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Highlights Impact and implications

� Thirty-three investigators from 19 countries contributed to the position

statement.
� Twelve position statements were proposed on the use of human albumin

(HA) in liver cirrhosis.
� Short-term HA infusion should be recommended for managing hep-

atorenal syndrome, large volume paracentesis, and spontaneous bacterial

peritonitis.
� Long-term HA infusion can be considered for managing ascites in specific

settings.
� Pulmonary oedema should be closely monitored in patients receiving HA

infusion.
https://doi.org/10.1016/j.jhepr.2023.100785
Thirty-three investigators from 19 countries proposed
12 position statements on the use of human albumin
(HA) infusion in liver cirrhosis-related complications.
Based on current evidence, short-term HA infusion
should be recommended for the management of HRS,
LVP, and SBP; whereas, long-term HA administration
can be considered in the setting where budget and
logistical issues can be resolved. However, pulmonary
oedema should be closely monitored in cirrhotic pa-
tients who receive HA infusion.
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Background & Aims: Numerous studies have evaluated the role of human albumin (HA) in managing various liver cirrhosis-
related complications. However, their conclusions remain partially controversial, probably because HA was evaluated in
different settings, including indications, patient characteristics, and dosage and duration of therapy.
Methods: Thirty-three investigators from 19 countries with expertise in the management of liver cirrhosis-related compli-
cations were invited to organise an International Special Interest Group. A three-round Delphi consensus process was con-
ducted to complete the international position statement on the use of HA for treatment of liver cirrhosis-related
complications.
Results: Twelve clinically significant position statements were proposed. Short-term infusion of HA should be recommended
for the management of hepatorenal syndrome, large volume paracentesis, and spontaneous bacterial peritonitis in liver
cirrhosis. Its effects on the prevention or treatment of other liver cirrhosis-related complications should be further elucidated.
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Long-term HA administration can be considered in specific settings. Pulmonary oedema should be closely monitored as a
potential adverse effect in cirrhotic patients receiving HA infusion.
Conclusions: Based on the currently available evidence, the international position statement suggests the potential benefits
of HA for the management of multiple liver cirrhosis-related complications and summarises its safety profile. However, its
optimal timing and infusion strategy remain to be further elucidated.
Impact and implications: Thirty-three investigators from 19 countries proposed 12 position statements on the use of human
albumin (HA) infusion in liver cirrhosis-related complications. Based on current evidence, short-term HA infusion should be
recommended for the management of HRS, LVP, and SBP; whereas, long-term HA administration can be considered in the
setting where budget and logistical issues can be resolved. However, pulmonary oedema should be closely monitored in
cirrhotic patients who receive HA infusion.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Liver cirrhosis is prevalent worldwide1 and imposes a substantial
economic burden on many countries.2,3 Core approaches for
reversing the course and progression of cirrhosis are treatment
of its underlying aetiology and liver transplantation.1,4 Human
albumin (HA) is one of the most commonly used treatment op-
tions in patients with decompensated cirrhosis.5 HA treatment of
selected complications of cirrhosis, including hepatorenal syn-
drome (HRS), spontaneous bacterial peritonitis (SBP), and large
volume paracentesis (LVP) (>5 L), has been well established.6 HA
has been recently proposed as a disease-modifying agent in
decompensated cirrhosis.7,8 Several recent large-scale rando-
mised controlled trials (RCTs), including the ANSWER,9 MACHT,10

and ATTIRE11 studies, which aimed at expanding the therapeutic
use of HA, have been published with conflicting conclusions. In
particular, the effects of HA may depend on the time of infusion,
indications, infusion strategy, baseline serum albumin level, and
severity of cirrhosis.9–13

Recent data from clinical trials suggest that HA can decrease
mortality in patients with cirrhosis.14 However, its survival
benefit has not been sufficiently recognised by any of the current
practise guidelines.6,15 Nonetheless, HA is widely prescribed in
real-world clinical practice,16–19 and often beyond the approved
indication of patients with cirrhosis.20 Two previous surveys
conducted by the American Association for the Study of Liver
Diseases (AASLD) and the European Foundation for the Study of
Chronic Liver Failure (EF-CLIF) showed that HA prescriptions in
clinical practise concerned the treatment of HRS, SBP, ascites,
LVP, non-SBP infections, hyponatremia, hepatic encephalopathy
(HE), muscle cramps, hypoalbuminemia, peripheral oedema, and
gastrointestinal bleeding.21,22 However, current guide-
lines6,15,23–25 only recommend the use of HA to treat HRS, pre-
venting acute kidney injury (AKI) induced by SBP, and preventing
post-paracentesis circulatory dysfunction (PPCD) after LVP. Some
national societies have identified additional indications for the
use of HA. A joint position document by the Italian Association
for the Study of the Liver (AISF) and the Italian Association of
Transfusion Medicine and Immunohematology (SIMTI) focused
on the use of HA in patients with cirrhosis was published in
201626 and updated in 2020,27 also recommended infusion of HA
for paracentesis of <5 L, long-term treatment of patients with
ascites, severe hyponatremia, and septic shock, but not HE or
non-SBP infections. More recently, a position statement by the
Mexican Association of Hepatology in 2022 on the use of HA in
cirrhosis28 recommended HA for the treatment of LVP, HRS, SBP,
hyponatremia, and muscle cramps, but not long-term treatment
of ascites, non-SBP infections, or prevention of AKI. In summary,
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current recommendations regarding the use of HA in patients
with cirrhosis remain inconsistent with those of previous
guidelines, consensus statements from academic societies, or
associations from various countries or regions. This work
organised a panel of leading expert investigators in the treat-
ment of liver cirrhosis-related complications and formulated an
international position statement on the use of HA infusion in
such conditions by comprehensively reviewing all available
evidence.
Methods
A panel of investigators, skilled in managing liver cirrhosis-
related complications, was invited to constitute an Interna-
tional Special Interest Group to draft and discuss the current
position statement. Notably, the investigators were not selected
by any specific pharmaceutical company, but through an inter-
national academic initiative. Due to the global scope of this po-
sition statement and the worldwide use of HA, investigators
were selected to ensure representation from across the world.
Consequently, the composition of this group was not restricted to
only one or two scientific associations or societies. Additionally,
senior authors of high-quality clinical studies on the use of HA in
liver cirrhosis were given precedence to be invited. A total of 84
investigators were invited by the last author of the position
statement via electronic emails. Finally, 31 investigators from 19
countries in five continents (i.e. North America, Europe, Asia,
South America, and Africa) responded and accepted the invita-
tion. All conflicts of interest related to this position statement
were requested and disclosed.

