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A B S T R A C T

As a potential sequela of cirrhosis, hepatic encephalopathy (HE) significantly impacts the lives of patients and

caregivers and places a substantial burden on the healthcare system. With an increasing incidence over time

and a cumulative effect on cognition, HE adversely effects quality of life, morbidity and mortality in patients

with cirrhosis. HE can range from minimal or covert (MHE/CHE) to overt and symptomatic (OHE). HE has

profound impacts on the health and wellbeing of patients and their families and caregivers. Effective treat-

ments could improve the quality of life for all those affected. In this article, we discuss the existing treatments

for HE and focus on the potential role of albumin in the treatment of HE. Currently approved therapies for HE

(lactulose and rifaximin) are focused on decreasing the formation of ammonia in the gastrointestinal tract.

Among the many agents with alternative mechanisms being investigated for treatment of HE, albumin has

been studied in clinical trials with acute (≤ 3 days), short-term (up to 2 weeks) prolonged (> 2 weeks) and

long-term administration (months). Current studies indicate that acute or short-term administration of albu-

min does not provide significant benefit for patients with OHE. However, there is increasing evidence that

prolonged or long-term albumin therapy can help improve cognition in OHE and prevent recurrence. Addi-

tional studies are needed to substantiate these positive findings for longer term administration of albumin in

HE and to increase our comprehension of the pharmacologic basis of the effects of albumin.

© 2024 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Hepatic encephalopathy (HE) is a complication of cirrhosis that

produces substantial health and quality of life deterioration not only

for the patients, but also for their caregivers. HE is a neurological con-

dition precipitated by decompensated liver insufficiency and/or por-

tosystemic shunting and can range in severity from mild, undetected

cognitive impairment to coma [1−3]. HE is associated with falls, acci-

dents (especially in motor vehicles), an increased risk of hospitaliza-

tion and increased mortality. The spectrum of HE ranges from the

subclinical, minimal/covert (MHE/CHE) stage to the overt, clinically

apparent stage (OHE). Moreover, MHE/CHE can predispose patients

to OHE episodes and even after recovery from OHE; recurrences are

common.

1.1. Prevalence and progression of HE

The incidence of HE in patients with cirrhosis has not been widely

studied, but a study of US Medicare patients with cirrhosis (20 % ran-

dom sample, n = 166,192) found an incidence of 11.6 per 100 patient

years for HE. Thirty-one percent of the patients with HE had alcohol-

related cirrhosis and 49 % had cirrhosis due to fatty liver disease [4].

A longitudinal study (January 1, 2005 − December 31, 2010) of

patients with cirrhosis and without HE at baseline (n = 1,979) showed

these patients had a 43.7 % chance of developing HE within five years.

This study also showed that higher bilirubin and use of non-selective

beta blockers were risk factors for developing HE, while higher albu-

min levels and statin use were protective against HE [5].

Some studies have suggested that HE may have a chronic and

cumulative effect on cognitive function. A cross-sectional study in cir-

rhosis patients compared patients with or without prior HE and a

prospective study compared cirrhosis patients before and after a first

episode of HE. These studies demonstrated that the cognitive
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impairment seen with overt HE (assessed by psychometric testing)

does not completely reverse despite resolution of impaired overall

mental status. The prospective study found that the patients who

developed HE had significant deterioration of cognitive performance

while those without HE did not [6]. Residual cognitive impairment

may persist in patients that had overt HE even after liver transplanta-

tion [7].

1.2. Impact of HE

HE has been associated with poorer quality of life in patients and

caregivers [8−10]. In a study of 152 cirrhosis patients in Germany, HE

and continued alcohol consumption were identified as factors that

correlated with a lower quality of life [8]. HE has been found to

decrease the patient’s ability to carry out the activities of daily life

[11]. This includes an impairment in the ability of patients with HE to

drive safely, alteration of sleep patterns, decreased mobility, and

decreased work capability [11−16].

Impaired driving ability has been verified in road driving tests

with an instructor [14,16], driving simulators [17,18] and in epidemi-

ologic studies. A real-world epidemiologic study found an increase in

traffic accidents and citations in cirrhosis patients with HE (n= 42)

compared to cirrhosis patients without MHE (n= 26) [19].

