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Abstract: The use of albumin in patients with cirrhosis has been extensively discussed over 
recent years. Current treatment approaches depend on targeting related complications, aiming 
to treat and/or prevent circulatory dysfunction, bacterial infections and multi-organ failure. 
Albumin has been shown to prolong survival and reduce complications in patients with 
cirrhosis. This review aims to ascertain whether the use of albumin is justified in patients 
with cirrhosis. A systematic review of randomized controlled trials (RCTs) and meta- 
analyses evaluating albumin use in patients with cirrhosis published between 1985 and 
February 2020 was conducted; the quality and risk of bias of the included studies were 
assessed. In total, 45 RCTs and 10 meta-analyses were included. Based on the included 
evidence, albumin is superior at preventing and controlling the incidence of cirrhosis 
complications vs other plasma expanders. Recent studies reported that long-term albumin 
administration to patients with decompensated cirrhosis improves survival with a 38% 
reduction in the mortality hazard ratio compared with standard medical treatment alone. 
Albumin infusions are justified for routine use in patients with cirrhosis, and the use of 
albumin either alone or in combination with other treatments leads to clinical benefits. Long- 
term administration of albumin should be considered in some patients. 
Keywords: albumin, ascites, hepatorenal syndrome, liver cirrhosis, paracentesis, peritonitis

Plain Language Summary
Patients with decompensated cirrhosis have a poor prognosis, with most cases culminating in 
liver transplantation or early death. The management of these patients creates a heavy burden 
for healthcare systems, and effective treatments that able to prevent serious complications 
and improve patient quality of life and survival are therefore of great importance. For this 
reason, a systematic review was conducted to assess the suitability of albumin to treat 
patients with cirrhosis. The findings of the systematic review indicate that albumin is safe 
and effective for treating or preventing a multitude of complications arising from cirrhosis, 
including ascites, paracentesis-induced circulatory dysfunction, infections and hepatorenal 
syndrome. Therefore, in these contexts, albumin is recommended by international clinical 
practice guidelines for liver disease. Furthermore, long-term administration has recently been 
found to have a disease-modifying effect and prolong overall survival.

The current evidence base for the use of albumin to treat patients with cirrhosis is relatively 
large, but there are some areas that would benefit from additional research. These areas include 
the use of albumin in therapeutic paracentesis when the extracted volume of ascites is <5 L, in 
patients with cirrhosis and infections unrelated to spontaneous bacterial peritonitis, and long- 
term administration of albumin to further study the benefits on patient survival.
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More widespread use of albumin to treat the complications of 
decompensated cirrhosis, in line with international guidelines, 
will improve the quality of life and increase survival for patients 
with this serious condition, which is becoming more common 
and consequently having an increasing impact on healthcare 
resources.

Introduction
Decompensated Cirrhosis
Cirrhosis is the final disease stage of evolving chronic 
liver disease.1 The development of clinical manifestations 
such as ascites, hepatic encephalopathy (HE), gastrointest-
inal bleeding and severe jaundice, which occurs in 5–10% 
of patients per year,2 marks the turning point between 
compensated and decompensated cirrhosis, an event asso-
ciated with a dramatic worsening of prognosis.3 Ascites is 
the most frequent complication of cirrhosis, occurring in 
more than 50% of patients, which is associated with poor 
quality of life, increased risk of infections and increased 
mortality.4

The clinical course of decompensated cirrhosis is 
usually progressive, leading to liver transplantation or 
death. It is often accelerated by the onset of acute-on- 
chronic liver failure (ACLF), a clinical syndrome precipi-
tated by hepatic or systemic insults and characterized by 
hepatic and/or extra-hepatic organ failure and high short- 
term mortality, despite its potential reversibility.5,6 

Bacterial infections, to which patients with decompensated 
cirrhosis are highly susceptible because of a complex dys-
function of innate and acquired immunity,7 are among the 
most frequent causes of ACLF in the Western world.

The pathophysiological background of decompensated 
cirrhosis is a sustained inflammatory and pro-oxidant state 
due to the activation of immune cells resulting from the 
systemic spread of bacterial and bacterial products because 
of an abnormal translocation from the gut.8 Pro- 
inflammatory cytokines and highly reactive oxygen and 
nitrogen species are essential components of the pathophy-
siological pathways leading to systemic circulatory dys-
function and effective hypovolemia, a long-recognized 
feature of advanced cirrhosis.8,9 Systemic hemodynamic 
abnormalities and inflammation eventually lead to multi- 
organ dysfunction and, ultimately, failure. Agents that are 
able to improve effective blood volume and counteract one 
or more of these pathophysiological abnormalities could 
provide effective means to prevent complications and treat 
decompensated cirrhosis.10

Albumin Properties
Human albumin, produced in the liver, is the most abun-
dant protein in plasma and maintains fluid balance in the 
body by regulating the oncotic pressure between the intra- 
and extra-vascular spaces.11 Its oncotic power, prolonged 
half-life and ability to attract water from the interstitium to 
the intravascular compartment through indirect osmotic 
function make albumin a powerful plasma expander.12

Further to its role as a plasma expander, albumin also 
possesses several non-oncotic functions (Figure 1). The 
antioxidant activity of albumin cannot be ignored – it is 
the most abundant antioxidant in the body – and it also 
displays immune-modulatory activity, protection of capil-
lary integrity, and regulation of acid-base balance and 
hemostasis.13 Albumin also binds a variety of endogenous 
and exogenous substances, including bilirubin, bile salts, 
endotoxins, and many drugs.

Albumin Abnormalities in Cirrhosis
Patients with advanced cirrhosis almost always present 
with reduced serum albumin concentration, which results 
from pathomechanisms including reduced synthesis by 
hepatocytes, dilution secondary to renal retention of 
sodium and water, and increased trans-capillary escape 
rate.14 All of these abnormalities are related to the pro-
gression of the underlying disease, and hypoalbuminemia 
is associated with reduced patient survival.15

However, serum albumin abnormalities in cirrhosis are 
not only quantitative, but also qualitative. Evidence suggests 
that the albumin molecule undergoes functional and struc-
tural changes in this setting,16–20 which worsens in parallel 
with the severity of cirrhosis. These abnormalities are also 
associated with the occurrence of additional complications 
and predict patient survival more closely than total serum 
albumin concentration.18–20 Thus, patients with advanced 
cirrhosis not only present a reduced total serum albumin 
concentration, but also, to an even greater extent, 
a reduction in the serum abundance of effective albumin, 
that is the native, functionally intact isoform of the molecule.

The Use of Albumin in Cirrhosis
Current guidelines recommend single-dose or short-term 
albumin administration to prevent or treat specific complica-
tions of cirrhosis characterized by an abrupt worsening of 
effective volemia.21,22 Most studies that have addressed the 
use of albumin in patients with cirrhosis were performed 
before evidence of the pathophysiological abnormalities 
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underlying the clinical manifestations of decompensated cir-
rhosis became available.8 In the light of the peripheral arterial 
vasodilation hypothesis,9 the main aim of albumin adminis-
tration was directed at improving effective volemia. For these 
reasons, albumin effects have been compared with those of 
other means to enhance effective plasma volume, either 
fluids (artificial plasma expanders or saline solution) or 
vasoconstrictors.

The aim of the present systematic review of the 
literature was to identify and appraise studies that have 
compared the use of albumin with other available thera-
pies in the management of decompensated cirrhosis, to 
ascertain whether the use of albumin is justified in these 
patients. This review focused on clinical parameters 
such as control of ascites and prevention of the main 
complications of cirrhosis, as well as patient-centered 

outcomes such as mortality and need for and duration of 
hospitalization.

