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Ascites, a common complication in cirrhosis, is prone to the development of acute kidney injury or hepatorenal syndrome and can
be complicated by circulatory dysfunction after paracentesis. Terlipressin has not been considered as the mainstay treatment
option for ascites in cirrhosis yet. 1e present work aimed to systematically review the current evidence regarding the use of
terlipressin in cirrhosis with ascites and without hepatorenal syndrome. PubMed, EMBASE, and Cochrane Library databases were
searched for relevant studies. Twelve studies were eligible. In 3 studies (1 randomized controlled trial and 2 single-arm studies
without controls) involving 32 patients who received terlipressin for nonrefractory ascites, terlipressin improved hemodynamics
by decreasing the heart rate and cardiac output and increasing the mean arterial pressure and systemic vascular resistance. In 5
studies (1 randomized controlled trial, 2 single-arm studies without controls, and 2 comparative studies with controls) involving
67 patients who received terlipressin for refractory ascites, terlipressin improved renal function by increasing the glomerular
filtration rate, renal blood flow, urinary sodium, and urine output and decreasing serum creatinine. In 4 studies (4 randomized
controlled trials) involving 71 patients who received terlipressin for preventing from paracentesis-induced circulatory dys-
function, terlipressin prevented from paracentesis-induced circulatory dysfunction by increasing the mean arterial pressure and
systemic vascular resistance and decreasing plasma renin. Terlipressin may improve hemodynamics, severity of ascites, and renal
function and prevent from paracentesis-induced circulatory dysfunction in cirrhosis with ascites and without hepatorenal
syndrome. However, no study has evaluated the effect of terlipressin for prevention of acute kidney injury.

1. Introduction

Ascites, a serious complication of cirrhosis [1], is secondary
to the activation of endogenous sodium and water retention
systems and visceral vasodilation [2], which has a 1- and 5-
year survival rate of 85% and 57%, respectively [3]. Current
treatment of cirrhotic ascites mainly includes sodium lim-
itation, diuretics, paracentesis, supplementation of human
albumin, and transjugular intrahepatic portosystemic shunt
(TIPS) [1]. On the contrary, the risk of renal failure is in-
creased in cirrhosis with ascites [4, 5]. Its potential

mechanism is that splanchnic vasodilatation can reduce the
arterial blood volume and pressure and then activate va-
soconstrictors and the antinatriuretic factors, thereby
resulting in retention of sodium and water, impairment of
renal excretion of free water, and renal vasoconstriction
[2, 6]. Terlipressin reduces portal inflow through direct and
potent vasoconstriction of splanchnic vessels [7] and im-
proves the hyperdynamic state [8]. It seems that terlipressin
should be an effective adjunctive choice of therapy for
improving ascites and preventing renal dysfunction in cir-
rhosis with ascites [9]. However, until now, no
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recommendation has been given about the use of terlipressin
in cirrhotic patients with ascites and without hepatorenal
syndrome. Herein, we performed a systemic review to ex-
plore this issue.

2. Methods

2.1. Registration. 1is work was registered in PROSPERO.

2.2. Search Strategy and Study Selection. We retrieved all
papers via the PubMed, EMBASE, and Cochrane Library
databases. 1e time interval was from the earliest available
publication until August 30, 2019. 1e following keywords
were used: (Terlipressin) AND (Cirrhosis) AND (Ascites).
All eligible papers explored the role of terlipressin in cir-
rhosis with ascites. Exclusion criteria were as follows: (1)
duplicates; (2) case reports, comments, or letters; (3)
guidelines, reviews, or meta-analyses; (4) animal studies; (5)
patients did not have cirrhosis; (6) ascites was not evaluated
in cirrhosis; (7) patients were not treated by terlipressin; (8)
trial registration; and (9) full texts cannot be obtained.

2.3. Data Collection. 1e following information was
extracted from each study: first author, year of publication,
country, study design, type of study, study duration, source
of cases, number of patients with cirrhosis and ascites,
number of patients treated with and without terlipressin,
weight, urine volume, urinary sodium, urinary sodium
excretion, cardiac index, heart rate, systemic vascular re-
sistance, mean arterial pressure, hepatic venous pressure
gradient, sodium, and/or serum creatinine.