In a study of 110 cirrhosis patients examining work capability,

those with unskilled or skilled labor or craftsperson jobs (blue collar

workers) were more likely to be considered unable to earn a living

than patients with civil service, academic or entrepreneurial (white

collar) employment. The authors attributed this difference to greater

deficits in psychomotor functioning than in verbal and intellectual

skills [20].

As a result of the factors cited above, HE has been shown to have

profound effects on psychological and social wellbeing of patients.

Impaired cognition and decreased driving ability can lead to loss of

employment and economic hardship. A study on the extent of the

burden imposed by HE found that cirrhosis patients with a history of

HE had worse unemployment rates and worse financial status than

cirrhosis patients who had not had an episode of HE [21].

Cognitive impairment, loss of independence and lowered socio-

economic status can all contribute to deterioration in the patient’s

quality of life [21−23]. Altered socioeconomic status can compound

the health and quality of life problems for patients and their families

by decreasing their access to adequate housing, medical care, and

food [11]. Quality of life was degraded to a similar extent in care-

givers as in patients [24]. Persistent alcohol consumption and HE cor-

related with a lower quality of life and a higher psychosocial burden

for caregivers [8].

Perhaps most importantly, HE has also been associated with an

increased risk of mortality. A retrospective study in Spain looked at

the medical records of 111 patients with cirrhosis who had suffered

an initial episode of HE. The mortality rate was 58 % (42 % survival) at

one year and 77 % at three years (23 % survival) [25]. A similar study

was conducted with 466 Danish patients with cirrhosis. In this study,

one-year mortality was 64 % and five-year mortality was 85 % in

patients with HE [26]. In these studies conducted a decade apart in

different countries, the estimates of mortality range similar and quite

high (58-64 % at one year and 77-85 % at five years) [25,26].

HE imposes additional burdens on health care systems which

have been increasing in recent years. Emergency department visits,

hospitalizations, and the associated charges have all increased [9,27].

A study using the US National Inpatient Sample showed that hospital-

izations that included HE increased by 24.4 % over the period 2010-

2014. The inpatient charges for patients with HE increased by 46.0 %

(to $11.9 billion) over the same period [27].

Another study utilizing the Healthcare Cost and Utilization Project

database (US data) showed that emergency department visits related

to HE increased by 35.0 % over the period 2006-2014. HE-related

emergency department charges increased by 110.6 % over the same

period. Hospital discharges related to HE increased by 117.7 % over

the period 2000 to 2014. Cirrhosis patients with HE had longer hospi-

tal stays and more frequent readmissions than cirrhosis patients

without HE [9]. These studies clearly demonstrate that, at least in the

US, the magnitude of the impact of HE is growing.

Patients with MHE were 3.7 times more likely to develop OHE

over three years than cirrhosis patients without MHE [28]. MHE is

also associated with a higher rate of hospitalization and increased

mortality compared to patients with cirrhosis and no MHE [2,29].

Estimates of the prevalence of MHE in cirrhosis patients vary from

20-54 % depending on the psychometric test(s) administered [30

−32]. Due to the less obvious nature of MHE, diagnosis can be difficult

and resource intensive. Frequently, multiple testing strategies are

required to make an accurate diagnosis of MHE [2] and many practi-

tioners who see cirrhosis patients do not test for it [33]. Even in this

milder form, MHE can affect numerous measures of psychosocial

function including attention, alertness, response inhibition and exec-

utive functions [34−38].

It is clear from these studies that HE has profound effects on the

health and wellbeing of patients with cirrhosis and continued investi-

gation into new or improved treatments for HE is warranted. Effec-

tive treatments could help improve the health of cirrhosis patients

with HE and improve the quality of life for patients and their care-

givers. The remainder of this article will focus on the existing treat-

ments, and particularly the role of albumin in the prevention and

treatment of HE.

2. Results

2.1. Current and investigational treatment options for HE

2.1.1. Lactulose

The first line treatment for MHE or overt HE is generally lactulose

[1]. It is a non-absorbable disaccharide that suppresses the growth of

ammonia-producing bacteria in the gut [2]. This treatment has been

shown to improve cognitive function and health-related quality of

life in patients with MHE [39]. and can help prevent recurrence of

HE [40]. However, due to its gastrointestinal side effects, lactulose is

difficult to tolerate for many patients especially those from Western

countries, [41] and a large proportion of patients experience recur-

rence or occurrence of HE due to non-adherence [42].

