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Background: Patients with cirrhosis and tense ascites treated by paracentesis alone have a decrease
in effective arterial blood volume after ascites removal. Although intravenous albumin is effective in
preventing paracentesis induced decreased arterial blood volume, its clinical use is controversial. As
paracentesis induces arteriolar vasodilation which plays a role in the development of decreased effec-
tive arterial blood volume, administration of a vasoconstrictor (terlipressin) could prevent circulatory
alterations due to paracentesis.
Aims: To perform a pilot study comparing the effects of terlipressin and albumin on effective arterial
blood volume in patients with cirrhosis treated by paracentesis for tense ascites.
Methods: Twenty patients with cirrhosis and tense ascites were randomly assigned to be treated by
either paracentesis and terlipressin or paracentesis and albumin. Terlipressin (3 mg) or albumin (8 g/l
of removed ascites) were administered on the day of paracentesis. Effective arterial blood volume was
assessed by measuring plasma renin concentrations at baseline and on the day of hospital discharge
(4–6 days after treatment). Decreased effective arterial blood volume was defined as an increase in
plasma renin concentrations on the day of hospital discharge of more than 50% of baseline values.
Results: Irrespective of the treatment group, mean values for plasma renin concentrations at hospital
discharge did not differ from their respective baseline values (p=0.10). Baseline plasma levels of renin
concentrations did not differ between the terlipressin and albumin groups (p=0.61). Changes from
baseline in plasma renin concentrations did not differ between groups (p=0.39). Three patients in the
terlipressin group and three in the albumin group developed decreased arterial blood volume.
Conclusions: This randomised pilot study suggests that terlipressin may be as effective as intravenous
albumin in preventing a decrease in effective arterial blood volume in patients with cirrhosis treated by
paracentesis for tense ascites.

Therapeutic (that is, total) paracentesis is used in patients
with cirrhosis and tense ascites.1 2 In some studies
paracentesis alone was found to induce a decrease in

effective arterial blood volume (which is indirectly measured
by increased activity in the renin-angiotensin system)3–6 while
in other studies arterial blood volume was not altered.7 8 The
decrease in arterial blood volume starts after the end of para-
centesis and may persist for months.9–11 Decreased effective
arterial blood volume may induce inhospital complications
such as impaired renal function or hyponatraemia.4 10 11 More-
over, decreased arterial blood volume may be associated with
a significant reduction in long term survival.10 Although intra-
venous albumin administration after paracentesis has been
shown to prevent the postparacentesis decrease in arterial
blood volume,9–13 its clinical use is controversial10 14 15; for
example, it is used extensively in Europe but not in North
America.2 Paracentesis also induces arteriolar vasodilation
which plays a major role in initiating the decrease in arterial
blood volume.3 5 11 16 Therefore, administration of a vasocon-
strictor may decrease paracentesis induced arteriolar vasodila-
tion and prevent the resulting decrease in effective arterial
blood volume. However, the effects of a vasoconstrictor on
paracentesis induced circulatory alterations have not yet been
studied. Therefore, before planning a trial including a large
series of patients, it was considered important to perform a
randomised pilot study comparing the effects of terlipressin (a
vasopressin analogue and a potent vasoconstrictor)17 and
albumin on effective arterial blood volume in patients with
cirrhosis treated by paracentesis for tense ascites.

PATIENTS AND METHODS
Patients
A total of 24 consecutive patients with histologically proved

cirrhosis and tense ascites who were admitted to three univer-

sity hospitals between June 1998 and March 2000 were

enrolled in the study. The study was approved by the ethics

committee (Comité Consultatif de Protection des Personnes

dans la Recherche Biomédicale de Paris-Bichat Claude

Bernard), and patients gave written informed consent to par-

ticipate. Inclusion criteria were the presence of tense ascites

requiring therapeutic paracentesis; patients less than 70 years

of age; absence of arterial hypertension, a history of coronary

heart disease, cardiac failure, symptomatic arteritis, respira-

tory or renal disease, diabetes mellitus, hepatocellular

carcinoma, and hepatic encephalopathy; absence of sepsis and

gastrointestinal bleeding within seven days before the study;

