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ABSTRACT

Background: Refractory ascites is a severe complication of liver cirrhosis and treatment options consist
in large volume paracentesis, transjugular intrahepatic portosystemic shunt, alfapump®, peritoneovenous
shunt and permanent indwelling peritoneal catheter.
Aim: Our aim was to assess the efficacy, mortality and complications of each treatment.
Methods: We performed a systematic review using Pubmed and Embase. Frequencies were summarized
with Comprehensive Meta-Analysis Software.
Results: Seventy-seven studies were included. In patients with transjugular intrahepatic portosystemic
shunt, 1-year mortality was 33% (95% CI 0.29-0.39, 1°=82.1; 2 = 0.37; p<0.001) with lower mortality
in newer studies (26% vs. 44%). At 6 months, mortality in patients with alfapump® was 24% (95% CI
0.16-0.33, 12=0.00; 72 = 0.00; p = 0.83), 31% developed acute kidney injury (95% CI 0.18-0.48, 12=44.0;
72 = 0.22; p = 0.15). Mortality at 12 months was 44% (95% CI 32%-58%, 12°=76.7, T2 = 0.44, p<0.001)
in peritoneovenous shunts and 45% (95% Cl 38%-53%, 12=61.4, T2 = 0.18, p = 0.003) in large volume
paracentesis, respectively. Overall mortality in patients with permanent indwelling catheters was 66%
(95% CI 33%-89%, 12°=82.5, T2 = 1.57, p = 0.001).
Discussion:  Mortality in patients with transjugular intrahepatic portosystemic shunt was lower in
newer studies, probably due to a better patient selection. Acute kidney injury was frequent in pa-
tients with alfapump®. Permanent indwelling catheters seemed to be a good option in a palliative
setting.
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1. Introduction

in preventing paracentesis-induced circulatory dysfunction (PICD),
which is the main complication of LVP [2].

Refractory ascites (RA) is a severe condition in liver cirrhosis
predisposing to complications such as hepatic encephalopathy (HE)
and is associated with poor survival [1]. The therapy of RA con-
sists in large volume paracentesis (LVP) with albumin substitu-
tion [2], transjugular intrahepatic portosystemic shunt (TIPS) [3-7],
automated low-flow ascites pump (alfapump®) [8], peritoneove-
nous shunt (PVS) [9] and permanent indwelling peritoneal catheter
(PIPC) [10,11]. However, liver transplantation (OLT) [12] remains
the best long-term curative option. Currently, LVP and albumin is
the first line therapy of RA. The substitution of albumin is essential
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There is evidence that LVP is inferior to TIPS concerning survival
in selected patients [3,7]. Selection criteria is essential, as patients
with low platelet count and low hemoglobin might develop early
liver failure [13]. A drawback of TIPS is the higher risk of develop-
ing HE [3-7].

For patients not qualifying for TIPS, alfapump® is a bridging op-
tion to OLT. Alfapump® is effective in treating RA, but up to 30%
of patients develop acute kidney injury (AKI) and infections are
quite frequent [8,14]. PIPC is used in a palliative setting when am-
bulant treatment is preferred against frequent LVP at the hospital
[10,11]. However, the development of spontaneous bacterial peri-
tonitis (SBP) is a major drawback of PIPC [10,11]. PVS plays a minor
role in the treatment of refractory ascites due to a higher risk of
disseminated intravascular coagulation (DIC), sepsis and heart fail-
ure [13].
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There is a growing number of observational studies reflecting
the real-life efficacy and complication rate. The aim of this study
was to provide an update on the treatment of RA in liver cirrhosis
by assessing the efficacy, mortality and complications of the differ-
ent treatment options.

2. Methods
2.1. Search strategy and eligibility criteria

The design and execution of this systematic review was adapted
according to MOOSE [15] and PRISMA [16] guidelines. The study
protocol stated eligibility criteria, information sources, search strat-
egy and data collection process in advance.

Eligibility criteria were defined as recommended by the SPI-
DER tool [17]. Only studies referring to patients with refractory
ascites caused by liver cirrhosis as defined by current guidelines
were included [12]. We included RCTs, prospective clinical trials,
observational cohorts and case-control studies investigating the
following treatment modalities: LVP with albumin substitution,
TIPS, alfapump®, PIPC and PVS. We excluded OLT as it is not
strictly a therapy for RA. For a study to be included, it had to
report the frequency of at least one of the following: need for LVP,
mortality or complications.

The search was performed on Medline and Embase. The last
search was conducted on November 12, 2019. A search strategy
was documented in advance. Search terms were “refractory as-
cites”, “liver cirrhosis” and the treatment, i.e. “LVP and albumin”,
“TIPS”, “alfapump®”, “PIPC” and “PVS”. The search was conducted
by VW and studies were selected for further analysis by apply-
ing the criteria mentioned above. Whenever there was incertitude
about the inclusion of a study, SGR was consulted.

Case reports, patients with RA due to other causes than liver
cirrhosis (e.g. malignant ascites), patients treated for other indica-
tions than RA (e.g. TIPS for variceal bleeding), studies with a follow
up shorter than 3 months (except for PIPC) and studies with less
than five patients were excluded. Whenever a study cohort con-
tained several indications for treatment or different etiologies of
RA, the author of the study was asked for specific data. Only En-
glish or German articles were included, articles in other languages
were considered if they had an English abstract. We also included
abstracts if they included enough data to fulfill the criteria. If study
cohorts from the same center overlapped, only the most recent co-
hort was analyzed. All authors of the newer studies up to 2010
were asked for more detailed information by mail in case there
was missing data.

2.2. Data collection

Data collection was carried out systematically and included year
of publication, number of patients, study type, follow up period,
study population characteristics such as age, distribution of gen-
der, etiology of cirrhosis, MELD score and Child-Pugh score, need
for LVP, incidence of complications and mortality. Whenever pos-
sible, information was collected for a 12-month period after the
intervention.

Depending on the treatment option, different complications
were brought into focus. As for TIPS, we analyzed HE. AKI and in-
fections were analyzed for alfapump®, SBP for PIPC, DIC and infec-
tions for PVS and infections, SBP, AKI and HE for LVP respectively.

2.3. Assessment of study quality
As we expected most of the studies to be observational, all

studies included for data extraction were rated by a modified New-
castle Ottawa Scale simultaneously to data extraction [18].
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2.4. Statistical analysis

Statistical analysis was performed with Comprehensive Meta-
Analysis Software (CMA), Version 3.3.070, Biostat, Englewood, USA.
Binary data were expressed as event rate with 95% confidence in-
terval (95% CI) and summarized by random effects model. The re-
sults were displayed in forest plots. It was only possible to sum-
marize continuous variables, if they were reported as mean and
standard deviation (SD), continuous variables reported as median
and interquartile range had to be excluded. The follow up periods
differed substantially. To form comparable groups, studies were di-
vided in subgroups according to their follow up period. As there
were numerous TIPS studies, we performed a subgroup analysis
comparing older (1993-2006) versus newer studies (2010-2019).
In addition, we calculated the median Child-Pugh score of patients
included in these studies and compared patients with Child-Pugh
score below and above the median (respectively Child-Pugh score
<9.3 vs. >9.3).

