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Covered TIPS for secondary prophylaxis
of variceal bleeding in liver cirrhosis
A systematic review and meta-analysis of randomized controlled

trials
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Abstract N\
Background: In the era of bare stents, transjugular intrahepatic portosystemic shunt (TIPS) is the second-line choice of therapy for |
the prevention of variceal rebleeding in liver cirrhosis. In the era of covered stents, the role of TIPS should be re-evaluated.

Aim: The aim of the study was to compare the outcomes of covered TIPS versus the traditional first-line therapy (i.e, drug plus
endoscopic therapy) for the prevention of variceal rebleeding in liver cirrhosis.

Methods: All relevant randomized controlled trials were searched via the PubMed, EMBASE, and Cochrane Library databases.
Hazard ratios (HRs) and odds ratios (ORs) with 95% confidence intervals (Cls) and P values were calculated for the cumulative risk
and overall risk, respectively. Heterogeneity among studies was also calculated.

Results: Three of 111 retrieved papers were eligible. Among them, the proportion of patients who were switched from drug plus
endoscopic therapy to TIPS was 16% to 25%. The risk of bias was relatively low in all included randomized controlled trials. Meta-
analyses demonstrated that the covered TIPS group had a similar overall survival (HR =0.84, 95% Cl=0.55-1.28, P=0.41; OR=1.00,
95% Cl=0.59-1.69, P=0.99), a significantly lower risk of variceal rebleeding (HR =0.30, 95% Cl=0.18-0.48, P < 0.00001; OR=0.24,
95% Cl=0.12-0.46, P < 0.0001), and a similar risk of hepatic encephalopathy (HR=1.35, 95% Cl=0.72-2.53, P=0.36; OR=1.28,
95% Cl=0.54-3.04, P=0.57). In most of meta-analyses, the heterogeneity among studies was not statistically significant.

Conclusions: Compared with drug plus endoscopic therapy, covered TIPS had a significant benefit of preventing from variceal
rebleeding, but did not increase the overall survival or risk of hepatic encephalopathy.

Abbreviations: Cl = confidence interval, HR = hazard ratio, HVPG = hepatic venous pressure gradient, OR = odds ratio, TIPS =
transjugular intrahepatic portosystemic shunt.
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1. Introduction strategy of variceal rebleeding should be actively initiated after
the first episode of variceal bleeding.!"~*! According to the current

The incidence of variceal rebleeding is about 60% per year in . - . . . S
practice guideline recommendation, endoscopic variceal ligation

survivors after an episode of variceal bleeding.!'~3! Prevention

Editor: Somchai Amornyotin.

Authorship: XQ—designed the study, registered the study, performed the literature search and selection, data extraction, and study quality assessment, and drafted
the manuscript; YT and WZ— participated into the literature selection, data extraction, and study quality assessment; HZ, GH, and XG—gave critical comments and
revised the manuscript. All authors have made an intellectual contribution to the manuscript and approved the submission.

XQ, YT, and WZ equally contributed to this studly.

This work was partially presented as an oral presentation at the Asian Pacific Association for the Study of Liver (APASL) Single Topic Conference (STC) 2016 — 6th
HBV Conference.

The authors have no funding and conflicts of interest to disclose.

Supplemental Digital Content is available for this article.

2 iver Cirrhosis Study Group & Meta-analysis Study Interest Group, Department of Gastroenterology, General Hospital of Shenyang Military Area, © Department of
Interventional Radiology & Key Laboratory of Diagnostic Imaging and Interventional Radiology of Liaoning Province, First Affiliated Hospital of China Medical University,

© Medical Ethical Committee, General Hospital of Shenyang Military Area, Shenyang, ° Xiing Hospital of Digestive Diseases, Fourth Military Medical University, Xi'an,
China.

’ Correspondence: Xingshun Qi, Liver Cirrhosis Study Group & Meta-analysis Studly Interest Group, Department of Gastroenterology, General Hospital of Shenyang
Military Area, Shenyang, China (e-mail: xingshunqi@126.com); Guohong Han, Xjjing Hospital of Digestive Diseases, Fourth Military Medical University, Xi'an, China
(e-mail: guohhan@126.com); Xiaozhong Guo, Liver Cirrhosis Study Group & Meta-analysis Study Interest Group, Department of Gastroenterology, General Hospital of
Shenyang Military Area, Shenyang, China (e-mail: guo_xiao_zhong@126.com).

