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Albumin is the most abundant circulating protein and provides about 70% of the plasma oncotic power. The
molecule also carries many other biological functions (binding, transport and detoxification of endogenous and
exogenous compounds, antioxidation, and modulation of inflammatory and immune responses).

fscnets Ibumin treatment Hypoalbuminemia is a frequent finding in many diseases, representing usually only a biomarker of poor
ong-term albumin treatment . . N . . P . . P
Sepsgis prognosis rather than a primary pathophysiological event. Despite that, albumin is prescribed in many conditions

based on the assumption that correction of hypoalbuminemia would lead to clinical benefits for the patients.
Unfortunately, many of these indications are not supported by scientific evidence (or have been even disproved),
so that a large part of albumin use is nowadays still inappropriate.

Decompensated cirrhosis is the clinical area where albumin administration has been extensively studied and
solid recommendations can be made. Besides prevention and treatment of acute complications, long-term al-
bumin administration in patients with ascites has emerged in the last decade has a potential new disease-
modifying treatment. In non-hepatological settings, albumin is widely used for fluid resuscitation in sepsis
and critical illnesses, with no clear superiority over crystalloids. In many other conditions, scientific evidence
supporting albumin prescription is weak or even absent.

Thus, given its high cost and limited availability, action is needed to avoid the use of albumin for inappropriate
and futile indications to ensure its availability in those conditions for which albumin has been demonstrated to
have a real effectiveness and an advantage for the patient.

Resuscitation fluid

Human albumin is the most abundant circulating protein and ac-
counts for approximately 50-60% of all total plasma proteins in healthy
individuals. The molecule is composed of 585 amino acids organised
into three homologous domains (I, IT and III), each of which containing
two distinct subdomains. The liver is the only site of production, with
the hepatocytes entering into the blood circulation about 9-12 gs of
albumin every day [1,2]. In physiological conditions, albumin synthesis

involve only 20-30% of hepatocytes, therefore there is a large functional
reserve allowing to increase it by 3-4 times when needed. The catabo-
lism of the molecule is ubiquitous and takes place at the level of vascular
endothelia, muscle, skin and kidney at a daily rate that equals hepatic
synthesis. The circulatory half-life of the protein is about 16-18 h, since
every hour 4-5% of albumin leaves the intravascular compartment, and
then returns to it via the lymphatic system. The overall half-life is about
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paracentesis; MELD, Model for End-stage Liver Disease; PPCD, post-paracentesis circulatory dysfunction; RCT, randomized clinical trial; SBP, spontaneous bacterial

peritonitis; SMT, standard medical treatment.
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Fig. 1. Properties and structure of the albumin molecule. Binding and transport of endogenous and exogenous (including drugs) compounds occur at the site I, IT and
III. Antioxidant activity occurs mostly at the cysteine-34 (Cys-34) residue, at the N-terminal and at the multi-metal binding site.

14-20 days in healthy adults [1,2].

Albumin has been always recognized for providing approximately
75% of the oncotic pressure of the blood: two thirds of its oncotic
property is due to the molecular mass and high concentration in the
bloodstream, while the remaining one third to the presence of negative
charges on its surface that attract positive ions, such as sodium, and
consequently water (Gibbs-Donnan effect). This makes albumin the
most important modulator of fluid distribution among the different body
compartments [1-4].

In the last few decades, it has become evident that albumin is also
provided of many other biological functions unrelated to the oncotic
power (Fig. 1). Albumin binds and transports many endogenous (i.e.,
unconjugated bilirubin, fatty acids, cholesterol, bile acids and
thyroxine) and exogenous (i.e., drugs) compounds. It represents the
most abundant circulating antioxidant able to scavenge both oxygen and
nitrogen reactive species [2-4]. Besides its capacity of antagonizing
oxidative stress, albumin modulates inflammation and the immune
response through several other mechanisms (i.e., binding prostaglandin
E; and stimulating immune cells) [5,6] . Finally, it has been reported a
role in the haemostasis and pH regulation [2-4].

In few words, taking into consideration both the high serum con-
centration and all its pleiotropic properties, it appears evident that al-
bumin contributes to many physiological processes of our organisms.

1. Hypoalbuminemia: a prognostic biomarker or a target of
therapy?

The normal range of serum albumin concentration has been set be-
tween 3.5 and 5 gs/dl by using the current laboratory assays. In a large
cohort study, at least 90% of healthy male subjects have a serum albu-
min concentration higher than 4 g/dl up to 80 years old and less than 1%
presents a level below 3.5 g/dl [7].