Heterogeneity between studies was assessed with 12 and 7 [2].
A value of I2 >50% was considered as substantial heterogeneity be-
tween studies and a value >75% as considerable heterogeneity. Sig-
nificance was defined as p-value < 0.05.

3. Results
3.1. Study selection

On Medline and Embase, 983 and 551 were screened for
eligibility, respectively. After the exclusion of duplicates, 166
studies were considered for inclusion. Eighty-nine studies were
excluded for various reasons (Supp. Fig. 1). In total, 77 studies
were included.

3.2. TIPS

Forty-seven studies [19-65] reported the outcome of pa-
tients with TIPS, baseline characteristics are summarized in Supp.
Tables 1 and 2. MELD scores were only indicated in newer studies
and ranged from 11 to 17, the summarized average MELD score was
13.4 (95% CI 12.5-14.2). Child-Pugh scores were within 8-11 and
the average Child-Pugh score was 9.3 (95% Cl 9.06-9.54). If only
newer studies were considered, the Child-Pugh score was lower
and averaged 8.8 (95% CI 8.5 - 9.2).

LVP was needed in 27% of patients during follow up at around
12 months (95% CI 21%—35%, 12=82.2, 72 = 0.48, p<0.001).

Mortality at 12 months was indicated or could be estimated
in 36 out of 47 studies (Supp. Tables 3 and 4). The pooled pro-
portion of mortality at 12 months was 33% (95% Cl 29%—39%)
with significant heterogeneity among studies (12=82.1, 72 = 0.37,
p<0.001). The mortality at 12 months was 26% in newer (95% CI
22%-31%, 12=75.2, T2 = 0.20, p<0.001) (Fig. 1) versus 44% in older
studies (95% CI 35%—53%, 12=79.8, T2 = 0.43, p<0.001) (Fig. 2).
Mortality rate at 12 months and Child-Pugh score were available
in 19 studies, which were included in the subgroup analysis
based on liver function. Average mortality rate was 20% (95% CI
14%—28%, 12=72.0, T2 = 0.28, p = 0.000) in the subgroup with
less severe liver dysfunction (Child-Pugh score < 9.3 points) and
41% (95% ClI 30%—53%, 12=84.6, T2 = 0.45, p = 0.000) in the sub-
group with worse liver function (Child-Pugh score > 9.3 points),
respectively.

Thirty-four studies reported the rate of HE and on average,
40% of patients with TIPS developed HE during follow up (95%
Cl 35%—46%, 12=81.6, T2 = 0.37, p<0.001), but the follow up pe-
riod and the assessment of HE differed throughout the studies.
Sometimes only overt HE was assessed, whereas other studies in-
vestigated HE with specific tests. If only studies with a follow up
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Study (n) Follow up (months)
Miraglia, 2019 45 12
Trebicka, 2019 107 12
Dissegna, 2019 33 12
Gunn, 2018 187 12
Bucsics, 2018 140 12
Bureau, 2017b° 29 12
Miraglia, 2017 171 12
Saleem, 2016 32 12
Grunwald, 2016 80 12
Tan, 2015 136 12
Bercu, 2015 92 12
Gaba, 2015 70 12
Parvinian, 2014 80 12
Taki, 2014 47 12
Kim, 2014 84 12
Hamel, 2014 11 12
Parker, 2013 24 12
Lodato, 2012 73 12
Riggio, 2010 24 12

Random effects model: 0.26 (0.22 - 0.31)
Heterogeneity: [2=75.2; 12=0.20; p<0.001

Rate Lower and higher limit

0.22 0.12-0.36 0
0.38 0.29-0.48 -+
0.15 0.06 - 0.31 0
0.34* 0.28-0.41 O
0.36 0.28-0.44 O
0.07 0.02-0.24 0—
0.31 0.25-0.38 o
0.18 0.08-0.35 o—
0.19 0.12-0.29 O
0.13 0.08-0.20 [m3
0.21** 0.14-0.31 O
0.34** 0.24-0.46 o
0.33 0.24-0.44 -0
0.24** 0.14-0.38 -0
0.51** 0.40 - 0.61 -+
0.24 0.17-0.33 Eng
0.35* 0.19-0.55 —0—r
0.18 0.11-0.29 0
0.13 0.04-0.33 04—

>

0.00 0.50 1.00

“also recurrent ascites. *estimated by 1-year overall survival. **estimated by cumulative 1-year survival.

Fig. 1. Mortality at 12 months in patients with transjugular intrahepatic shunt (TIPS) from 2010 to 2019.

Study (n) Follow up (months)
Hamrod-Kim, 2006 99 12
Membreno, 2005 62 12
Maleux, 2004 28 12
Alessandria, 2004 48 12
Salerno, 2004 3 12
Ter Borg, 2004 24 12
Thuluvath, 2003 65 12
Russo, 2002 34 12
Gines, 2002 35 12
Niangova, 2001 56 12
Réssle, 2000° 29 12
Deschénes, 1999 53 12
Williams, 1998 15 12
Martinet, 1997 30 12
Nazarian, 1997 50 12
Crenshaw, 1996 54 12
Lebrec, 1996 13 12

Random effects model: 0.44 (0.35 - 0.53)
Heterogeneity: 12=79.8; 12=0.43; p<0.001

Rate Lower and higher limit

0.16 0.10-0.25 O
0.67** 0.54-0.78 ==
0.32 0.18-0.51
0.17* 0.09-0.30 0
0.23*** 0.12-0.40 ==
0.46 0.28 - 0.66
0.51 0.39-0.63
0.42 0.27-0.59
0.59** 042-0.74
0.36* 0.25-0.49
0.31*** 0.17-0.50
0.52** 0.39-0.65
0.54** 0.30-0.76
0.59** 041-0.75
0.58 044-0.71
0.52** 0.39-0.65
0.69 0.41-0.88
0.00 0.50 1.00

“also recurrent ascites. *estimated by 1-year overall survival. **estimated by cumulative 1-year survival. *** estimated by 1-year transplant-free survival.