2.1.2. Rifaximin

Rifaximin has been found to be useful add-on therapy to lactulose

in the treatment of HE [1]. It is an antibiotic with little systemic

absorption that also acts to decrease ammonia-producing bacteria in

the digestive tract. Rifaximin added to lactulose therapy was found to

be superior to lactulose alone in preventing a recurrence of HE [43].

Clinical trials have also shown that rifaximin can improve cognitive

performance in patients with MHE [44,45]. However, rifaximin is an

expensive medication in some countries, which could be a barrier

preventing its wider use [46].

2.1.3. Investigation treatments

Given the gravity of the condition and its impact on the lives of

patients and their caregivers, it is not surprising that many new

approaches have been investigated for the treatment of HE (Fig. 1)

[47]. These approaches include modulation of neurotransmitters,

increased urea production, decrease production and absorption of

ammonia in the gut, alteration of gut microbiota, increased urinary

excretion of phenylacetyl glutamine, increased glutamine synthesis

and reduction of oxidative stress. Moreover, medications with actions

outside the gut that focus on removal of ammonia and inflammatory

mediators in the systemic circulation are needed. Unfortunately, fur-

ther development of ammonia scavengers is not currently being
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pursued. Therefore, agents that enhance or improve the removal of

inflammatory cytokines and ammonia from the circulation are

needed to complement the gut-based action of the current HE medi-

cations.

Although the medications noted in Fig. 1 have been studied for

their effects in treating HE, data supporting their use is limited [1].

Guidelines from the American Association for the Study of Liver Dis-

eases, published in 2014, stated that the use of albumin lacked suffi-

cient data to support its use as a therapy for HE [1]. However, since

that time, several clinical trials studying albumin as a treatment for

MHE and HE have been published. These studies on albumin treat-

ment of HE will be the focus of this review. Studies on the treatment

of MHE or HE with albumin and the efficacy of different administra-

tion strategies will be considered.

2.2. Albumin treatment of HE

The evidentiary basis for the use of human albumin (HA) in treat-

ing HE and the potential therapeutic gaps in that could be filled by

this medication are the subject of the studies discussed below (as a

primary or secondary endpoint) and a driving force for future studies.

Besides its well-known oncotic activity, which makes HA the main

regulator of fluid distribution among the different body compart-

ments, the albumin molecule has multiple other biological functions

grouped under the term non-oncotic properties. It binds a long series

of exogenous and endogenous compounds through specific and non-

specific molecular sites, thus exerting an essential activity of solubili-

zation, transport and detoxification. HA is the main circulating anti-

oxidant in our body and is also able to stabilize endothelia,

contributing to a normal capillary permeability. In the last decade,

several studies have attributed to HA an important role in modulating

inflammatory and immunological responses. It can be speculated that

the antioxidant and anti-inflammatory are the most relevant non-

oncotic properties that can potentially improve HE [48].

Clinical and translational data on the effects of HA administration

have been generated from a few recent randomized clinical trials

(RCTs) addressing different phases of HE: MHE/CHE [49], OHE requir-

ing hospitalization [50−52] and recurrent OHE [53−55].

Based on the length of HA treatment, we have divided these stud-

ies in acute HA administration (up to three days) [50,51], short-term

(up to two weeks) [52], prolonged (weeks) [49], and long-term

(months) of albumin. [53−55] (Fig. 2). In three of them, the primary

endpoint was focused on the management of HE, while, in the others,

HE was included among the secondary endpoints.

2.2.1. Acute albumin administration (≤ 3 days)

Two RCTs performed in Spain have investigated the effects of

acute administration of HA in patients admitted to hospital with at

least grade 2 HE according to West-Haven criteria [47,48].

In the first double-blind RCT [51], published in 2013, 56 patients

admitted to hospital with at least grade 2 HE according to the West-

Haven criteria were randomly assigned to receive albumin 20 % at a

dose of 1.5 g/kg body weight at diagnosis and 1.0 g/kg on day 3 (the

same dose and schedule used to prevent renal failure in spontaneous

bacterial peritonitis) or isotonic saline solution on top of standard

medical treatment (SMT). Patients were stratified according to the

grade of OHE (grade II-III vs grade IV). Unfortunately, HA administra-

tion was not associated with any benefit on OHE. Indeed, the preva-

lence of clinical resolution of HE at day 4, which was the primary

endpoint of the study, and the improvement of the neuropsychomet-

ric tests were similar between the two groups Moreover, no differen-

ces were found in the circulating levels of ammonium, inflammatory

cytokines, or markers of oxidative stress. However, the study found a

significant increase of the 90-day survival rate in patients who were

treated with HA, as compared to those who received saline (96 % vs

40 %).