Methods
The primary aim of this systematic review of the literature 
was to identify all relevant clinical studies evaluating the use 
of albumin in the management of patients with cirrhosis. The 
primary research question was “Is the use of albumin justi-
fied in the management of patients with cirrhosis?”

Search Criteria
A systematic literature search was conducted to retrieve origi-
nal, English-language articles of interest from January 1985 to 
February 2020. The PubMed and EMBASE databases were 
searched with a combination of MeSH terms and key words 
for the population and interventions. The pre-defined search 

Figure 1 Functional properties of albumin and potential uses for cirrhosis complications. Data from Garcia- Martinez et al.13 

Abbreviation: SBP, spontaneous bacterial peritonitis.
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strategy utilized for PubMed was (“Albumin” OR “fluid 
administration” OR “fluid therapy” OR “fluid replacement”) 
AND (“cirrhosis” OR “liver fibrosis” OR “liver disease”). 
Retrieved articles were limited to RCTs and meta-analyses. 
The pre-defined search strategy utilized for EMBASE is sum-
marized in Tables 1 and 2. Reference lists of published articles 
were also examined to identify new studies of interest.

Study Selection
A two-stage process for screening and selection of relevant 
articles was conducted. Initial screening was based upon title 
and abstract only, against pre-defined inclusion and exclu-
sion criteria (Table 3). The full texts of retained articles were 
examined to determine if they contained relevant informa-
tion, using the same inclusion and exclusion criteria. 
Conflicts were resolved by an independent reviewer. The 
search and selection process was performed and described as 
per the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) Statement.23

Outcome Measures and Data Extraction
Data were extracted from studies identified for inclusion 
using a data extraction form developed for this review, 
which included the following items: sample size, patient 
characteristics, duration of follow-up, mortality, and mar-
kers of disease progression (including changes in liver and 
renal function tests and circulatory dysfunction). In addi-
tion, we noted further complications that were reported 

Table 1 EMBASE Search String (RCTs)

Intervention “albumin” or “fluid administration” or 
“fluid therapy” or “fluid replacement”

Study setting “cirrhosis” or “liver fibrosis” or “liver disease” or 

“liver ascites”

Subjects Human

Article type “clinical trial”/de OR “randomized controlled 

trial”/de OR “randomization”/de OR “single blind 
procedure”/de OR “double blind procedure”/de 

OR “crossover procedure”/de OR “placebo”/de 

OR “prospective study”/de OR “randomi?ed 
controlled” NEXT/1 trial* OR rct OR “randomly 

allocated” OR “allocated randomly” OR “random 

allocation” OR allocated NEAR/2 random OR 
single NEXT/1 blind* OR double NEXT/1 blind* 

OR (treble OR triple) NEAR/1 blind* OR placebo*

Excluded 

article types

“Conference Paper” OR “Review” OR 

“Correspondence” OR “Commentary” OR 

“Editorial” OR “Literature Review” OR 
“Correction/Retraction” OR “Conference 

Proceeding” OR “Undefined” OR “Front Page/ 

Cover Story” OR “General Information” OR 
“Letter to the Editor” OR “Case Study” OR 

“Report” OR “Standard” OR “Conference Papers 

& Proceedings” OR “Books” OR “Encyclopedias & 
Reference Works” OR “Government & Official 

Publications” OR “Dissertations & Theses”

Excluded 

databases

NOT ”Medline”

Table 2 EMBASE Search String (Meta-Analyses)

Intervention “albumin” or “fluid administration” or “fluid 

therapy” or “fluid replacement”

Study setting “cirrhosis” or “liver fibrosis” or “liver disease” or 

“liver ascites”

Subjects Human

Article type “meta analysis” OR meta-analysis

Excluded 
article types

“Conference Paper” OR “Review” OR 
“Correspondence” OR “Commentary” OR 

“Editorial” OR “Literature Review” OR 

“Correction/Retraction” OR “Conference 
Proceeding” OR “Undefined” OR “Front Page/ 

Cover Story” OR “General Information” OR 

“Letter to the Editor” OR “Case Study” OR 
“Report” OR “Standard” OR “Conference Papers 

& Proceedings” OR “Books” OR “Encyclopedias & 

Reference Works” OR “Government & Official 
Publications” OR “Dissertations & Theses”

Excluded 
databases

NOT ”Medline”

Table 3 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

A. Articles published in 

English

F. Articles in any language other than 

English

B. Human subjects G. Non-clinical reports (eg animal 
models, in vitro or ex vivo experimental 

studies)

C. Randomized clinical 

trials, meta-analyses

H. Guidelines, retrospective studies, 

systematic reviews, literature reviews, 

editorials or commentaries

D. Patients with liver 

cirrhosis

I. Healthy volunteers

E. Use of albumin for 

volume replacement

J. Studies that do not assess the efficacy 

of albumin in cirrhosis, studies that use 
albumin dialysis, studies that only use 

albumin as part of a treatment procedure
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and recorded whether these adverse events were serious 
and considered to be treatment-related.

Assessment of Risk of Bias
The quality and risk of bias of the included studies were 
assessed using checklists adapted from those produced by 
the Scottish Intercollegiate Guidelines Network (SIGN).24 

The potential risk of bias was assigned based on assess-
ment of the following: allocation concealment, sequence 
generation and blinding of outcomes, sample size, with-
drawals and reporting bias. Each study was graded as 
level 1 evidence, because only RCTs were included (repre-
senting the highest level of evidence), and then as “++”, 
“+”, or “-”, denoting low, acceptable or high risk of bias, 
respectively, according to the number of potential biases 
identified.

Results
Characteristics of the Selected Studies
The initial search identified 514 RCTs and 117 meta- 
analyses published since 1985, of which 45 RCTs and 10 
meta-analyses were retained after screening. The study 
selection process is presented in a detailed PRISMA flow 
diagram (Figure 2).

An overview of the risk of different biases across all the 
included RCTs and meta-analyses is presented in Figure 3. 
Of the 45 included RCTs, 11 (24%) were rated 1++,25–35 31 
(69%) as 1+,36–66 and 3 (7%) as 1-,67–69 based on the 
assessed risk of bias. This suggests that most studies included 
were high-quality, well-conducted trials with acceptable or 
low risk of bias. Of the 10 meta-analyses included, 3 (30%) 
were rated as 1++,70–72 6 (60%) as 1+,73–78 and 1 (10%) 
as 1-,79 based on the SIGN grading recommendations.24
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Records identified in PubMed (N = 335)
RCTs: N = 301

Meta-analyses: N = 34

Records identified in EMBASE (N = 296)
RCTs: N = 213

Meta-analyses: N = 83

Included in title/abstract screening (N = 631)
RCTs: N = 514

Meta-analyses: N = 117

Excluded (N = 568)
• Duplicates (N = 15*)
• Ineligible article (N = 40)
• Non-human subjects (N = 3)
• Ineligible study type (N = 43)
• Ineligible study setting (N = 74)
• Ineligible intervention (N = 393)

Articles included in full-text screening (N = 63)
RCTs: N = 53

Meta-analyses: N = 10

Articles included in analysis (N = 55)
RCTs: N = 45

Meta-analyses: N = 10

Excluded (N = 8)
• Ineligible intervention (N = 8)