Fig. 2. Mortality at 12 months in patients with transjugular intrahepatic shunt (TIPS) from 1993 to 2006.

around 12 months were considered, the occurrence of HE was 36%
(95% Cl 28%—45%, 12=84.3, 2 = 0.46, p<0.001) (Supp. Fig. 2). If
only newer studies were considered, the rate of HE was lower
(30%, 95%CI 21%—42%, 12=88.4, T2 = 0.51, p<0.001) than in older
studies (45%, 95% CI 31%—60%, 12=76.8, T2 = 0.50, p<0.001). Sub-
group analysis of HE by liver function was not possible, as there
was not enough data available. In studies with a follow up pe-
riod up to 60 months, 47% of patients were affected by HE (95%
Cl 37%—58%, 12=86.7, T2 = 0.44, p<0.001).

3.3. Alfapump®

In a period from 2013 to 2018, 6 studies [66-71] were published
on alfapump®. Baseline characteristics are displayed in supp.
Table 5. MELD scores were between 11 and 16 and Child-Pugh
scores between 8 and 10. The average MELD score was 13.4 (95% CI
12.1-14.7) and the average Child-Pugh score 8.8 (95% CI 8.3-9.3),
respectively. Data was predominantly available up to six months,
thereby the meta-analysis was performed for this time point.
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Study (n) Follow up (months)
Solbach, 2018 21 5.1(2.7-9.4)*
Bureau, 2017a 27 5.8 (x2)**

Thomas, 2015 10 55(0.8-12.6)+

Bellot, 2013 40 4.1 (£1.9)*

Random effects model: 0.24 (0.16 — 0.33)
Heterogeneity: 12=0.00; t2=0.00; p=0.83

Rate Lower and higher limit
0.29 0.14 - 0.51 1H
0.22 0.10 - 0.41 {1}
0.30 0.10 - 0.62 -+
0.20 0.10-0.35 (g

L 4

1.00

*indicated as interquartile range. **indicated as tstandard deviation. +indicated as range between lower and higher limit.

Fig. 3. Mortality at 6 months in patients with alfapump®.

At six months, 41% of alfapump® patients required at least once
LVP (95% CI 29%—54%, 12=53.7, T2 = 0.18, p = 0.07).

All studies indicated mortality, four of which with a follow up
around six months (Supp. Table 6). Mortality around six months
was 24% (95% Cl 16%—33%) with low heterogeneity (12=0.00,
72 = 0.00, p = 0.83) (Fig. 3).

Overall AKI rate was 36% (95% Cl 21%—56%, 12=59.0, 72 = 0.42,
p = 0.045) and 31% (95% CI 18%—48%, ?=44.0, T2 = 0.22, p = 0.15)
(Supp. Fig. 3) in a time-averaged analysis around six months, re-
spectively.

Referring to all studies, the infection rate was 41% (95% CI
27%—57%, 12=69.1; 72 = 0.41; p = 0.01). If the analysis was lim-
ited to studies reporting infection rate at 6 months, the frequency
was 44% (95% Cl 28%—61%, 12=59.9, 72 = 0.29, p = 0.06) (Supp.
Fig. 4). The most common infections were urinary tract infection
(UTI), bacterial peritonitis, wound site infection and sepsis. The
frequency reported for spontaneous bacterial peritonitis or device-
related peritonitis ranged from 30% to 52% [66,68,70], for urinary
tract infection (UTI) 7.5%-50% [68,70], for wound site infection
10%—20% [69,70] and 10%—17.5% for sepsis [68,70], respectively.

3.4. PVS

Fourteen studies [72-85] reported the outcome of patients with
PVS. Baseline characteristics are found in Supp. Table 7. The studies
differed in terms of which shunt system they used: LeVeen shunts
[74-77], saphenoperitoneal shunts [82-84], Denver shunts [78-81],
unclear [73,85] or more than one option [72]. MELD score was only
reported in one study [81] and Child-Pugh scores in three studies
[74,76,82].

Four studies indicated a requirement for LVP at around 12
months of 27% (95% Cl 20%—44%, 12=82.3, 12 = 0.65, p<0.001). In
studies with a follow up period between 15 and 60 months, the
need for paracentesis was distributed heterogeneously (12=89.0;
72 = 0.87; p<0.001) and ranged from 12% to 59%.

Nine studies indicated mortality around 12 months after in-
sertion (Supp. Table 8). The pooled proportion was 44% (95% CI
32%—58%, 12=76.7, T> = 0.44, p<0.001) (Fig. 4). In studies with
a follow up period up to 48 months, mortality was 55% (95% CI
46%—64%, 12=314, T2 = 0.05, p = 0.21).

As for complications, 6% of all patients with PVS developed
DIC during hospitalization (95% CI 4%—11%, 12=0.00, 2 = 0.00,
p = 0.73) (Supp. Fig. 5). Overall, 16% had at least one infection (95%
Cl 10%—26%, 12=74.4; T2 = 0.57; p<0.001) (Supp. Fig. 6). At around
12 months, 15% of patients with PVS were affected by an infection
(95% CI 7%—-30%, 1’=71.1, T2 = 0.70, p = 0.004).

3.5. PIPC

Five studies [86-90] published results concerning PIPC. Baseline
characteristics are shown in supp. Table 9. Three studies reported
MELD scores, these were high and ranged from 16 to 17 [86-88].

There was no need for LVP reported. Follow up periods ranged
from 1 to 4 months and overall mortality in four studies in this
period was 66% (95% CI 33%—89%, 1?=82.5, T2 = 1.57, p = 0.001)
(Supp. Table 10 and supp. Fig. 7). Reinglas et al. [88] exhibited a
very low mortality (27%) compared to the other studies. If Reinglas
et al. [88] was excluded from analysis, the mortality rate was 76%
(95% Cl 61%—87%, 12=0.00; 72 = 0.00; p = 0.60).

SBP developed in 15% of patients with PIPC in the follow up pe-
riod (95% CI 6%—32%, 12=76.8, T2 = 0.80, p = 0.002) (Fig. 5). Con-
trary to mortality, the rate of SBP was proportionally high in Rein-
glas et al. [88]. In a separate analysis without Reinglas et al. [88],
the rate of SBP was lower (10%, 95% CI 7%—15%, 12=0.00, T2 = 0.00,
p = 0.84).

3.6. LVP

LVP studies were mainly RCTs comparing new treatment op-
tions to standard of care procedure. In total, we included 15 stud-
ies [27,41,46,48,50,58,64,65,71,74,76,91-94]. Baseline characteris-
tics are found in supp. Table 11. MELD scores ranged from 11 to 20
and Child-Pugh scores from 8 to 11. Eight studies indicated MELD
scores with SD, the summarized score averaged 14.3 (95% CI 11.5-
17). Child-Pugh score and SD were reported in 12 studies. The es-
timated Child-Pugh score average was 9.2 (95% CI 8.9-9.4).