Considering that the Delphi method can condense the
knowledge and experience of experts to establish a broad sci-
entific basis for a consensus on topics or procedures,29 a three-
round Delphi consensus process was performed for the inter-
national position statement.30

First Delphi round (qualitative inventory of issues)
FromMay 8 to August 22, 2022, twomembers (ZB and XQ) of this
group, who are skilled in literature search as well as systematic
reviews and meta-analyses, were responsible for searching the
literature in the PubMed database using the search items ’liver
cirrhosis’ AND ’albumin’. They systematically reviewed relevant
evidence and any published guidelines/consensus statements,
defined the main topics related to the position statement docu-
ment, and elaborated the provisional statements. Subsequently,
between August 23 and October 20, 2022, e-mails were sent to
13 additional members from multiple countries or regions to
2vol. 5 j 100785
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discuss the significance of these topics and to enquire about the
revisions to the original document in terms of position state-
ments, background, context, evidence, and references, as well as
structure and writing.31

Second Delphi round (online consensus Delphi survey)
From October 21 to November 19, 2022, a link to an online
questionnaire (www.wjx.cn/vm/P0xQCEr.aspx) was sent to 33
members of this group via an e-mail to assess the level of
agreement with the position statements. The questionnaire
consisted of 5-point Likert scales with an additional ‘do not
know’ response option.29,32 In addition to the predefined
response options, they could provide free-text comments to
explain their responses or provide alternative suggestions. Point-
to-point responses to each investigator’s comments were pro-
vided, as well as the corresponding revisions, if necessary. A
summary of key results for the final discussion was reported at
the position statement advisory meeting.

Quantitative analysis of the investigators’ ratings on the 5-
point Likert scales was undertaken using IBM SPSS version 25.0
(IBM Corp., Armonk, NY, USA). The outcome measures were
percentages and median values as indicators of agreement on the
5-point scales, as well as variances and interquartile ranges
(IQRs) as indicators of consensus. Thresholds and consensus
definitions were in accordance with previous studies.29 The level
of agreement with an item was conceived as a composite mea-
sure and was rated either as ‘very high’ (median of 5, >−80%
agreement, IQR = 0), ‘high’ (median of 4 or 5, >−80% agreement,
IQR = 1), ‘moderate’ (median <−4, 60–79% agreement, IQR >−1), or
‘low’ (median <4, <60% agreement, IQR >−2).

Third Delphi round (final advisory meeting)
From November 20 to November 25, 2022, a pre-voting link to an
online questionnaire (https://www.wjx.cn/vm/hk2j2AS.aspx)
was sent to 33 members in this group via an e-mail to reassess
the level of agreement with the position statements.

On December 1, 2022, all members were invited to participate
in an online meeting to make final corrections and comments on
the position statement. All relevant comments and revisions
were recorded to improve the quality of the position statements.

From December 2 to December 4 2022, a link to an online
questionnaire (https://www.wjx.cn/vm/rZytuCB.aspx) was sent
to the 33 members in this group via an e-mail to assess the level
of agreement with the final position statements. Subsequently,
the updated versionwas sent to all members for final approval of
the submission.

The quality (level) of the evidence and the strength of each
recommendation using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) systemwere
not rated in the current position statement.33 This was because a
position statement is different from a clinical practice guideline.
A practice guideline is developed by a multidisciplinary panel of
experts who often rate the quality (level) of the evidence and the
strength of each recommendation using the GRADE system. By
comparison, a position statement is developed by a panel of
experts in the topic, and position statements, but not recom-
mendations, are put forward to help clinicians understand and
implement the most recent evidence. Additionally, it should be
acknowledged that these position statements may be updated, if
more high-quality evidence is provided and accumulated.
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Physical and chemical properties of HA
HA is a 66.5 kDa negatively charged protein with high solubility
and stability.34 It is composed of 585 amino acids, of which a
minority are tryptophan or methionine residues, and the ma-
jority are lysine and aspartic acids.35 HA has three homologous
domains (I–III), each containing two subdomains (A and B),
which help binding of substances.35 Some sites are responsible
for the binding of pharmaceutical substances.36 Furthermore, HA
contains 35 cysteine residues, of which 34 form disulphide
bridges that contribute to the overall tertiary structure of the
molecule, and one is a free cysteine (Cys-34), which is reactive
and capable of thiolation and nitrosylation, contributing to
antioxidation reactions.35,37
Physiology of HA and its potential effects on liver
cirrhosis
In a healthy body, serum albumin levels range from 35 to 50 g/L.
HA is synthesised by hepatocytes and is excreted into the sys-
temic circulation at a rate of about 10–15 g daily.38 Its half-life in
blood is about three weeks.39,40 Most albumin molecules are
excreted through the kidneys, and minor amounts are excreted
through the gut.41,42 In patients with cirrhosis, serum albumin
synthesis is abnormal due to liver cell damage,34 thereby
compromising its quantity and quality.43–45 There are some
changes in the quality of serum albumin, including an increase in
the percentage of oxidised albumin, a functional alteration of the
N-terminal portion of the serum albumin molecule, and serum
albumin dimerisation.44 Protein-loss enteropathy can further
decrease serum albumin levels in liver cirrhosis.46,47 Therefore,
the concept of ’effective albumin concentration’ has been
proposed.43,48

Serum albumin is responsible for �75% of plasma colloid
oncotic pressure due to its high concentration and net negative
charge.35 Furthermore, HA exerts many functions, such as anti-
oxidation, inhibition of systemic inflammation, immunomodu-
lation, and endothelial stabilisation.35,43,49 Considering the
importance of systemic inflammation, oxidative stress, circula-
tory dysfunction, and immune dysfunction in the development
of complications and worse outcomes in cirrhosis,50 HA should
theoretically be effective for the treatment of complications
related to liver cirrhosis.
Use of HA in complications related to liver cirrhosis
Results of the Delphi consensus process
In the first round, 15 members from 10 countries provided 80
individual comments. After explanation, discussion, and revision,
12 provisional statements were approved. In the second round,
33 members from 19 countries made a further 82 individual
comments. All these members responded to the online ques-
tionnaire and reached a consensus (levels of ’very high’ or ‘high’)
on eight position statements, but not for four others. After
explanation, discussion, and revision, all the members approved
to reassess the international position statement. In the third
round, they provided another five comments. After explanation,
discussion, and revision, the international position statement
was approved. After the final advisory meeting, all the members
responded to the online questionnaire, and reached a consensus
on the 12 position statements without other comments (Fig. 1).
3vol. 5 j 100785
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Accordingly, three Delphi rounds are considered sufficient to
achieve data saturation, and a consensus has been achieved for
the international position statement (Table 1).

Hepatorenal syndrome
Position statement 1. HA infusion should be used for the differential
diagnosis of HRS (agreement score: 5; degree of consensus: very
high)
HRS, a form of AKI (HRS-AKI) that occurs in cirrhosis, requires
differentiation from prerenal AKI.25 Prerenal AKI follows a
decrease in blood pressure related to blood or fluid loss and
consequent renal hypoperfusion.51 Therefore, it can be relieved
by an adequate expansion of plasma volume. Instead, HRS-AKI, a
functional renal failure secondary to cardiocirculatory dysfunc-
tion in advanced cirrhosis, does not improve after plasma vol-
ume expansion.52 Therefore, when AKI develops in cirrhosis,
plasma volume expansion is recommended to differentiate HRS-
AKI from prerenal AKI.25,53 As HA has a stronger effect and a
longer duration than isotonic saline in expanding plasma vol-
ume,52 the current recommendation of the International Club of
Ascites (ICA) is HA infusion at a dose of 1 g/kg up to a maximum
of 100 g daily for at least 2 days with diuretic withdrawal.