2.4. Groups. Terlipressin group should be that patients re-
ceived terlipressin infusion. If any, the control group should
be that patients received standardmedical treatment without
additional terlipressin infusion.

2.5. Outcomes. Outcomes mainly included dynamic change
of hemodynamic parameters, improvement of ascites,
change of renal function parameters, and risk of hepatorenal
syndrome or acute kidney injury, if any.

2.6. Study Quality Assessment. We used the New-
castle–Ottawa Scale (NOS) for assessing the quality of
nonrandomized studies, which includes selection, compa-
rability, exposure, and outcome. 1e NOS uses a semi-
quantitative star-level system to evaluate the quality of
studies. 1e quality of included randomized controlled trial
studies will be evaluated using the Cochrane Collaboration’s
tool for assessing the risk of bias.

3. Results

3.1. Characteristics of Studies. We identified 659 studies
through the PubMed, EMBASE, and the Cochrane
Library databases. Finally, 12 studies were included
(Figure 1). 1e characteristics of the included studies are

listed in Table 1. 1e sample size ranged from 5 to 26
cases. 1e included studies were published between 1997
and 2016. Eleven studies were published as full texts, and
the remaining study was published as an abstract.
According to the regions, two studies were performed
each in Greece, France, India and one study each in UK,
Italy, Denmark, Egypt, Australia, and Czech Republic.
Among them, 8 studies aimed to explore the role of
terlipressin in the improvement of ascites in cirrhosis and
4 studies aimed to explore the role of terlipressin in the
prevention of paracentesis-induced circulatory dys-
function in cirrhosis. Five studies were randomized
controlled trials. 1e quality of these included random-
ized controlled trials is summarized in Figure 2. Four
studies were single-arm studies without control groups,
and 3 studies were comparative studies with control
groups. 1e quality of these nonrandomized studies is
summarized in Table 2.

3.2. Use of Terlipressin in Cirrhosis withNonrefractory Ascites.
In 2004, 1erapondos et al. [8] reported self-control data
regarding the use of terlipressin in 6 cirrhotic patients with
moderate-severe ascites who were treated with terlipressin.
1ey found that heart rate and cardiac output were sig-
nificantly decreased and mean arterial pressure and systemic
vascular resistance were significantly increased, whereas
renal blood flow, urinary volume, and urinary sodium ex-
cretion remained virtually unchanged.

In 2007, Krag et al. [9] randomly assigned 11 and 4
patients with nonrefractory ascites into terlipressin and no
terlipressin groups, respectively. As compared with patients
who did not receive terlipressin, patients who received
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Figure 1: Flowchart of study selection.
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terlipressin had a greater improvement of the glomerular
filtration rate, sodium clearance, urine sodium concentra-
tion, plasma norepinephrine, and plasma renin.

In 2010, Kalambokis et al. [10] reported self-control data
regarding the use of terlipressin in 15 cirrhotic patients with

ascites that was not massive, tense, or refractory. 1ey found
that terlipressin significantly increases the water excre-
tion, creatinine clearance, sodium excretion, mean arterial
pressure, and systemic vascular resistance and signifi-
cantly decreases cardiac output.

Table 1: Characteristics of included studies.

First author
(year) Country Characteristics of

patients
No.
pts Groups Dose of

terlipressin
Other treatment of

ascites Main outcomes

Nonrefractory ascites

1erapondos
(2004) [8] UK

Cirrhosis with
moderate-severe

ascites
6 Terlipressin: 6 2mg

Single dosage Diuretic
HR, MAP, CO, SVR,
HVPG, RBF, urinary

flow, Na

Kalambokis
(2010) [10] Greece

Cirrhosis with
ascites without
hyponatremia

15 Terlipressin: 15 2mg
Single dosage Diuretic

Water excretion, MAP,
CO, SVR, creatinine

clearance
Refractory ascites

Gadano
(1997) [11] France Cirrhosis with

refractory ascites 16 Terlipressin: 8 1-2mg
Single dosage Low-sodium diet Natriuretic response,