Figure 2 PRISMA flow diagram summarizing the results from PubMed and EMBASE searches. 
Notes: Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Ann 
Intern Med. 2009;151(4):264–269, W264. Creative Commons license and disclaimer available from: (http://creativecommons.org/licenses/by/4.0/legalcod).23 *Embase 
searches were designed to exclude PubMed/Medline records, but 15 studies identified in Embase were nonetheless duplicates from PubMed/Medline.
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There were 14 RCTs that compared albumin with alter-
native plasma expanders,27,30,40,42,49–53,55,59–61,68 14 studies 
assessed albumin combined with or vs a vasoconstrictor (ter-
lipressin in 7 studies,26,37,45,47,54,65,66 midodrine in 5 
studies25,39,44,46,64 and noradrenaline in 2 studies36,48), while 
4 studies assessed the use of diuretics instead of 
albumin.34,35,62,63 Other studies evaluated lower doses of 
albumin43 and reinfusion of concentrated ascitic fluid as alter-
natives to albumin infusion.58,67 In addition, 5 studies reported 
on the benefits of antibiotics used in combination with albumin 
in patients with SBP.31,38,69,80 Table 4 provides an overview of 
the highest-quality RCTs (1++) included in this review.25–35

Efficacy of Albumin in Patients with 
Cirrhosis
Paracentesis-Induced Circulatory Dysfunction (PICD)
PICD is a complication that arises following the removal 
of ascitic fluid and may lead to severe consequences such 
as arterial hypotension, renal dysfunction, hyponatremia, 
HE, or even death.81 The current recommendation from 
the European Association for the Study of the Liver 
(EASL) and the American Association for the Study of 
Liver Diseases (AASLD) is 8 g of albumin for every liter 
of ascites removed by large-volume paracentesis (LVP) 
exceeding 5 L.21,22 It is yet to be defined whether 

Low risk of bias
Unclear risk of bias
High risk of bias 

Randomized controlled trials (RCTs) 

Allocation of intervention not randomized (selection bias)

Inadequate concealment method (selection bias)

Study was not Double-blinded study (detection bias)
Small sample size; <100 participants (detection bias)

Inadequate description of withdrawals (detection bias)

Selective reporting (reporting bias)

Other bias; e.g., Pharma funding (reporting bias)

Meta-analyses 
Comprehensive literature search (selection bias)

Studies not selected by at least two people (detection bias)

Data not extracted by at least two people (detection bias)

Included studies well described (detection bias)

Excluded studies well described (detection bias)

Quality of studies not assessed and reported (reporting bias)

Inadequate methods to combine results (reporting bias)

Bias assessment completed (reporting bias)

Conflicts declared (reporting bias)

Percentage (%)

Percentage (%)

Figure 3 Risk of bias across all included studies (n=45 RCTs, n=10 meta-analyses), as assessed using criteria adapted from the SIGN guidelines. 
Notes: Adapted from Scottish Intercollegiate Guidelines Network (SIGN). SIGN GRADING SYSTEM 1999 – 2012. Available from: (https://www.sign.ac.uk/assets/sign_ 
grading_system_1999_2012.pdf). Creative Commons license and disclaimer available from: (http://creativecommons.org/licenses/by/4.0/legalcode).24 

Abbreviation: SIGN, Scottish Intercollegiate Guidelines Network.
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Table 4 Summary of the Highest-Quality RCTs (1++; n=11) Included in This Systematic Review, Assessed According to Adapted 
SIGN Criteria24

Study Treatment 
Intervention 
(N, Patients)

Comparator 
Intervention 
(N, Patients)

Key Endpoint(s) Key Findings: Observed 
Complication Rates (Albumin- 
Containing Intervention vs 
Comparator(s))

Albumin in paracentesis

Boyer et al, 201626 

(Double blind)
Terlipressin + Albumin 
(97) 

1 mg terlipressin every 6 

h + 20–40 g/day albumin 
for up to 14 days

Placebo + Albumin (99) 
1 mg placebo + 20–40 g/ 

day albumin for up to 14 

days

Primary: percentage of 
patients with 

confirmed HRS 

reversal 
Secondary: incidence 

of HRS reversal, 

transplant-free 
survival, overall 

survival

● Confirmed HRS reversal: 19/97 
(19.6%) vs 13/99 (13.1%) patients 

(p=0.22, not significant)
● Probability of surviving without trans-

plantation at 90 days: 0.308 vs 0.248 

(p=0.56)
● Survival at 90 days: 56/97 (57.7%) vs 

54/99 (54.5%) patients (p=0.60)

Bari et al, 201227 

(Double blind)

Albumin (13) 

8 g/L of ascites removed

Midodrine + Octreotide 

(12) 
10 mg midodrine three 

times a day + octreotide 

LAR 20 mg every month

Primary: recurrence of 

ascites requiring LVP, 
mortality, liver 

transplant

● Median time to recurrent ascites: 10 

days vs 8 days
● Development of PICD: 18% vs 25% 

(p=0.574, not significant)
● Liver transplantation required: 2 

patients vs 2 patients
● Mortality after 10 months: 4 patients 

vs 5 patients

Gines et al, 199630 

(Non-blinded)

Albumin (97) 

20% albumin at 8 g/L of 

ascites removed (first 50% 
in 2 h, second 50% 6–8 

h after LVP)

Dextran-70 (93), or 

Gelatin (99) 

8 g/L ascites removed

Primary: evaluate the 

efficacy of plasma 

expanders in 
preventing PICD and 

investigate effects of 

PICD on mortality and 
morbidity

● Incidence of PICD: 17/92 (18.5%) vs 
31/90 (34.4%) vs 37/98 (37.8%) (sig-

nificant difference)
● Mortality: 2 patients vs 4 patients vs 6 

patients

Gines et al, 198829 

(Non-blinded)
Paracentesis + Albumin 
(52) 

20% albumin at 40g after 

4–6 L/day ascites removed

Paracentesis (53) 
4–6 L/day ascites removed

Investigate whether IV 
albumin infusion is 

necessary in the 

treatment of 
cirrhotics with LVP

● Ascites eliminated in: 50/52 (96%) vs 

48/53 (90.5%) patients
● Serious complications developed in: 

9/52 (17%) vs 16/53 (30%) patients
● Hospital readmissions required in: 

29/52 patients vs 36/53 patients

Gines et al, 198728 

(Non-blinded)
Paracentesis + Albumin 
(58) 

20% 40g albumin after 4– 

6L/day ascites removed

Spironolactone + 
Furosemide (59) 

200–400 mg/day 

spironolactone + 
40–240 mg/day 

furosemide

Compare paracentesis 
associated with 

albumin vs diuretics to 

treat tense ascites

● Percentage of patients responding to 

treatment: 56/58 (96.5%) vs 43/59 
(72.8%) patients (p<0.05, significant 

difference)
● Incidence of complications: 10 

patients vs 36 patients (p<0.001)
● Duration of hospital stay: 11.7 ± 1.5 

days vs 31 ± 2.8 days (p<0.001)

(Continued)
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Table 4 (Continued). 