Mortality around 12 months was estimated by summarizing 12
studies (Supp. Table 12) and was 45% (95% CI 38%—53%, 12=61.4,
72 = 0.18, p = 0.003) (Supp. Fig. 8). Overall, 33% developed HE
(95% Cl 25%—42%, 12°=73.9; 2 = 0.36; p<0.001). If only stud-
ies with a follow up period around 12 months were considered,
the rate of HE was 40% (95% Cl 30%—52%, 12°=71.2, 2 = 0.29,
p = 0.002).

As for other complications, only a few studies indicated the fre-
quency and the follow up period was widely distributed. Infections
developed in 22% of patients in a follow period between 6 and 24
months (95% CI 17%—28%, 12=0.00, T2 = 0.00, p = 0.57). SBP was
diagnosed in 10% in a follow up period between 11 and 50 months
(95% CI 5%—17%, 12=379, T2 = 0.18, p = 0.19).

4. Discussion

The aim of this study was to provide a synopsis of current data
about the treatment of RA. There is an increasing amount of ob-
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Study (n) Follow up (months)
Ayllon, 2019° 5 12
Won, 2008°° 36 12
Chen, 2005°°*° 16 12
Deen, 2001°°°° 10 12
Vadeyar, 1999°°°° 8 12
Zervos, 1997 48 12
Gines, 1995* 39 12
Hillaire, 1993* 56 12
Smadja, 1985* 140 12

Random effects model: 0.44 (0.32 — 0.58)
Heterogeneity: 12=76.7; 12=0.44; p<0.001

Rate Lower and higher limit
0.00 0.005 - 0.62 e
0.77+ - 0.61-0.88 T}k
0.13 0.03-0.39 04—
0.45 0.19-0.74 —{—
0.38 0.13-0.72 —{—
0.67 0.53 -0.79 -
0.43 0.29 - 0.59 -1
0.33+ - 0.22-046 O
0.39 0.31 -0.47 i
-

°Denver shunt and saphenoperitoneal shunt. °°Denver shunt. °°*°saphenoperitoneal shunt. *LeVeen Shunt.

+estimated by cumulative 1-year survival.

Fig. 4. Mortality at 12 months in patients with peritoneovenous shunts.

Study (n) Follow up (months)
Macken, 2017 1 1(0-7)"
Solbach, 2017 24 3 (£2)*
Reinglas, 2016 33 4(2-6)*
Kathpalia, 2015 200 <1

Kundu, 2012 12 4

Random effects model: 0.15 (0.06 — 0.32)
Heterogeneity: 1°=76.8; ©2=0.80; p=0.002

Rate  Lower and higher limit

0.00 0.004 - 0.54 b—

0.08 0.02-0.28

0.38 0.23-0.55 I

0.10 0.07 -0.15 (|

0.17 0.04 - 0.48 10—
>

0.00 050 1.00

*indicated as interquartile range. **indicated as tstandard deviation.

Fig. 5. Spontaneous bacterial peritonitis in patients with permanent indwelling peritoneal catheters.

servational studies assessing mortality and frequency of complica-
tions.

TIPS has been shown to be effective in the treatment of RA,
but there is still uncertainty regarding its impact on survival. Some
meta-analyses showed a trend towards better survival [6], oth-
ers significantly better survival [3,7] or no impact on survival
[4,5] as compared to LVP. However, these meta-analyses included
older RCTs with bare stents. More recent studies reported a sur-
vival benefit in patients with TIPS compared to patients with LVP
[25,27,64,65]. In our study, patients with TIPS had a lower 12-
month mortality rate compared to patients with LVP (33% versus
45%); however, the MELD score was slightly higher in patients with
LVP than in patients with TIPS.

Mortality seemed to be lower in patients with TIPS in newer
studies (44% versus 26% in older studies). We assumed that sev-
eral factors contributed to the lower mortality in recent studies. As
previously highlighted by Tan et al. [25], the improvement in sur-
vival may not result from covered stents alone, but merely reflects
a new era in the management of patients with TIPS due to a better
patient selection. Several factors associated negatively with post-
TIPS survival were identified such as age >65 years [50,64], low al-
bumin [64], functional disability or sarcopenia [24,95], low GFR or
high creatinine [20,29,32,38,47,56], high bilirubin [32,50,56], low
platelet count [32], low sodium [50] and high MELD score [35].
The effect of patient selection was also reflected in our subgroup

analysis, in which the mortality was lower in patients with lower
Child-Pugh score (20% in Child-Pugh < 9.3 versus 41% in patients
with Child-Pugh score > 9.3 points). Improvements in patient se-
lection might also have led to lower rates of HE in patients with
TIPS as the rate of HE in newer studies was lower than in older
studies (30% versus 45% at 12 months) and was similar when com-
pared to patients with LVP (40%).

Compared to TIPS, alfapump® is a relatively new method and
a first systematic review has recently been published [8]. Our es-
timate of the rate of AKI was similar (31%) compared to Lepida
et al. [8] (30%) and is probably higher than in patients with LVP
as shown in Bureau et al. [71] Interestingly, the most recent and
solely real-life study [66] did not report any occurrence of AKI,
even though the amount of ascites mobilized per day was sim-
ilar to other studies [69,70]. Additionally, Solbach et al. [66] re-
ported no decrease of albumin contrary to other studies [67,70],
even though albumin infusions were not administered. One would
expect that the prevention of low intravascular volume by lower-
ing the daily mobilization of ascites or the substitution of albumin
might be necessary to impede the occurrence of AKI, as it has been
proposed that alfapump® might mimic the PICD. [68] Besides re-
nal complications, infections were frequent (44% at six months).
However, the only published RCT [71] did not report a higher risk
for infection in patients with alfapump® versus LVP. The most fre-
quent types of infection were bacterial peritonitis, UTI, sepsis and
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Fig. 6. Overview of mortality in all treatment options.

surgical site infections. However, we could not estimate the fre-
quency of each infection due to differences in reporting. The mor-
tality rate was 24% at 6 months in our study and is probably within
a similar range as in patients treated with LVP, which had already
been shown by Bureau et al. [71].

PVS has become less important over the last years, mainly due
to poor long-term patency and severe complications such as vol-
ume overload, DIC and heart failure [13]. Our estimated mortality
rate at 12 months was around 44%. The incidence of DIC, which
had led to a restriction of the use of PVS, was 6% during hospi-
talization in our study. It had been reported that DIC and other
complications such as volume overload may be prevented by evac-
uating ascites before the insertion of the shunt [85]. Addition-
ally, these complications have not been reported in the most re-
cent studies using saphenoperitoneal shunts [82-84]. These results
should be interpreted, nevertheless, cautiously because most stud-
ies did not indicate the MELD or Child Pugh scores of their study
population. Moreover, there are several different treatment modal-
ities such as Denver shunt, LeVeen shunt and saphenoperitoneal
shunt and diverse settings in which these shunts were used.