and absence of recent use (within seven days) of diuretics,

plasma expanders, or paracentesis.
Patients were randomly assigned to one of two treatment

groups: 11 patients were assigned to treatment with terlipres-
sin and 13 patients to treatment with albumin. Random-
isation was performed independently at each hospital with
the use of sealed envelopes containing the treatment
assignments. For ethical reasons there was no placebo group
in the study.10 Three patients were withdrawn from the study
before paracentesis because they no longer fulfilled the inclu-
sion criteria. One patient in the terlipressin group received
saline hydration to prevent radiocontrast induced nephropa-
thy. One patient in the albumin group had gastrointestinal
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bleeding requiring intensive medical care and another patient
in the same group did not undergo paracentesis because
ascites was compartmentalised. None of these three patients
received the assigned treatment. A fourth patient in the albu-
min group received the assigned treatment but was with-
drawn because he had a very high baseline plasma renin level
(2550 pg/ml) for unexplained reasons. Therefore, a total of
four patients were excluded from all analyses.

Protocol
Patients were studied when they were clinically stable and

after having received a low sodium diet (34 mmol/day, with no

limitation on fluid intake) for at least three days. On the third

day, body weight was measured and spontaneously voided

urine was collected to measure sodium excretion. On the

fourth day, at 0800, arterial pressure, heart rate, electrocardio-

gram, liver and renal tests, and blood samples for measure-

ment of plasma concentrations of renin and aldosterone were

obtained in all patients in the supine position. On the same

day, at 0900, all patients underwent total paracentesis

(complete removal of ascites in a single tap at a rate of 2.5 l/h),

as previously described.18

A total dose of 3 mg terlipressin was administered as an
intravenous bolus of 1 mg terlipressin (Glypressine; Labora-
toire Ferring SAS, Gentilly, France) at the onset of paracente-
sis and then eight and 16 hours after the first bolus, in patients
assigned to receive terlipressin. In patients assigned to receive
albumin, albumin infusion (Albumine humaine 20%; Labora-
toire Français du Fractionnement et des Biotechnologies, Les
Ulis, Courtabœuf, France) was started at the end of paracen-
tesis. The dose of albumin was 8 g/l of removed ascites. Fifty

per cent of the dose was infused within two hours and the

remaining 50% was given six hours after the procedure.10 After

treatment, paracentesis, diuretics, and plasma expanders were

not allowed until hospital discharge. The delay between para-

centesis and hospital discharge (that is, 4–6 days) was part of

the protocol.

At 0800 on the day of hospital discharge, arterial pressure,

heart rate, electrocardiogram, renal tests, and blood samples

for measurement of plasma concentrations of renin and

aldosterone were obtained. Values for plasma concentrations

of renin and aldosterone were blindly determined after

patients were discharged and based on blood samples

obtained at baseline and at hospital discharge.

After hospital discharge, treatment of ascites was deter-

mined by each patient’s attending hepatologist, and patients

were followed up for survival.

Statistical analysis
Data were analysed using SAS (version 6.12) for Windows.

Baseline patient characteristics (demographic and clinical

features as well as laboratory results) were compared between

the two groups by independent t tests or the χ2 test as appro-

priate.

The primary aim of the study was to compare changes in

effective arterial blood volume in patients treated by paracen-

tesis and terlipressin with those treated by paracentesis and

albumin. Variations in renin-angiotensin system activity are

more sensitive and specific as markers of changes in effective

arterial blood volume than variations in other variables.4 10

Plasma concentrations of renin and aldosterone were used to

assess the renin-angiotensin system.19 Two factor repeated

measures ANOVA was used for analyses. The first factor ana-

lysed the nature of treatment (terlipressin or albumin) and the

second factor analysed the repetition of measures (that is, at

baseline and at hospital discharge). Comparisons of plasma

renin concentrations were performed after logarithmic trans-

formation. In addition, the number of patients who developed

decreased arterial blood volume was compared between the

terlipressin and albumin groups using the χ2 test. The criteria

used to define decreased arterial blood volume were derived

from those used in previous studies.10 11 In the present study,

decreased arterial blood volume was defined as an increase in

plasma renin concentration of more than 50% of baseline

values to a level greater than 50 pg/ml on the day of hospital

discharge. The latter is the upper value for plasma renin con-

centration found in our laboratory in normal subjects receiv-

ing a low sodium diet.

