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Background & Aims: Albumin infusion improves renal function
and survival in cirrhotic patients with spontaneous bacterial peri-
tonitis (SBP) but its efficacy in other types of infections remains
unknown. We investigated this issue through a multicenter ran-
domized controlled trial.
Methods: A total of 193 cirrhotic patients with a Child-Pugh
score greater than 8 and sepsis unrelated to SBP were randomly
assigned to receive antibiotics plus albumin (1.5 g/kg on day 1
and 1 g/kg on day 3; albumin group [ALB]: n = 96) or antibiotics
alone (control group [CG]: n = 97). The primary endpoint was

the 3-month renal failure rate (increase in creatinine P50% to
reach a final value P133 lmol/L). The secondary endpoint was
3-month survival rate.
Results: Forty-seven (24.6%) patients died (ALB: n = 27 vs. CG:
n = 20; 3-month survival: 70.2% vs. 78.3%; p = 0.16). Albumin
infusion delayed the occurrence of renal failure (mean time to
onset, ALB: 29.0 ± 21.8 vs. 11.7 ± 9.1 days, p = 0.018) but the 3-
month renal failure rate was similar (ALB: 14.3% vs. CG: 13.5%;
p = 0.88). By multivariate analysis, MELD score (p <0.0001), pneu-
monia (p = 0.0041), hyponatremia (p = 0.031) and occurrence of
renal failure (p <0.0001) were predictors of death. Of note, pul-
monary edema developed in 8/96 (8.3%) patients in the albumin
group of whom two died, one on the day and the other on day 33
following albumin infusion.
Conclusions: In cirrhotic patients with infections other than SBP,
albumin infusion delayed onset of renal failure but did not
improve renal function or survival at 3 months. Infusion of large
amounts of albumin should be cautiously administered in the
sickest cirrhotic patients.
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by Elsevier B.V. All rights reserved.
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Introduction

Bacterial infections are common in cirrhotic patients and dramat-
ically increase one-year mortality; with mortality reportedly up
to 38% after infection [1,2]. Once infection occurs, it may lead
to systemic inflammatory response syndrome (SIRS) and subse-
quently, renal failure, multi-organ dysfunction and death [3].
The most common infection, accounting for around one quarter
of all infections in hospitalized patients, is spontaneous bacterial
peritonitis (SBP), which is mainly caused by bacterial transloca-
tion [4]. About one-third of these patients go on to develop renal
failure despite the resolution of infection [5,6].

Renal failure in SBP is the most powerful independent predic-
tor of in-hospital mortality, with a median death rate of 67% in
patients with renal failure, versus only 11% in patients who main-
tained normal renal function [7]. Renal failure has also been
reported to be a strong predictor of early death in cirrhotic
patients with infections other than SBP [8–10]. Deterioration of
renal function during sepsis proceeds from several causes: firstly,
splanchnic vasodilation, due to increased production of pro-
inflammatory cytokines and vasodilatory factors, such as nitric
oxide, with a subsequent reduction in effective arterial blood vol-
ume; and secondly, vasoconstriction in non-splanchnic vascular
beds, including the kidney [11].

Renal hypoperfusion is further exacerbated by sepsis-related
cardiomyopathy, which has been shown to be improved by albu-
min infusion in cirrhotic rats [12]. Intravenous albumin adminis-
tration has also been shown to have beneficial effects on systemic
hemodynamics and renal function in cirrhotic patients with SBP,
mediated by both an improvement in cardiac function and a
decrease in arterial vasodilatation [13]. More importantly, the
use of albumin together with antibiotic treatment in SBP was
associated with a marked decrease in 3-month mortality com-
pared to antibiotic treatment alone [6]. The beneficial effect of
albumin infusion in the context of SBP is related mostly to its
oncotic effect, but may also be due to its antioxidant, immune
modulatory and scavenger properties [14].

The efficacy of albumin to prevent renal impairment and
reduce mortality in patients with SBP was recently confirmed
in a meta-analysis [15]. Its use is endorsed by current guidelines
and well-integrated in clinical practice, although the benefit of
this strategy remains questionable in low-risk SBP patients
[16,17]. Conversely, little is known about the effects of albumin
on renal function and survival in cirrhotic patients with infec-
tions other than SBP. Only one single-center study with a rela-
tively small sample size has addressed this issue to date [18].
Although encouraging, the overall result of this study was nega-
tive, with no significant difference in survival between groups
observed at 3 months, underlining the need for a larger trial [18].