MAP, RBF, GFR, SCrControl: 8 None Low-sodium diet

Krag
(2007) [9] Denmark

Cirrhosis with
refractory or
nonrefractory

ascites

23
Terlipressin: 19 2mg

Single dosage Low-sodium diet
MAP, RBF, GFR, SCr

Placebo: 4 None Low-sodium diet

Fimiani
(2011) [12] Italy Cirrhosis with

refractory ascites 26 Terlipressin: 26 0.5mg/6 h–1mg/
6 h for 3 weeks Diuretic + albumin

Response of refractory
ascites, body weight,

urinary sodium
excretion

Pande
(2016) [13] India

Cirrhotic patients
with refractory

ascites
45 Terlipressin: 20 4mg/12 h during

hospitalizations Diuretic + albumin Na, SCr, body weight,
urinary sodiumControl: 25 None Diuretic + albumin

Gow
(2016) [14] Australia

Cirrhosis with
diuretic

refractory ascites
5 Terlipressin: 5 3.4mg/24 h for 28

days Paracentesis

Response of refractory
ascites, body weight,

urinary sodium
excretion, SCr, MAP

Unclassified ascites
Kalambokis
(2005) [13] Greece Cirrhosis with

ascites 11 Terlipressin: 11 2mg
Single dosage Somatostatin Urine urea, SCr, Na

Paracentesis-induced circulatory dysfunction

Moreau
(2002) [15] France Cirrhosis with

tense ascites 20

Terlipressin: 10 3mg
Single dosage Paracentesis Arterial blood volume,

plasma renin
concentrations, plasma

aldosterone
concentrations, SCr,
Na, MAP, urinary
sodium excretion

Albumin: 10 None Paracentesis

Singh
(2006) [16] India Cirrhosis with

tense ascites 40 Terlipressin: 20
1mg in 0 h, 8 h,
and 16 h after
paracentesis

Paracentesis MAP, Na, SCr, plasma
renin activity

Albumin: 20 None Paracentesis

Lata
(2007) [17]

Czech
Republic

Cirrhosis with
tense ascites 49

Terlipressin: 24 1mg/4 h for 48 h Paracentesis Blood pressure, HR,
diuresis, ECG, Na,
plasma renin activityAlbumin: 25 None Paracentesis

Abdullah
(2012) [18] Egypt Cirrhosis with

tense ascites 34
Terlipressin: 17

After single
dosage of 1mg/
30min followed

2 μg/kg/h

Paracentesis HR, MAP, SVR, total
bilirubin, urine output

Norepinephrine:
17 None Paracentesis

Abbreviations: pts, patients; HR: heart rate; MAP: mean arterial pressure; Na: serum sodium; SCr: serum creatinine GFR: glomerular filtration rate; CO: cardiac
output; SVR: systemic vascular resistance; HVPG: hepatic venous pressure gradient; RBF: renal blood flow; ECG: electrocardiograph; NA: not applicable.
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3.3. Use of Terlipressin in Cirrhosis with Refractory Ascites.
In 1997, Gadano et al. [11] reported self-control data re-
garding the use of terlipressin in 8 cirrhotic patients with
refractory ascites. 1ey found that terlipressin significantly
decreases the hepatic venous pressure gradient, cardiac
index, and heart rate and significantly increases the mean
arterial pressure, systemic vascular resistance, and urinary
sodium excretion.

In 2007, Krag et al. [9] reported self-control data re-
garding the use of terlipressin in 8 cirrhotic patients with
refractory ascites. 1ey found that terlipressin significantly
increases the renal blood flow, glomerular filtration rate,
sodium clearance, and urine sodium concentration and
significantly decreases the plasma norepinephrine and renin.

In 2011, Fimiani et al. [12] reported self-control data
regarding the use of terlipressin in 26 cirrhotic patients with
refractory ascites. Among them, 16 patients had complete
response after treatment of terlipressin, which was defined as
a reduction of abdominal circumference of approximately
10%, a reduction of body weight of at least 3 kg per week, and
a four-fold increase of urinary sodium excretion.

In 2016, Gow et al. [14] reported self-control data re-
garding the use of terlipressin in 5 outpatients with cirrhosis
and refractory ascites. All of them had a statistically sig-
nificant decrease in body weight and ascites volume and a
statistically significant increase in urine sodium excretion.

Serum creatinine was slightly decreased, but the difference
was not statistically significant.