Hypoalbuminemia (<3.5 g/dl) is a quite frequent finding in many
acute and chronic diseases and acts as an independent predictor of poor
outcomes. In older patients, hypoalbuminemia has been linked to in-
hospital complications, longer hospital stays, surgical complications,
hospital readmissions, and poorer survival [8-12]. A large study in
about 15,000 patients hospitalized for acute illnesses showed that
hypoalbuminemia at admission is a stronger predictor of death, length of
stay, and hospital readmission [13]. Hypoalbuminemia is a negative
prognostic factor in patients with either solid or hematological malig-
nancies [14,15]. Serum albumin concentration has been also included in

several prognostic scores (i.e. Child-Pugh, ALBI, GLOBE) in patients with
liver diseases [16-18]. More recently, hypoalbuminemia independently
predicted a worse prognosis in patients with SARS-CoV-2 pneumoniae
[19].

If the prognostic meaning of hypoalbuminemia is incontrovertible,
the opposite can be said regarding the link between its correction by
exogenous albumin administration and improvement of outcomes.

The therapeutic use of albumin dates to World War II when it was
administered to expand plasma volume in critically injured patients. In
the following decades, besides its role as plasma-expander, the admin-
istration of albumin has been extended to a wide range of clinical con-
ditions, usually associated to hypoalbuminemia, based on the
assumption that its correction would lead to clinical benefits for the
patients. Unfortunately, many of these indications are not supported by
solid scientific evidence (or have been even disproved), so that a large
part of the therapeutic use of albumin is nowadays still inappropriate.

If we also consider that albumin, as any other blood derivative, is a
finite product and therefore of limited availability, and its production is
expensive, it appears evident that the therapeutic use of albumin should
be limited to the clinical indications where solid scientific evidence has
been shown effectiveness in improving clinical outcomes.

2. Albumin and liver cirrhosis: “the perfect drug for the perfect
disease”

Human albumin administration is likely the therapeutic intervention
most studied in patients with decompensated liver cirrhosis. The po-
tential benefits of administering albumin to patients with ascites have
been initially evaluated about 60 years ago [20]. Afterwards, a large
number of randomized clinical trials (RCTs) have shown that albumin is
effective in preventing or treat some acute complications of cirrhosis,
but not others [21]. Furthermore, in the last decade, long-term admin-
istration has been shown to be a new modality of albumin treatment able
to act as a disease-modifier in patients with cirrhosis and ascites [21].
Finally, international surveys indicate that hepatologists prescribe al-
bumin also for indications supported neither by guidelines nor by any
solid scientific evidence [22-24].

One might wonder why albumin is so attractive to researchers and
clinicians dealing with patients with decompensated cirrhosis. The
answer is likely based on the assumption that the pleiotropic functions of
albumin could target the pathophysiological mechanisms so precisely in
no other disease as in decompensated cirrhosis.
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Fig. 2. Pathophysiology of decompensated cirrhosis and potential positive effects of albumin administration. PAMPs: pathogen-associated molecular patterns,

DAMPs: damage-associated molecular patterns.

2.1. Pathophysiological rationale for the use of albumin in decompensated
cirrhosis

Effective hypovolemia due to splanchnic vasodilation and, in the
advanced stage of the disease, to cardiac dysfunction has been for de-
cades the key pathophysiological event in decompensated cirrhosis [25].
Thus, albumin administration given for maintaining the integrity of
arterial circulation by correcting effective hypovolemia or avoiding
further deterioration has been proved to be beneficial in some severe
complications of cirrhosis [4,21]. However, it is now clear that systemic
inflammation and immune dysfunction are other major pathophysio-
logical drivers of decompensated cirrhosis, particularly in the very
advanced stage or when acute-on-chronic liver failure ensues (ACLF)
[26,27]. Systemic inflammation induced by the substances translocated
from the gut and by those released from the damaged liver is at the base
of the cardiocirculatory dysfunction of decompensated cirrhosis. It also
directly promotes organ dysfunction and failure through mechanisms,
such as immunopathology and mitochondrial dysfunction [26,27].
Several evidence indicate that the non-oncotic properties of the mole-
cule can mediate the beneficial effects of albumin by modulating the
inflammatory and immune responses [27,28] (Fig. 2).

