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Abstract Human serum albumin is a critical plasma
protein produced by the liver with a number of accepted
clinical indications in chronic liver disease including
management of circulatory and renal dysfunction in
patients with ascites. Advanced cirrhosis is characterised
by reduced albumin concentration as well as impaired
albumin function as a result of specific structural changes
and oxidative damage. Traditionally, the biologic and
therapeutic role of albumin in liver disease was attributed
to its oncotic effects but it is now understood that albumin
has a wide range of other important physiologic functions
such as immunomodulation, endothelial stabilisation,
antioxidant effects and binding multiple drugs, toxins and
other molecules. This review discusses the multifunctional
properties of albumin and, in particular, the biologic and
clinical implications of structural and functional changes of
albumin that are associated with cirrhosis. Based on these
insights, we explore the current and potential future ther-
apeutic uses of albumin in liver disease.
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Introduction

Human serum albumin (HSA) is an important plasma
protein used frequently in the management of patients with
cirrhosis and acute-on-chronic liver failure. Although ini-
tially used in liver and other diseases as a plasma expander
based on its oncotic function, it is now irrefutably clear that
albumin has multiple other biologic properties including
antioxidant, immunomodulatory and endothelial regulatory
functions. Cirrhosis is associated not only with reduced
albumin synthesis but also specific alterations to its struc-
ture and function such as posttranscriptional changes and
oxidative damage, which have been associated with
impaired function and clinical outcomes [1-3]. This has led
to the concept of “effective albumin concentration” which
provides insights into the contribution of HSA to clinical
complications of cirrhosis [4]. Improved understanding of
the pathobiology of HSA also helps to inform its role in a
range of established and proposed therapeutic indications
in liver disease. In this review, we discuss structural and
functional changes of HSA in cirrhosis with a view to
explaining the important clinical implications of albumin in
liver disease.

Albumin structure

Human serum albumin (HSA) is the most abundant plasma
protein, representing 50 % of circulating proteins in heal-
thy individuals (3.5-5 g/L) [5]. HSA is encoded by a gene
on chromosome 4 and comprised of 585 amino acids
(66.5 kDa) with a larger proportion of acidic amino acids
resulting in a negative charge at pH 7 [6, 7]. HSA has a
heart-shaped tertiary structure formed by eight o-helices
and containing three structurally similar domains (I, II, and
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III), each of these divided into two subdomains (A and B)
(Fig. 1) [8, 9]. This structure is remarkable for its stability
while also remaining flexible which allows the binding and
transport of a wide range of molecules, both endogenous
and exogenous [10]. HSA contains a free cysteine at
position-34, which represents the main molecular site for
thiolation, nitrosylation, and oxidation; all other cysteine
residues are involved in internal disulfide bonds to stabilize
the spatial conformation of the molecule [11-13]. The
chemical structure of HSA is susceptible to modification
through enzymatic and non-enzymatic reactions including
glycosylation, reversible and irreversible oxidation at the
Cys-34 and other sites with emerging evidence that these
structural changes are associated with altered biological
functions (Fig. 1) [2, 14].

Human serum albumin is synthesized exclusively by
hepatocytes and released directly into the intravascular
space without storage, from which about two-thirds is
distributed in the interstitial space, as well as in the muscles
and skin, returning to the circulation via capillaries and the
lymphatic system [7].

In the healthy state, the production of albumin equals
9-12 g/day in adults and engages only 20-30 % of hepa-
tocytes [8]. Therefore, the liver has a large functional
reserve that may increase 3—4 times in times of need [8, 9].
Catabolism takes place at the level of the vascular
endothelium with a daily rate that equals the hepatic syn-
thesis and is influenced by plasma concentrations of atrial
natriuretic peptide. The daily turnover of albumin in
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Fig. 1 Albumin structure. Human serum albumin (HSA) is composed
of three domains (I, IT and III), each divided into two subdomains (A
and B). This structure is notable for both stability and flexibility
which allows binding and transport of many molecules and drugs at
different sites. HSA can undergo structural modifications, such as
oxidation at the free Cys-34 site, which are associated with
biologically relevant functional impairment. (Modified from Park,
Park, Hamilton. Novel 7-(dimethylamino)fluorine-based fluorescent
probes and their binding to human serum albumin. Org Biomol Chem,
2009;7:4225-4232; permission requested)

normal conditions does not exceed 5 % of its total mass.
The circulatory half-life is equal to 16-18 h with 4-5 %
per hour of intravascular albumin exchanged with the
extravascular compartment. The overall half-life is pro-
longed at 12-19 days but this may be altered in disease
states [7-9, 13].