Position statement 2. HA infusion should be used for the manage-
ment of HRS (agreement score: 5; degree of consensus: very high)
Classically, a severe reduction in effective volume secondary to
cardiovascular dysfunction in advanced cirrhosis is considered
the most relevant pathophysiological mechanism of HRS. As a
result, the consequent renal hypoperfusion and intrarenal vaso-
constriction would lead to renal failure.54 This explains why the
current well-established treatment of HRS includes a vasocon-
strictor to counteract splanchnic arterial vasodilation and HA
infusion as a plasma expander. In recent years, the role of
persistent systemic inflammation and oxidative stress has gained
relevance, so the treatment of HRS may also address different
goals in the near future.55 Furthermore, it should be noted that
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nearly all studies on HRS treatment preceded the publication of
the revised diagnostic criteria for ICA-AKI in cirrhosis. Many of
these studies enrolled patients with HRS-1 and HRS-2 in accor-
dance with the previous definitions. Therefore, they may not
completely reflect the current definition of HRS-AKI.

HA is the first-choice plasma expander for the treatment of
HRS.56–66 There is evidence that HA could improve the beneficial
effects of vasoactive drugs. In a study that included 21 patients
with HRS (HRS-1:16, HRS-2:5), 13 received HA plus terlipressin
and eight terlipressin alone.67 The dose of HA was 1 g/kg on day
1, then changed to 20-40 g daily. HA added to terlipressin
significantly increased the complete response rate compared to
terlipressin alone (77% vs. 25%, p = 0.03), and was the only pre-
dictor of complete response. Furthermore, the combination of
HA and terlipressin was associated with a marked decrease in
serum creatinine level, an increase in arterial pressure, and
suppression of the renin-angiotensin-aldosterone system
(RAAS). By contrast, these parameters did not significantly
change with terlipressin alone. More importantly, HA was asso-
ciated with a higher 90-day survival rate (p <0.03).

The recommended dosage of HA in patients with cirrhosis
and HRS is heterogeneous in the current guidelines and
consensus statements. According to the ICA recommendation, it
should be 1 g/kg on day 1 with a maximum dosage of 100 g,
followed by 20–40 g daily. HA infusion can be discontinued if the
serum albumin level is >45 g/L, and should be withdrawn in the
case of pulmonary oedema.52 The European Association for the
Study of the Liver (EASL) recommends that after 2 days of
administration of HA (1 g/kg) for differential diagnosis, a dose of
20–40 g daily should be maintained until a complete response
(i.e. a serum creatinine <1.5 mg/dl) or 14 days.6 AASLD recom-
mends 1 g/kg on day 1, followed by 40–50 g on all subsequent
day.15 A previous meta-analysis showed a dose-response rela-
tionship between HA and survival in patients with HRS-1. The
expected 90-day survival rate was 24.8%, 33.1%, and 41.6% in
patients who received HA at a cumulative dosage of 200 g, 400 g,
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and 600 g, respectively. An increment of 100 g in the cumulative
dosage of HA was associated with a 1.15-fold increase in survival
rate.68 However, this meta-analysis did not clarify the type or
dosage of vasoactive drugs combined with HA, nor did it
consider the potential risks associated with the excessive daily
dose of HA.

As far as the safety of HA is concerned, the current position
statement recommends that the dose of HA for HRS treatment
should be 20–40 g daily and the infusion of HA should be
maintained until a complete response (i.e. a serum creatinine
level <1.5 mg/dl) is achieved or for a maximum duration of 14
days. Central venous pressure monitoring can help prevent vol-
ume overload and pulmonary oedema when possible.

Ascites
Position statement 3. HA infusion should be used for the prevention
of PPCD in patients with liver cirrhosis and ascites undergoing LVP
(>5 L). HA infusion could be considered in cirrhotic patients with
acute-on-chronic liver failure (ACLF)/AKI undergoing paracentesis
of <5 L (agreement score: 5; degree of consensus: high)
Paracentesis is the first-line treatment option for severe/re-
fractory ascites,6,15,23 and can quickly and effectively relieve
symptoms.69,70 PPCD, a common complication of LVP, is sec-
ondary to an acute reduction in the effective volume due to
enhanced arterial vasodilation.71 PPCD can accelerate the re-
accumulation of ascites and induce complications, such as
hyponatremia, renal dysfunction, and HE, thus increasing the
risk of death.72–74 In 2012, a meta-analysis, including 17 RCTs
with 1,225 patients, explored the effects of HA administration
after LVP.75 Among these included RCTs, the dose of HA ranged
from 5 to 8 g/L of removed ascites, and HA significantly reduced
the incidence of PPCD (OR = 0.39, 95% CI = 0.27–0.50). The pre-
vention of PPCD ensured by HA is superior to that of plasma
expanders (i.e. hypertonic saline, dextran, gelatin, and hydrox-
yethyl starch) and vasoconstrictors (i.e. norepinephrine, terli-
pressin, and midodrine).75 Additionally, HA could significantly
decrease the incidence of hyponatremia (OR = 0.58, 95% CI =
0.39–0.87) and mortality (OR = 0.64, 95% CI = 0.41–0.98) after
LVP.75 In 2019, another meta-analysis, which included 27 studies
with 1,592 patients, explored the efficacy of plasma expanders in
patients with cirrhosis and large ascites treated with abdominal
paracentesis.76 Among them, 21 studies compared other plasma
expanders versus HA. Other plasma expanders had a signifi-
cantly higher incidence of PPCD than HA infusion (RR = 1.98, 95%
CI = 1.31-2.99), but all-cause mortality was similar between the
two groups (RR = 1.03, 95% CI = 0.82–1.30).76 In 2021, an updated
meta-analysis, which included 21 RCTs with 1,584 patients
receiving HA at a dosage of 5–8 g/L ascites removed, further
confirmed the benefits of HA for the prevention of PPCD (OR =
0.40, 95% CI = 0.27–0.58) and hyponatremia after paracentesis
(OR = 0.59, 95% CI = 0.39–0.88) in patients with cirrhosis and
ascites undergoing paracentesis.77 In particular, the HA group
had significantly lower mortality than other volume expanders
(OR = 0.57, 95% CI = 0.36–0.89).77 The effects of HA on PPCD were
also better than those of hypertonic saline, dextran, gelatin, and
hydroxyethyl starch, but were similar to those of vasoactive
drugs (OR = 0.93, 95% CI = 0.35–2.45).77 A recent meta-analysis
also showed that HA infusion could not significantly decrease
mortality in cirrhotic patients undergoing LVP (OR = 0.81, 95%
CI = 0.59–1.10).14 It should be noted that a volume of 5 L ascites
removed as a cut-off value for defining LVP and initiating HA
infusion after LVP is in accordance with the design of the
JHEP Reports 2023
currently published studies, but is a bit arbitrary and does not
consider the patient’s body weight. Furthermore, it is uncommon
to remove 5 L of ascites at once during a single paracentesis in
the real-world clinical practice. Therefore, in the future, an
optimal threshold should be identified.

