was endoscopic variceal ligation, or glue
injection plus beta-blocker treatment. Similarly,

they also suggested that TIPS had a significantly
lower risk of variceal bleeding, but the risk of
hepatic encephalopathy and death was not signifi-
cantly different. Taken together, the results of
each clinical trial did not favor the covered TIPS
over the traditional first-line treatment option.
Certainly, more accumulative data and subse-
quent meta-analyses should reiterate this.

On the other hand, the practice guideline sug-
gested that TIPS with bare stents should be supe-
rior to large-volume paracentesis for controlling
ascites, but inferior in treatment of hepatic
encephalopathy and not advantageous in terms of
overall survival [Albillos ez al. 2005; Deltenre
et al. 2005; Saab er al. 2006]. More recently,
Bureau and colleagues have shown the prelimi-
nary results of an RCT examining TIPS with cov-
ered stents versus large-volume paracentesis plus
albumin infusion in cirrhotic patients with recur-
rent ascites [Bureau er al. 2015]. They found a
statistically significant difference in the trans-
plant-free survival and a similar rate of hepatic
encephalopathy between them. Specifically, TIPS
with covered stents had a nearly twofold survival
rate compared with large-volume paracentesis
plus albumin infusion (93% wversus 52%).
Collectively, the use of covered stents might
upgrade the role of TIPS in patients with refrac-
tory ascites.

Our meta-analysis suggested that the covered-
stents group might have a lower risk of hepatic
encephalopathy than the bare-stents group. This
phenomenon might be explained by the consid-
eration that the covered-stents group had a sig-
nificantly lower risk of shunt dysfunction and
recurrence of portal hypertension-related compli-
cations that were often the main precipitating fac-
tors for hepatic encephalopathy. However, we
should be very cautious about whether the diam-
eters of stents were comparable between the two
groups. First, as thoroughly analyzed by Rossle
and Mullen [Rossle and Mullen 2004], a signifi-
cant difference in the diameters of shunt observed
in the RCT by Bureau and colleagues (10.5 = 0.9
in the covered-stents group versus 11.7 = 0.8 mm
in the bare-stents group) [Bureau er al. 2004]
might result in the difference in the incidence of
hepatic encephalopathy. Second, in the RCT by
Huang and colleagues, the diameter of stents was
heterogeneous (10mm in the bare-stents group
and 8 mm in the covered-stents group) [Huang
et al. 2010]. Third, in the RCTs by Perarnau
and collegues and Wang and colleagues, the

38
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information regarding the diameter of stents was
not available [Perarnau er al. 2014; Wang et al.
2016]. Collectively, if the diameters of stents
were similar between the two groups, we would
be still unsure about the benefits of covered stents
in the development of hepatic encephalopathy.

In addition, our previous systematic review
showed that age, a previous history of hepatic
encephalopathy prior to TIPS insertion, and
severity of liver dysfunction might influence the
development of hepatic encephalopathy after
TIPS [Bai ez al. 2011]. Therefore, we should also
pay attention to the comparability of the three
major predictors between the two groups. First,
all included studies demonstrated a statistically
similar age between the two groups. However,
three of them demonstrated that the covered-
stents group had an older age than the bare-stents
group (Huang’s study: 47 =11 in the covered-
stents group wversus 50+ 10 in the bare-stents
group; Perarnau’s study: 57 (53-64) in the cov-
ered-stents group wversus 59 (52-65) in the bare-
stents group; Wang’s study: 45.4+ 7.0 in the
covered-stents group versus 46.7 5.0 in the
bare-stents group, p=0.088). Second, all included
studies demonstrated a similar Child-Pugh score
or class between the two groups. Third, all
included studies did not report any information
regarding prior hepatic encephalopathy.

Our study had several limitations. First, the num-
ber of relevant RCT's was small. Second, no direct
comparison between Fluency versus Viatorr cov-
ered stents was available. Thus, it remained
unclear about which one covered stent was more
beneficial. Third, the brands and types of bare
stents in the control group were heterogeneous
among studies. Fourth, the indications for TIPS
were heterogeneous among these included stud-
ies. Additionally, no individual data regarding
survival, patency, and hepatic encephalopathy
were available according to the different indica-
tions for TIPS. Thus, we could not conclude the
superiority of covered over bare stents in some
specific target populations (i.e. acute variceal
bleeding, variceal rebleeding or refractory ascites).
Fifth, in the included study by Wang and col-
leagues, the legend of Figure 1 was ‘Inclusion and
exclusion criteria for patient recruitment in this
retrospective study’ [Wang ez al. 2016], so the
nature of this study should be suspected. Sixth,
the included study by Wang and colleagues
started patient enrollment in 2006, but was

registered in 2015 [Wang er al. 2016]. Seventh,
no trial registration information was provided in
the included studies by Bureau and colleagues
and Huang and colleagues [Bureau et al. 2007;
Huang er al. 2010].

In conclusion, the updated meta-analysis of
RCTs suggested the survival benefit of covered
stents for TIPS. It is very likely that the indica-
tions for TIPS are revised in future.

Key points

1. The patients having covered stents for
TIPS had significantly better overall sur-
vival than those with bare stents.

2. The patients having covered stents for
TIPS had significantly better shunt patency
than those with bare stents.

3. The covered stents for TIPS might cause
less development of hepatic encephalopa-
thy than the bare stents.

4. The indications for TIPS should be revised
in the era of covered stents.
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