End of life care has gained importance in all fields of medicine
and treatment with PIPC in the setting of liver cirrhosis has been
brought into the focus of hepatologists [10]. PIPC alleviates strain-
ing symptoms such as abdominal distension without the need for
regular hospitalizations for paracentesis [10]. As expected in a pal-
liative setting, the mortality was high and averaged 66% in a fol-
low up between 1 and 4 months. Reinglas et al. [88] exhibited a
broad range of MELD scores at baseline (17, interquartile range 8-
31) and a very low mortality (27%), so we assumed that patients
were not treated in a palliative setting. Contrary to the relatively
low estimated SBP rate in the other studies (around 10%), a high
SBP rate (38%) was observed in Reinglas et al. [88], but authors
reported that the first infection did not occur until 30 days after
the insertion of PIPC. As a consequence of the high mortality in a
palliative setting such as in Macken, et al. [86], the follow up of
these patients was rarely longer than one month and therefore the
risk of SBP was tolerably low. Therefore, even if PIPC was associ-
ated with a high risk of SBP in a long-term follow-up, it might be
a safe method in end of life care of patients with a probable dura-
tion of life of a few months.

An issue marginally addressed in all treatment options was the
quality of life. Three studies [46,71,72] performed a systematical
assessment, others used surrogate markers such as hospitalization
rate. Beneath mortality and complication rate, quality of life is an
important endpoint that should be investigated in future studies.

There are several limitations of this review. First, due to the ob-
servational nature of the studies, we estimated frequencies in all

treatment options and aimed to compare them. This approach al-
lowed for a rough estimate, but is certainly not as valid as a di-
rect comparison. Second, we did not estimate time-dependent vari-
ables such as hazard-ratio, which would be a more suitable ap-
proach, but was not possible with most of the observational stud-
ies. We tried to approximate to a time-dependent analysis by form-
ing subgroups according to their follow up period. Third, there was
considerable heterogeneity in almost all analyses. There were dif-
ferences in baseline characteristics such as liver function, medical
care in the follow-up and discrepancies in the assessment of com-
plications.

In conclusion, our results suggest that TIPS, particularly in more
recent studies, revealed lower mortality and HE rates as compared
to other treatment modalities for RA, probably due to a matured
patient selection (see Fig. 6). AKI and infections were still fre-
quent problems after the implantation of alfapump®. Although PVS
played only a minor role in the last few years, recent studies indi-
cated lower rates of major perioperative complications such as DIC.
As for PIPC, the SBP rate was low when used in an end of life set-
ting and it might be a safe method to alleviate symptoms due to
RA. Our results highlight the importance of treatment allocation
depending on the patient’s individual characteristics and the over-
all situation, but also that RA still has a poor prognosis and the
only curative option is liver transplantation.

Declaration of Competing Interest

None declared.

Acknowledgments

The authors would like to thank the following authors of stud-
ies included in the present systematic review and meta-analysis,
who provided additional data: Oliviero Riggio, Lorenzo Ridola,
Roberto Miraglia, Luigi Maruzelli, Florence Wong, Pierluigi Toni-
utto, Jonel Trebicka, Sumita Verma, Antonino Tuttolomondo, Luca
Rinaldi, Agnete Nordheim Riedel, Rajiv Jalan, Gijs Klarenbeek,
Thomas Reiberger, Theresa Bucsics.

The authors thank Prof. Jaime Bosch for his kind support.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.d1d.2021.12.007.

References

[1] Zhao R, Lu ], Shi Y, et al. Current management of refractory ascites in patients
with cirrhosis. ] Int Med Res 2018;46:1138-45.


https://doi.org/10.1016/j.dld.2021.12.007
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0001

ARTICLE IN PRESS

JID: YDLD
V. Will, S.G. Rodrigues and A. Berzigotti

[2] Bernardi M, Caraceni P, Navickis RJ, et al. Albumin infusion in patients under-
going large-volume paracentesis: a meta-analysis of randomized trials. Hepa-
tology 2012;55:1172-81.

[3] Bai M, Qi XS, Yang ZP, et al. TIPS improves liver transplantation-free survival
in cirrhotic patients with refractory ascites: an updated meta-analysis. World ]
Gastroenterol 2014;20:2704-14.

[4] Albillos A, Bafiares R, Gonzalez M, et al. A meta-analysis of transjugular intra-
hepatic portosystemic shunt versus paracentesis for refractory ascites. ] Hepa-
tol 2005;43:990-6.

[5] Deltenre P, Mathurin P, Dharancy S, et al. Transjugular intrahepatic portosys-
temic shunt in refractory ascites: a meta-analysis. Liver Int 2005;25:349-56.

[6] D’Amico G, Luca A, Morabito A, et al. Uncovered transjugular intrahepatic
portosystemic shunt for refractory ascites: a meta-analysis. Gastroenterology
2005;129:1282-93.

[7] Salerno F, Camma C, Enea M, et al. Transjugular intrahepatic portosystemic
shunt for refractory ascites: a meta-analysis of individual patient data. Gas-
troenterology 2007;133:825-34.

[8] Lepida A, Marot A, Trépo E, et al. Systematic review with meta - analysis : au-
tomated low - flow ascites pump therapy for refractory ascites. Aliment Phar-
macol Ther 2019;00:1-10.

[9] Rosemurgy AS, Zervos EE, Clark WC, et al. TIPS versus peritoneovenous shunt
in the treatment of medically intractable ascites: a prospective randomized
trial. Ann Surg 2004;239:883-91.

[10] Macken L, Hashim A, Mason L, et al. Permanent indwelling peritoneal catheters
for palliation of refractory ascites in end-stage liver disease: a systematic re-
view. Liver Int 2019;39:1594-607.

[11] Caldwell ], Edriss H, Nugent K, et al. Chronic peritoneal indwelling catheters
for the management of malignant and nonmalignant ascites. Baylor Univ Med
Cent Proc 2018;31:297-302.

[12] Angeli P, Bernardi M, Villanueva C, et al. EASL Clinical Practice Guidelines
for the management of patients with decompensated cirrhosis. ] Hepatol
2018;69:406-60.

[13] Fukui H, Kawaratani H, Kaji K, et al. Management of refractory cirrhotic ascites:
challenges and solutions. Hepatic Med Evid Res 2018;10:55-71.

[14] Will V, Rodrigues SG, Stirnimann G, et al. Transjugular intrahepatic portosys-
temic shunt and alfapump® system for refractory ascites in liver cirrhosis:
outcomes and complications. United Eur Gastroenterol | 2020;8:961-9.