Moreover, in patients with decompensated cirrhosis, the albumin
molecule undergoes both quantitative and qualitative changes. Hypo-
albuminemia results mainly from the reduced synthesis in the diseased
liver and the enhanced catabolism due to the structural alterations of the
molecule; however, the hemodilution related to the expanded total
plasma volume also contributes to its reduced plasma levels [4]. Besides
that, the persisting inflammatory state of advanced cirrhosis induces
molecular, structural and conformational changes of albumin that
adversely affect its binding, transport and detoxification capacities
[29-33]. Thus, the circulating albumin in these patients is not only low,
but it is also dysfunctional.

Taken all together, these factors provide the rationale for adminis-
tering exogenous albumin with the objective of restoring the physio-
logical functions of the molecule able to counteract the major
pathophysiological drivers in patients with decompensated cirrhosis
(Fig. 2).

2.2. Therapeutic use of albumin in decompensated cirrhosis

Many interventional studies have investigated the efficacy and safety
of albumin in decompensated cirrhosis. Both positive and negative
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Fig. 3. Differences in acute/short term and long-term albumin treatment in patients with decompensated cirrhosis.

results have been reported likely due to the high heterogeneity of the
trials in terms of clinical indications, patient phenotypes, and doses and
schedules of albumin administration. From the studies available, a clear
distinction can be made by differentiating acute or short-term treatment
from long-term treatment (Fig. 3).

2.2.1. Acute or short-term albumin treatment

Treatment can be defined acute or short-term when albumin is given
as a single administration or for few days up to a maximum of 2 weeks
[21]. It is usually applied in hospitalized patients, both in regular wards
or in intensive care units, with the goal of treating or preventing an acute
complication of cirrhosis. To be effective, albumin is expected to act
quite fast and therefore high amounts of albumin are infused in a rela-
tively short timeframe. Such an approach can raise safety issues in

patients at high-risk of volume overload, particularly pulmonary edema.

2.2.1.1. Evidence-based indications recommended by international guide-
lines. Acute or short-term albumin administration has been proved to be
effective in specific conditions which can be frequently encountered in
patients with decompensated cirrhosis (Table 1).

Large-volume paracentesis (LVP), which has been arbitrarily defined
as the removal of at least 5 litres of ascitic fluid in a single session, is the
first-line treatment for patients with decompensated cirrhosis compli-
cated by massive or tense ascites or with refractory ascites [34,35]. LVP
can induce post-paracentesis circulatory dysfunction (PPCD), which can be
diagnosed by an increase of the plasma renin activity of at least 50%
above the pre-paracentesis value occurring up to 6 days after para-
centesis [36]. PPCD is characterized by a further exacerbation of
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Table 1
Clinical indications for acute/short term albumin administration in patients with
decompensated cirrhosis supported by scientific international guidelines.

Indication Albumin doses Outcomes

LVP (> 5 liters) Prevention of PPCD (RCTs
and metanalyses)
Improvement of survival
(only metanalyses)
Prevention of renal failure
(RCTs and metanalyses)
Improvement of survival
(RCTs and metanalyses)
Resolution of HRS (RCTs

6-8 g per liter of ascites
removed

SBP (with
antibiotics)

1.5 g/kg at diagnosis and 1
g/kg on the 3rd day

Treatment of HRS 20-40 g/day until

(with vasoconstrictors are stopped  and metanalyses)
vasoconstrictors) or up to a maximum of 14 Improvement of survival
days (only metanalyses)

AKI grade 1B or
higher

1 g/kg (maximum 100 g/
day) for two consecutive
days

Resolution of AKI (expert
consensus)

AKI: acute kidney injury; HRS: hepatorenal syndrome; LVP: large volume par-
acentesis; PPCD: post-paracentesis circulatory dysfunction; RCT: randomized
clinical trial; SBP: spontaneous bacterial peritonitis.

effective hypovolemia, leading to renal impairment, dilutional hypo-
natremia, rapid reaccumulation of ascites, and death [34-38]. Albumin
administration after LVP is able to prevent PPCD with a more efficient
extent than crystalloids and synthetic colloids [39,40]. Albumin should
be also given after lower-volume paracentesis (<5 litres) in patients with
ACLF [38], renal impairment or severe circulatory dysfunction [34,35].
Plasma expansion with a mixture of albumin and crystalloids or syn-
thetic colloids to spare albumin has not been tested and therefore should
be avoided.