Study Treatment 
Intervention 
(N, Patients)

Comparator 
Intervention 
(N, Patients)

Key Endpoint(s) Key Findings: Observed 
Complication Rates (Albumin- 
Containing Intervention vs 
Comparator(s))

Albumin in SBP/non-SBP infections

Sort et al, 199931 

(Double blind)
Cefotaxime + Albumin 
(63) 

1–2g every 6–12 h* + 1.5 

g/kg in the first 6 h, then 1 
g/kg on day 3

Cefotaxime (63) 
1–2g every 6–12 h*

Primary: development 
of renal impairment 

and mortality

● Incidence of renal impairment: 6/63 

(10%) vs 21/63 (33%) patients
● Morality: 10% vs 29% patients 

(p=0.01, significant difference)
● Mortality at 3 months: 14/63 (22%) vs 

26/63 (41%) patients (significant 

difference)

Fernandez et al, 

201932 (Open- 

label)

Antibiotics + albumin (61) 

20% albumin 1.5 g/kg body 

weight at day 1 then 1 g/ 
kg body weight at day 3; 

antibiotics provided based 

on identified infection

Antibiotics alone (57) 

Antibiotics provided 

based on identified 
infection

Primary: in-hospital 

mortality Secondary: 

effect of albumin on 
disease course

● No significant difference in the pri-
mary outcome between groups 

(13.1% vs 10.5%, p=0.66)
● A significantly higher proportion of 

patients in the study group had reso-

lution of ACLF (82.3% vs 33.3%, 

p=0.03)
● A significantly lower proportion of 

patients in the study group devel-

oped nosocomial infections (6.6% vs 
24.6%, p=0.007)

Long-term use of albumin

Sola et al, 2018, 

MACHT study25 

(Double blind)

Midodrine + albumin (87) 

15–30 mg/day midodrine 
+ 40 g 20% albumin every 

15 days for up to 1 year

Placebo (86) 

0.9% saline every 15 days 
for up to 1 year

Incidence of 

complications of 
cirrhosis including: 

renal failure, 
hyponatremia, 

infections, HE, 

gastrointestinal 
bleeding

● Observed rate of complications in: 

37% vs 43%
● Mortality: 7% patients vs 5% patients
● Treatment related adverse events: 54 

vs 36 events

Caraceni et al, 
2018 ANSWER 

study33 (Open- 

label)

SMT + Albumin (218) 
40 g albumin twice weekly 

for 2 weeks, and then 40 

g weekly, with SMT: anti- 
aldosteronic drugs 

(≥200 mg/day) and 

furosemide (≥25 mg/day), 
for up to 18 months

SMT (213) 
SMT: anti-aldosteronic 

drugs (≥200 mg/day) and 

furosemide (≥25 mg/day), 
for up to 18 months

Primary: 18-month 
mortality 

Secondary: number of 

paracentesis, 
hyponatremia and 

incidence of cirrhotic 

complications

● 18-month all-cause mortality: 0.27 

deaths per person vs 0.44 deaths 
per person (significant difference)

● Probability of remaining paracentesis 

free: 62% vs 34% (p<0.0001)
● Cumulative incidence of refractory 

ascites: 0.25 vs 0.48 (p<0.0001)

(Continued)
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alternative products such as artificial plasma expanders 
and/or vasoconstrictors should be used after <5 
L therapeutic paracentesis.

Is Albumin Useful in Preventing PICD?
In patients not receiving a plasma expander following 
paracentesis, the development of PICD is often seen 
within 24 hours and may become further complicated by 
the rapid recurrence of ascites.56,57 Using albumin as 
a plasma expander in patients treated with LVP is a fast, 
effective and well-tolerated therapy that reduces renal 
impairment and prevents the development of 
complications.28,29,62

Based on the meta-analysis by Kwok et al, which 
included 1518 patients from 16 studies, the incidence of 
PICD can be significantly reduced (odds ratio [OR] 0.26, 
95% confidence interval [CI] 0.08–0.93) if patients are 
treated with paracentesis followed by plasma volume 
expansion with albumin.75 This meta-analysis also found 
that mortality was significantly reduced in patients with 
cirrhosis presenting with an infection who were treated 
with paracentesis following by albumin infusion when com-
pared with no albumin (OR 0.46, 95% CI 0.25–0.86).75

Yakar et al compared intravenous furosemide plus 3% 
saline vs oral furosemide and salt vs repeated LVP plus 
albumin in patients with refractory ascites. Although this 
was a small study involving 78 cirrhotic patients with 
a relatively limited follow-up time (~14 months), the 
authors proposed that high-dose oral furosemide with salt 
ingestion may be an effective alternative to albumin 
administration following LVP, based on their observation 
of fewer patients developing SBP and a lower rate of 
mortality.63 Other investigators previously reported that 
hypertonic saline solution plus high dose furosemide may 
be an alternative to repeated paracentesis based on results 
of a pilot study82 or have potentially beneficial metabolic 
effects (citations not included in the assessment of bias).83

Is Albumin Better Than Other Volume Expanders in 
Preventing PICD?
Various other plasma expanders, such as dextran-70, dex-
tran-40, gelatin (polygeline) and hydroxyethyl starch 
(HES), have been investigated as potential alternatives to 
albumin administration. Dextran-70 can be used as an 
effective plasma expander for the treatment of patients 
with cirrhosis and tense ascites.59 However, albumin is 

Table 4 (Continued). 

Study Treatment 
Intervention 
(N, Patients)

Comparator 
Intervention 
(N, Patients)

Key Endpoint(s) Key Findings: Observed 
Complication Rates (Albumin- 
Containing Intervention vs 
Comparator(s))

Romanelli et al, 

200634 

(Non-blinded)

Albumin + Diuretics (54) 

25 g albumin per week for 

the first year, followed by 
25 g every 2 weeks for 2 

years, + Spironolactone 

(100–400 mg) + 
furosemide (25–150 mg), 

as appropriate

Diuretics (46) 

Spironolactone 

(100–400 mg) + 
furosemide (25–150 mg), 

as appropriate

Primary: long-term 

survival without liver 

transplant 
Secondary: recurrence 

of ascites and other 

complications

● Transplant-free survival at 24 
months: 34/54 (75%) vs 26/46 (68%) 

patients
● Transplant-free survival at 48 

months: 31 (69%) vs 11 (29%) 

patients
● Recurrence of ascites: 21/54 

(38.88%) vs 39/46 (84.78%) 

(p<0.0001, significant difference)

Gentilini et al, 

199935 

(Non-blinded)

Albumin + Diuretics (63) 

25 g albumin once a week 

in the first year, followed 
by 25 g every 2 weeks in 

the second and third years

Diuretics (63) 

Potassium canrenoate 

200 mg + furosemide 
25 mg/day

Primary: evaluate the 

benefits of albumin in 

patients with ascites 
receiving diuretics

● Developed ascites during follow up: 
21/63 (33.3%) vs 31/63 (49.2%) 

patients
● Mean hospital stay: 16.6 ± 1.28 days 

vs 25.9 ± 2.1 days (p<0.001)
● Hospital readmissions: 40 in 28 

patients vs 32 in 22 patients 
(p<0.02, significant difference)

Note: *Depending on serum creatinine levels. 
Abbreviations: h, hour; HE, hepatic encephalopathy; HRS-1, hepatorenal syndrome type-1; IV, intravenous; LVP, large-volume paracentesis; PICD, paracentesis-induced 
circulatory dysfunction; SIGN, Scottish Intercollegiate Guidelines Network; SMT, standard medical treatment.
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more efficacious than dextran at preventing the decrease in 
intravascular volume that follows paracentesis and poten-
tially leads to PICD.61 Gelatin has been proposed to have 
similar protective effects to albumin after LVP, but its 
short half-life (<5 hours) means that it is rapidly excreted 
and its effects as a plasma expander cannot be 
sustained.30,60 The development of PICD in the days fol-
lowing LVP suggests that the follow-up period is essential 
for monitoring the development of complications.51 

Degoricija et al (N=30) found that albumin is superior to 
other plasma expanders for treating patients with tense 
ascites, with a lower incidence of complications such as 
renal impairment.51 In addition, fewer patients receiving 
albumin develop liver-related complications compared 
with patients receiving gelatin, which is associated with 
reduced follow-up hospitalization costs and is important 
for patients’ wellbeing.49 HES is sometimes used as 
a plasma expander and a potential alternative to albumin 
in the treatment of patients with cirrhosis. It is thought that 
HES may have similar effects to albumin; however, the 
short-term differences between outcomes observed are not 
of clinical importance and the long-term effects of HES 
with regards to both efficacy and safety have not been 
demonstrated in patients with cirrhosis;68 therefore, HES 
should not be used after LVP in patients with cirrhosis.84