According to the EASL practice guideline, patients with ascites
undergoing paracentesis of <5 L should still be treated with HA
rather than with an alternative plasma expander,6 although they
often have a low risk of PPCD. In contrast, according to the British
Society of Gastroenterology (BSG) and British Association for the
Study of the Liver (BASL) practice guidelines, plasma expansion is
not necessary in patients with ascites undergoing paracentesis of
<5 L, unless ACLF is evident.78 In 1997, a study evaluated hae-
modynamic and neurohumoral responses in 12 patients after
paracentesis,79 and showed that a single paracentesis of 5 L
without HA infusion is a safe and satisfactory option for short-
term management of cirrhosis with tense ascites resistant to
diuretics. In 2019, an RCT including 80 ACLF patients found that
HA infusion significantly reduced the incidence of renal impair-
ment, hyponatremia, and mortality after paracentesis of <5 L.80

The current position statement recommends the use of HA to
prevent PPCD after LVP at a dose of 8 g/L of removed ascites. HA
infusion at the same dose can be considered in cirrhotic patients
with ACLF/AKI and ascites undergoing paracentesis of <5 L;
however, more evidence is needed.

Position statement 4. In a setting where budget and logistical issues
can be resolved, long-term regular HA infusion can be used to
improve ascites, prevent other complications of liver cirrhosis, and
prolong survival in patients with uncomplicated ascites requiring
diuretics (agreement score: 4; degree of consensus: high)
Approximately 23% of patients with cirrhosis present with
ascites at their first diagnosis.81 Ascites is the most frequent
decompensating event and carries a poor prognosis, as approx-
imately 20% of patients die within 1 year.81 It is primarily
classified as uncomplicated and refractory ascites.53,78 Uncom-
plicated ascites refers to ascites that is neither infected nor
associated with the development of HRS, and refractory ascites is
defined as ascites that cannot be mobilised or is an early recur-
rence of ascites (i.e. after therapeutic paracentesis) which cannot
be satisfactorily prevented by medical treatment.53,78 Diagnostic
paracentesis is recommended in all patients with new-onset
ascites, and can be used to exclude other aetiologies of ascites
based on a serum-ascites albumin gradient.23 Portal hyperten-
sion is the predominant pathophysiological mechanism of ascites
formation in cirrhosis. A hepatic venous pressure gradient of at
least 10 mmHg defines clinically significant portal hypertension,
which leads to portosystemic collaterals formation and periph-
eral arterial vasodilation at the compensated stage of cirrhosis.50

Several mechanisms contribute to arterial vasodilation. The most
relevant include enhanced nitric oxide synthesis induced by
vascular endothelial growth factor and inflammation promoted
by abnormal gut translocation of bacteria and bacterial prod-
ucts.50,82 The impairment in effective volume secondary to
arterial vasodilation evokes the compensatory activation of
vasoconstrictor and sodium/water-retaining systems (i.e. RAAS,
sympathetic nervous system, and arginine-vasopressin) so that
the blood volume expands.83 Increased sinusoidal hydrostatic
pressure secondary to portal hypertension compartmentalises
hypervolemia by enhancing hepatic lymph formation, ultimately
leading to the appearance of ascites.83 HA can alleviate circula-
tory dysfunction by improving effective volume, modulating
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Table 1. Degree of consensus for position statements during Delphi process.

Position statements

Second round (33/33)

Third round (33/33) Degree of consensus

Pre-voting Final voting

Median
Interquartile

range Agreement (%) Median
Interquartile

range Agreement (%) Median
Interquartile

range Agreement (%)

Position statement 1. HA infusion
should be used for the differential
diagnosis of HRS.

5 0 97.0 5 1 97.0 5 0 97.0 Very high

Position statement 2. HA infusion
should be used for the management
of HRS.

5 0 100.0 5 0 100.0 5 0 100.0 Very high

Position statement 3. HA infusion
should be used for the prevention of
PPCD in patients with liver cirrhosis
and ascites undergoing LVP (>5 L). HA
infusion could be considered in
cirrhotic patients with ACLF/AKI un-
dergoing paracentesis of <5 L.

5 1 100.0 5 0 97.0 5 1 100.0 High

Position statement 4. In the setting
where budget and logistical issues
can be resolved, long-term regular
HA infusion can be used to improve
ascites, prevent other complications
of liver cirrhosis, and prolong survival
in patients with uncomplicated asci-
tes requiring diuretics.

4 1.5 75.8 4 1 84.9 4 1 87.9 High

Position statement 5. HA infusion
should be used to prevent AKI and
improve survival in cirrhotic patients
with SBP, particularly those with a
baseline serum bilirubin >−4 mg/dl or
a serum creatinine >−1 mg/dl.

5 1 100.0 5 0.5 100.0 5 0 100.0 Very high

Position statement 6. HA infusion
does not prevent renal impairment or
improve survival in patients with
cirrhosis affected by non-SBP in-
fections other than septic shock.

4 1 81.8 5 1 87.8 5 1 91.0 High

Position statement 7. HA infusion
may be considered for the manage-
ment of overt HE, especially in pa-
tients with liver cirrhosis and
hypoalbuminemia.

4 2 66.7 4 1 81.8 4 1 87.9 High

Position statement 8. HA infusion
may be considered to improve and
prevent hyponatremia in cirrhotic
patients, but its effects needs to be
further explored.

4 1 78.8 5 1 100.0 4 1 100.0 High

Position statement 9. More data are
warranted to evaluate the use of HA
to attenuate muscle cramps in pa-
tients with liver cirrhosis.

5 1 87.9 5 1 97.0 5 1 97.0 High

(continued on next page)
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systemic inflammation, and opposing hyperoxidation, so it may
be effective in managing ascites.