This latter result prompt the same investigators to perform a sec-

ond RCT assessing the effect of HA at the same schedule and dose in

Fig. 1. Established and emerging treatments for hepatic encephalopathy (HE). *These therapies were not being actively investigated for HE as of March 23, 2022 per clinicaltrails.gov

[47].
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the same population, but with a more ambitious primary end-point,

which was the 90-day transplant-free survival [50].

The study enrolled 82 patients admitted to hospital for at least

grade 2 overt HE, who were randomized to receive HA (1.5 g/kg body

weight at diagnosis and 1.0 g/kg body weight on day 3) (n=42) or pla-

cebo (n=40). The study was interrupted due to low enrolment and

excessive duration when 64 % of the estimated sample size was

recruited. Again, the primary endpoint was not met since no statisti-

cally significant differences between the two groups were found in

the 90-day transplant-free survival (HA: 87 % vs placebo: 80 %). Also,

no benefit of HA administration was observed on the incidence of

new OHE episodes, infections, and hospitalizations, which were all

secondary endpoints.

Finally, the authors performed a meta-analysis combining the

data from both RCTs. With the increase of sample size, a significantly

better transplant-free survival rate was observed in patients who

received HA compared to those who received saline [51,50].

Despite this latter promising data, there is currently no solid evi-

dence supporting the acute administration (up to 3 days) of high

doses of HA for treating acute episodes of OHE.

2.2.2. Short-term albumin administration (up to 2 weeks)

A pragmatic example of short-term HA treatment is the ATTIRE

study, a large, multicenter, randomized, open-label trial performed in

UK [52], which investigated the efficacy and safety of HA in patients

admitted to the hospital for acute onset or worsening of complica-

tions of cirrhosis and moderate to severe hypoalbuminemia. Albumin

was infused daily until discharge or a maximum of 15 days, following

an individualized dosing protocol designed to achieve and maintain a

target level of 3 g/dL.

The primary endpoint was a composite of infection from any

cause, kidney dysfunction and death from day 3 to 15 or up to dis-

charge, and the main secondary end-points were death at 28 days, 3

months and 6 months and the incidence of each of the three compo-

nents of the primary end-point.

The results of the ATTIRE study were comprehensively negative.

No differences between the two groups were observed for both the

primary endpoint and all the secondary endpoints. Unfortunately,

the data regarding HE are limited in this study, even if the episodes

of brain dysfunction reported among the adverse events appear to be

similar between the two groups.

Therefore, based on the available evidence, there is no indication

for daily HA short-term administration (up to a maximum of 2

weeks) for treating and/or preventing OHE in hospitalized patients

admitted for acute decompensation of cirrhosis.

2.2.3. Prolonged albumin administration (> 2 weeks)

In contrast to the results of acute and short-term administration

of albumin, prolonged and long-term administration showed positive

effects in decreasing the incidence of HE and other complications of

cirrhosis. Even after recovery from OHE, cirrhosis patients can have

persistent cognitive impairment or minimal HE [1] despite optimal

treatment with lactulose and/or rifaximin [6,56]. As previously

stated, even minimal HE can adversely affect quality of life for

patients and caregivers.

Prolonged inflammation and endothelial dysfunction have been

implicated in the mechanisms of HE [57−59]. Due to the anti-inflam-

matory and endothelium stabilizing effects of albumin, a prolonged

albumin treatment regimen was investigated in the HEAL study (5

weeks at 1.5 g/kg weekly albumin administration) in outpatients

with minimal HE. Patients were randomly assigned to receive albu-

min or saline weekly. Pre-infusion serum albumin was checked and if

over 4.0 g/dL, patients in the albumin group received a saline infusion

[49].

Treatment of the covert/minimal stage of HE in the HEAL trial is a

departure from the more advanced disease treated in other trials, i.e.,

inpatients [51,52] and patients with recurrent disease [50,53]. This

stage of HE is the focus of this trial because even covert HE can have

detrimental effects on quality of life and survival. Patients with covert

HE can have persistent cognitive impairment despite continued

treatment with lactulose and/or rifaximin.