In 2012, the first meta-analysis (N=1225) comparing 
the effectiveness of plasma expanders (albumin, dextran, 
saline, HES and gelatin) and vasoconstrictors (terlipressin, 
epinephrine and midodrine) as an adjunct to LVP con-
cluded that administration of albumin following LVP was 
more effective at reducing mortality and morbidity com-
pared with the other agents.71 The risk of mortality was 
36% lower in the albumin group (50 of 414 patients) 
compared with alternative treatments (74 of 513 patients 
[p=0.038]), supporting its use in clinical practice as the 
first-choice treatment for patients requiring LVP. A more 
recent meta-analysis found that albumin was significantly 
more effective than other plasma expanders at reducing 
hyponatremia, as well as PICD, in patients without hepa-
tocellular carcinoma (HCC).77 The authors also reported 
a trend towards mortality reduction of 22% in response to 
albumin administration. Despite this, Kutting et al con-
cluded that there is insufficient evidence to support the use 
of albumin in LVP, although the authors did not specify if 
an alternative agent could be superior to albumin.77 In 
addition, the focus on HCC-free patients in this analysis 
reduced the overall sample size and thus the likelihood of 
detecting a significant difference with regards to 

mortality.85 Furthermore, the recently published Cochrane 
review on the use of plasma expanders following paracent-
esis concluded that there is insufficient evidence to prove 
or disprove their benefits in this setting,78 contrary to 
current guidelines.21,22 The authors assessed 27 RCTs but 
found that because the evidence was deemed to be of very 
low certainty, the effects of plasma expanders on all-cause 
mortality, renal impairment and adverse event rates were 
inconclusive. The authors could neither demonstrate nor 
disprove any benefit of plasma expansion vs no plasma 
expansion, or of one plasma expander vs another.

Other studies have evaluated the use of mannitol as an 
alternative to albumin infusion for plasma expansion.55 

Despite mannitol having some efficacy for the prevention 
of renal failure, it is not indicated for the treatment of 
cirrhosis and the long-term effects of mannitol in this 
setting, particularly in patients with pre-existing renal dys-
function, are currently unknown.

Is Albumin Better Than Vasoconstrictors in 
Preventing PICD?
Vasoconstrictors such as terlipressin, midodrine and nora-
drenaline have been proposed as alternatives to albumin 
for the prevention of PICD. The rationale for using vaso-
constrictors is to improve circulatory dysfunction by 
increasing arterial pressure; however, at least 3 days of 
treatment with terlipressin are required to improve renal 
function.21 The efficacy of terlipressin alone (without 
albumin infusion) to prevent PICD has been investigated, 
and patients were found to have a similar response to 
treatment in the terlipressin (total dose of 3 mg adminis-
tered as an intravenous bolus of 1 mg at the onset of 
paracentesis repeated after 8 and 16 hours) and albumin 
groups.54,66 The meta-analysis by Kutting et al found that 
albumin was significantly more effective than vasocon-
strictive agents at reducing hyponatremia and demon-
strated a trend towards reduced mortality in patients who 
received albumin, although this was not statistically 
significant.77 Midodrine (oral midodrine for 2 days, or 
oral midodrine for 30 days after LVP or adjusted to main-
tain mean arterial pressure 10 mmHg above baseline for 
72 hours) has also been proposed to have comparable 
efficacy with albumin for the prevention PICD, with 
potential cost-saving opportunities.44,64 However, mido-
drine (12.5 mg three time per day over three days) may 
not be as effective as albumin at decreasing/preventing 
PICD following LVP,46 especially in patients with 
HCC.39 A recent meta-analysis by Guo et al (N=462) 
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reported that midodrine did not improve survival in 
patients with cirrhotic ascites and was associated with 
increased mortality when used as an alternative to albumin 
in LVP, though no statistically significant difference in the 
development of PICD was detected.74 The combination of 
the vasoconstrictors midodrine (10 mg three times a day) 
plus octreotide (20 micrograms) administered every month 
following LVP did not show a superior effect when com-
pared with albumin administration as patients developed 
recurrent ascites in a shorter time and had worse outcomes 
overall.27 Finally, other vasoconstrictors, such as noradre-
naline (titrated to maintain mean arterial pressure 10 
mmHg above baseline; maximum dose 3 mg/hour), have 
been investigated and proposed to be as effective as albu-
min in the prevention of PICD.48

Renal Dysfunction, Including Hepatorenal Syndrome 
(HRS), Induced by Spontaneous Bacterial Peritonitis 
(SBP)
SBP is a life-threatening complication of cirrhosis. As the 
most common predictor of SBP-related mortality is the 
development of renal dysfunction,79 its prevention is 
crucial.

Is Albumin Useful for SBP?
Sort et al showed that patients with cirrhosis and SBP 
receiving cefotaxime plus albumin (1.5 g/kg of body 
weight at diagnosis followed by 1 g/kg on day 3; N=63) 
had a reduced mortality rate compared with patients 
receiving cefotaxime alone (N=63); this was true for inpa-
tients (10% vs 29%) and after 3 months of follow-up (22% 
vs 41%).31 Patients treated with cefotaxime and albumin 
also had a lower incidence of renal impairment compared 
with those treated without additional albumin infusion 
(10% vs 33%, respectively).31 Similarly, a separate study 
reported that cefotaxime plus albumin (N=56) was more 
effective than cefotaxime alone (N=56), with a lower inci-
dence of renal impairment (9% vs 34%) and lower in- 
hospital mortality (9% vs 30%) in patients who received 
albumin.69 In patients with SBP, albumin has demonstrated 
superior effects on volume expansion and circulatory func-
tion when compared with HES, and its effects on periph-
eral arterial circulation suggest that albumin cannot be 
replaced by HES in the management of patients with 
cirrhosis and SBP.50 The efficacy of albumin associated 
with antibiotics at reducing mortality and renal impairment 
in patients with SBP has been confirmed by a meta- 
analysis of randomized trials.72 A different approach was 
studied by Salman et al who randomized 200 high risk 

cirrhotic patients with SBP to receive albumin alone, ter-
lipressin alone, low dose albumin (10 g/12 h) plus terli-
pressin or midodrine.37 Using terlipressin in combination 
with low-dose albumin led to a low incidence of renal 
impairment (8%) and low in-hospital mortality rate (6%), 
although the findings require validation through further 
studies.