Functions of albumin
Oncotic pressure

Albumin is responsible for about 70 % of plasma oncotic
pressure, with two-thirds due to a direct osmotic effect and
the remaining one-third due to the Gibbs—Donnan effect
where the net negative charge attracts sodium molecules
and secondarily water into the intravascular compartment
[6]. Oncotic function is the most recognised property of
HSA and led to its initial introduction in medical practice
as a plasma volume expander, used in patients with or
without liver diseases for circulatory support [7].

Binding and transport

Albumin is able to reversibly bind a diverse range of
endogenous and exogenous molecules, allowing solubili-
sation and transport to distant sites or organs. Binding
occurs at various sites but mainly at sites I and II, which
have different affinity and are located in different subdo-
mains of the molecule [12]. For example, the N-terminal
portion of the molecule provides a high affinity binding site
for several metal cations including copper, nickel and
cobalt [15].

In addition, HSA has the capacity to bind many mole-
cules electrostatically through its negative charge [16].
Molecules can compete with each other for a single binding
site of albumin or can alter the affinity of remote sites
through changes in configuration of its tertiary structure, a
property which along with the flexibility of the protein,
supports the concept of structural changes having func-
tional consequences [7].

Endogenous molecules bound and transported by HSA
include long-chain fatty acids, bilirubin, bile acids, hema-
tin, steroids, vitamin D and L-thyroxine. Exogenous com-
pounds bound by HSA include a wide variety of drugs such
as cisplatin, D-penicillamine and N-acetyl-cysteine (at the
free Cys-34 site); warfarin, salicylates, furosemide and
some penicillins (at site I); and benzodiazepines, ibuprofen
and ketoprofen (site II) [12, 17]. In addition to solubilisa-
tion, binding to HSA can decrease toxicity and increase
half-life while different drugs may compete for specific
binding sites. These properties make albumin a modulator
of the pharmacokinetics and pharmacodynamics of many
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drugs [12, 13, 17]. Furthermore, HSA binds a range of
metallic ions and inflammatory mediators as well as
interacting with nitric oxide (NO) which has implications
for its effects on inflammation, antioxidant and endothelial
function [18].

Antioxidant function

The predominant form of HSA is that of a reduced state
characterized by the presence of a free thiol group in the
Cys-34 residue [16]. This is the most significant source of
extracellular antioxidant function as the thiol group acts as
a potent free radical scavenger for reactive oxygen (ROS)
and reactive nitrogen (RNS) species such as hydrogen
peroxide and peroxynitrite [2, 19]. Indeed, in critical con-
ditions such as sepsis, characterized by high oxidative
stress with release of ROS and RNS by innate immune
cells, HSA administration may confer a protective effect by
replenishing plasma thiols and antioxidant function [19].
HSA also provides antioxidant function through its ability
to bind and neutralise free metals at the N-terminal site
such as copper and iron which are involved in catalysing
the production of toxic free radical species [15]. A further
but less direct antioxidant effect of HSA occurs via inhi-
bition of lipid peroxidation, demonstrated in ex vivo
studies as part of a complex bound to bilirubin [20].
Moreover, in addition to providing the main extracellular
source of antioxidant function, albumin may also modulate
cellular responses to oxidative stress by increasing glu-
tathione levels [21].

Therefore, HSA could potentially reduce the effects of
oxidative stress during systemic inflammatory response and
consequent cellular or organ dysfunction through a number
of antioxidant actions. For example, this was demonstrated
in an experimental rodent model of cirrhosis with ascites
whereby albumin reduced oxidative stress and inflamma-
tory signalling which was associated with improved car-
diac contractility, an effect not seen with volume
replacement by hydroxyethyl starch [22].

Antithrombotic function

Human serum albumin is capable of antithrombotic func-
tion due to its capacity to bind nitric oxide (NO) at the Cys-
34 position with the resultant formation of nitrosoalbumin.
This complex appears to prolong the biologic activity of
NO with potential effects including vasodilation and inhi-
bition of platelet aggregation [23, 24].