[15] Stroup D, Berlin ], Morton S, et al. Meta-analysis of observational studies in
Epidemiology. JAMA 2000;283:2008-12.

[16] Liberati A, Altman DG, Tetzlaff J. The PRISMA statement for reporting system-
atic reviews and meta-analyses of studies that evaluate health care interven-
tions: explanation and elaboration. PLoS Med 2009;6:e1000100.

[17] Cooke A, Smith D, Booth A. Beyond PICO: the SPIDER tool for qualitative evi-
dence synthesis. Qual Health Res 2012;22:1435-43.

[18] Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur ] Epidemiol
2010;25:603-5.

[19] Miraglia R, Maruzzelli L, Di Piazza A, et al. Transjugular intrahepatic portosys-
temic shunt using the new gore viatorr controlled expansion endoprosthesis:
prospective, single-center, preliminary experience. Cardiovasc Intervent Radiol
2019;42:78-86.

[20] Trebicka ], Bastgen D, Byrtus ], et al. Smaller-diameter covered transjugular
intrahepatic portosystemic shunt stents are associated with increased survival.
Clin Gastroenterol Hepatol 2019;17:2793-9 el.

[21] Miraglia R, Maruzzelli L, Amico MD, et al. Transjugular intrahepatic por-
tosystemic shunts in cirrhosis with refractory ascites: comparison of clin-
ical outcomes by using 8- and 10-mm PTFE-covered stents. Radiology
2017;284:281-8.

[22] Rabei R, Mathesovian S, Tasse ], et al. Primary constrained TIPS for treating re-
fractory ascites or variceal bleeding secondary to hepatic cirrhosis. Br ] Radiol
2017;90:1-8.

[23] Saleem M, Lawson A, Salmon C, et al. PTH-105 introduction of transjugular in-
trahepatic portosystemic shunt (TIPSS) service for refractory ascites in a non-
transplant liver unit. Gut 2016;65 A270.2-A271.

[24] Grunwald D, Tapper EB, Jiang ZG, et al. A standardized assessment of func-
tional disability predicts 1-year mortality in patients undergoing transjugu-
lar intrahepatic portosystemic shunt for refractory ascites. ] Clin Gastroenterol
2016;50:75-9.

[25] Tan HK, James PD, Sniderman KW, et al. Long-term clinical outcome of pa-
tients with cirrhosis and refractory ascites treated with transjugular intrahep-
atic portosystemic shunt insertion. ] Gastroenterol Hepatol 2015;30:389-95.

[26] Bercu ZL, Fischman AM, Kim E, et al. TIPS for refractory ascites: a 6-year sin-
gle-center experience with expanded polytetrafluoroethylene-covered stent-
grafts. Am ] Roentgenol 2015;204:654-61.

[27] Gaba RC, Parvinian A, Casadaban LC, et al. Survival benefit of TIPS versus serial
paracentesis in patients with refractory ascites: a single institution case-con-
trol propensity score analysis. Clin Radiol 2015;70:e51-7.

[28] Parvinian A, Bui JT, Grace Knuttinen M, et al. Transjugular intrahepatic por-
tosystemic shunt for the treatment of medically refractory ascites. Diagn Interv
Radiol 2014;20:58-65.

[29] Taki Y, Kanazawa H, Narahara Y, et al. Predictive factors for improvement of
ascites after transjugular intrahepatic portosystemic shunt in patients with re-
fractory ascites. Hepatol Res 2014;44:871-7.

[30] Kim HKI, Kim YJU, Chung W]JI, et al. Clinical outcomes of transjugular intra-
hepatic portosystemic shunt for portal hypertension: Korean multicenter re-
al-practice data. Clin Mol Hepatol 2014;20:18-27.

mbG;January 8, 2022;0:42

Digestive and Liver Disease xxx (XxXx) XXX

[31] Dissegna D, Sponza M, Falleti E, et al. Morbidity and mortality after transjugu-
lar intrahepatic portosystemic shunt placement in patients with cirrhosis. Eur
] Gastroenterol Hepatol 2019;31:626-32.

[32] Hamel B, Guillaud O, Roman S, et al. Prognostic factors in patients with refrac-
tory ascites treated by transjugular intrahepatic porto-systemic shunt: from
the liver to the kidney. Dig Liver Dis 2014;46:1001-7.

[33] Parker MJ, Guha N, Stedman B, et al. Trans-jugular intrahepatic porto-systemic
shunt placement for refractory ascites: a ‘real-world’ UK health economic eval-
uation. Frontline Gastroenterol 2013;4:182-6.

[34] Heinzow HS, Lenz P, Kohler M, et al. Clinical outcome and predictors of sur-
vival after TIPS insertion in patients with liver cirrhosis. World ] Gastroenterol
2012;18:5211-18.

[35] Lodato F, Berzigotti A, Lisotti A, et al. Transjugular intrahepatic portosystemic
shunt placement for refractory ascites: a single-centre experience. Scand ] Gas-
troenterol 2012;47:1494-500.

[36] Riggio O, Ridola L, Angeloni S, et al. Clinical efficacy of transjugular intrahep-
atic portosystemic shunt created with covered stents with different diameters:
results of a randomized controlled trial. ] Hepatol 2010;53:267-72.

[37] Harrod-Kim P, Saad W, Waldman D. Predictors of early mortality after tran-
sjugular intrahepatic portosystemic shunt creation for the treatment of refrac-
tory ascites. ] Vasc Interv Radiol 2006;17:1605-10.

[38] Membreno F, Baez AL, Pandula R, et al. Differences in long-term survival af-
ter transjugular intrahepatic portosystemic shunt for refractory ascites and
variceal bleed. ] Gastroenterol Hepatol 2005;20:474-81.

[39] Maleux G, Nevens F, Wilmer A, et al. Early and long-term clinical and radi-
ological follow-up results of expanded-polytetrafluoroethylene-covered stent-
grafts for transjugular intrahepatic portosystemic shunt procedures. Eur Radiol
2004;14:1842-50.

[40] Alessandria C, Gaia S, Marzano A. Application of the model for end-stage liver
disease score for transjugular intrahepatic portosystemic shunt in cirrhotic pa-
tients with refractory ascites and renal impairment. Eur ] Gastroenterol Hepa-
tol 2004;16:607-12.

[41] Salerno F, Merli M, Riggio O, et al. Randomized controlled study of TIPS ver-
sus paracentesis plus albumin in cirrhosis with severe ascites. Hepatology
2004;40:629-35.

[42] Young S, Bermudez ], Zhang L, et al. Transjugular intrahepatic portosystemic
shunt (TIPS) placement: a comparison of outcomes between patients with
hepatic hydrothorax and patients with refractory ascites. Diagn Interv Imag-
ing 2019;100:303-8.