Copyright © 2016 the Author(s). Published by Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons Attribution License 4.0 (CCBY), which permits unrestricted use, diistribution, and reproduction in
any medium, provided the original work is properly cited.

Medicine (2016) 95:50(€5680)
Received: 5 May 2016 / Received in final form: 8 September 2016 / Accepted: 25 November 2016
http://dx.doi.org/10.1097/MD.0000000000005680


mailto:xingshunqi@126.com
mailto:guohhan@126.com
mailto:guo_xiao_zhong@126.com
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1097/MD.0000000000005680

Qi et al. Medicine (2016) 95:50

in combination with nonselective beta-blockers should be the
first-line choice of therapy for the prevention of variceal
rebleeding in liver cirrhosis and that transjugular intrahepatic
portosystemic shunt (TIPS) is the second-line choice of therapy.!
This is primarily based on the results of previous meta-analyses of
randomized controlled trials that TIPS decreases the incidence
variceal rebleeding, but increases the incidence of hepatic
encephalopathy, carries a high incidence of shunt dysfunction,
and does not improve the overall survival.****) Notably, all
randomized controlled trials included in the previous meta-
analyses were performed with bare stents for TIPS procedures.
Emerging evidence suggested the benefits of covered stents for
TIPS procedures in terms of shunt patency and hepatic
encephalopathy./”'! Therefore, it should be necessary to update
the role of TIPS for the prevention of variceal rebleeding in the era
of covered stents.

2. Methods

2.1. Study registration

This meta-analysis was registered on PROSPERO (No.
CRD42016038200). The ethical approval or informed patient
consent was not necessary, because this work was a systematic
review and meta-analysis of randomized controlled trials, but not
a clinical study in humans.

2.2. Search strategy

We searched 3 major databases, including the PubMed,
EMBASE, and Cochrane Library databases on April 17, 2016.
The search items were “(Covered stent) OR (Fluency) OR
(Viatorr)” AND “(transjugular intrahepatic portosystemic shunt)
OR (TIPS)” AND “randomized.”

2.3. Eligibility criteria

We identified all randomized controlled trials which compared
the outcomes of covered TIPS versus drug plus endoscopic
treatment for the prevention of variceal rebleeding. In details,
according to the PICOS rule, the participants should be cirrhotic
patients with previous variceal bleeding, the interventional group
should be cirrhotic patients who underwent TIPS with covered
stents, the control group should be cirrhotic patients who
underwent the traditional first-line treatment option for the
secondary prophylaxis of variceal bleeding (e.g., drug plus
endoscopic treatment), the outcomes should be overall survival,
variceal rebleeding, and/or hepatic encephalopathy, and the
study design should be randomized controlled trials. Exclusion
criteria were as follows: (1) duplicates; (2) narrative or systematic
reviews; (3) protocols; (4) case reports; (5) nonrandomized
studies; (6) TIPS with covered stents was not the interventional
group; and (7) no comparison between covered TIPS versus drug
plus endoscopic treatment for the secondary prophylaxis of
variceal bleeding.

2.4. Data extraction

We extracted the following data: journal, publication year,
region, enrollment period, major characteristics of study
population, Child-Pugh class, follow-up duration, number of
patients randomized, mortality, rate of variceal rebleeding, and
rate of hepatic encephalopathy.
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2.5. Risk of bias

We employed the revised “risk of bias” tool described in
Cochrane Handbook version 5.1.0 to evaluate the study quality.
It included 5 major domains (i.e., selection bias, performance
bias, detection bias, attrition bias, and reporting bias) with 6
questions (i.e., random sequence generation, allocation conceal-
ment, 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.

2.6. Data analysis

We performed the meta-analyses by using random-effect models
in the Review Manager 5.3. Forest plots were drawn. As we
previously mentioned,"*'* hazard ratios (HRs) and odds ratios
(ORs) with 95% confidence intervals (CIs) and P values were
calculated as the effect sizes for camulative risk and overall risk,
respectively. In details, P<0.05 was of statistically significant
difference. I and P values were calculated to evaluate the
heterogeneity among studies. In details, I > 50% and/or P<0.1
were of statistically significant heterogeneity. Otherwise, the
heterogeneity was not statistically significant. Due to a small
number of included studies, the sensitivity or subgroup analyses
were not performed, and the funnel plots were not drawn.