Immunomodulation

Human serum albumin may play an important role in
modulating innate immune responses to systemic
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inflammation and sepsis [25]. It is capable of binding
inflammatory factors and mediators such as lipopolysac-
charide (endotoxin) and other bacterial antigens known to
activate innate immune responses. Albumin selectively
inhibits TNFa-induced up-regulation of vascular cell
adhesion molecule-1 (VCAM-1) expression and monocyte
adhesion via inhibition of NF-xB activation in cultured
human aortic endothelial cells, suggesting that albumin has
an anti-inflammatory role towards endothelial cells [26].
Albumin therapy in patients with cirrhosis and spontaneous
bacterial peritonitis (SBP) has been associated with
reduction of levels of proinflammatory cytokines and
endotoxin [27]. Albumin has been demonstrated to prevent
neutrophil dysfunction, which is associated with higher risk
of infection, organ failure and mortality in cirrhotic
patients with alcoholic hepatitis [28]. This may occur via
amelioration of inflammatory response, endotoxemia and
immune signalling such as toll-like receptor pathways [29].
Recently, cirrhosis has been associated with PGE2-medi-
ated immune dysfunction related to reduced albumin con-
centrations but which can be improved with albumin
replacement [30].

Endothelial stabilization

In cirrhotic patients with SBP, albumin has been shown to
improve systemic hemodynamics and endothelial function
via mechanisms not accounted for by volume expansion and
oncotic function alone. HSA appears to help maintain
endothelial permeability via interactions with the interstitial
matrix [31]. The ability of HSA to modulate inflammation
and oxidative stress as well as inhibit neutrophil adhesion
could provide some protection from endothelial dysfunction
mediated by these factors [32]. Recent studies provide fur-
ther insights into the impact of HSA on endothelial stabi-
lization. Analbuminemic rats with cirrhosis displayed
significantly worse systemic hemodynamics associated with
markers of endothelial dysfunction and inflammation. In an
in vitro setting, albumin confers protection via multiple
immunomodulatory effects reducing endothelial activation,
inflammation and oxidative stress [33].

Albumin interacts with nitric oxide, both endogenous
and exogenous (to form nitrosoalbumin as described) as
well as with a number of eicosanoids. These interactions
provide further potential mechanisms for the role of HSA
in the regulation of vascular tone, both in physiological and
pathological conditions such as sepsis and cirrhosis [18].

Altered structure and function of albumin
in cirrhosis

Advanced cirrhosis is characterized by a range of clinical
manifestations including portal hypertension, ascites,
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hepatic encephalopathy and increased risk of infection. In
the setting of acute decompensation with a systemic
inflammatory response, progression to acute-on-chronic
liver failure with multiple organ dysfunction is common
[34]. It may be expected that the reduced concentration of
albumin seen in advanced cirrhosis due to impaired synthesis
could impact on these clinical sequelae given its multi-
functional properties. Indeed, recent findings indicate that
immunosuppression in acutely decompensated cirrhosis is
associated with the degree of hypoalbuminemia and this may
be ameliorated by albumin replacement [30]. However, it is
also abundantly clear that there are structural changes of
albumin seen in cirrhosis, which are functionally and clini-
cally significant [2, 35, 36]. This has led to the concept of
“effective albumin concentration” whereby overall albumin
function is not related just to the circulating level but to the
amount of structurally intact or functional albumin [4, 37].
Several techniques for measuring the functional capacity of
albumin have been described including electron paramag-
netic resonance spectroscopy using labelled stearic acid to
measure function at the fatty acid binding sites and assays for
ischemia modified albumin (IMA), which reflect the binding
affinity of cobalt at the metal binding domain [37, 38].
Patients with advanced cirrhosis and ACLF exhibit signifi-
cantly reduced albumin function using these measures and
this impaired functional capacity has been shown to correlate
with disease severity [3, 35, 38]. Furthermore, the severity of
albumin dysfunction may also have prognostic value with
the ratio of IMA to total albumin (IMAR) found to be sig-
nificantly higher in non-survivors with ACLF [3]. A recent
study of 127 acutely decompensated cirrhotic patients
reported significantly higher IMA and IMAR levels in
patients with bacterial infection, further supporting the
association of albumin and immune dysfunction in cirrhosis
[39].