Patients included in the HEAL trial were > 18 years old with cir-

rhosis who had been on treatment with lactulose and/or rifaximin for

at least two months. Their serum albumin was < 4 g/dL and they had

cognitive impairment at screening based on at least one of three

tests: critical flicker frequency (CFF) < 39 Hz [60]; psychomotor

hepatic encephalopathy score (PHES) < - 4SD [35] or minimal HE on

EncephalApp Stroop [32].

Patients were excluded if they had no prior history of HE or if in

the past three months they required an albumin infusion, had a his-

tory of alcohol or illegal drug use, or had an infection. Patients were

also excluded if they had congestive heart failure, were unable to

Fig. 2. Studies of albumin therapy on hepatic encephalopathy (HE) in cirrhosis patients have covered different phases of the disease. They include blocking progression from mini-

mal HE (MHE) to overt HE, blocking recurrence or progression in patients with a history of HE or active HE and resolving overt episodes of HE. Studies have varied in the length of

administration from a few days to months. *Studies which did not have HE as a primary inclusion criterion.

J.S. Bajaj, E. Pompili and P. Caraceni Annals of Hepatology 30 (2025) 101751

4



provide informed consent, unable to commit to attend follow-up vis-

its for six weeks or were overtly confused (West-Haven grade ≥ 2) at

enrolment.

Demographic and cognitive testing as baseline showed no signifi-

cant differences between the treatment groups. Significant decreases

were seen in the percentage of patients with minimal HE based on

PHES (63 % at baseline to 29 % at the end of treatment and 38 % at the

end of study) and EncephalApp (96 % at baseline to 71 % at the end of

treatment and 79 % at the end of study) (Fig. 3). The changes seen in

the albumin group on CFF were not significant. When all minimal HE

measures were combined albumin treatment decreased the percent-

age of patients with minimal HE from 100 % at baseline to 71 % at the

end of treatment and 79 % at the end of study (p = 0.05).

When health-related quality of life was assessed using the sick-

ness impact profile (SIP) [61], total score and psychosocial domain

scores were improved by albumin treatment (p = 0.008 and

p = 0.004, respectively) (Fig. 4, 5). The physical domain of the SIP

score was decreased but the change was not statistically significant

(p = 0.08)

To help assess the potential mechanism of the effect of albumin,

several inflammatory and anti-inflammatory blood markers were

measured: interleukin (IL)-1b, IL-6, IL-10, tumor necrosis factor

(TNF)a, lipopolysaccharide binding protein (LBP), intercellular adhe-

sion molecule (ICAM)-1, and asymmetric dimethyl arginine (ADMA)

(Table 1) [49]. No significant differences were seen between the

treatment groups in the values of these markers at baseline.

In general, the pro-inflammatory markers increased over the

course of the study in the placebo group. Statistically significant

increases were observed in the pro-inflammatory markers ICAM-1

and ADMA in the placebo group at the end-of-treatment and end-of-

study measurements. Overall, in the albumin group there was a

decrease in these markers. Significant decreases were seen in IL-1b,

ICAM-1 , and ADMA and the end of treatment and IL-1b and ADMA

at the end of study. Conversely, there was a decrease in the anti-

inflammatory cytokine, IL-10 in the placebo group, but no significant

change in the albumin group. The specific markers that were changed

in this study suggested that endothelial dysfunction may be an

important factor in HE [49].

Serum albumin levels increased in the albumin treatment group

from baseline (3.38§0.36) to end of drug treatment (EOD: 3.81§0.33;

p < 0.0001) and were unchanged in the placebo group (3.20§0.38

baseline and 3.19§0.49 EOD; p = 0.94). Ischemia-modified albumin

(IMA), a less functional form of the protein, was increased over the

study period in the placebo group but decreased in the albumin

treatment group (Table 1). Overall, the improvements in cognitive

and health-related quality of life measures were correlated with

blood markers indicating an improvement in endothelial function, a

decrease in inflammatory mediators and an increase in functional

albumin [49].

