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The metabolism of albumin in inflammatory states such as sepsis or major surgery is complex and still not well
characterized. Nevertheless, in inflammatory states, albumin synthesis has been observed to increase. By con-
trast, in decompensated cirrhosis, a disease characterized by systemic inflammation, albumin synthesis by the
livermay decrease to 30% to 50% of normal values. Furthermore, in these conditions, there are high capillary leak-
age and altered albumin kinetics. The discussion regarding the effect of exogenous albumin administration on in-
travascular volume in inflammatory states should therefore address albumin turnover. To add complexity to our
understanding of the effects of albumin, there are many data indicating that the therapeutic action of albumin is
mediated not only through the impact on plasma volume expansion but also through a modulatory effect on in-
flammation and oxidative stress. All these characteristics are relevant to diseases associated with systemic in-
flammation including sepsis and decompensated cirrhosis.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Albumin is a medium size molecule with a molecular weight of 66 to
69 kDa and is the most abundant protein in human plasma (40 g/L of a
total of 70 g/L). Synthesized exclusively in the liver, albumin plays an im-
portant role in a number of physiological mechanisms including the regu-
lation of osmotic pressure. Furthermore, albumin is a carrier of poorly
water-soluble molecules such as hormones, cholesterol, calcium, iron, bili-
rubin, free fatty acids, and drugs [1,2]. Albumin's role in othermechanisms,

including the endothelial glycocalyx and the maintenance of vascular bar-
rier competence, are not as well understood but are likely to be important,
particularly in patients with increased capillary leakage [2,3].

Albumin synthesis is decreased in malnutrition and liver dysfunction
[4]. Increased microvascular permeability is observed in inflammatory
states, including sepsis [5]. This alters the distribution of albumin between
intravascular and extravascular compartments, and consequently, serum
albumin concentration decreases in many critically ill patients, with low
serum albumin concentrations less than 35 g/L being reported in 30% to
50% of critically ill patients [5–7]. Importantly, hypoalbuminemia is asso-
ciated with higher mortality rates. Reinhardt et al [7] reported 25% mor-
tality after 30 days of a serum albumin concentration less than 34 g/L,
yet mortality increased to 62% when the serum albumin concentration
dropped to 20 g/L or less during hospitalization [8].

There continues to be controversy surrounding the use of colloids in
fluid therapy. The selection and use of resuscitation fluids is based on
physiological principles, yet clinical practice is determined largely by clini-
cian preference and thus exists with notable regional variation. Human
serum albumin is considered to be the standard colloidal resuscitation
fluid because of it is responsible for 75% of the plasma oncotic pressure.
Therefore, administration of albumin can increase circulating volume
and, as a result, widely used as a plasma volume replacement. The

Journal of Critical Care 33 (2016) 62–70

Abbreviations:AD, acute decompensation; ACLF, acute-on chronic liver failure; CO, car-
diac output; CRP, C-reactive protein; FSR, fractional synthesis rate; GFR, glomerular filtra-
tion rate; HRS, hepatorenal syndrome; HNMA, human nonmercapto albumin; HMA,
human mercapto albumin; ICU, intensive care unit; LCFA, low-chain fatty acid; MAP,
mean arterial pressure; NO, nitric oxide; PICD, paracentesis-induced circulatory dysfunc-
tion; PAMPs, pathogen-associated molecular patterns; PGE2, prostaglandin E2; RCTs, ran-
domized clinical trials; RNS, reactive nitrogen species; ROS, reactive oxygen species; TER,
transcapillary escape rate.
⁎ Corresponding author at: Servei deMedicina Intensiva, Hospital de Sabadell, Parc Taulí

1, 08208 Sabadell, Barcelona, Spain. Tel.: +34 937 233 923; fax: +34 937 233 863.
E-mail addresses: aartigas@tauli.cat (A. Artigas), jan.wernerman@karolinska.se

(J. Wernerman), varroyo@clinic.ub.es (V. Arroyo), jlvincen@ulb.ac.be (J.-L. Vincent),
mitchell_levy@brown.edu (M. Levy).

http://dx.doi.org/10.1016/j.jcrc.2015.12.019
0883-9441/© 2016 Elsevier Inc. All rights reserved.

Contents lists available at ScienceDirect

Journal of Critical Care

j ourna l homepage: www. jcc journa l .o rg

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrc.2015.12.019&domain=pdf
http://dx.doi.org/10.1016/j.jcrc.2015.12.019
mailto:aartigas@tauli.cat
mailto:jan.wernerman@karolinska.se
mailto:varroyo@clinic.ub.es
mailto:jlvincen@ulb.ac.be
mailto:mitchell_levy@brown.edu
Journal logo
http://dx.doi.org/10.1016/j.jcrc.2015.12.019
Imprint logo
http://www.sciencedirect.com/science/journal/


multifunctional nature of albumin means that it acts in various capacities
such as amajor extracellular antioxidant, buffer, immunomodulatory, and
detoxifying agent, and also serves as a major transporter in plasma [9].

The aim of this study is to review albuminmetabolism in critically ill
patients, particularly in thosewith sepsis, the recent clinical trials on al-
bumin use, and its use for treating systemic inflammation in decompen-
sated cirrhosis.

2. Albumin metabolism in critical illness

Hypoalbuminemia may be acute or chronic. One important effect of
very low albumin concentrations is general edema. In healthy subjects,
approximately 8 g of albumin is synthesized in the liver daily, corre-
sponding to 3% of the total exchangeable albumin pool. Albumin syn-
thesis takes around 30 minutes, and the turnover time is about 30
days [10,11]. Albumin is derived from prealbumin, whereby albumin
is released when the correct tertiary structure is configured and albu-
min is then secreted out of the hepatocyte.