Albumin exists in three major fractions depending on
the redox state. The majority is in a reduced non-oxidised
form with a free thiol group at the cysteine-34 site. This
site can be oxidised reversibly to human non-mercaptal-
bumin 1 (HNA1) or irreversibly oxidised to sulfinic or
sulfonic acid to create the isoform known as non-mercap-
talbumin 2 (HNA2) [7]. Increasing severity of liver failure
has been associated with progressive increase in the frac-
tion of HNA2. In a study of 67 patients with acutely
decompensated cirrhosis, there were increased fractions of
oxidised albumin, particularly levels of HNA2. This is
associated with functional impairment reflected by a
decreased binding capacity for dansylsarcosine, correlated
with parameters of liver function. Furthermore, baseline
HNAZ2 levels appear predictive of survival in patients with
decompensated cirrhosis [2].

A further study analysing posttranscriptional structural
changes of HSA in 168 patients with cirrhosis indicated
significant reduction in the native, unchanged isoform in
cirrhosis but identified at least seven isoforms with
alterations at several sites including the Cys-34 residue.
These altered isoforms were more abundant in cirrhosis
and the increase in isoforms with structural changes along
with the reduction in the native, structurally preserved
isoform correlated with disease severity and may also
predict survival. Interestingly, there were also strong
associations seen between specific altered HSA isoforms
and clinical complications of cirrhosis in hospitalised
patients including ascites, renal impairment and bacterial
infection which were independent of the severity of dis-
ease [1].

The clinical implications of altered structure and bio-
logic functions of albumin in the setting of cirrhosis and
ACLF are portrayed in Fig. 2. The mechanisms for the
formation of these altered functionally impaired forms of
albumin are unclear but may be related to the environment
of increased inflammation and oxidative stress seen in
advanced cirrhosis. In any case, these data further support
the concept of effective albumin concentration and indicate
that albumin dysfunction in cirrhosis is both pathophysio-
logically and prognostically important. In addition,
improved understanding of albumin biology in chronic
liver failure provides further insight into the potential
therapeutic effects and mechanisms of action of HSA.
Indeed, in a recent study of acutely decompensated cir-
rhosis, HSA infusion resulted in an increase in albumin
concentration as well as a reduction in IMAR indicating
improved albumin function. This was associated with
improved renal function via modulation of functions
attributable to albumin such as endothelial activation and
oxidative stress [40]. Further studies are required to
determine appropriate targets for therapy in terms of
albumin concentration or function and the clinical impli-
cations of this.

Therapeutic uses of albumin in liver disease

Originally, it was thought that the benefits of albumin in
patients with liver cirrhosis were due to its role as a volume
expander. In recent years, this view has increasingly
changed with a better knowledge of the pathophysiology of
liver disease and the multifunctional properties of HSA
leading to its proposed role for many indications in liver
cirrhosis [41, 42]. Established and potential therapeutic
indications for albumin with the attendant clinical benefits
are summarised in Table 1.
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Fig. 2 Biologic effects of altered structure and function of albumin in
liver disease. Albumin has multifunctional properties which are
impaired in the setting of cirrhosis and ACLF due to reduced
concentration and structure changes including irreversible oxidation

Table 1 Currently established and potential future therapeutic indi-
cations for albumin in cirrhosis with their associated clinical benefits

Clinical Indications Outcome

Established

Paracentesis induced circulatory
dysfunction

J hyponatraemia |, Acute Kidney Injury 4 survival

¢circu|atory dysfunction 1 renal perfusion
survival

Type-1 hepatorenal syndrome

V hepatorenal syndrome ¥ circulatory dysfunction
4 survival

Spontaneous bacterial peritonitis

Potential

¥ renal and circulatory dysfunction
no change in survival

Non spontaneous bacterial
peritonitis infection

Hepatic encephalopathy no change in hepatic encephalopathy 1 survival
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Circulatory Endotoxemia Oxidative Stress Systemic Inflammation Thrombosis Spla.nchni_c
dysfunction _ o vasodilatation
Increase Toxicity Systemic Endothelial Activation
Ascites of Drugs Inflammation . Effective arterial
Neutrophil h lemi
Dysfunction ypovolemia
Hyponatremia Encephalopathy
Increase risk of Spontaneous
Renal Failure Infection bacterial
peritonitis
Encephalopathy Encephalopathy

and altered isoforms. This may contribute to a wide range of biologic
effects and clinical complications as well as correlate with overall
survival