Renal Dysfunction Induced by Non-SBP Infections
In this setting, based on available evidence, albumin 
administration at the same doses as in patients with SBP 
is not recommended at present.32,38,41

Is Albumin Useful in Non-SBP Infections?
In a randomized study of patients with cirrhosis with 
infections other than SBP (N=110), antibiotic treatment 
plus albumin demonstrated beneficial effects on renal and 
circulatory function and showed a potential survival ben-
efit compared with antibiotics alone.41 In addition, there 
was a trend for a lower incidence of HRS in patients who 
received albumin compared with those who did not (1/36 
[3%] vs 4/41 [10%]), although the difference was not 
statistically significant. A more recent study in patients 
with cirrhosis and non-SBP infections (N=193) found 
that the addition of albumin therapy with antibiotics 
delayed the onset of renal failure (mean ± SD, 29 ± 22 
vs 12 ± 9 days), but did not improve renal function or 
survival at 3 months.38 However, the investigators 
acknowledged that they did not use the acute kidney injury 
(AKI) criteria as these were new and not well recognized 
or widely established at the time the study was designed. 
Furthermore, 29 patients (15%) received unscheduled 
albumin infusions, including 17 patients (18%) in the 
control group. In 8/96 patients (8%) receiving albumin, 
pulmonary edema was reported and was fatal in two 
patients.38 These results are in contrast to the most 
recently published RCT evaluating the addition of albumin 
to antibiotics (N=61) compared with antibiotic treatment 
alone (N=57) for the treatment of patients with cirrhosis 
and non-SBP-related infections.32 In this study, in-hospital 
mortality was not significantly different between the treat-
ment arms (13.1% vs 10.5%); however, patients who 
received albumin had greater baseline disease severity. 
Despite this, albumin administration did demonstrate 
a favorable effect on systemic inflammation within the 
first 7 days, and the rate of new bacterial infections was 
significantly lower in patients receiving albumin (6.6% vs 
24.6%). In addition, albumin treatment was associated 
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with a higher resolution rate of ACLF (82.3% vs 33.3%) 
and reduced need for liver transplantation at 90 days (2 vs 
6 patients) than seen in the control group.

A meta-analysis of these studies has recently been 
published.73 The 30 and 90-day mortality rates were not 
significantly different (risk ratio: 1.62 and 1.27, respec-
tively), and the authors concluded that there is insufficient 
evidence for the benefit of albumin administration in addi-
tion to antibiotics in these patients. Improved renal func-
tion in patients receiving albumin was not considered 
significant. There are, however, several limitations of this 
analysis, including the small number of clinical trials and 
low number of patients, which could substantially limit the 
power to detect a between-group difference.

Treatment of HRS
HRS is a type of acute kidney injury without an evident 
renal structure damage that occurs in patients with cirrhosis 
and portal hypertension. It is associated with high mortality 
and is often precipitated by bacterial infections.86 In this 
condition, albumin administration is used in combination 
with vasoconstrictors such as terlipressin, the first-line ther-
apeutic option, or noradrenaline.21 After the administration 
of 1 g/kg of body weight (with a maximum of 100 g) for two 
consecutive days for diagnostic purposes, albumin is admi-
nistered at doses of 20–40 g daily.

Is Albumin Useful in the Treatment of HRS?
The administration of terlipressin in combination with 
albumin is recommended as the first-line treatment for 
HRS-121 and may be effective in 40–50% of patients.87 

The beneficial effects of this treatment are associated with 
the reduction of plasma renin activity and an improvement 
of arterial pressure, suggesting that the combination of 
albumin and vasoconstrictors succeeds in improving 
effective volemia in responder patients.45,47,88 

Randomized controlled studies shown that albumin plus 
terlipressin reverse HRS or improve renal function in 
about 50% of cases.45,47 Overall survival was not signifi-
cantly influenced. However, a survival improvement up to 
90 days has been reported in patients who responded to 
treatment [49]. Cavallin et al found that albumin plus 
terlipressin were more effective in improving renal func-
tion than the combination of albumin, midodrine and 
octreotide providing a survival advantage in responder 
patients.65 Furthermore, Saif et al found that the adminis-
tration of terlipressin or noradrenaline in combination with 
albumin is effective at reversing HRS, and responding 

patients had a greater survival benefit than non- 
responders, potentially extending the time to liver 
transplantation.36 A recent meta-analysis that included 
1185 patients from 23 trials compared the benefits and 
harms of common interventions, such as albumin com-
bined with either terlipressin or with noradrenaline, for 
treating HRS in patients with decompensated cirrhosis.70 

Patients who received noradrenaline plus albumin had 
fewer adverse events (rate ratio: 0.51), and those who 
received terlipressin plus albumin had improved HRS 
recovery compared with midodrine plus octreotide plus 
albumin or octreotide plus albumin. While the included 
evidence was judged to be of very low certainty (the 
studies were generally small, with high dropout rates and 
varying lengths of follow-up), the analysis does support 
previous findings and highlights the potential benefits of 
combining vasoconstrictor drugs with albumin, in patients 
with HRS.70

Are Lower Doses of Albumin Justified and/or 
Possible?
Despite recent treatment advances, the dose-response rela-
tionship and optimization of albumin regimens have not 
been fully investigated.

For patients requiring LVP, the recommended albumin 
dosage is 6–8 g/L of ascites removed.21,22,89 A pilot study 
in 70 patients by Alessandria et al investigated the use of 
half doses (4 g/L) of albumin after LVP.43 This study 
indicated that there was no significant difference in the 
development of PICD and that lower doses are efficacious 
in the treatment of ascites. Patients in the standard treat-
ment and half-dose treatment groups had similar survival 
rates at 6 months, suggesting that lower doses could 
potentially help to reduce treatment-related costs without 
compromising efficacy. However, this pilot study was 
underpowered to establish the equivalence of the two 
albumin doses assessed. Further to this, the Chinese 
Medical Association (CMA) guidelines89 recommend 
4 g/L of albumin infused for ≥4 L of ascitic fluid removed 
during LVP, suggesting that further investigation into 
lower doses of albumin may be justified. An alternative 
approach that has been proposed is reinfusion of filtered 
ascitic fluid, with the aim of reducing the associated cost 
of using albumin. However, significant allergic reactions 
caused by the reinfused ascitic acid, as well as costs 
associated with appropriate filtration, mean that this pro-
cedure cannot be considered as an alternative to albumin 
therapy in LVP.58,67
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In patients with SBP, treatment with albumin was par-
ticularly effective in patients with baseline serum bilirubin 
≥4 mg/dl or serum creatinine ≥1 mg/dl.31 As the occur-
rence of renal dysfunction in patients with baseline bilir-
ubin <4 mg/dl and serum creatinine <1 mg/dl was very 
low, it is unclear whether these patients would also benefit 
from albumin administration, as prospective randomized 
studies addressing this matter are lacking.

A meta-analysis by Salerno et al found that cumulative 
albumin doses in increments of 100 g were associated with 
a significant increase in survival in patients with HRS-1.76 

Of the 377 pooled patients, the predicted survival at 30 
days was 43.2%, 51.4% and 59.0% in those patients 
receiving 200, 400 and 600 g of albumin, respectively.

Long-Term Albumin Administration in 
Decompensated Cirrhosis
The effect of long-term albumin administration in patients 
with decompensated cirrhosis has also been studied. In 
addition to better control of ascites,33–35 it appears that 
this treatment also reduces the development of complica-
tions such as renal dysfunction, hyponatremia, HRS, HE, 
SPB, and non-SBP bacterial infections. Long-term albu-
min administration was also shown to reduce the need for 
hospitalization33,90 and improve survival.33,34,90 Thus, 
long-term albumin administration in patients with decom-
pensated cirrhosis may be classed as a disease-modifying 
therapy. However, few studies have assessed the long-term 
benefits of albumin administration and the favorable evi-
dence has been challenged.91

Is Long-Term Albumin Administration Useful in 
Decompensated Cirrhosis?
The impact of albumin administration on long-term survi-
val in patients with cirrhosis has not been extensively 
studied. The first long-term randomized trial, published 
in 1999, evaluated the addition of albumin to diuretic 
treatment to relieve ascites in patients with cirrhosis 
(N=126).35 The recurrence of ascites and subsequent hos-
pital re-admissions were reduced in patients receiving 
albumin infusions at 25 g per week for the first year and 
25 g twice weekly for the following two years. However, 
there was no significant difference between patients 
receiving diuretics alone and patients receiving diuretics 
plus albumin with respect to survival and the incidence of 
other complications. In 2006, a follow-up study evaluating 
patients with ascites (N=100) for a median of 84 months 
showed that patients receiving albumin and diuretics did 
have a significantly greater survival rate compared with 

those receiving diuretics alone (median cumulative survi-
val rate of 108 months vs 36 months respectively, 
p=0.0079).34