Spontaneous bacterial peritonitis (SBP) is a bacterial infection of as-
cites diagnosed by a neutrophil count >250/mmc in the ascitic fluid, in
the absence of any clear abdominal infectious foci [41]. Despite the
advancement in antibiotic therapy, SBP is associated to about 20%
in-hospital mortality as a result of the risk of developing renal failure,
sepsis and septic shock [34,42,43]. A seminal RCT showed that
administration of albumin, together with antibiotic therapy, signifi-
cantly reduces the incidence of renal failure and improves mortality
compared to antibiotic alone [42]. Current EASL and AASLD guideline
support the use of albumin in addition to antibiotiotics. However, al-
bumin administration may not be necessary in patients not presenting
severe liver failure (serum bilirubin <4 mg/dL) or renal dysfunction
(serum creatinine <1 mg/dL), as the risk of renal failure and death in
these cases is low [34,35,42,44].

Acute Kidney Injury (AKI) is defined by an increase in serum creati-
nine of at least 0.3 mg/dL within 48 h or at least a 50% increase in serum
creatinine that is known or presumed to have occurred within the pre-
ceding 7 days [45]. AKI is frequent in decompensated cirrhosis being
diagnosed in 25-50% of hospitalized patients and is associated to a
worsening of prognosis [46]. Hepatorenal syndrome (HRS) is peculiar of
patients with cirrhosis and represents about 15-40% of all AKI cases [45,
46]. Diagnosis of HRS-AKI is challenging and is usually made following a
diagnostic algorithm including plasma volume expansion with albumin
(Fig. 4) [45-48]. Briefly, patients with AKI stage 2 and 3 and those with
stage 1b those not responding to management of risk factors should
receive high-dose albumin for 2 consecutive days [47]. Non-responding
patients, if they meet the criteria for HRS, should be treated with terli-
pressin and albumin according to the results of several RCTs showing the
reversal of AKI-HRS in about 30-50% of cases [49-51]. Norepinephrine
represents a valid alternative [52,53], but its administration usually
requires admission to ICU and a recent report has shown that it is less
effective than terlipressin at least in patients with ACLF [54]. Finally,
caution should be applied in patients with HRS-AKI in presence of risk
factors for pulmonary edema due to the concomitant effects of albumin
(pre-load increase related to plasma expansion) and terlipressin
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(after-load increase due to the rise in peripheral vascular resistances
associated to a negative inotropic effect on myocardium) [55].

2.2.1.2. Indications not supported by scientific evidence. A single RCT on
acute episodes of hepatic encephalopathy (HE) and 3 RCTs on bacterial
infections unrelated to SBP showed that short-term administration of al-
bumin on top of standard medical treatment (SMT) does not improve
neither the resolution of these clinical events nor patient survival
[56-59], while an increased incidence of pulmonary edema has been
reported, particularly in patients with severe pneumoniae [58,59].

A paradigmatic example of short-term albumin treatment comes
from the ATTIRE study, a large multicenter randomized trial recently
performed in United Kingdom, which evaluated the efficacy and safety
of albumin in patients admitted to the hospital for acute onset or worsening
of complications of cirrhosis and at least moderate hypoalbuminemia
[60]. Albumin was given with a personalized daily dosing protocol
followed to achieve and maintain the target level of 3 gs/dl until
discharge or up to a maximum of 14 days. Median length of albumin
treatment was about 8 days. The results of the ATTIRE study are without
any doubt negative since no differences between the experimental and
control groups were observed for both the primary end-point (a com-
posite of infection from any cause, kidney dysfunction and death from
day 3 to 15 or up to discharge) and all the secondary end-points (i.e., 28
days, 3 months and 6 months survival and the incidence of each of the 3
components of the primary end-point). Again, a significantly higher
incidence of pulmonary edema was reported in patients receiving
albumin.

Thus, it appears evident that a generalized use of albumin in hospi-
talized patients with decompensated cirrhosis cannot be recommended
and prescription should be instead guided by the scientific evidence
available to avoid unnecessary consumption of albumin. Unfortunately,
even in presence of international guidelines and recommendations [34,
35,611, surveys in Europe and United States have shown that a part of
albumin is prescribed by hepatologists for non evidence-based in-
dications, including hypoalbuminemia per se or nutritional support
[22-24].