Prevention of paracentesis induced circulatory
dysfunction (PICD)

Paracentesis induced circulatory dysfunction is a serious
complication of liver cirrhosis that occurs following large
volume paracentesis due to significant activation of the
renin-angiotensin system leading to exacerbation of arteri-
olar vasodilatation with an insufficient associated cardiac
response [43—-45]. It is not spontaneously reversible and is
associated with increased mortality related to acute renal
failure [46]. Recent meta-analyses confirm that albumin
administration in patients with ascites undergoing paracen-
tesis significantly reduces development of PICD, hypona-
tremia, renal failure and risk of mortality compared with
patients receiving either no or alternative volume expanders
[47-49]. This reaffirms that the beneficial effects of HAS
extend beyond its oncotic function.
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Treatment of type-1 hepatorenal syndrome

Hepatorenal syndrome (HRS) is a severe and progressive
functional renal failure occurring in patients with cirrhosis
and ascites characterized by splanchnic arterial vasodi-
latation in association with cardiac dysfunction [50]. The
resultant circulatory dysfunction with renin-angiotensin
and sympathetic system activation causes renal hypoper-
fusion and organ dysfunction. Several studies have
demonstrated that HSA, in combination with vasocon-
strictors (especially vasopressin analogs such as terlipressin
which preferentially target the splanchnic circulation),
helps to reverse type-1 HRS with improvement in circu-
latory dysfunction and renal perfusion as well as survival.
These benefits are much greater with combination therapy
than terlipressin alone although treatment with albumin
alone may be effective [51-53]. Recent data from a study
of acutely decompensated cirrhotic patients with acute
kidney injury treated with albumin infusion suggest pos-
sible mechanisms for this related to properties of albumin
with improvement in renal blood flow autoregulation
associated with endothelial stabilisation and reduced
oxidative stress [40].

Prevention of type-1 hepatorenal syndrome
in spontaneous bacterial peritonitis

Spontaneous bacterial peritonitis (SBP) is a frequent
infection in advanced cirrhosis, often complicated by type-
1 HRS despite antibiotic therapy. This may be related to
several factors including systemic inflammatory response,
hepatic and cardiac circulatory dysfunction and renin-an-
giotensin and sympathetic system activation predisposing
to subsequent renal and multiorgan dysfunction [18]. The
role of HSA in the treatment of SBP, in addition to
antibiotics, has been well established with several clinical
studies and a recent meta-analysis demonstrating signifi-
cantly reduced prevalence of HRS associated with
improved cardiac and circulatory dysfunction as well as
decreased mortality [53-56]. Similar benefits on systemic
hemodynamics in patients with SBP were not reported
with other plasma expanders, again highlighting the non-
oncotic properties of albumin such as its effects on
endothelial function [57]. The beneficial effects of HSA in
patients at low risk of SBP-induced renal dysfunction and
mortality (total bilirubin less than 4 mg/dl and creatinine
less than 1 mg/dl) are less clear [54]. However, in the
absence of further randomised trial data, guidelines con-
tinue to recommend the administration of HSA for all
patients with SBP at a dose of 1.5 g/kg on day 1 and 1 g/kg
on day 3 [41].

Treatment of bacterial infection

Bacterial infections are a common complication in cirrhotic
patients, frequently precipitate acute-on-chronic liver failure
and are associated with significant morbidity and mortality
[34, 58-60]. Organ dysfunction such as HRS does occur in
patients with bacterial infections other than SBP although
with lower prevalence [ 18, 60]. There has been interest in the
potential role of HSA in the management of patients with
cirrhosis and non-SBP bacterial infections. A randomised
controlled single-centre study of 110 cirrhotic patients hos-
pitalized for non-SBP infections showed that a combination
of antibiotics and HSA improved both renal and circulatory
function [61]. Furthermore, in a subsequent multicentre
randomised controlled trial, HSA infusion delayed the onset
of renal failure but did not improve the overall incidence of
renal failure [62]. Neither of these studies demonstrated clear
advantage in terms of survival at 3 months, which could
reflect lack of power or suboptimal patient selection. Whe-
ther particular subgroups, such as those at higher risk of renal
impairment and death, may derive greater benefit as seen in
patients with SBP is unclear. A study with a larger number of
more advanced cirrhotic patients with non-SBP infections
coordinated by the EASL Chronic Liver Failure Consortium
is underway. Previous studies have used protocols similar to
that established for the treatment of SBP (1.5 g/kg on day 1
and 1 g/kg on day 3). Based on recent data suggesting a
serum albumin concentration less than 30 mg/dl predicts
immunosuppression in acutely decompensated cirrhosis and
that HSA helps restore immune competency, a further mul-
ticentre clinical trial is in development using an alternate
strategy of HSA infusions to achieve a concentration above
30 mg/dl as a means of ameliorating immune dysfunction,
preventing and treating infection in such patients (ATTIRE
study, UKCRN ID 18450) [30].