The secondary aim of the study was to compare treatment

induced changes in serum creatinine and serum sodium

between the two groups. In addition, the number of patients

who developed renal impairment or hyponatraemia after

treatment were compared between the two groups. Renal

impairment was defined as an increase in serum creatinine of

more than 50% from baseline values, to a level greater than

133 µmol/l.4 Hyponatraemia was defined as a decrease in

serum sodium of more than 5 mmol/l, to a level below

130 mmol/l.4 Patients with baseline serum sodium below

130 mmol/l who had a decrease in serum sodium of at least

5 mmol/l after treatment were also included among patients in

whom hyponatraemia developed.4 Moreover, the study com-

pared treatment induced changes in body weight and arterial

pressure between groups. Comparisons were performed using

two factor repeated measures ANOVA or the χ2 test as appro-

priate. Finally, survival curves were compared between the two

treatment groups using the log rank test. Results are

expressed as mean (SEM). A two tailed p value less than 0.05

was considered significant.

RESULTS
Except for age, the two treatment groups were matched for

demographic and clinical features, as well as for liver tests

(table 1). Age did not have any significant influence on the

results. The volume of removed ascites was 6.0 (1.0) litres in

the terlipressin group and 4.9 (0.8) litres in the albumin group

(p=0.42). The delay between paracentesis and hospital

discharge was 5.5 (0.2) days in the terlipressin group and 5.3

(0.3) days in the albumin group (p=0.57).

Baseline values for plasma renin concentrations did not dif-

fer from values at hospital discharge irrespective of the treat-

ment group (171 (33) v 174 (34) pg/ml; p=0.99). Individual

changes in plasma renin concentrations in the two treatment

groups are shown in fig 1. Three patients had a decrease in

arterial blood volume in the terlipressin group and three in the

albumin group (increases in plasma renin concentration by

185 (72) and 225 (143)%, respectively). The number of

patients who had decreased arterial blood volume did not dif-

fer between the two groups (p=0.74). Mean values for

Table 1 Baseline variables for patients in the two
study groups

Terlipressin+
paracentesis
group (n=10)

Albumin+
paracentesis
group (n=10)

Age (y) 50 (2) 58 (2)
Male 8 8
Aetiology of cirrhosis

Alcohol 8 9
Hepatitis C virus 2 1

Serum bilirubin (µmol/l) 44 (13) 39 (5)
Serum albumin (g/l) 28.4 (2.0) 29.6 (2.0)
Prothrombin (%) 58 (5) 49 (3)
Pugh’s score 9.4 (0.5) 9.6 (0.5)
Pugh’s grade

B 6 6
C 4 4

Serum creatinine (µmol/l) 75 (9) 74 (4)
Serum sodium (mmol/l) 135 (1) 134 (1)

Data are mean (SEM) or number of patients.
There were no significant differences between the two groups, except
for age (p=0.03).
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baseline plasma renin concentrations were similar in the ter-

lipressin and albumin groups (p=0.61). Changes in plasma

renin concentrations (from 156 (81) to 130 (34) pg/ml in the

terlipressin group and from 193 (47) to 223 (57) pg/ml in the

albumin group) did not differ between groups (table 2).

Baseline plasma aldosterone concentrations did not differ

from values at hospital discharge (1213 (237) v 1377 (197)

pg/ml; p=0.13) in either treatment group. Baseline plasma

aldosterone concentrations did not differ between the

terlipressin and albumin groups (p=0.42). Changes in plasma

aldosterone concentrations (from 1017 (278) to 1336 (280)

pg/ml in the terlipressin group and from 1149 (324) to 1421

(292) pg/ml in the albumin group) did not differ between

groups (table 2). In patients with a decrease in effective arte-

rial blood volume, plasma aldosterone concentrations in-

creased by 145 (101)% and 263 (117)% in the terlipressin and

albumin groups, respectively.

Plasma concentrations of renin and aldosterone measured

on the day after paracentesis were available in eight patients in

the terlipressin group and in seven in the albumin group.