2.2.2. Long-term albumin treatment

The use of albumin as a long-term treatment in patients with
cirrhosis and ascites has been proposed for many years, but only in 2018
three clinical trials have provided novel and important data [62-64].
Long-term treatment lasts at least weeks, usually months or even years.
It is usually performed in outpatients, but it can be started during hos-
pitalization but always in the perspective of continuing after discharge.
The goal is to modify the course of the disease by preventing the
development of complications and the benefit usually becomes manifest
after weeks of treatment. Since albumin doses are lower and distributed
over time no safety issues have been reported. Logistic issues related to
the periodic intravenous infusions could be instead expected (Fig. 3).

The ANSWER study is an Italian, open-label, multicentre RCT that
included 431 patients, presenting at least moderate uncomplicated as-
cites despite diuretic therapy, to receive either standard medical treat-
ment (SMT) plus albumin (40 g twice weekly for 2 weeks, and then 40 g
weekly up to a maximum of 18 months) or SMT alone [62].

Albumin treatment induced a significant improvement of the 18-
month overall survival, which was the primary end-point of the study,
eased the management of ascites by reducing more than 50% the inci-
dence of paracentesis, significantly reduced the incidence rate of many
severe complications of cirrhosis, so that liver-related hospital admis-
sions and days spent in hospital were significantly lower in patients
receiving albumin. This was associated with a better quality of life as
compared to those treated with only SMT. Furthermore, albumin
administration resulted to be cost-effective at least in the Italian Health
care system. Finally, a recent post-hoc analysis showed the rate of
correction of hyponatremia was significantly higher in the albumin
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and/or abnormal renal ultrasonography.

Table 2

Long-term albumin treatment in patients with cirrhosis and ascites: differences
between the ANSWER and MACHT trials. Adapted by [21]. MELD: Model for
End stage Liver Disease.

MACHT [64]

ANSWER [62]

Design

Severity of disease
Dosage and timing of
albumin
administration
Median length of
albumin treatment
Impact of treatment on
serum albumin
concentration
Outcomes

Randomized double-
blind placebo-controlled
MELD score: 17

40 gs every 2 weeks

63 days

No differences between
interventional and
control group

No effect on 12-month
mortality or incidence of
complications

Randomized open-label

MELD score: 12
40 gs twice a week for 2
weeks then 40 gs once a week

14.5 months

Significant increase from
baseline in the interventional
group

Significant improvement of
18-month overall survival
and incidence of
complications

group as compared to those treated only with SMT [65].

Very similar positive results have been also reported in a single-
center, open-label, non-randomized clinical trial assessing 2 years of
albumin administration (40 gs weekly) in patients with refractory as-
cites [63].

The third trial is a Spanish, double-blind, placebo-controlled multi-
centre RCT that assessed albumin (40 g every days) plus midodrine
(15-30 mg/day) up to 1 year in 196 patients with cirrhosis and ascites
waiting for liver transplantation (MACHT) [64]. The results were
without any doubt negative showing no differences in the incidence of
any complication of cirrhosis (primary endpoint) or survival.

Why the results from the ANSWER and MACHT trials are so variant?
The differences have recently been analysed in a review co-authored by
the principal investigators of the two RCTs studies [21] (Table 2).

Besides the design of the study (open-label vs double-blind), which
can have introduced a confounding bias, the major difference resides on
the impact of albumin treatment on median serum albumin concentra-
tion: while a significant increase above baseline (from 3.1 to 3.8 g/dL)
was observed in the ANSWER study, this was not the case in the MACHT
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study (from 3.1 to 3.2 g/dL) due to the lower dose and frequency (about
half) and length of administration (only 2 months) [62,64] . Thus, it
appears that two conditions, strictly interrelated, must be achieved to
unveil the clinical benefits of long-term treatment: administering
enough albumin and for enough time to significantly increase serum
albumin concentration.

Based on the ANSWER study, long-term albumin administration has
been included among the medical options for the treatment with ascites
by the Italian Association for the Study of the Liver (AISF) [66]. It should
be acknowledged, however, that Italy represents a sort of “unicum” with
respect to other countries since this treatment is reimbursed by the
National Health System and is currently standard of care in many hep-
atological centers. Indeed, a strong international scientific debate is
currently ongoing about long-term albumin administration in patients
with ascites, which represents not only a novel indication, but also
carries logistic and economic issues inherent to the need for chronic
periodic intravenous infusions that could render its applicability in
clinical practice problematic.