In summary, the HEAL study demonstrated that a 5-week course

of albumin improved cognitive performance and health-related qual-

ity of life compared to placebo in patients with cirrhosis and prior HE

who had cognitive impairment despite being on lactulose and rifaxi-

min [49]. Additional, larger, multi-center trials will be necessary to

confirm these results, refine the best albumin administration sched-

ule and determine the duration of the positive effects of albumin. The

same team is now studying how long the effect of albumin lasts in

patients with prior OHE and current MHE who are on lactulose and

rifaximin [62]. It is still an open question whether HA could be effica-

cious in patients with cirrhosis and MHE/CHE without prior HE and

lactulose/rifaximin use.

2.2.4. Long-term albumin administration (months)

A benefit of HA in the prevention of recurrent OHE emerged from

the results of clinical trials evaluating long-term administration in

patients with cirrhosis and ascites.

The ANSWER study is a no-profit, open-label, multi-center, ran-

domized clinical trial in 33 Italian centers that enrolled 431 patients

with at least grade 2 uncomplicated ascites requiring diuretic therapy

(anti-aldosterone agents ≥ 200 mg/day and furosemide ≥ 25 mg/day)

[53]. Patients were randomized to receive either SMT or SMT plus HA

(40 g twice weekly for 2 weeks, then 40 g weekly) for up to 18

months. At enrolment, approximately 10 % of patients had grade I or

II HE and approximately one-quarter had a history of previous overt

HE.

HA treatment induced a significant improvement of the 18-month

overall survival, which was the primary endpoint of the study, eased

the management of ascites by reducing more than 50 % the number

of large-volume paracenteses, significantly reduced the incidence

rate of many severe complications with the exception of gastrointes-

tinal bleedings which were similar between the two groups. Thus,

not surprisingly, HA was associated with a significant reduction on

liver-related hospital admissions and length of hospitalization.

Finally, patients receiving albumin also presented a better quality of

life as compared to those receiving only standard medical treatment.

When looking specifically at HE, the 18-month cumulative inci-

dence of the first episode of grade III/IV HE was significantly lower in

patients receiving SMT+HA than in those treated with only SMT

Fig. 3. Percentage of patients with minimal HE (MHE) at baseline and end of drug treatment (EOD) and improvement in test scores from baseline to EOD. PHES = psychomotor

hepatic encephalopathy score; Stroop = EncephalApp Stroop; CFF = critical flicker frequency [49].

J.S. Bajaj, E. Pompili and P. Caraceni Annals of Hepatology 30 (2025) 101751

5



(Fig. 3), as well as the incidence rate of grade III/IV HE during follow-

up was reduced by almost 50 % [53].

In the same year, a monocentric, non-randomized clinical trial

was conducted in Padua, Italy, to explore the efficacy of long-term

albumin treatment in the management of patients with refractory

ascites [54]. The study enrolled 70 patients, 45 of whom received 20

grams of HA twice a week up to a maximum of 24 months in addition

to SMT, while the remaining 35 were treated with SMT only. The allo-

cation to one of the two arms was based on the willingness of

patients to have biweekly albumin infusions.

As in the ANSWER trial, besides the significantly lower cumulative

incidence of 24-months mortality, the probability of being admitted

to hospital for complications of cirrhosis, except for gastrointestinal

bleeding, was significantly reduced by HA administration. Specifi-

cally, the incidence of hospitalization due to HE during follow-up was

significantly lower in patients receiving HA than in those treated

with SMT alone (27 % vs 65 %).

In contrast with the above two studies, the MACHT trial, a double-

blind, Spanish multi-center, randomized clinical trial, produced

completely different results [55]. One hundred ninety-six patients

with cirrhosis and ascites awaiting LT were randomized to receive

HA albumin (40 g twice every 15 days) plus midodrine (15-30 mg/

day) and or placebo until LT, removal from the waiting list or up to a

maximum of 12 months [55]. No significant differences were

observed between the two groups in the probability of developing

cirrhosis complications (including HE), which was the primary end-

point of the study, or in the probability of 1-year mortality. These var-

iant results, however, may be explained by two main differences

between the ANSWER and MACHT studies: first, the length of treat-

ment in the MACHT trial was only 2 months due to high transplanta-

tion rate in Spain, while in the ANSWER trial was longer than a year;

second, the weekly amount of HA infused in the MACHT patients was

half of the amount received by the ANSWER patients, so that serum

albumin concentration was not increased by administration of exoge-

nous HA [55]. Thus, it appears that to unveil the benefit of treatment,

HA should be given for at least weeks and at a dose able to at least

normalize serum albumin concentration (“enough albumin for

enough time”) [63].