In 2016, Pande et al. [19] published an abstract in which
20 and 25 patients with refractory ascites were treated with
or without terlipressin, respectively. 1ey reported self-
control data alone but did not compare the difference be-
tween terlipressin and no terlipressin groups. 1e absolute
serum creatinine and body weight were decreased and the
absolute urinary sodium excretion and urine output were
increased in the terlipressin group.

3.4. Use of Terlipressin in Cirrhosis with Unclassified Ascites.
In 2005, Kalambokis et al. [13] reported self-control data
regarding the use of terlipressin in 11 cirrhotic patients with
unclassified ascites and esophageal varices. 1ey found that
terlipressin significantly decreases the portal vein velocity,
portal flow volume, and cardiac output and increases the
mean arterial pressure and systemic vascular resistance.
However, sodium excretion remained virtually unchanged.

3.5. Use of Terlipressin for Paracentesis-Induced Circulatory
Dysfunction in Cirrhosis with Tense Ascites. 1ree head-to-
head randomized controlled trials [15–17] compared the
effects of terlipressin versus albumin infusion for preventing
from paracentesis-induced circulatory dysfunction. All of

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0 25 50 75 100
(%)

Low risk bias
Unclear risk bias
High risk bias

Figure 2: Quality of included randomized controlled trials.

Table 2: Quality of nonrandomized studies.

First author (year)
Selection Comparability Outcome

Total
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

1erapondos (2004) [8] — — ∗ ∗ — ∗ ∗ ∗ 5
Kalambokis (2010) [10] — — ∗ ∗ — ∗ ∗ ∗ 5
Fimiani (2011) [12] — — ∗ ∗ — ∗ ∗ ∗ 5
Abdullah (2012) [18] — ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7
Gow (2016) [14] — — ∗ ∗ — ∗ ∗ ∗ 5
Pande (2016) [19] — ∗ ∗ ∗ ∗ ∗ ∗ — 6
Notes: Q1: representativeness of the exposed cohort; Q2: selection of the nonexposed cohort; Q3: ascertainment of exposure; Q4: demonstration that outcome
of interest was not present at the start of the study; Q5: comparability of cohorts on the basis of the design or analysis; Q6: assessment of the outcome; Q7: was
follow-up long enough for outcomes to occur; Q8: adequacy of follow-up of cohorts.
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them showed that terlipressin was comparable to albumin
for the prevention of paracentesis-induced circulatory
dysfunction in cirrhosis with tense ascites.

One head-to-head randomized controlled trial by
Abdullah et al. [18] compared the effects of terlipressin
versus norepinephrine for preventing paracentesis-induced
refractory hypotension. Both terlipressin and norepineph-
rine successfully prevented from postparacentesis refractory
hypotension and decrease of systemic vascular resistance.
Terlipressin, rather than norepinephrine, had a renal pro-
tective effect during the postoperative period.

4. Discussion

1is is the first systematic review of the literature to explore
the role of terlipressin on cirrhotic patients with ascites and
without hepatorenal syndrome. Despite relevant studies
were extensively searched, only 12 studies regarding the role
of terlipressin in cirrhosis with ascites were included in this
systemic review. In the current work, according to the goal of
terlipressin among studies, we divided the study population
into refractory ascites, nonrefractory studies, unclassified
ascites, and paracentesis-induced circulatory dysfunction
groups. Terlipressin, a vasopressin derivative with enhanced
vasoconstrictive properties, has been widely used in cirrhotic
patients with variceal bleeding or hepatorenal syndrome
[20, 21]. In our systemic review, terlipressin likely improves
the hemodynamics, severity of ascites, and renal function in
cirrhotic patients with ascites (Figure 3).

When the portal pressure is gradually increased, col-
lateral veins develop and vasodilators are produced, thereby
leading to splanchnic arterial vasodilatation. 1en, fluids
collect in the peritoneal cavity with a decrease in central
blood volume [22–24]. Our systemic review suggests the
beneficial effect of terlipressin on hemodynamics in non-
refractory ascites, including an increase in mean arterial
pressure and systemic vascular resistance and a decrease in

heart rate and cardiac output, thereby increasing central
blood volume.