It would be unrealistic to propose long-term albumin administration
for all patients with ascites which represent a very heterogeneous pop-
ulation. At present, the clinical phenotype of cirrhosis who can benefit
mostly from this approach appears to be represented by patients with
relatively stable conditions and at least moderate non complicated as-
cites despite a moderate dosage of diuretics. Patients who had recently
resolved an acute complication of the disease yet still presenting with
ascites are also amenable to treatment and those with refractory ascites,
because by adding albumin some of these patients may become
responsive to diuretics [63].

Thus, other RCTs on long-term albumin treatment are needed to
clarify these issues. Recently, a double-blind, placebo-controlled RCT
comparing the impact of weekly albumin infusion at the dose (1.5 g/kg)
or saline over 5 weeks reported an improving in cognitive function and
quality of life in individuals with prior hepatic encephalopathy [67].
Furthermore, the results of a large multicenter open-label RCT assessing
the “effects of long-term administration of human albumin on subjects
with decompensated cirrhosis and ascites” (PRECIOSA study;
NCT03451292) are expected during 2024.

3. Albumin and critical illnesses

Albumin infusion has long been proposed for the treatment of sepsis,
septic shock, and more generally for fluid replacement in critically ill
patients admitted to the intensive care unit (ICU). Over the past decades,
several trials and meta-analyses have investigated the benefit of albumin
administration over other fluid replacements.

The SAFE trial, which was conducted about 20 years ago in critically
ill patients admitted to ICU, showed that patients receiving 4% albumin
solution or normal saline had similar outcomes at 28 days in terms of
mortality, organ failure, and days spent in the ICU [68]. However, a
post-hoc analysis of patients with severe sepsis showed that albumin
therapy was associated with a reduced odds ratio of death [69]. More
recently, the ALBIOS trial showed that patients with sepsis or septic
shock treated with 20% albumin solution albumin titrated to achieve a
serum concentration of 30 g/dL, in combination with crystalloids, versus
crystalloids alone had a similar 90-day survival, but a post-hoc analysis
in the subgroup of subjects with septic shock showed that albumin
treatment was associated with lower 90-day mortality [70]. Finally, a
RCT in septic cancer patients admitted to the ICU, who received a bolus
of albumin in lactated Ringer’s solution versus lactated Ringer’s solution
alone during the first 6 h of fluid resuscitation, showed no significant
improvement in mortality at either 7 or 28 days [71].

Several meta-analyses have been performed on the use of albumin-
containing solutions for the resuscitation of critically-ill patients
providing controversial results over time [72-75]. The more recent
studies have shown that albumin administration is safe, but a clear
survival benefit compared to crystalloids has not been -clearly
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demonstrated [72-74].

Based on these results and taking also into account the high cost of
albumin compared to crystalloids and the limitations for the use of
starches due to their low safety profile, the 2021 International guideline
of the Surviving Sepsis Campaign does not recommend albumin infusion
as a first choice for fluid resuscitation in patients with sepsis or septic
shock, but suggests, with a low level of evidence, the use of albumin in
patients who have received a large volume of crystalloids [76]. Albumin
may be preferred also in patients who may not tolerate high volumes of
crystalloids, such as those with cirrhosis. In these patients, albumin
solutions (5 or 20%) were more effective than crystalloids in reverting
arterial hypotension during septic shock, although heterogenous results
were reported about the impact on short-term survival [77,78].

3.1 Therapeutic plasma exchange (TPE). TPE represents a therapeutic
option in those clinical conditions that require the removal of harmful
substances from the bloodstream and/or the administration of sub-
stances present in donor plasma [79,80]. In this area, albumin and
plasma are the main replacement fluids, preferred over crystalloids.
Compared with plasma, the use of albumin has several advantages,
including reduced allergic and immunological reactions, a reduced risk
of transmitting infections, and compatibility with all blood groups [79].
On the other hand, TPE with albumin can lead to depletion of coagu-
lation factors and immunoglobulins and a risk of acidosis (due to the
acidity of the molecule) [79]. Recently, the American Society for
Apheresis (ASFA) guidelines have classified some pathologies for which
TPE is the first line of therapy, others for which it is the second line, or
others whose role is not well defined [80]. The main pathologies for
which TPE is recognized as a first-line treatment (alone or in combina-
tion with other types of treatment) are Guillan-Barre syndrome, myas-
thenia gravis, chronic inflammatory demyelinating
polyradiculoneuropathy, N-methyl p-aspartate receptor (NMDAR) en-
cephalitis, Goodpasture syndrome, ANCA-associated vasculitis, hyper-
viscosity syndrome (especially in Waldestrom’s macroglobulinemia),
thyroid storm. Finally, in thrombotic thrombocytopenic purpura and
acute liver failure, TPE with plasma substitute is preferred to albumin
because of the need to administer other substances present in plasma
such as ADAMST13 and coagulation factors [79,80].