[43] Ferral H, Gamboa P, Postoak DW, et al. Survival after elective transjugular in-
trahepatic portosystemic shunt creation: prediction with model for end-stage
liver disease score. Radiology 2004;231:231-6.

[44] Ter Borg PCJ, Hollemans M, Van Buuren HR, et al. Transjugular intrahepatic
portosystemic shunts: long-term patency and clinical results in a patient co-
hort observed for 3-9 years. Radiology 2004;231:537-45.

[45] Thuluvath PJ, Bal JS, Mitchell S, et al. Tips for management of refrac-
tory ascites: response and survival are both unpredictable. Dig Dis Sci
2003;48:542-50.

[46] Sanyal AJ, Genning C, Rajender Reddy K, et al. The North American study for
the treatment of refractory ascites. Gastroenterology 2003;124:634-41.

[47] Russo MW, Jacques PF, Mauro M, et al. Predictors of mortality and steno-
sis after transjugular intrahepatic portosystemic shunt. Liver Transplant
2002;8:271-7.

[48] Ginés P, Uriz ], Calahorra B, et al. Transjugular intrahepatic portosystemic
shunting versus paracentesis plus albumin for refractory ascites in cirrhosis.
Gastroenterology 2002;123:1839-47.

[49] Niangova I, Vanasek T, Krajina A, et al. Transjugular intrahepatic portosys-
temic shunt in the treatment of refractory ascites. Ces Radiol 2001;55:154-
158.

[50] Réssle M, Ochs A, Veit G. A comparison of paracnetesis and transjugular
intrahepatic portosystemic shunting in patients with ascites. N Engl ] Med
2000;342:1701-7.

[51] Deschénes M, Dufresne MP. Predictors of clinical response to transjugular in-
trahepatic portosystemic shunt (TIPS) in cirrhotic patients with refractory as-
cites. Am ] Gastroenterol 1999;94:1361-5.

[52] Williams DB, Waugh R, Selby W. Transjugular intrahepatic portosystemic shunt
(TIPS) for the treatment of refractory ascites. Aust NZ ] Med 1998;28:620-
626.

[53] Teng D, Zuo H, Liu L, et al. Long-term clinical outcomes in patients with vi-
ral hepatitis related liver cirrhosis after transjugular intrahepatic portosystemic
shunt treatment. Virol ] 2018;15:1-7.

[54] Textor HJ, Brensing KA, Wilhelm K, et al. TIPSS: technische und klinische
Ergebnisse nach 4 Jahren. RoFo Fortschritte auf dem Gebiete der Rontgen-
strahlen und der. Neuen Bildgeb Verfahren 1998;168:361-8.

[55] Martinet JP, Fenyves D, Legault L, et al. Treatment of refractory ascites us-
ing transjugular intrahepatic portosystemic shunt (TIPS). A caution. Dig Dis Sci
1997;42:161-6.

[56] Nazarian G, Bjarnason H, Dietz C, et al. Refractory ascites: midterm results
of treatment with a transjugular intrahepatic portosystemic shunt. Radiology
1997;205:173-80.

[57] Crenshaw W, Gordon F, McEniff N, et al. Severe ascites: efficacy of
the transjugular intrahepatic portosystemic shunt in treatment. Radiology
1996;200:185-92.

[58] Lebrec D, Giuily N, Hadengue A, et al. Transjugular intrahepatic portosystemic
shunts: comparison with paracentesis in patients with cirrhosis and refractory
ascites: a randomized trial. ] Hepatol 1996;25:135-44.


http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0042
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0043
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0044
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0045
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0046
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0047
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0048
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0049
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0050
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0051
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0051
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0051
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0052
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0052
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0052
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0052
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0053
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0054
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0055
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0056
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0056
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0056
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0056
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0056
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0057
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0058
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0058
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0058
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0058
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0058

ARTICLE IN PRESS

JID: YDLD
V. Will, S.G. Rodrigues and A. Berzigotti

[59] Forrest EH, Stanley AJ, Redhead DN, et al. Clinical response after transjugular
intrahepatic portosystemic stent shunt insertion for refractory ascites. Aliment
Pharmacol Ther 1996;10:801-6.

[60] Ferral H, Bjarnason H, Wegryn S, et al. Refractory ascites: early experience
in treatment with transjugular intrahepatic portosystemic shunt. Radiology
1993;189:795-801.

[61] Gunn A, Mahmoud K, Kim S, et al. Abstract No. 612 outcomes of tran-
sjugular intrahepatic portosystemic shunt using 12-mm-diameter polytetraflu-
oroethylene-covered stents in cirrhotic patients with portal hypertension and
refractory ascites. ] Vasc Interv Radiol 2018;29:5254-5.

[62] de Wit K, van Delden O, Beuers U, et al. Transjugular intrahepatic portosys-
temic shunt is highly effective in patients with a MELD score <20 and does
not require routine Doppler ultrasound follow-up. ] Hepatol 2018;68:5735-6.

[63] Cui ], Smolinski SE, Liu F, et al. Incrementally expandable transjugular in-
trahepatic portosystemic shunts: single-center experience. Am ] Roentgenol
2018;210:438-46.

[64] Bucsics T, Hoffman S, Griinberger ], et al. ePTFE-TIPS vs repetitive LVP plus
albumin for the treatment of refractory ascites in patients with cirrhosis. Liver
Int 2018;38:1036-44.

[65] Bureau C, Thabut D, Oberti F, et al. Transjugular intrahepatic portosystemic
shunts with covered stents increase transplant-free survival of patients with
cirrhosis and recurrent ascites. Gastroenterology 2017;152:157-63.

[66] Solbach P, Honer Zu Siederdissen C, Wellhéner F, et al. Automated low-flow
ascites pump in a real-world setting: complications and outcomes. Eur J Gas-
troenterol Hepatol 2018;30:1082-9.

[67] Stirnimann G, Lammert F, Vargas V, et al. Treatment of refractory ascites with
an automated low-flow ascites pump in patients with cirrhosis. Aliment Phar-
macol Ther 2017;46:981-91.

[68] Sola E, Sanchez-Cabus S, Rodriguez E, et al. Effects of alfapump™ system on
kidney and circulatory function in patients with cirrhosis and refractory as-
cites. Liver Transplant 2017;23:583-93.

[69] Thomas MN, Sauter GH, Gerbes AL, et al. Automated low flow pump system for
the treatment of refractory ascites: a single-center experience. Langenbeck’s.
Arch Surg 2015;400:979-83.