Long-term administration in patients with cirrhosis
and ascites

The potential role of regular long-term HSA in the man-
agement of cirrhotic patients with ascites has been pro-
posed but data to evaluate this approach are limited. A
previous small comparative study of 17 patients and an
unblinded randomised trial of 100 patients suggested an
improved prognosis with repeated albumin administration
[63, 64]. Survival benefit was not confirmed in another
randomised trial of 126 patients although albumin treat-
ment appeared to improve resolution and prevent recur-
rence of ascites as well as reduce hospital stay and
readmissions [65]. Further larger-scale studies to address
this situation are ongoing.
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Hepatic encephalopathy

Hepatic encephalopathy (HE) is a common complication of
cirrhosis associated with hyperammonemia, inflammation,
circulatory dysfunction and oxidative stress leading to
astrocyte swelling and disturbed neurotransmission [66].
HAS may have a role in the treatment of HE via modifi-
cation of these factors. A clinical study comparing plasma
volume expansion with colloid or HSA in 15 patients with
diuretic induced HE demonstrated improvement in circu-
latory function and plasma ammonia concentration in both
groups but improvement in HE associated with reduction in
oxidative stress markers only in patients treated with HSA
[67]. This again highlights potential benefits of albumin
beyond volume expansion. HSA for the treatment of acute
HE was evaluated further in a multicentre, prospective,
double-blind, randomized controlled study of 56 patients
given HSA or saline. This study showed that HSA did not
improve resolution of HE in hospital nor significant
reduction in markers of circulatory dysfunction, oxidative
stress and inflammation, putative mechanisms of action of
albumin. However, there was a significant improvement in
a secondary endpoint of 90-day survival following HSA
infusion suggesting there may be a subgroup of patients
with advanced cirrhosis who most benefit from this therapy
[68].

Albumin dialysis

Extracorporeal liver support systems such as the molecular
adsorbent recirculating system (MARS) using albumin
dialysis and the Prometheus system using fractionated
plasma separation and adsorption apply principles of albu-
min biology to provide detoxification by removal of protein-
bound and water-soluble substances [69]. Such devices have
been shown to improve systemic haemodynamics and reduce
portal pressure in patients with ACLF and severe alcoholic
hepatitis as well as improve severe HE in advanced cirrhosis
and refractory pruritis in cholestatic liver disease [70]. In a
large multicentre randomised trial of 189 patients with
ACLF, treatment with MARS improved individual organ
dysfunction but did not show any significant survival benefit
[71]. Similarly, arandomised trial of 145 patients with ACLF
treated with the Prometheus device or standard medical
therapy did not improve survival [72]. MARS and Pro-
metheus therapy has no effect on the irreversibly damaged
and functionally impaired albumin (HNA2) seen in
advanced cirrhosis with only transient improvements of the
redox state of albumin or the milder reversibly oxidised
albumin fraction (HNA1) [3, 73]. These observations may
help explain the lack of benefit in terms of outcome and
further illustrate the pathophysiological impact of structural
and functional changes of albumin in cirrhosis.
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Conclusions

Albumin is a multifunctional protein with a wide range of
properties that may explain its clinical and therapeutic
effects. Cirrhosis is characterised by hypoalbuminemia but
also structural alterations including posttranscriptional
changes and oxidative modification which are associated
with functional impairment and correlate with worsening
severity of disease. These changes appear pathophysio-
logically important in terms of clinical complications,
represent potential prognostic biomarkers and provide
mechanistic insights into the therapeutic benefits from
albumin replacement. The concept of effective albumin
concentration underlies our improved understanding of
albumin biology and function in cirrhosis with future
therapeutic goals potentially directed towards correcting
albumin dysfunction rather than albumin levels.
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