4. Other uses of albumin not supported by solid scientific
evidence

Nephrotic syndrome with edema: Although the benefit of the co-
administration of albumin and diuretics, when albumin values are
lower than 2.5 g/dl or in case of kidney injury, has been reported [81],
recent meta-analyses indicate the need of high-quality RCTs before
drawing any conclusion regarding the use of albumin in nephrotic
syndrome [82,83].

Protein-losing enteropathy. Albumin is frequently used, particularly in
patients with very low serum levels, although there is a lack of scientific
evidence on this topic [84].

Severe burns: Infusion of crystalloids alone can induce over-
resuscitation with an increased risk of mortality due the large amount
needed and a colloid rescue with plasma or albumin is indicated [85]. A
recent meta-analysis of burn resuscitation indicated that 5% albumin as
early as 8 h after burn injury, in those who are projected to receive a
massive resuscitation fluids, reduces the total amount of crystalloid in
the first 24 h, decreases the intra-abdominal pressure, and reduces the
development of abdominal compartment syndrome [86,87].

Cardiac surgery: Positive effects of the use of albumin as compared to
crystalloids during cardiac surgery, including maintenance of haemo-
dynamic, reduced risk of thrombocytopenia, reduction of volume
overload, have been reported [88]. However, the recent ALBICS trial did
not show a reduction in major events 90 days after cardiac surgery with
the use of albumin rather than Ringer acetate [89]

Transplantation. Albumin supplementation is used in peri- and post-
operative liver transplantation as fluid replacement or to control ascites



E. Pompili et al.

Table 3
More frequent inappropriate uses of albumin in medicine.

Correction of hypoalbuminemia per se

Malnutrition

Protein-losing nephropathies or enteropathies (exception may be represented by
generalized edemas and very low serum albumin levels)

Brain traumatic injuries

Acute pancreatitis

Major surgery (exception may be represented by patients with advanced cirrhosis)

Edema in cancer patients Paracentesis of malignant ascites

and edema. Again, the studies available provide controversial results
showing either improvement or no benefit in organ function [90-92].
Regarding renal transplantation, albumin does not appear to improve
the outcome and early graft function compared to crystalloids, neither
intraoperatively nor in the immediate postoperative period [93].

5. Inappropriate use of albumin

As reported by several studies worldwide [93-99], a great number of
albumin prescriptions, from 50% up to 90%, are not supported by
clinical evidence, guidelines and recommendations (Table 3). The use of
albumin for nutritional reasons or correction of hypoalbuminemia per se
are examples of inappropriateness in various settings (general surgery,
internal medicine, geriatrics, oncology). In all these diseases, hypo-
albuminemia acts as a biomarker of poor nutritional status and in gen-
eral of negative prognosis rather than a primary pathophysiological
event [100], so that albumin supplementation is not effective and
therefore should be avoided.

Cancer patients sometimes receive albumin for edema in the last part
of their life even if paradoxically this could worsen congestion due to the
increased permeability of their capillary bed [101]. Similarly, it is not
indicated albumin infusions post-paracentesis [102], as it is recom-
mended in cirrhosis.

Finally, administration of albumin also in trauma is not indicated
[68,103,104], particularly in the setting of patients with traumatic brain
injury where a post-hoc analysis of the SAFE study showed an increase in
mortality compared to saline [105].

6. Conclusions

There are only a limited number of areas in which the use of albumin
has been proved to be effective and safe. Unfortunately, its prescription
is very commonly inappropriate both in regular wards and intensive care
units: in some circumstances, improper use of albumin is linked to
contradictory scientific evidence or to absence of guidelines; in others, it
is related to the subjective perception of physicians of the potential
benefits to the patients despite the lack of supporting scientific evidence.

As the production of albumin from plasma donors is limited and
likely insufficient to cover the total request of this hemoderivative from
all over the world, action is needed to avoid the use for inappropriate
and futile indications by promoting serious educational and regulatory
policies to control the appropriateness of prescription, in order to ensure
the availability of this strategic therapy for those conditions for which
albumin has been demonstrated to have a real effectiveness and a benefit
for the patient.
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