Plasma renin concentrations measured at baseline and on the

day after paracentesis were 166 (62) and 55 (22) pg/ml in the

terlipressin group, and 192 (59) and 166 (70) pg/ml in the

albumin group. Plasma aldosterone concentrations measured

at baseline and on the day after paracentesis were 928 (299)

and 495 (252) pg/ml in the terlipressin group, and 1151 (361)

and 500 (70) pg/ml in the albumin group.

Baseline serum creatinine levels did not differ from values

at hospital discharge (74 (5) v 72 (5) µmol/l; p=0.29) in the

two treatment groups. Baseline serum creatinine did not dif-

fer between the terlipressin and albumin groups (p=0.93).

Changes in serum creatinine (from 75 (9) to 72 (8) µmol/l in

the terlipressin group and from 74 (4) to 71 (6) µmol/l in the

albumin group) did not differ between groups (table 2). No

patient developed renal impairment after treatment in the

terlipressin or albumin group.

Serum sodium was lower at hospital discharge than at

baseline (132 (1) v 134 (1) mmol/l; p<0.001) for both

treatment groups. Baseline serum sodium was similar in the

terlipressin and albumin groups (p=0.56). Changes in serum

sodium (from 134 (1) to 133 (1) mmol/l in the terlipressin

group and from 134 (1) to 132 (1) mmol/l in the albumin

group) did not differ between groups (table 2). The number of

patients who developed hyponatraemia after treatment was

not different between the two groups (one patient in the ter-

lipressin group and one in the albumin group; p=0.46).

In both treatment groups, body weight was lower at hospi-

tal discharge than at baseline (71 (3) v 75 (3) kg; p<0.001).

Baseline body weight did not differ between the terlipressin

and albumin groups (p=0.40). Changes in body weight (from

77 (4) to 73 (3) kg in the terlipressin group and from 72 (5) to

69 (4) kg in the albumin group) did not differ between groups

(table 2).

Baseline values for mean arterial pressure did not differ

from values at hospital discharge (80 (2) v 78 (2) mm Hg;

p=0.55) for either treatment group. Baseline arterial pressure

did not differ between the terlipressin and albumin groups

(p=0.77). Changes in arterial pressure (from 79 (3) to 78 (3)

mm Hg in the terlipressin group and from 81 (4) to 79 (3) mm

Hg in the albumin group) did not differ between groups (table

2).

Baseline values for urinary sodium excretion did not differ

from values at hospital discharge (9 (2) v 7 (1) mmol/day;

p=0.13) for either treatment group. Baseline urinary sodium

excretion did not differ between the terlipressin and albumin

groups (p=0.42). Changes in urinary sodium excretion (from

11 (4) to 7 (3) mmol/day in the terlipressin group and from 7

(3) to 7 (2) mmol/day in the albumin group) did not differ

between groups (p=0.25).

In the two groups, there were no differences between base-

line values and values at hospital discharge for heart rate,

serum potassium, or serum bicarbonate. Baseline values of

these variables did not differ significantly between the two

groups (data not shown).

Inhospital complications did not occur in either group. In

the terlipressin group, abdominal cramps, diarrhoea, arterial

hypertension, and chest pain were not observed. There were

no differences between pretreatment and post-treatment

electrocardiograms (data not shown).

At three months the survival rate did not differ between the

two groups (86% in the terlipressin group and 89% in the

albumin group; p=0.86).

Figure 1 Individual changes in plasma renin concentrations in the
terlipressin and albumin groups. Plasma renin concentrations were
measured at baseline (immediately before paracentesis) and at
hospital discharge (4–6 days after paracentesis).
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Table 2 Treatment induced changes in the two study groups

Terlipressin+
paracentesis
group (n=10)

Albumin+
paracentesis
group (n=10) p Value

Changes in*
Plasma concentrations (pg/ml)

Renin −27 (51) 30 (37)† 0.39
Aldosterone 319 (246) 272 (281)† 0.90

Serum creatinine (µmol/l) −2.4 (2.9) −2.3 (3.2) 0.98
Serum sodium (mmol/l) −1.6 (0.8) −1.9 (0.6) 0.78
Body weight (kg) −3.4 (0.9) −3.3 (1.0) 0.91
Mean arterial pressure (mm Hg) −1.3 (3.2) −1.2 (2.8) 0.98