In conclusion, consistent evidence indicates that long-term HA

administration represents a potential effective approach for

Fig. 4. Effects of treatment on changes in A) total, B) psychosocial, and C) physical scores using the sickness impact profile (SIP) to assess quality of life. ** p < 0.01 comparing base-

line and end of drug treatment (EOD) [49].
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preventing bouts of overt HE. However, before a conclusive recom-

mendation could be made, confirmatory new randomized clinical tri-

als, primarily focused on HE, are warranted.

At the same time, further investigation is necessary to determine

the mechanisms underlying the protective effect of long-term HA

administration. First, the non-oncotic properties of the molecule, par-

ticularly the antioxidant and anti-inflammatory activities, could

antagonize key mechanisms involved in the pathophysiology of HE,

thus supporting a direct protective effect of HA against HE. Alterna-

tively, it could be hypothesized that prevention of new episode of

overt HE is the indirect consequence of the effective treatment

achieved by long-term HA on other complications of the disease,

such as ascites, infections, renal failure, and electrolyte disturbances

[53]. At this regard, a complication frequently linked to HE is hypona-

tremia [64]. Interestingly, as shown in a post-hoc analysis of the

ANSWER trial, serum sodium concentration was significantly higher

and correction of hyponatremia faster in patients receiving HA [65].

Finally, it cannot be excluded that both direct and indirect effects

concur to the benefits of long-term HA on HE.

3. Conclusions

In summary, the current scientific evidence does not support the

use of acute/short-term HA administration for the treatment of overt

HE. In contrast, data are accumulating that prolonged or long-term

HA administration improves cognitive function and contributes to

prevent new episodes of HE. The key for unveiling the clinical bene-

fits appears to be “giving enough HA for enough time”. However,

additional randomized clinical trials and translational studies that

primarily focus on HE are needed to confirm these positive findings

and to advance our understanding of the underlying pathophysiolog-

ical mechanisms of protection.

Fig. 5. Cumulative incidence of the first episode of hepatic encephalopathy in the ANSWER trial. SMT = standard medical treatment; SMT + HA = standard medical treatment plus

human albumin. Arrow indicates where the curves for the treatments separate at approximately two months. Unpublished data from the ANSWER trial Caraceni et al.

Table 1

Changes in blood markers over the course of the HEAL study.

Placebo Baseline Placebo EOD Placebo EOS Albumin Baseline Albumin EOD Albumin EOS

IL-1b (pg/mL) 0.53§0.57 0.50§0.47 0.47§0.50 0.42§0.39 0.37§0.29* 0.35§0.37*

IL-6 (pg/mL) 3.61§2.67 3.80§2.23 4.94§7.52 3.71§2.56 3.91§2.61 3.18§1.73

TNFa (pg/mL) 15.55§8.34 15.09§6.23 16.88§7.32 16.34§14.46 14.46§7.06 15.06§7.94

IL-10 (pg/mL) 3.69§3.09 2.93§3.17* 3.08§3.02* 4.01§4.07 3.83§2.96 3.28§1.81

LBP (ng/mL) 1784.9§1557.3 1714.8§1255.5 1931.2§316.7 1651.1§952.1 1669.8§1010.4 1659.7§931.6

ICAM-1 (ng/mL) 298.1§97.1 341.6§118.8* 343.6§125.9* 316.7§140.3 271.1§134.1*,y 313.1§125.6

ADMA (mM) 0.65§0.12 0.72§0.13* 0.65§0.14 0.69§0.13 0.63§0.09*,y 0.63§0.10*

IMA (IU/mL) 831.7§1335.6 997.2§1529.3* 1604.9§3082.3* 1491.5§3125.9 1144.1§2812.6* 1042.9§2753.9*

EOD = end of drug treatment; EOS = end of study; IL = interleukin; TNF = tumor necrosis factor; LBP = lipopolysaccharide binding protein;

ICAM = intercellular adhesion molecule; ADMA = asymmetric dimethyl arginine; IMA = ischemia-modified albumin [49].

* p < 0.05 compared to baseline (Wilcoxon signed rank test and paired t-tests).
y p , 0.05 compared to placebo (Kruskal-Wallis test).
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