When ascites is further aggravated, the renin-angio-
tensin-aldosterone system (RAAS) is significantly activated,
resulting in renal sodium and water retention, which is
necessary to replenish the intravascular volume in order to
maintain hemodynamic stability [25]. In refractory ascites,
renal sodium retention becomes more severe and renal
perfusion and glomerular filtration rate further decrease,
following the progression of systemic and portal hemody-
namic abnormalities [26, 27], thereby leading to renal
function impairment. Our systemic review suggests that
terlipressin significantly improves the glomerular filtration
rate, serum creatinine, renal blood flow, urinary sodium, and
urine output, except for hemodynamics.

Paracentesis can rapidly reduce the circulating blood
volume after transfer of massive fluids [28] and then activate
the sympathetic nervous system and RAAS and increase the
plasma renin activity, thereby inducing circulatory dys-
function [29, 30]. On the contrary, cardiac output is sig-
nificantly increased after paracentesis [31], and then nitric
oxide synthesis is elevated, which decreases systemic vas-
cular resistance, thereby resulting in circulatory dysfunction
[32]. Our systemic review suggests that terlipressin is po-
tentially advantageous for preventing from paracentesis-
induced circulatory dysfunction by increasing the mean
arterial pressure and systemic vascular resistance and de-
creasing the plasma renin.

A major limitation is the heterogeneity in the severity of
ascites and treatment approaches for ascites among studies
although we analyzed the studies according to the different
disease conditions. 1us, we did not perform any meta-
analysis to synthesize the data. Additionally, the quality of
the current evidence is relatively low, which is mainly based
on small sample size single-arm observational studies. Few
studies focused on hard endpoints, such as the risk of acute
kidney injury and hepatorenal syndrome and death.
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Figure 3: An overview of findings regarding efficacy of terlipressin in nonrefractory studies, refractory ascites, and paracentesis-induced
circulatory dysfunction population.
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Based on the present systematic review of the literature,
terlipressin may be beneficial in cirrhosis with ascites and
without hepatorenal syndrome. However, the efficacy of
terlipressin for preventing from acute kidney injury in
cirrhotic patients with ascites should be further explored by
large-scale observational studies or randomized controlled
trials. Meanwhile, adverse reactions of terlipressin, which
mainly include headache, hypertension, vomiting, stom-
achache, and hyponatremia, should be evaluated in such
patients.

Data Availability

1is is a review paper without any original data involved.

Disclosure

Zhaohui Bai, Yang An, and Xiaozhong Guo are the co-first
authors. 1e abstract was published in the Asian-Pacific
Association for the Study of the Liver (APASL) 2020
Conference as a poster presentation, please see the following
link: https://link.springer.com/content/pdf/10.1007/s12072-
020-10030-4.pdf.

Conflicts of Interest

1e authors declare that they have no conflicts of interest.

Authors’ Contributions

Xingshun Qi conceptualized the study; Zhaohui Bai and
Xingshun Qi were involved in methodology, formal analysis,
and investigation; Zhaohui Bai was responsible for software;
Xingshun Qi, Xiaozhong Guo, and Hongyu Li were involved
in validation, supervision, and project administration;
Zhaohui Bai, Yang An, and Xingshun Qi were responsible
for data curation and writing the original draft; Zhaohui Bai,
Xingshun Qi, Xiaozhong Guo, Hongyu Li, Rolf Teschke, and
Nahum Méndez-Sánchez were involved in writing the re-
view and editing; Zhaohui Bai, Yang An, Xingshun Qi,
Xiaozhong Guo, Hongyu Li, Rolf Teschke, and Nahum
Méndez-Sánchez were involved in visualization; all authors
have made an intellectual contribution to the manuscript
and approved the submission.

References

[1] K. P. Moore, F. Wong, P. Gines et al., “1e management of
ascites in cirrhosis: report on the consensus conference of the
international ascites club,” Hepatology, vol. 38, no. 1,
pp. 258–266, 2003.

[2] R. W. Schrier, V. Arroyo, M. Bernardi, M. Epstein,
J. H. Henriksen, and J. Rodes, “Peripheral arterial vasodilation
hypothesis: a proposal for the initiation of renal sodium and
water retention in cirrhosis,” Hepatology, vol. 8, no. 5,
pp. 1151–1157, 1988.