The ANSWER (human albumin for the treatment of 
ascites in patients with hepatic cirrhosis) trial, published in 
2018, was the first high-powered prospective study of long- 
term albumin administration in cirrhosis.33 ANSWER 
included 431 patients with cirrhosis and compared albumin 
with standard medical treatment (SMT) for the management 
of ascites for up to 18 months. Albumin (40 g twice weekly 
for 2 weeks followed by 40 g weekly in combination with 
SMT) was associated with a significant increase in serum 
albumin concentration from a baseline of 3.1 g/dL to ~4.0 g/ 
dL within 2 months. Albumin in combination with SMT was 
shown to act as a disease-modifying treatment and prolonged 
overall survival, with a 38% reduction in the mortality hazard 
ratio compared with SMT alone. In addition, long-term 
weekly albumin administration reduced the need of paracent-
esis and the incidence of complications, such as renal dys-
function, HRS, bacterial infections, severe HE, hyponatremia 
and hyperkalemia, and related hospitalizations. It also 
improved patient quality of life, and may provide a cost- 
saving opportunity.33 In fact, the extra costs related to the 
use of albumin in addition to SMT were counterbalanced by 
savings made with regards to reduced hospital admissions 
and reduced albumin use for other conditions, eg PICD. The 
incremental cost-effectiveness ratio was €21,265 per quality- 
adjusted life year, which is well within the defined thresholds 
for cost-effectiveness.92

A post hoc analysis of the ANSWER study examined 
whether serum albumin achieved during treatment was 
associated with survival and complications (citation not 
included in the assessment of bias as not the primary 
ANSWER manuscript).93 This established that the prob-
ability of 18-month survival improved in parallel with 
increasing serum albumin levels at 1 month. The survival 
benefit continued to improve with increasing serum albu-
min at 1 month, even beyond the lower normal limit (≥3.5 
g/dL). There was an 80% decrease in mortality in patients 
with serum albumin of 4.0 g/dL compared with patients 
below that threshold. Therefore, serum albumin of 4.0 g/ 
dL at 1 month may be a suitable on-treatment target to 
ensure optimal clinical outcomes. However, patients who 
did not reach serum albumin of 4.0 g/dL still benefitted 
from long-term albumin and survival with albumin plus 
SMT was significantly higher than with SMT alone, even 
in patients with serum albumin below normal (<3.5 g/dL) 
at 1 month.
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Long-term albumin administration was well tolerated. 
The incidence of variceal bleeding did not differ between 
the two arms of the study, showing that plasma volume 
expansion induced by the albumin dose employed in the 
study did not increase portal hypertension. Among the 218 
patients who received albumin, only 2 patients developed 
mild and transient allergic reactions, one developed tran-
sient hypotension associated with dizziness, and 2 devel-
oped sepsis, which resolved with treatment. However, the 
link between albumin administration and sepsis is 
doubtful.

On the contrary, the main findings of the ANSWER 
study, namely improved survival and reduced incidence of 
complications, were not confirmed by the MACHT study, 
a prospective, randomized placebo-controlled study that 
enrolled patients with decompensated cirrhosis awaiting 
liver transplantation (N=196).25 In this trial, patients 
included in the active arm of the study received long- 
term midodrine plus albumin (40 g every 15 days; median 
duration 80 days), while the control group received SMT 
plus placebos. There were no significant differences 
between the groups in the rates of complications of cir-
rhosis or survival. It should be noted that the median 
patient follow-up was 80 days, due to a high rate of 
transplantation. Furthermore, the albumin dose used was 
about half that used in the ANSWER study, and a loading 
dose was not given. As a result, whereas in the ANSWER 
study serum albumin concentration increased significantly 
within a month and remained steady thereafter, it did not 
undergo any significant change in the MACHT study.

Discussion
Clinical consensus has evolved over the last decade and it 
is now widely accepted that in patients with cirrhosis who 
develop ascites, LVP is performed with an adjunctive 
therapy to reduce the risk of PICD. This systematic review 
suggests that albumin is a good alternative to any other 
volume expander or vasoconstrictor that has been evalu-
ated for the prevention of PICD, and studies have demon-
strated a survival benefit with albumin.33,34,90

Selecting the appropriate fluid solution has been widely 
debated, and alternative therapies are not well-established 
and require further evaluation before they can be recom-
mended in current practice.84 Some alternative therapies 
evaluated in this review, such as gelatin, are no longer 
used, while dextran is rarely used due to the risk of severe 
allergic reactions and renal failure previously observed.21 

The administration of saline may be justified as a cheaper 

alternative to albumin in some cases, particularly if 
<5 L of ascitic fluid is removed during paracentesis.52 

However, alternative plasma expanders are not recom-
mended by the EASL and the Italian Association for the 
Study of Liver and the Italian Society of Transfusion 
Medicine and Immunohaematology (AISF-SIMTI) if >5 
L of ascites are removed.21,94 Although mannitol produces 
transient volume expansion, it is neither indicated for use 
as a volume expander nor recognized as an adjunctive 
treatment option after LVP. The study by Zhao et al55 

identified in this review is the only clinical trial indexed 
in PubMed that evaluates mannitol in patients with cirrho-
sis. Furthermore, large trials have shown that HES 
increases the risk of mortality, AKI and bleeding when 
used for plasma expansion.95–97 This prompted two calls 
for the removal of HES from the European market during 
the last six years,98–100 and the FDA issued a “black box” 
warning in 2013.101 Thus, HES administration should be 
avoided in patients with cirrhosis and ascites, who fre-
quently show renal dysfunction and are at risk of devel-
oping AKI. A recent Cochrane review cast doubts about 
the superiority of albumin in preventing PICD with respect 
to other plasma expanders.78 This is unsurprising given the 
high degree of heterogeneity between the included studies 
and that none was designed specifically to evaluate mor-
tality. As a result, the authors suggested that use of 
a plasma expander after LVP should be based on physician 
and patient preference. This would lead, once more, to the 
use of albumin, considering the indications of the current 
international guidelines,21,22 and the side-effects of artifi-
cial plasma expanders discussed above.

The vasoconstrictors midodrine and terlipressin have 
been evaluated as alternatives to albumin to prevent PICD 
as they may counteract the worsening of effective volemia 
that underlies the development of this complication.81 

Some studies claimed that these drugs are as effective as 
albumin.39,44,46,48,49,54,59–61,66,68,74 However, they were 
underpowered to warrant equivalence and, therefore, vaso-
constrictors cannot be recommended in clinical practice at 
present. Thus, based on the current evidence, national and 
international guidelines recommend the use of albumin 
(6–8 g/L of ascites removed) to prevent PICD 
(Table 5).21,22,94

Despite the cost of albumin having decreased relative 
to other products over the last 10 years,102 albumin use to 
prevent PICD is often deemed to be highly expensive. 
Thus, it has been assessed whether prevention could be 
ensured by lower doses (4 g/L of ascites removed).43 Even 
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though similar results were obtained with respect to 8 g/L, 
this study was also underpowered to warrant equivalence. 
Furthermore, albumin appeared to be more cost-effective 
than gelatin because of the lower number of liver-related 
complications and hospital costs.49

Bacterial infections represent an ominous complication 
in patients with cirrhosis and ascites, due to the frequent 
development of renal impairment and high mortality.7 

Albumin has been used to prevent these events. Its efficacy 
in preventing renal dysfunction and AKI and improving 
survival has been convincingly demonstrated in SBP.31 

However, it is still undefined whether this prophylactic 
treatment should be limited to patients at high risk of 
complications and death. Preventive albumin use in 
patients with bacterial infections other than SBP does not 
appear to improve survival,32,38 and further studies are 
warranted in this setting.