3. Results

3.1. Study selection and characteristics

Among the 111 retrieved studies, 3 randomized controlled trials
were included in our study!*®~'8! (Fig. 1). Study characteristics
were shown in Table 1. The major study characteristics were
summarized as follows.

(1) They were conducted between 2006 and 2013 and published
after 2015.

(2) Two randomized controlled trials by Holster and Sauerbruch
were conducted in European multicenters, and another one
randomized controlled trial by Luo was conducted in a
Chinese single center.

(3) In 1 randomized controlled trial by Luo, only cirrhotic
patients with portal vein thrombosis were included; in 1
randomized controlled trial by Sauerbruch, patients with pre-
hepatic portal hypertension were excluded; and in the
remaining 1 randomized controlled trial by Holster, patients
with portal hypertension resulting from other causes than

Retrieved papers (n=111)
® PubMed (n=29)
® EMBASE (n=30)
@ Cochrane library (n=52)

5 ® Duplicates (n=35)

i ® Narrative and systematic reviews or study protocols (n=55)
1: ® Case reports (n=1)

5 ® Non-randomized studies (n=6)

i ® Experimental group was not TIPS (n=1)

i ® No comparison between TIPS versus endoscopy+drug (n=10) 3
+ A S DRI A R F T TR TR S e R SR it Rt

Included papers (n=3) |

Figure 1. Flowchart of study inclusion.
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liver disease (e.g., portal or splenic vein thrombosis) were
excluded.

(4) In 2 randomized controlled trials by Holster and Sauerbruch,
the proportion of Child-Pugh class A was 36.1% and 47.0%,
respectively, and in another one randomized controlled trial
by Luo, no patient had Child—Pugh class A.

(5) As for the experimental group, in 2 randomized controlled
trials by Holster and Sauerbruch, Viatorr covered stents were
employed for TIPS procedures; and in another one random-
ized controlled trial by Luo, Fluency covered stents were
employed for TIPS procedures.

(6) As for the control group, in 2 randomized controlled trials by
Holster and Luo, variceal band ligation plus nonselective
beta-blockers were employed; and in another one randomized
controlled trial by Sauerbruch, the hepatic venous pressure
gradient (HVPG)-guided therapeutic strategy (e.g., the HVPG
responders received only nonselective beta-blockers and nitrate,
but the nonresponders were switched to TIPS) was employed.

(7) As for the control group, the proportion of patients who were
switched to TIPS was 16% to 25%.

3.2. Risk of bias

Risk of bias for every individual randomized controlled trial was
summarized in Supplementary Tables 1-3, http:/links.lww.com/
MD/B470.

3.3. Overall survival

All of the 3 randomized controlled trials provided the cumulative
data regarding overall survival. The meta-analysis demonstrated
that the covered TIPS group had a statistically similar overall
survival as compared to the drug plus endoscopic therapy group
(HR=0.84, 95% CI=0.55-1.28, P=0.41) (Fig. 2A). The
heterogeneity among studies was not statistically significant
(’=0%, P=0.55).

All of the 3 randomized controlled trials provided the overall
data regarding death. The meta-analysis demonstrated that the
covered TIPS group had a statistically similar risk of death as
compared to the drug plus endoscopic therapy group (OR=1.00,
95% CI=0.59-1.69, P=0.99) (Fig. 2B). The heterogeneity among
studies was not statistically significant (I?=15%, P=0.31).

3.4. Variceal rebleeding

All of the 3 randomized controlled trials provided the cumulative
data regarding the rate of being free of variceal rebleeding. The
meta-analysis demonstrated that the covered TIPS group had a
significantly higher rate of being free of variceal rebleeding than
the drug plus endoscopic therapy group (HR=0.30, 95% Cl=
0.18-0.48, P<0.00001) (Fig. 3A). The heterogeneity among
studies was not statistically significant (I*=0%, P=0.38).

All of the 3 randomized controlled trials provided the overall
data regarding variceal rebleeding. The meta-analysis demon-
strated that the covered TIPS group had a significantly lower risk
of variceal rebleeding than the drug plus endoscopic therapy
group (OR=0.24, 95% CI=0.12-0.46, P<0.0001) (Fig. 3B).
The heterogeneity among studies was not statistically significant
(I?=3%, P=0.36).