The role of long-term HA infusion in patients with cirrhosis
and ascites has been explored in several RCTs9,10,84–86 and two
meta-analyses.14,87 The latter study reported that long-term HA
infusion could decrease the recurrence of ascites, but could not
significantly decrease the mortality in patients with cirrhosis
and ascites.14,87 However, the heterogeneity was significant
among these included RCTs and the main characteristics of the
patients should be further specified. Studies exploring the effect
of HA in patients with cirrhosis and ascites date back to 1962.
The first RCT enrolled 16 patients, who were randomly assigned
to receive diuretics alone (n = 9) and diuretics plus HA (n = 7).84

The dosage of HA varied between 25 and 100 g weekly, and the
target serum-colloid osmotic pressure was maintained between
35 and 40 cm of water. HA infusion did not reduce the
requirement for diuretics nor mortality.84 In 1999, a second RCT
enrolled 126 patients, who were randomly assigned to receive
diuretics alone (n = 63) and diuretics plus HA (n = 63) at a daily
dose of 12.5 g.85 The diuretics plus HA group had a significantly
higher cumulative rate of response to diuretics treatment
(90.5% vs. 74.7%, p <0.05) and lower rates of recurrence of as-
cites (69% vs. 82%, p <0.02) and re-admissions (69% vs. 79%, p
<0.02) than the diuretics alone group. However, the 3-year
mortality was similar between the two groups (82.5% vs.
85.7%).85 In 2006, a third RCT evaluated the effects of long-term
HA infusion on the survival of 100 patients with cirrhosis and
ascites.86 Patients were randomly assigned to receive diuretics
plus HA (n = 54) and diuretics alone (n = 46). The HA dosage
was 25 g weekly in the first year and 25 g every 2 weeks
thereafter. HA significantly prolonged the median survival time
(108 vs. 36 months p = 0.0079) and decreased the rate of ascites
recurrence (38.88% vs. 84.78%, p <0.001).86 In 2018, the
ANSWER study, a multicentre randomised open-label trial,
explored the effects of long-term HA infusion in 431 cirrhotic
patients with uncomplicated ascites requiring diuretic admin-
istration.9 Patients were randomly assigned to standard medical
treatment (SMT) (n = 213) or SMT plus HA (n = 218). The HA
dose was 40 g twice weekly for the first 2 weeks, followed by
40 g weekly. The SMT plus HA group had a significantly lower
need for LVP (HR = 0.48, 62% vs. 34%, p <0.0001) and a lower
incidence of complications related to cirrhosis, such as re-
fractory ascites, bacterial infections, episodes of renal
dysfunction, and severe HE (grades III and IV), HRS-AKI, hypo-
natremia, and hyperkalemia. Finally, patients who received HA
had a significantly higher survival rate at 18 months (77% vs.
66%, p = 0.028).9 A few months later, the MACHT study, a
randomised placebo-controlled trial that explored the effects of
long-term HA infusion in 196 patients with cirrhosis and ascites
and planned liver transplantation, was published.10 Patients
were randomly assigned to SMT plus midodrine (15–30 mg
daily according to mean arterial pressure) and HA (n = 99) or
SMT plus placebo (n = 97). The HA dose was 40 g every 15 days.
The incidence of cirrhosis-related complications (37% vs. 43%,
p = 0.402) and 1-year mortality (7% vs. 5%, p = 0.527) were not
significantly different between the HA and SMT groups.10

An important explanation for this controversy in these find-
ings is that the median duration of HA treatment was longer than
1 year in the ANSWER study, but 63 days in the MACHT study
due to a high proportion of patients who underwent liver
transplantation, whereas the dosage of HA was double in the
ANSWER study. Interestingly, a prospective non-randomised
7vol. 5 j 100785
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study that enrolled patients with cirrhosis and refractory ascites
and used the same HA dosage of the ANSWER study (i.e. 20 g
twice weekly) also obtained favourable results in terms of inci-
dence of cirrhosis-related complications and mortality.88

The most recent EASL clinical practice guideline6 relative to
the management of decompensated cirrhosis was published
prior to the ANSWER study.9 A recent AASLD practice guideline
did not recommend long-term HA treatment in cirrhotic patients
with ascites.15 By contrast, a position paper from AISF and SIMTI
strongly recommended that long-term HA treatment should be
included among the medical treatment options for cirrhotic pa-
tients with ascites.27 Reasons for concern and debate are related
to the availability of HA and its cost. Although the availability of
HA may be challenging in some contexts, long-term HA infusion
is considered cost-effective and even cheaper than SMT, as the
ANSWER study showed that a lower incidence of complications
in patients receiving HA infusion reduced the need for and the
duration of hospitalisations. Certainly, an economic analysis of
long-term HA infusion, including its indirect costs, would be
worthwhile.

Based on available literature, the current position statement
indicates long-term HA infusion as a treatment option for pa-
tients with cirrhosis and uncomplicated ascites requiring diuretic
therapy. Specifically, a 40 g weekly dose of HA might be
preferred,9 although the optimal dosage should be further
explored. Furthermore, the target serum albumin level after 1
month of HA treatment might be reached >−40 g/L.89

Bacterial infections
Position statement 5. HA infusion should be used to prevent AKI
and improve survival in cirrhotic patients with SBP, particularly
those with a baseline serum bilirubin >−4 mg/dl or a serum
creatinine >−1 mg/dl (agreement score: 5; degree of consensus:
very high)
Cirrhotic patients have a higher risk of developing bacterial in-
fections than the general population,90–92 which can significantly
increase the risk of death.93 SBP, the most common type of
bacterial infection in cirrhosis,94 is defined as infection of the
ascitic fluid without any surgically treatable intra-abdominal
source of infection.6 The 90-day mortality after SBP is approxi-
mately 20%.95 Based on available evidence, antibiotics plus HA
have become the first-line treatment for SBP.96 In the context of
SBP, the benefits of HA are attributable to its ability to inhibit
inflammation and oxidative stress and improve haemodynamic
status.5 In an early RCT, a total of 126 SBP patients were rando-
mised to receive cefotaxime alone (n = 63) or in combination
with HA (n = 63).97 The dose of HA was 1.5 g/kg at diagnosis and
1 g/kg on day 3. The rate in improvement of SBP was not
significantly different between the two groups (98% vs. 94%, p =
0.36), but the cefotaxime plus HA group had a significantly lower
incidence of AKI (10% vs. 33%, p = 0.002), mortality at 1 month
(10% vs. 29%, p = 0.01), and mortality at 3 months (22% vs. 41%, p =
0.03) than the cefotaxime alone group. Furthermore, this RCT
showed that HA infusion was particularly effective in patients
with a baseline serum bilirubin level >−4 mg/dl or a serum
creatinine level >−1 mg/dl. Another study explored the effects of
HA on inflammatory mediators in 30 cirrhotic patients with
SBP.98 Patients were randomly assigned to antibiotics alone (n =
15) and combined with HA groups (n = 15). HA was infused 3
days after the diagnosis of SBP. Antibiotics plus HA significantly
JHEP Reports 2023
decreased tumour necrosis factor (TNF)-a and interleukin (IL)-6
levels in blood and ascites.98 A randomised pilot study that
enrolled 20 patients with cirrhosis and SBP assessed the impact
of HA on systemic haemodynamics.99 Patients were randomly
selected to receive HA (n = 10) or hydroxyethyl starch (n = 10).
The dose of HA was 1.5 g/kg at diagnosis and 1 g/kg on day 3. In
the HA group, none developed circulatory dysfunction or renal
failure. Instead, three patients developed circulatory dysfunction
and one renal failure in the hydroxyethyl starch group. In the HA
group, but not in the hydroxyethyl starch group, systemic and
pulmonary pressures increased significantly, systemic vascular
resistance decreased, and the cardiac work index improved.
These findings suggest that the effects of HAwere not exclusively
due to plasma volume expansion, but also mediated by non-
oncotic properties.