2.1. Distribution of intravascular and extravascular albumin

In healthy adult subjects, the fractional synthesis rate (FSR) of albu-
min is 5% to 8%/24 h (Fig. 1)—corresponding to 8 g/24 h, or 3 %/24 h of
the total exchangeable pool—thus giving an absolute synthesis rate of
120 mg/kg per 24 hours.

Albumin is distributed throughout the entire extracellular space,
with 40% (120 g) located in plasma and 60% (180 g) in the extravascular
space. The total time for equilibration is 2 to 4 days. The exchange rate
between plasma and the extravascular space is measured by the
transcapillary escape rate (TER), which is on average 4% to 5% per
hour (of intravascular albumin) [12]. Albumin's TER is measured by
the disappearance rate of (I)-labeled albumin from plasma as deter-
mined by scintillography of repeated samples. The distribution of albu-
min between plasma and the interstitial fluid compartment makes
albumin kinetics complicated, particularly when capillary permeability
is altered. This was illustrated by Fleck et al [5] in their classic publica-
tion describing patients with septic shock and postoperative patients
after cardiac surgery. In both conditions, an elevated TER of 10% to
15% per hour for patients of both conditions returned to normal over
several days in patients with sepsis, whereas the return to normal was
not reported for the cardiac surgery patients. Although the increased
capillary leakage in trauma and sepsis patients is well known, its precise
quantification is difficult to determine. The recirculation from the

interstitial space back to the bloodstream through the lymphatic vessels
is well described [12], but the temporal pattern in relation to surgical
trauma is not well characterized. For example, Norberg et al [13] dem-
onstrated that a reduction in serum albumin concentration already
began during general anesthesia initiation and the initial phase of
major cancer surgery, but TER did not differ by the secondpostoperative
day compared with the preoperative day. The reduction in serum albu-
min concentration was most certainly multifactorial and related to fac-
tors such as concomitant administration of intravenous fluids, general
anesthesia, epidural block, and change in plasma volume, andmost like-
ly due to a change in capillary permeability. The estimation of TER poses
difficulties, as circulatory stability is essential for reliablemeasurements.
This is true during surgery as well as in sepsis, and in particular in septic
shock. In situationswhere capillary leakage seems to persist over sever-
al days, albumin kinetics are even less well characterized. Therefore, al-
though the albumin synthesis rate is increased, an increased albumin
leakage may result in significant hypoalbuminemia.

In a stable healthy individual, the absolute albumin synthesis rate is
100 to 150 mg/kg per 24 hours, with an equivalent degradation rate
[11,14–17]. This corresponds to an albumin turnover time of 30 days if
the total albumin pool is 300 g as postulated [12]. Others have reported
similar albumin half-lives of healthy subjects using 131I-albumin
[12,18]. However, accurate data measuring albumin degradation in
humans is limited.

2.2. Albumin synthesis in pathology: the role of systemic inflammation

Hypoalbuminemia is common in medical practice and is not neces-
sarily equivalent to a low absolute albumin synthesis rate. In chronic
liver diseasewith cirrhosis and an impaired ability for protein synthesis,
the absolute albumin synthesis rate is decreased by 30% to 50% com-
pared with normal values [19]. By contrast, in acute nephrosis, the frac-
tional and absolute albumin synthesis rates are very high in an effort to
compensate for the extensive urinary losses [20].

Critical illness is often associated with systemic inflammation, and
the albumin synthesis rate has been reported to increase under these
conditions. A number of studies have demonstrated that the absolute al-
bumin synthesis rate is increased despite a low plasma concentration
[11,14,21]. For critically ill patients, the FSR of albumin is very high
(15%-20%/24 h) and, unlike healthy subjects undergoing elective chole-
cystectomy, is nonresponsive to exogenous recombinant growth hor-
mone [15,16]. This suggests that the level of albumin synthesis in
critically ill subjects is undermaximal stimulation. In acute inflammato-
ry states, the stimulation upon the FSR is 50% to 100% in excess of the
normal rate, similar to what is seen in healthy subjects given an endo-
toxin challenge or in patients with acute cholecystitis [14,16]. However,
after major abdominal surgery, postoperative absolute synthesis rate
was no different from preoperative rates [22]. Interpretation of these
data is impeded by the fact that postoperative measurements are most
often performed in patients with a severe underlying disease and possi-
ble comorbidities. Other investigators, using a constant infusion of 13C-
leucine for quantitative measurements, report a postoperative FSR of
12% to 15% in patients after major cancer surgery [23,24].

2.3. Mechanism of action of albumin in sepsis

Besides its action as a plasma volume expander, albumin has many
other functions related to its capacity to bind endogenous and exoge-
nous water-insoluble substances (ie, bilirubin, hormones, fatty acids,
bile salts, and drugs) and transport them to the site of action or disposal
[9,25–29] (Fig. 2). Among these substances, proinflammatorymolecules
andmediators of inflammation deservemore attention [30–33]. For ex-
ample, albumin binds lipopolysaccharide, lipoteichoic acid, and pepti-
doglycan. Given the abundance of albumin and the lower relative cell
activation capacity of pathogen-associated molecular patterns
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Fig. 1. Fractional synthesis rate of albuminmeasuredby 13C leucine or d5-phenylalanine in
healthy subjects as volunteers or undergoing elective laparoscopic cholecystectomy. Ag-
gregated data from several sources [11,14–17].
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