The combined administration of albumin and terli-
pressin or noradrenaline represents the current standard 
of care in treating HRS,21,94 based on prospective rando-
mized clinical trials.36,47 Due to the difficulty to recruit 
such critically ill patients into clinical trials, the available 
studies enrolled patient numbers too low to achieve full 
statistical power in assessing survival. However, the ben-
eficial effects of this treatment have been confirmed by 
a meta-analysis showing that terlipressin used in combi-
nation with albumin prolongs short-term survival in 
patients with HRS.103 It is worth noting that a non- 
randomized trial showed that terlipressin plus albumin 
is more effective than terlipressin alone in patients with 
HRS.88

Advancements in the knowledge of the pathophysio-
logical background underlying the manifestations of 
decompensated cirrhosis, in particular the demonstration 
of the sustained pro-inflammatory and pro-oxidant state 
that characterize these patients,8 has opened up the per-
spective of the long-term use of drugs able to counteract 
such abnormalities as disease-modifying agents.10 

Prevention of complications and improved survival repre-
sent the highly relevant effects that could be expected. 
Albumin can be included among these agents, due to its 
pleiotropic non-oncotic effects.13 Available studies, 
including the core results of the ANSWER trial33 and 
a recent non-randomized prospective study, which 
employed a similar albumin weekly dose (20 g twice 
a week),90 have shown that long-term albumin adminis-
tration eases the control of ascites,33–35 prevents the 
occurrence of refractory ascites33 and severe 

complications of cirrhosis,33,90 and also improves 
survival.33,34,90 Other relevant findings were an improve-
ment in patient quality of life and a reduction in hospita-
lizations, such that, ultimately, long-term albumin 
administration was cost-effective.33

It has to be considered, however, that variant results 
have been published, as the MACHT study, a placebo- 
controlled trial comparing the administration of albumin 
plus midodrine with SMT alone in patients with decom-
pensated cirrhosis awaiting liver transplantation, did not 
confirm such beneficial effects.25 Comparing the designs 
of the ANSWER and MACHT studies can explain the 
reasons for their conflicting results and provide lessons 
about long-term albumin administration 104. The two 
studies differed substantially in the length of patient 
follow-up and amount of albumin administered. Thus, it 
appears that long-term albumin administration should 
succeed in steadily increasing serum albumin concentra-
tion for a sufficient time frame to obtain beneficial 
effects. The importance of on-treatment serum albumin 
concentration has been emphasized by the results of 
a post hoc analysis of the ANSWER database, showing 
that albuminemia at month 1 of treatment predicts survi-
val, which increases in parallel with serum albumin 
concentration.93

It is worth noting that available studies on long-term 
albumin administration did not report an increased inci-
dence of gastrointestinal bleeding secondary to portal 
hypertension.25,33–35,90 This is relevant, as anecdotal stu-
dies performed in the 1940s and the early 1960s warned 
about the risk of variceal bleeding after repeated albumin 
administration in patients with cirrhosis and ascites.105,106 

It should be noted that those studies employed 
a considerably larger amount of albumin (up to 100 
g daily for several days) than did the more recent con-
trolled randomized trials.

Additional clinical trials assessing the role of long-term 
albumin administration in patients with decompensated 
cirrhosis are ongoing. The PRECIOSA study,80 which is 
comparing the long-term use of albumin with SMT, aims 
to ascertain the prevalence of 1-year mortality and the 
development of ACLF. The results of a pilot-PRECIOSA 
dose-finding study showed that long-term (12 weeks) 
high-dose albumin (1.5 g/kg of body weight/week), but 
not the dose of 1 g/kg body weight every 2 weeks, normal-
ized serum albumin concentration and reduced systemic 
inflammation and cardiovascular dysfunction in patients 
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with decompensated cirrhosis; however, only 18 patients 
were enrolled in the study.80

Conclusions
The findings from this systematic review support the 
increased utilization of albumin for the treatment or pre-
vention of complications arising from cirrhosis. In 
patients with decompensated cirrhosis, a clinical benefit 
including enhanced survival is apparent following the 
administration of albumin alone or in combination with 
other treatments (such as antibiotics or vasoconstrictors) 
to prevent PICD and renal dysfunction induced by SBP, 
and to treat HRS. Thus, this review fully supports the 
EASL and AASLD recommendations for the manage-
ment of patients with decompensated cirrhosis. Long- 
term albumin administration may become a standard of 
care in these patients as it appears to favorably influence 
the course of the disease.
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Table 5 Clinical Recommendations for the Use of Albumin to Treat Complications in Patients with Cirrhosis

Uses EASL 201821 AASLD 201222 AISF-SIMTI 201694 CMA 201989

PICD If ≥5 L ascites removed, 
infuse 8 g/L albumin 

If ≤5 L ascites removed, 

infuse albumin*

If ≥5 L ascites removed, infuse 6–8 g/L 
albumin 

If ≤5 L ascites removed, albumin 

infusion may not be necessary

If ≥5 L ascites removed, infuse 
6–8 g/L albumin 

If ≤5 L ascites removed, albumin 

infusion preferred due to 
concerns regarding the use of 

synthetic colloids/crystalloids*

If ≥4 L ascites 
removed, infuse 4 g/ 

L albumin

SBP Day 1: 1.5 g/kg albumin, 

Day 3: 1 g/kg (in 

combination with broad 
spectrum antibiotics)

Day 1: Cefotaxime plus 1.5 g/kg 

albumin within 6 hours 

Day 3: 1 g/kg albumin

Day 1: 1.5 g/kg albumin, 

Day 3: 1 g/kg (in combination 

with broad spectrum antibiotics)

Insufficient guideline 

recommendations

HRS-1 Days 1–2: 1 g/kg, then 

20–40 g/kg/day in 

combination with 
terlipressin (1 mg/4–6 h IV 

bolus)

10–20 g/kg albumin for 20 days in 

combination with vasoactive drugs 3 

times per day (octreotide at 200 µg; or 
midodrine at 12.5 mg)

Days 1: 1 g/kg, then 20–40 g/kg/ 

day in combination with 

vasoconstrictors, until they are 
withdrawn

Albumin 20–40 g/day 

in combination with 

1 mg terlipressin 
every 4–6 h for 

3 days, terlipressin 

can be increased to 
2 mg after 3 days, if 

necessary

Non-SBP 

infections

Insufficient evidence for guideline recommendations

Long-term 

administration

Insufficient evidence for guideline recommendations 

Evidence for consideration based on the following trials published after the guidelines: 

Albumin at 40 g twice weekly for 2 weeks, followed by 40 g weekly for a maximum of 18 months in combination with SMT33 

Albumin at 20 g twice per week in combination with SMT for up to 24 months90

Note: *Dose not defined. 
Abbreviations: AASLD, American Association for the Study of Liver Diseases. AISF-SIMTI, Italian Association for the Study of Liver and the Italian Society of Transfusion 
Medicine and Immunohaematology; CMA, Chinese Medical Association; EASL, European Association for the Study of Liver; h, hour; HRS-1, hepatorenal syndrome type-1; 
PICD, paracentesis-induced circulatory dysfunction; SBP, spontaneous bacterial peritonitis, SMT, standard medical treatment.
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