The current position statement recommends that HA infusion
be administered to prevent AKI and reduce mortality in cirrhotic
patients with SBP, particularly those with a baseline serum bili-
rubin level >−4 mg/dl or a serum creatinine level >−1 mg/dl. Spe-
cifically, HA infusion is considered at a dose of 1.5 g/kg at
diagnosis and 1 g/kg on day 3, but the optimal dosage of HA
infusion in patients with SBP should be further explored.

Position statement 6. HA infusion does not prevent renal impair-
ment or improve survival in patients with cirrhosis affected by non-
SBP infections other than septic shock (agreement score: 5; degree
of consensus: high)
Non-SBP infections, including urinary tract infections, pneu-
monia, skin infections, bacteraemia, and septic shock, account
for 75% of all bacterial infections in cirrhosis.92,94 The compli-
cations of these infections can induce AKI, circulatory failure,
and even multiple organ failure, significantly influencing the
outcomes of patients with cirrhosis.100 Until now, the effects of
HA on patients with cirrhosis and non-SBP infections remain
controversial.101–103 The INFECIR-2 study assessed the effect of
1-week HA (1.5 g/kg on day 1 and 1 g/kg on day 3) in patients
with decompensated cirrhosis and bacterial infections unre-
lated to SBP.104 Seventy-eight patients were randomly assigned
to HA plus antibiotics (n = 38) or antibiotics alone (n = 40). HA
plus antibiotics significantly decreased the levels of TNF-a (p =
0.01), granulocyte colony-stimulating factor (p = 0.01), IL-6 (p =
0.003), and IL-10 (p = 0.03), but antibiotics alone did not.
However, survival was not different between patients who
received and did not receive HA. This unexpected phenomenon
may be attributed to the fact that patients who received HA had
a higher prevalence of ACLF/AKI at admission than those who
did not. In 2020, a meta-analysis of three RCTs with 406 pa-
tients, including 202 in the HA group and 204 in the control
group, explored the efficacy and safety of HA in cirrhotic pa-
tients with non-SBP bacterial infections.105 The dose of HA was
1.5 g/kg on day 1 and 1 g/kg on day 3. HA infusion could not
decrease the risk of renal impairment (OR = 0.58, 95% CI = 0.28-
1.23, p = 0.16), 30-day mortality (OR = 1.61, 95% CI = 0.87–3.00,
p = 0.13), or 90-day mortality (OR = 1.30, 95% CI = 0.81–2.07, p =
0.28). It is worth noting that HA group had a significantly higher
incidence of pulmonary oedema (OR = 4.38, 95% CI =
1.30–14.79, p = 0.02). A recent meta-analysis also showed that
HA infusion could not significantly decrease mortality in pa-
tients with cirrhosis and non-SBP infections (OR = 1.01, 95% CI =
0.73–1.40).14
8vol. 5 j 100785



The current position statement does not recommend the use
of HA for the treatment of non-SBP infections without septic
shock in patients with cirrhosis.

Hepatic encephalopathy
Position statement 7. HA infusion may be considered for the man-
agement of overt HE, especially in patients with liver cirrhosis and
hypoalbuminemia (agreement score: 4; degree of consensus:
high)
HE, a severe complication of cirrhosis, significantly worsens the
quality of life of patients and their outcomes.106,107 The incidence
of covert and overt HE is 20–80% and 30–40%, respectively.108

Hyperammonaemia is considered the main pathogenesis of
HE.109,110 Consequently, the main objectives of HE treatment are
to reduce ammonia absorption and increase ammonia excretion,
and the most common drugs include lactulose,111 rifaximin,112

and L-ornithine-L-aspartate.113 There is also evidence that sys-
temic inflammation and oxidative stress are associated with the
development of HE.5,82,114,115 Additionally, a significantly higher
incidence of overt HE is observed in cirrhotic patients with
hypoalbuminemia (i.e. a serum albumin level <−31.6 g/L), and
patients with overt HE and severe hypoalbuminemia (i.e. a serum
albumin level <−22.8 g/L) have a significantly higher mortality.12

In 2013, an RCT explored the effect of HA on 56 patients with
cirrhosis and overt HE.116 Patients were randomised to receive
HA (n = 26) or saline (n = 30). The mean serum albumin level at
baseline was 29 g/L and 30 g/L in the HA and saline groups,
respectively. The dose of HA was 1.5 g/kg on day 1 and 1 g/kg on
day 3. The percentage of patients without HE on day 4 was not
significantly different between the HA and saline groups (57.7%
vs 53.3%; p = 0.7), but the HA group had a significantly higher 90-
day survival rate than the saline group (69.2% vs 40.0%, p = 0.02).
In 2017, another RCT further evaluated the addition of HA in 120
patients with cirrhosis and overt HE receiving lactulose.117 The
mean serum albumin level at baseline was 23 g/L and 24 g/L in
the HA and saline groups, respectively. The dose of HA was 1.5 g/
kg daily. The HA plus lactulose group had a significantly higher
rate of complete reversal of overt HE (75% vs. 53.3%, p = 0.03) and
lower 10-day mortality (18.3% vs. 31.6%, p = 0.04) than the lac-
tulose alone group. A retrospective cohort study, which included
708 cirrhotic patients, showed that HA significantly decreases
the incidence of overt HE (4.20% vs. 12.70%, p <0.001), improves
overt HE (84.60% vs. 68.10%, p = 0.009), and reduces in-hospital
mortality (7.70% vs. 19.80%, p = 0.018).118 The mean serum albu-
min level at baseline was 26.55 g/L in the HA group and 27.03 g/L
in the control group. More recently, the HEAL study has explored
the role of HA infusion in cirrhotic patients with prior HE who
had already used standard of care for the treatment of HE.119

Forty-eight patients were randomly assigned to the HA (n =
24) and saline (n = 24) groups. The dose of HA was 1.5 g/kg
weekly over 5 weeks. The HA group had significantly higher
rates of reversal and improvement of minimal HE, which was
defined by the psychometric hepatic encephalopathy score,
Stroop test, or critical clicker frequency, than the saline group.
Additionally, there was a significant reduction of IL-1b and
endothelial dysfunction markers after treatment in the HA
group, but not in the saline group.119 To date, there have been at
least three published meta-analyses regarding HA administra-
tion for the treatment of HE.14,120,121 Generally, they supported
the benefits of HA in decreasing the incidence of HE, improving
the severity of HE, and reducing the mortality of HE patients.
Unfortunately, the quality of available evidence regarding HA
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infusion for the management of HE could have been influenced
by the heterogeneity in the study design and subjectivity on the
outcome assessment.122

The current position statement indicates that HA at a dose of
20–40 g daily can be considered to treat overt HE, especially in
cirrhotic patients with hypoalbuminemia. A longer duration of
HA infusion may be associated with a higher probability of
improved HE based on the current evidence.