[70] Bellot P, Welker MW, Soriano G, et al. Automated low flow pump system for
the treatment of refractory ascites: a multi-center safety and efficacy study. ]
Hepatol 2013;58:922-7.

[71] Bureau C, Adebayo D, Chalret de Rieu M, et al. Alfapump® system vs. large vol-
ume paracentesis for refractory ascites: a multicenter randomized controlled
study. ] Hepatol 2017;67:940-9.

[72] Ayllén MD, Ciria R, Gémez-Luque I, et al. Use of peritoneovenous shunt for the
management of refractory ascites. Transplant Proc 2019;51:41-3.

[73] Cassar N, Heaton N. Use of peritoneovenous shunts in patients with intractable
ascites in the era of liver transplantation. HPB 2018;20:5786.

[74] Gines A, Planas R, Angeli P, et al. Treatment of patients with cirrhosis and re-
fractory ascites using LeVeen shunt with titanium tip: comparison with thera-
peutic paracentesis. Hepatology 1995;22:124-31.

[75] Hillaire S, Labianca M, Borgonovo G, et al. Peritoneovenous shunting of in-
tractable ascites in patients with cirrhosis: improving results and predictive
factors of failure. Surgery 1993;113:373-9.

[76] Ginés P, Arroyo V, Vargas V, et al. Paracentesis with intravenous infusion of
albumin as compared with peritoneovenous shunting in cirrhosis with refrac-
tory ascites. N Engl ] Med 1991;325:829-35.

mbG;January 8, 2022;0:42

Digestive and Liver Disease xxx (XxXx) XXX

[77] Smadja C, Franco D. The LeVeen shunt in the elective treatment of intractable
ascites in cirrhosis. Ann Surg 1985;201:488-93.

[78] Segawa T, Kato K, Kawashima K, et al. The influence of a peritoneovenous
shunt for cirrhotic and malignant intractable ascites on renal function. Acta
Radiol Open 2018;7:1-6.

[79] Piccirillo M, Rinaldi L, Leongito M, et al. Percutaneous implant of Denver peri-
toneovenous shunt for treatment of refractory ascites: a single center retro-
spective study. Eur Rev Med Pharmalogical Sci 2017;21:3668-73.

[80] Won JY, Choi SY, Heung-Kyu K, et al. Percutaneous peritoneovenous shunt for
treatment of refractory ascites. ] Vasc Interv Radiol 2008;19:1717-22.

[81] Dumortier ], Pianta E, Le Derf Y, et al. Peritoneovenous shunt as a bridge to
liver transplantation. Am ] Transplant 2005;5:1886-92.

[82] Chen JH, Liu HD, Yu JC, et al. Modified saphenous-peritoneal shunt in refrac-
tory ascites: new technique. ANZ ] Surg 2005;75:128-31.

[83] Deen KI, De Silva AP, Jayakody M, et al. Saphenoperitoneal anastomosis for
resistant ascites in patients with cirrhosis. Am ] Surg 2001;181:145-8.

[84] Vadeyar HJ, Doran ]D, Charnley R, et al. Saphenoperitoneal shunts for pa-
tients with intractable ascites associated with chronic liver disease. Br J Surg
1999;86:882-5.

[85] Zervos E, McCormick ], Goode S, et al. Peritoneovenous shunts in patients with
intractable ascites: palliation at what price? Am Surg 1997;63:157-62.

[86] Macken L, Joshi D, Messenger ], et al. Palliative long-term abdominal drains
in refractory ascites due to end-stage liver disease: a case series. Palliat Med
2017;31:671-5.

[87] Solbach P, Honer Zu Siederdissen C, Taubert R, et al. Home-based drainage of
refractory ascites by a permanent-tunneled peritoneal catheter can safely re-
place large-volume paracentesis. Eur ] Gastroenterol Hepatol 2017;29:539-46.

[88] Reinglas ], Amjadi K, Petrcich B, et al. The palliative management of refractory
cirrhotic ascites using the PleurX© catheter. Can ] Gastroenterol Hepatol 2016
2016.

[89] Kundu S, Bettmann M. The safety and efficacy of tunneled, indwelling peri-
toneal catheter drainage for refractory, non-malignant ascites. Am ] Gastroen-
terol 2012;107:5148-9.

[90] Kathpalia P, Bhatia A, Robertazzi S, et al. Indwelling peritoneal catheters in
patients with cirrhosis and refractory ascites. Intern Med ] 2015;45:1026-31.

[91] Yakar T, Demir M, Dogan O, et al. High dose oral furosemide with salt inges-
tion in the treatment of refractory ascites of liver cirrhosis. Clin Investig Med
2016;39:552-60.

[92] Tuttolomondo A, Di Raimondo D, Bellia C, et al. Immune-inflammatory
and metabolic effects of high dose furosemide plus hypertonic saline solu-
tion (HSS) treatment in cirrhotic subjects with refractory ascites. PLoS One
2016;11:1-13.

[93] Tan HK, James PD, Wong F. Albumin may prevent the morbidity of paracente-
sis-induced circulatory dysfunction in cirrhosis and refractory ascites: a pilot
study. Dig Dis Sci 2016;61:3084-92.

[94] Zaak D, Paquet K], Kuhn R. Prospective study comparing human albumin vs.
reinfusion of ultrafiltrate-ascitic fluid after total paracentesis in cirrhotic pa-
tients with tense ascites. Z Gastroenterol 2001;39:5-10.

[95] Montano-Loza AJ, Meza-Junco ], Prado CMM, et al. Muscle wasting is asso-
ciated with mortality in patients with cirrhosis. Clin Gastroenterol Hepatol
2012;10:166-73.


http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0059
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0059
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0059
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0059
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0059
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0060
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0061
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0062
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0062
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0062
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0062
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0062
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0063
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0064
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0065
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0066
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0067
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0068
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0068
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0068
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0068
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0068
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0069
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0070
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0071
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0072
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0073
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0073
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0073
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0074
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0075
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0076
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0077
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0077
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0077
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0078
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0079
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0080
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0081
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0082
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0082
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0082
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0082
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0082
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0083
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0084
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0085
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0086
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0087
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0087
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0087
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0087
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0087
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0088
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0089
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0089
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0089
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0090
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0091
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0092
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0093
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0093
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0093
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0093
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0094
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0095
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0095
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0095
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0095
http://refhub.elsevier.com/S1590-8658(21)00894-X/sbref0095

	Current treatment options of refractory ascites in liver cirrhosis - A systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Search strategy and eligibility criteria
	2.2 Data collection
	2.3 Assessment of study quality
	2.4 Statistical analysis

	3 Results
	3.1 Study selection
	3.2 TIPS
	3.3 Alfapump®
	3.4 PVS
	3.5 PIPC
	3.6 LVP

	4 Discussion
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