[3] R. Planas, S. Montoliu, B. Balleste et al., “Natural history of
patients hospitalized for management of cirrhotic ascites,”
Clinical Gastroenterology and Hepatology, vol. 4, no. 11,
pp. 1385–1394, 2006.

[4] A. Cárdenas, P. Gines, J. Uriz et al., “Renal failure after upper
gastrointestinal bleeding in cirrhosis: incidence, clinical
course, predictive factors, and short-term prognosis,” Hep-
atology, vol. 34, no. 4, pp. 671–676, 2001.

[5] S. Fasolato, P. Angeli, L. Dallagnese et al., “Renal failure and
bacterial infections in patients with cirrhosis: epidemiology
and clinical features,” Hepatology, vol. 45, no. 1, pp. 223–229,
2007.

[6] P. Ginès, A. Cárdenas, V. Arroyo, and J. Rodès, “Management
of cirrhosis and ascites,” New England Journal of Medicine,
vol. 350, no. 16, pp. 1646–1654, 2004.

[7] H.-C. Lin, Y.-Y. Yang, M.-C. Hou et al., “Hemodynamic
effects of a combination of octreotide and terlipressin in
patients with viral hepatitis related cirrhosis,” Scandinavian
Journal of Gastroenterology, vol. 37, no. 4, pp. 482–487, 2002.

[8] G. 1erapondos, A. J. Stanley, and P. C. Hayes, “Systemic,
portal and renal effects of terlipressin in patients with cirrhotic
ascites: pilot study,” Journal of Gastroenterology and Hep-
atology, vol. 19, no. 1, pp. 73–77, 2004.

[9] A. Krag, S. Møller, J. H. Henriksen, N.-H. Holstein-Rathlou,
F. S. Larsen, and F. Bendtsen, “Terlipressin improves renal
function in patients with cirrhosis and ascites without hep-
atorenal syndrome,”Hepatology, vol. 46, no. 6, pp. 1863–1871,
2007.

[10] G. N. Kalambokis, K. Pappas, G. Baltayiannis, A. Katsanou,
and E. V. Tsianos, “Effects of terlipressin on water excretion
after oral water load test in nonazotemic cirrhotic patients
with ascites without hyponatremia,” Scandinavian Journal of
Gastroenterology, vol. 45, no. 12, pp. 1509–1515, 2010.

[11] A. Gadano, R. Moreau, F. Vachiery et al., “Natriuretic re-
sponse to the combination of atrial natriuretic peptide and
terlipressin in patients with cirrhosis and refractory ascites,”
Journal of Hepatology, vol. 26, no. 6, pp. 1229–1234, 1997.

[12] B. Fimiani, D. D. Guardia, C. Puoti et al., “1e use of terli-
pressin in cirrhotic patients with refractory ascites and normal
renal function: a multicentric study,” European Journal of
Internal Medicine, vol. 22, no. 6, pp. 587–590, 2011.

[13] G. Kalambokis, M. Economou, K. Paraskevi et al., “Effects of
somatostatin, terlipressin and somatostatin plus terlipressin
on portal and systemic hemodynamics and renal sodium
excretion in patients with cirrhosis,” Journal of Gastroenter-
ology and Hepatology, vol. 20, no. 7, pp. 1075–1081, 2005.

[14] P. J. Gow, Z. S. Ardalan, A. Vasudevan, A. G. Testro, B. Ye,
and P. W. Angus, “Outpatient terlipressin infusion for the
treatment of refractory ascites,” American Journal of Gas-
troenterology, vol. 111, no. 7, pp. 1041-1042, 2016.

[15] R. Moreau, T. Asselah, B. Condat et al., “Comparison of the
effect of terlipressin and albumin on arterial blood volume in
patients with cirrhosis and tense ascites treated by para-
centesis: a randomised pilot study,” Gut, vol. 50, no. 1,
pp. 90–94, 2002.

[16] V. Singh, R. Kumar, C. K. Nain, B. Singh, and A. K. Sharma,
“Terlipressin versus albumin in paracentesis-induced circu-
latory dysfunction in cirrhosis: a randomized study,” Journal
of Gastroenterology and Hepatology, vol. 21, no. 1, pp. 303–
307, 2006.
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