Hyponatremia
Position statement 8. HA infusion may be considered to improve and
prevent hyponatremia in cirrhotic patients, but its effects need to be
further explored (agreement score: 4; degree of consensus: high)
Hyponatremia, defined as a serum sodium level <135 mmol/L,6,23

is observed in 49% of patients with cirrhosis and ascites.123 The
most frequent type of hyponatremia is hypervolemic hypona-
tremia in patients with cirrhosis, which accounts for 90% of
cases.124 Hyponatremia is significantly associated with worse
outcomes in patients with cirrhosis.125,126 However, effective
treatment options for hyponatremia are limited.127 Hyper-
dynamic circulation, splanchnic vasodilation, and systemic
inflammation concur in the development of hyponatremia in
cirrhosis.127 Therefore, HA may be effective in correcting this
abnormality. A cohort study included 1,126 patients with
cirrhosis and hyponatremia, of whom 777 received HA infusion
at a median cumulative dose of 225 g.128 HA infusion improved
the resolution of hyponatremia (69% vs. 61%, p = 0.008). A post
hoc analysis of the data from the ATTIRE trial11 showed that HA
infusion increased serum sodium levels in hyponatraemic pa-
tients hospitalised with an acute decompensation of cirrhosis,
but did not improve their survival.129 Among patients with a
serum sodium level <130 mmol/L, the cumulative dose of HAwas
239.4 g in the HA group and 123.3 g in the control group. HA
significantly increased serum sodium levels on day 5 after
treatment (p <0.0001). A post hoc analysis based on the
ANSWER9 study database evaluated 149 patients with hypona-
tremia, of whom 75 had been assigned to SMT plus HA and 74 to
SMT alone.130 The HA group had significantly higher rates of
resolution of hyponatremia at 1 (45% vs. 28%, p = 0.042) and 3
months (61% vs. 38%, p = 0.006). Furthermore, HA-treated pa-
tients had a lower incidence of at least moderate hyponatremia
than those who received SMT alone (incidence rate ratio = 0.245,
95% CI = 0.167–0.359, p <0.001). A meta-analysis explored the
role of HA in the prevention and treatment of hyponatremia in
patients with cirrhosis.131 Thirty studies, including 25 RCTs and
five cohort studies, were included. Among cirrhotic patients
without hyponatremia, the HA group had a significantly lower
incidence of hyponatremia (OR = 0.55, 95% CI = 0.38–0.80, p =
0.001) and a higher serum sodium level (MD = 0.95, 95% CI =
0.47–1.43, p = 0.0001) than the control group. Among cirrhotic
patients with hyponatremia, the HA group had a significantly
higher rate of resolution of hyponatremia (OR = 1.50, 95% CI =
1.17–1.92, p = 0.001) than the control group. However, the quality
of the available evidence is low.

In light of the current evidence, HA can improve hypona-
tremia in patients with cirrhosis. However, prospective rando-
mised trials specifically evaluating this topic are warranted to
validate the role of HA in the treatment of hyponatremia in
cirrhosis. Additionally, the optimal dosage and administration
schedule of HA in this context and its withdrawal rules must still
need to be defined. The impact of hyponatremia correction on
the prognosis of cirrhosis should also be clarified.
9vol. 5 j 100785
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The current position statement recommends that HA may be
considered for the management of hyponatremia in selected
patients with cirrhosis.

Muscle cramps
Position statement 9. More data are warranted to evaluate the use
of HA to attenuate muscle cramps in patients with liver cirrhosis
(agreement score: 5; degree of consensus: high)
Muscle cramps, a complication of cirrhosis likely due to a
diuretics-induced reduction in effective volume and distur-
bances in homeostasis, negatively influence quality of life.132,133

Current treatments for muscle cramps include baclofen134 and
quinidine.135 In one study, 12 cirrhotic patients who developed
muscle cramps more than three times weekly were observed.133

HA infusion was associated with a decrease in the frequency of
muscle cramps (p <0.01). However, until more robust evidence is
available, HA cannot be recommended for the treatment of
muscle cramps in cirrhosis.
Septic shock
Position statement 10. HA may be considered for the management
of cirrhotic patients with septic shock (agreement score: 5; degree
of consensus: high)
Cirrhotic patients are at increased risk for the development of
sepsis, sepsis-induced organ failure, and sepsis-related death.136

Sepsis is a complex pathophysiological state characterised by the
release of many pro-inflammatory and anti-inflammatory and
procoagulant and anticoagulant substances in response to
pathogens.137 The severity of sepsis is often divided into sepsis,
severe sepsis in which acute organ failure attributed to sepsis
develops, and septic shock in which refractory hypotension re-
quires vasopressor agents.138 The in-hospital mortality in pa-
tients with cirrhosis and septic shock can exceed 80%.139

However, the optimal management of patients with cirrhosis
and sepsis/septic shock has not been well established. Current
management mainly includes fluid resuscitation, vasopressors,
steroids, antibiotics, and liver transplantation.140 A retrospective
cohort study showed a close association of HA infusion with
improved survival in cirrhotic patients with septic shock.141 Two
RCTs also explored the role of HA infusion in patients with
cirrhosis and sepsis-induced hypotension.142,143 In the FRISC
study,142 a total of 308 cirrhotic patients with sepsis-induced
hypotension were randomly assigned to the HA (n = 154) and
saline (n = 154) groups. The dose of HA was 5% HA intravenous
bolus, 250 ml over 15–30 min, followed by a maintenance
infusion of 50 ml/h for a total of 3 h (20 g in total). The reversal of
hypotension was higher in patients receiving HA than those
receiving saline (11.7% and 3.2%, p = 0.008). There was a signifi-
cantly higher proportion of patients who survived 1 week in the
HA group than in the saline group (43.5% vs. 38.3%, p = 0.03). In
the ALPS trial,143 a total of 100 cirrhotic patients with sepsis-
induced hypotension were randomly assigned to the HA (n =
50) and plasmalyte (n = 50) groups. The dose of HA was 0.5–1.0
g/kg over 3 h. The proportion of patients with mean arterial
pressure above 65 mmHg at 3 h was significantly higher in the
HA group than in the plasmalyte group (62% vs. 22%, p <0.001).
However, the 28-day mortality was not significantly different
between the two groups (58% vs. 62%, p = 0.57), and HA caused
more pulmonary complications than plasmalyte.

The current position statement recommends that HA infusion
may be considered to treat septic shock. Considering the
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heterogeneity in safety profile among various HA infusion stra-
tegies, it is preferred that 5% HA solution is intravenously infused
at a dosage of 250 ml over 15–30 min, followed by a maintenance
infusion of 50 ml/h until haemodynamically stable.