*Changes were the difference between baseline values (before treatment) and values
measured at hospital discharge (4–6 days after treatment). Negative changes indicate a
decrease.
Values are mean (SEM).
†Measured in nine patients.
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DISCUSSION
In this pilot study, patients with cirrhosis and tense ascites

were randomly assigned to be treated with either paracentesis

plus terlipressin or paracentesis plus albumin. Albumin was

used because to date it is the best treatment for preventing

inhospital complications of paracentesis.10 Under baseline

conditions, the groups were similar for liver tests, plasma lev-

els of renin and aldosterone, arterial pressure, serum

creatinine, and serum sodium. Patients were in a poor condi-

tion in both groups.
The main aim of the study was to compare changes in

effective arterial blood volume assessed by measuring

variations in renin-angiotensin system activity—that is,

changes in plasma renin concentrations.10 19 Plasma renin and

aldosterone concentrations were measured immediately be-

fore the onset of paracentesis and at hospital discharge (4–6

days after paracentesis). In addition, plasma levels of renin

and aldosterone were measured on the day after paracentesis

in some patients in both groups.

As expected,9 20 in the albumin group plasma renin and

aldosterone concentrations were lower on the day after para-

centesis than under baseline conditions. Similarly, in the

terlipressin group, plasma renin and aldosterone concentra-

tions were lower on the day after paracentesis than at baseline.

Patients with tense ascites treated by paracentesis alone

have a significant decrease in effective arterial blood volume,

as indicated by marked increases in plasma renin activity and

plasma aldosterone levels within one week after ascites

removal.4 9 10 In the present study, a decrease in arterial blood

volume was present on the day of hospital discharge in only

three patients in each treatment group. Moreover, mean values

for plasma concentrations of renin and aldosterone did not

change significantly in the terlipressin and albumin groups.

Thus paracentesis induced decreased effective arterial blood

volume was effectively prevented in most patients in the

terlipressin and albumin groups.

Paracentesis induced arteriolar vasodilation precedes and

plays a major role in the development of decreased effective

arterial blood volume.3 5 11 16 Terlipressin is a potent

vasoconstrictor,17 and as terlipressin administration started

immediately before ascites removal, prevention of paracente-

sis induced vasodilation may explain the lack of change in

effective arterial blood volume in patients who received

terlipressin.

Another aim of the present study was to compare changes

in clinically significant variables between the two groups. In

both groups, the mean value for serum creatinine at hospital

discharge did not differ significantly from baseline values and

no individual patient developed renal impairment during the

study. In addition, although each treatment group showed a

slight but significant decrease in natraemia, changes in serum

sodium were similar in the two groups. Moreover, hypo-

natraemia occurred in only one patient in each group. The

results also show that body weight was significantly lower on

the day of hospital discharge than on the day before paracen-

tesis in the terlipressin and albumin groups. Decreases in body

weight (that are obviously a result of ascites removal) were

similar in both treatment groups. Finally, arterial pressure at

hospital discharge did not differ significantly from baseline

values in the terlipressin and albumin groups. These results,

together with those obtained for plasma renin levels (see

above), indicate that the overall response to treatment was

similar in the terlipressin and albumin groups. However,

because of the small sample size of the study groups, a type II

error cannot be excluded.

In this study, terlipressin was well tolerated in all patients,

as in other previous studies.17 21 In contrast, albumin is a blood

product that may have inherent risks, such as transmission of

diseases. The cost of terlipressin was slightly less than that of

intravenous albumin (994 v 1100 Euros, respectively). It

should be emphasised that the cost of terlipressin was fixed

while that of albumin increased with the volume of ascites

removed and thus albumin may cost less or, more frequently,

more than terlipressin.

In conclusion, the results of this randomised pilot study

suggest that the use of terlipressin may be a novel therapy in

the prevention of the paracentesis induced decrease in arterial

blood volume. Therefore, the effects of terlipressin on arterial

blood volume should be compared with those of intravenous

albumin in a randomised study involving a large series of

patients with cirrhosis and tense ascites treated by paracente-

sis.
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