We performed a randomized, multicenter trial to determine
whether albumin infusion has a beneficial effect on renal func-
tion and 3-month survival in cirrhotic patients with infections
other than SBP.

Patients and methods

Study oversight

The ‘‘Albumin Administration in Cirrhotic Patients With Bacterial Infection
Unrelated to Spontaneous Bacterial Peritonitis (ALB-CIRINF)’’ study (registered
with ClinicalTrials.gov under the number NCT01359813) was a randomized,

open-label, controlled, multicenter clinical trial designed by a scientific commit-
tee and supervised by an independent oversight committee (Supplementary File
1). LFB laboratories (Courtaboeuf, France) provided the albumin vials (Vialebex�,
LFB). All authors had access to the study data, critically reviewed the manuscript,
and approved the final draft for submission. The trial was performed in 25 partic-
ipating centers, in accordance with the Declaration of Helsinki and with the
approval of our local ethics committee (CPP Est-II) on the 7th August 2008 (ref:
2008-A80478-45) (Supplementary File 2).

Patients

All consecutive cirrhotic patients with sepsis who were admitted to the partici-
pating centers were screened for eligibility. Full details of the inclusion and exclu-
sion criteria, and the definitions of infection are given in Supplementary File 3.
Briefly, inclusion criteria were: age P18 and 680 years, presence of sepsis or
severe sepsis according to the criteria of the American College of Chest Physi-
cians/Society of Critical Care Medicine (ACCP/SCCM) guidelines [19], and cirrhosis
with a Child-Pugh score >8. Exclusion criteria were: patients with serum creati-
nine level >160 lmol/L, SBP, septic shock, and use of antibiotics (except antibiotic
prophylaxis) during the week prior to randomization. We excluded patients with
a creatinine level >160 lmol/L because the Scientific Committee considered that
randomization would be unethical and not feasible in these patients.

Randomization

Randomization was performed in blocks of 4, in a 1:1 ratio, by means of an inter-
active voice-system response (Ascopharm, Novasco group, Paris, France) with
stratification by center. The number of subjects per block was known only to
the methodologist.

Treatment allocation and follow-up

Eligible patients were randomly assigned to receive either antibiotics alone (con-
trol group) or antibiotics plus albumin 20% (ALB group: 1.5 g/kg on day 1 and 1 g/
kg on day 3). Albumin administration was initiated in the first 12 h after random-
ization, and antibiotics were to be started as soon as possible without waiting for
the randomization. During the 3-month follow-up period, eight visits were
planned (at days 1, 3, 6, 9, 15, 30, 60, and 90) to record clinical and biological data
(Supplementary Table 1). Complications of cirrhosis were managed according to
standard protocols [20]. In septic patients with ascites, diuretics had to be stopped
at the time of infection and re-introduced after resolution of infection. Large-vol-
ume paracentesis (LVP >3 liters) was not authorized until after resolution of infec-
tion, but paracentesis of lesser volumes without albumin administration was
authorized in cases of abdominal discomfort. Proposals for the choice of antibiotics
were given in the study protocol to assist physicians (Supplementary File 3).

Endpoints and definitions

Endpoints
The primary endpoint was the rate of renal failure during the 3-month follow-up
period. The secondary end-point was 3-month mortality rate.

Renal failure
Renal function was assessed by measuring serum creatinine concentration at
inclusion and throughout follow-up (see Supplementary Table 1 for measurement
schedule). To define renal failure, a cut-off serum creatinine level of 133 lmol/L
(15 mg/L) was used. For patients without pre-existing renal insufficiency, renal
impairment was diagnosed whenever there was an increase in serum creatinine
of P50%, reaching a final value of over 133 lmol/L. For patients with pre-existing
renal insufficiency before infection, renal impairment was diagnosed by an
increase in the serum creatinine level by more than 50% from baseline. Glomer-
ular filtration rate was estimated according to the MDRD formula [21].

Statistical analysis

Quantitative variables are presented as mean ± SD or as median and interquartile
range (IQR), and categorical variables as number (percentage).

The sample size was estimated based on a projected 27% renal failure rate at
3 months in the control group [9] and 10% in the albumin infusion group [6]. It
was calculated that 186 patients (93 per group) would yield 80% power with a
two-sided alpha risk of 5%. The sample size was increased by 10% to 206 patients
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