3.5. Hepatic encephalopathy

All of the 3 randomized controlled trials provided the cumulative
data regarding the rate of being free of hepatic encephalopathy.
The meta-analysis demonstrated that the covered TIPS group had
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a statistically similar rate of being free of hepatic encephalopathy
as compared to the drug plus endoscopic therapy group (HR =
1.35,95% CI=0.72-2.53, P=0.36) (Fig. 4A). The heterogeneity
among studies was statistically significant (I*=53%, P=0.12).

Two of the 3 randomized controlled trials provided the overall
data regarding hepatic encephalopathy. The meta-analysis
demonstrated that the covered TIPS group had a statistically
similar rate of hepatic encephalopathy as compared to the drug
plus endoscopic therapy group (OR=1.28, 95% CI=0.54-3.04,
P=0.57) (Fig. 4B). The heterogeneity among studies was not
statistically significant (I*=35%, P=0.21).

4. Discussion

Previous meta-analyses had extensively evaluated the role of TIPS
versus endoscopic treatment for the prevention of variceal
rebleeding in liver cirrhosis. Before explaining our findings, their
data should be fully reviewed. In 1999, Luca et al™ conducted a
meta-analysis of 11 randomized controlled trials involving 750
patients and found that TIPS significantly reduced the risk of
variceal rebleeding (pooled difference: —=31%, [95% CI: =39% to
-23%]), but significantly increased the risk of hepatic encepha-
lopathy (pooled difference: +16%, [95% CI: +10% to +22%])
without any significant changes in death due to all causes (pooled
difference: +2%, [95% CI: =4% to +9%]) or bleeding (pooled
difference: =5%, [95% CI: =11% to +6%]). In the same year,
Papatheodoridis et al'®! also conducted a meta-analysis of 11
randomized controlled trials involving 811 patients and found
that the endoscopic therapy group had a significantly higher
incidence of variceal rebleeding (OR=3.8, [95% CI: 2.8-5.2]), a
similar mortality (OR=0.97, [95% CI: 0.71-1.34]), and a
significantly lower incidence of post-treatment encephalopathy
(OR=0.43, [95% CI: 0.71-1.34]) than the TIPS group. In 2002,
Burroughs and Vangelil®! conducted an updated meta-analysis of
13 randomized controlled trials involving 948 patients and found
that TIPS did not have any significant survival benefits (OR =
0.875, [95% CI: 0.65-1.17]), but had a significant reduction in
rebleeding (OR=3.28, [95% CI: 2.28-4.72]) and a significant
increase in hepatic encephalopathy (OR=0.48, [95% CI:
0.34-0.67]). In 2008, Zheng et al'*®! conducted a meta-analysis
of 12 randomized controlled trials involving 883 patients and
found that TIPS significantly decreased the incidence of variceal
rebleeding (OR=0.32, [95% CI: 0.24-0.43]) and deaths due to
rebleeding (OR=0.35, [95% CI: 0.18-0.67], but significantly
increased the rate of post-treatment encephalopathy (OR=2.21,
[95% CI: 1.61-3.03]) and had a similar incidence of all-cause
deaths (OR=1.17, [95% CI: 0.85-1.61]). Collectively, all of
them had a similar conclusion that TIPS did decrease the
incidence of variceal rebleeding, but increased the incidence of
hepatic encephalopathy without any survival benefits. On the
basis of the fact, TIPS should be considered after drug and
endoscopic therapy failed. Several characteristics of previous
meta-analyses should also be emphasized. First, in the first 2
meta-analyses by Luca and Papatheodoridis,**! all the included
randomized controlled trials were published between 1995 and
1998. In the latter 2 meta-analyses by Burroughs and Vangeli!®
and Zheng et al,'"”! all the included randomized controlled trials
were published between 1995 and 2002. Second, in nearly half of
the randomized controlled trials included in the 4 previous meta-
analyses, the control group was endoscopic sclerotherapy
alone?***! or in combination with propranolol.?! This was
largely inconsistent with the current practice guideline recom-
mendation that endoscopic variceal ligation, rather than
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Figure 2. Forest plots comparing the overall survival between covered TIPS and drug plus endoscopic therapy groups. The hazard ratio for the overall survival (A)
and the odds ratio for mortality (B) were calculated. TIPS = transjugular intrahepatic portosystemic shunt.

sclerotherapy, should be considered. Third, only bare stents were
employed for TIPS procedures in the 4 previous meta-analyses.