Acute decompensation of cirrhosis
Position statement 11. Short-term HA infusion in general patients
with acute decompensation of cirrhosis may not be beneficial.
Further validation should be considered (agreement score: 5; de-
gree of consensus: high)
The ATTIRE trial explored the target HA administration, where
the serum albumin level should reach at least 35 g/L, in 777
cirrhotic patients with hypoalbuminemia (<30 g/L) who were
hospitalised for acute decompensation.11 Patients were
randomly assigned to the HA (n = 380) and SMT (n = 397)
groups. Infusion of 20% HA was administered at a rate of
100 ml/h from day 1 of recruitment, with the aim of main-
taining a serum albumin level of 35 g/L or more. The mean
serum albumin level was 30 g/L or more after treatment in the
HA group, but did not reach 35 g/L as planned. HA did not
decrease the probability of developing a composite primary
endpoint event (29.7% vs. 30.2%; OR = 0.98; 95% CI = 0.70–1.33,
p = 0.87), which included any infection, kidney dysfunction, or
death during hospitalisations. Additionally, the 28-day (14.0%
vs. 15.6%), 3-month (24.2% vs. 23.2%), and 6-month (34.7% vs.
30.0%) mortality were similar between the two groups. Based
on current evidence, populations and an optimal infusion
strategy to guide HA infusion in cirrhotic patients with un-
specified types of acute decompensated events should be
further explored.

HA-related serious adverse events
Position statement 12. HA infusion is generally safe, but may induce
the development of pulmonary oedema and severe allergic reactions
(agreement score: 5; degree of consensus: very high)

Pulmonary oedema
HA plays an important role in maintaining plasma colloid os-
motic pressure. However, infusion of high doses of HA in a
short time can cause an excessive increase in circulating blood
volume and increase the risk of pulmonary oedema. This risk is
amplified by concomitant cardiomyopathy.144,145 In the ATTIRE
trial, the median dose of 20% HA solution was 200 g during a
median hospitalisation stay of 8 days in the HA group, but only
20 g during a median hospitalisation stay of 9 days in the
control group. The HA group had a higher incidence of pul-
monary oedema than the control group (6% vs. 2%).11 In the
ALPS trial, the dose of 20% HA solution was 0.5–1.0 g/kg over
3 h. Six (12%) patients developed pulmonary oedema in the HA
group, but none in the plasmalyte group.143 In a meta-analysis
dealing with HA use in patients with non-SBP infections at a
dose of 1.5 g/kg on day 1 and 1 g/kg on day 3, the HA group had
a higher incidence of pulmonary oedema (OR = 4.38, 95% CI =
1.30–14.79).105 By comparison, in the ANSWER and MACHT
studies, where the 20% HA solution was 40 g weekly and 40 g
every 15 days, respectively, none of the patients developed
pulmonary oedema. Additionally, in the FRISC study, where the
dosage of 5% HA solution was 250 ml over 15–30 min, followed
by a maintenance infusion of 50 ml/h for a total of 3 h, none of
the patients developed pulmonary oedema.142 Collectively,
high-dose HA infusion in a short time should be performed
with caution, except in SBP patients,97 and a ’restrictive’ HA
10vol. 5 j 100785



infusion strategy may be considered to reduce the risk of pul-
monary oedema,146 especially when a combination of HA with
terlipressin has been administered.147

Anaphylactic shock
Anaphylactic shock is a rare adverse reaction to HA.148–151 It may
be caused by impurities that are associated with HA production,
storage, and transportation, such as albumin aggregates gener-
ated during the production phase.152,153 If an anaphylactic shock
develops, immediate withdrawal from HA infusion and symp-
tomatic treatment are necessary.

Portal hypertension-associated bleeding
Several anecdotal series have suggested that HA infusion could
increase the risk of portal hypertension-related bleeding,84,154,155

where the dose of HA used was relatively high (100 g/day).
However, this opinion is somewhat outdated. The ANSWER
study,9 where HA infusion was employed at a dosage of 40 g/
weekly, showed that long-term HA infusion did not increase the
risk of bleeding from gastro-oesophageal varices, but caused a
marginally higher incidence of other portal-hypertensive
bleeding in the SMT plus HA group. Recently, a retrospective
study included cirrhotic patients with gastrointestinal bleeding
and explored the impact of HA infusion on rebleeding and death
during hospitalisations.156 It showed that HA infusion was
associated with a lower risk of rebleeding regardless of HA
dosage (<40 g or >40 g), and an increased dosage of HA could
reduce the risk of rebleeding (<−40 g vs. 0 g: OR = 0.500, 95% CI =
0.312–0.800, p = 0.004; >40 g vs. 0 g: OR = 0.279, 95% CI =
0.134–0.580, p <0.001). To date, there is no clear evidence sup-
porting the association of HA infusion with an increased risk of
portal hypertension-related bleeding.
Unresolved issues
HA can be considered a therapeutic option, to manage several
complications of cirrhosis, because it improves circulatory
dysfunction and may counteract systemic inflammation and
oxidative stress. However, its indications and optimal infusion
JHEP Reports 2023
strategy remain controversial. Several topics warrant further
investigation.

(1) The concept of ’effective albumin concentration’ has been
proposed to distinguish the optimal time to initiate and
stop HA infusion to manage decompensated cirrhosis.
However, its clinical relevance in guiding HA infusion needs
further validation. Furthermore, more convenient assays for
determining ’effective albumin concentration’ should be
developed.

(2) At present, the dosage of HA is often based on the agree-
ment of expert opinions and clinical experience. The
optimal dosage and duration of HA infusion for various
complications of cirrhosis to maximise its efficacy and
minimise the risk of adverse events should be clarified.

(3) The development and aggravation of HE and hyponatremia
negatively influence the quality of life and outcomes of
patients with cirrhosis. Pilot studies have demonstrated the
potential benefits of HA for managing the two complica-
tions. However, large-scale RCTs are warranted to confirm
these findings.

(4) Hepatic oedema other than ascites, such as hydrothorax
and leg oedema, can also develop in cirrhosis. The role of
HA infusion in such patients warrants further investigation
in the future.

(5) The potential benefits of HA in ACLF patients and its use in
plasmapheresis need to be further explored.

(6) The prevention of septic shock in cirrhotic patients with
infections by infusion of HA needs further evaluation in
multicentre collaboration.

(7) The underlying aetiology of cirrhosis is associated with
patient outcomes, and the aetiology of cirrhosis is also
heterogeneous across regions. Notably, NAFLD will be the
most prevalent cause of liver disease in Western countries.
Therefore, it should be clarified whether the benefits of HA
infusion differ across patients with various aetiologies of
cirrhosis.

(8) A threshold of HA dosage should be identified to predict the
risk of pulmonary oedema in patients with cirrhosis.
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