To the best of our knowledge, our study is the first meta-
analysis regarding TIPS for the secondary prophylaxis of variceal
bleeding in the era of covered stents. In line with previous meta-
analyses,* ™! we found that covered TIPS significantly
decreased the incidence of variceal rebleeding without any
remarkable effect on overall survival. Contrarily, we found that
covered TIPS did not significantly increase the incidence of
hepatic encephalopathy. These findings might influence the future
treatment algorithm for the secondary prophylaxis of variceal
bleeding in liver cirrhosis.

Undoubtedly, HVPG-guided treatment is a more reasonable
choice for the control group in the randomized controlled trial by
Sauerbruch et al."® In the control group, the decision to undergo
endoscopic therapy after the use of nonselective beta blockers
was made according to the HVPG response. In detail, the
responders continued nonselective beta blockers, but the non-
responders were switched to endoscopic therapy. However, this
needed to be re-considered based on the several pieces of
evidence. First, in an early study by Bureau et al*”!, 34 cirrhotic

patients who received propranolol for the prevention of first
bleeding or rebleeding were evaluated by serial HVPG measure-
ments. In the first follow-up HVPG measurement, the responders
continued propranolol alone, but the nonresponders received the
combination therapy of propranolol and isosorbide-5 mono-
nitrate. In the second follow-up HVPG measurement, the
responders continued drug therapy, but the nonresponders
underwent endoscopic variceal ligation. They found that the
hemodynamic response to drug, but not additional endoscopic
variceal ligation in nonresponders, was an independent predictor
for the risk of variceal bleeding. Second, in a randomized
controlled trial by Garcia-Pagan et al'*®!, 158 cirrhotic patients
were assigned to nadolol plus isosorbide-5-mononitrate alone or
in combination with endoscopic band ligation for the prevention
of variceal rebleeding, and 135 of them had repeat HVPG
measurements during follow-up. In the nonresponders, the
cumulative risk of rebleeding was similar between the 2 groups.
Third, in a recent study by Reiberger et al®”!, 104 cirrhotic
patients who received propranolol for the prevention of the first
variceal bleeding were evaluated by serial HVPG measurements.
In the first follow-up HVPG measurement, the responders
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Favours [Covered TIPS] Favours [Endoscopy+Drug]

Figure 3. Forest plots comparing the variceal rebleeding between covered TIPS and drug plus endoscopic therapy groups. The hazard ratio for the risk of being
free of variceal rebleeding (A) and the odds ratio for the risk of variceal rebleeding (B) were calculated. TIPS = transjugular intrahepatic portosystemic shunt.
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Figure 4. Forest plots comparing the hepatic encephalopathy between covered TIPS and drug plus endoscopic therapy groups. The hazard ratio for the risk of
being free of hepatic encephalopathy (A) and the odds ratio for the risk of hepatic encephalopathy (B) were calculated. TIPS = transjugular intrahepatic

portosystemic shunt.

continued propranolol, but the nonresponders were switched to
carvedilol. In the second follow-up HVPG measurement, the
responders continued drug therapy, but the nonresponders were
switched to endoscopic variceal ligation. They found that the risk
of variceal rebleeding, hepatic decompensation, and mortality
were significantly lower in the responders to drug therapy than
the nonresponders who were switched to endoscopic variceal
ligation. Taken together, additional endoscopic therapy might
not be given in the nonresponders to drug therapy. Instead, in the
future trial design, if TIPS was directly added in the non-
responders to drug therapy, the results would be more valuable.

Major strengths should be as follows: (1) only randomized
controlled trials were included in our meta-analysis; (2) the risk of
bias was relatively low in the 3 included randomized controlled
trials; (3) only random-effect models were employed; (4) both
HRs and ORs were calculated to confirm the effect of covered
TIPS; and (5) the heterogeneity among studies was rarely
observed. Several limitations should also be clarified: (1) the
number of relevant randomized controlled trials was relatively
small; (2) the study population was not completely homogeneous
among studies; (3) the brands of covered stents for TIPS
procedures were heterogeneous among studies; (4) the treatment
strategy in the control group was different among studies; and (5)
a randomized controlled trial by Luo et al''”! was registered after
the patient enrollment.

In conclusion, covered TIPS decreased the development of
variceal rebleeding without any significant increase in the
development of hepatic encephalopathy and with similar overall
survival. Whether the use of covered stents for TIPS will
revolutionize the strategy of secondary prophylaxis of variceal
bleeding in liver cirrhosis should be further explored by more
well-designed clinical trials.
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