
Arroyo V, et al. ,     2011; 10 (Suppl.1): S6-S14
S6

Pathophysiological basis of albumin use in cirrhosis
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ABSTRACT

During the course of cirrhosis, a progressive reduction of splanchnic vascular resistance takes place in pa-
rallel with a deterioration of cardiac function manifested by the disappearance of the hyperdynamic circu-
lation due to a fall in cardiac output. This compromises arterial pressure and determines a homeostatic
activation of endogenous vasoconstrictor systems. Cirrhotic patients are prone to developing renal vaso-
constriction, decreased renal perfusion and renal failure in response to insults that impairs the effective
arterial blood volume such as severe bacterial infections or other clinical events that produce hypovole-
mia. Although circulatory dysfunction in cirrhosis predominantly affects the kidney,  it has also effects on
other organs and systems: brain edema and encephalopathy, increased portal pressure and decreased in-
testinal motility. Albumin infusion is effective in the prevention of circulatory dysfunction after therapeu-
tic paracentesis or acute bacterial infections and in in the treatment of hepatorenal syndrome. This
effectiveness may be related to the dual effect of albumin on the cardio-circulatory function, the increa-
se in the cardiac output and in the systemic vascular resistance. The administration of intravenous albu-
min not only expands the plasma volume and increases cardiac preload and cardiac output but also
induces arterial vasoconstriction at the level of splanchnic microcirculation. Moreover, albumin is a
powerful antioxidant as well as plays a crucial role in the transport of physiologic substances and disposal
of toxic substances. Impairment of albumin function is one of the most characteristic traits of cirrhosis.
Administration of exogenous albumin could be beneficial because of its positive effects on microcircula-
tion.
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USE OF HUMAN
ALBUMIN IN CIRRHOSIS

For decades, intravenous administration of hu-

man albumin has been one of the treatments most

frequently used in patients with decompensate liver

cirrhosis. Initially, its main indication was for the

management of tense ascites, as it was considered

that hypoalbuminemia was a key factor in the gene-

sis of this disorder. Moreover, it is well known that

plasma-volume expansion enhances the effect of fu-

rosemide and spironolactone. Currently, the main

indication of albumin is in the treatment and pre-

vention of severe circulatory dysfunction and hepa-

torenal syndrome usually appearing in cirrhotic

patients with bacterial infections, particularly spon-

taneous bacterial peritonitis and the prevention of

the circulatory dysfunction associated to therapeutic

paracentesis.1

Albumin is a protein of 585 aminoacids and 66

kDa of molecular weight that hardly crosses the

majority of capillaries. Albumin remains in the

bloodstream and primarily contributes to the plas-

ma oncotic pressure. Therefore, albumin inhibits

the output of fluid from the intravascular compart-

ment to the interstitial tissue and promotes its re-

absorption from the interstitial space. The hepatic

microcirculation is composed of special capillaries

with large pores and high permeability, called the
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sinusoids. The hepatic sinusoids are freely permea-

ble to albumin and other high molecular weight

proteins, such as fibrinogen. Albumin is synthesi-

zed by the liver cells, passes into circulation via

the sinusoids and remains in the bloodstream for

about 21 days.2

Albumin plays a crucial role in the transport of

substances resulting from cellular catabolism from

their place of production to the excretory organs,

mainly the liver and kidney. Albumin also participa-

tes in the transport and disposal of toxic substances

that accumulate in the course of acute and chronic

pathological conditions, such as sepsis, cancer, kid-

ney failure and diabetes. Finally, albumin also takes

part in transporting hormones and drugs to target

cells.3-6 The presence of hypoalbuminemia, therefo-

re, can limit the body’s ability to eliminate toxic

substances, to transport substances with essential

physiological effects and it can alter drug pharmaco-

kinetics. Albumin also has an important antioxidant

capacity. Given the high concentration of albumin in

blood, this protein is the body’s most powerful ex-

tracellular antioxidant mechanism.7 Albumin is able

to bind free radicals and, once oxidized, is rapidly

removed from circulation. Free radicals affect cell

function, since they have harmful effects on cell

membranes and intracellular organelles. It is, there-

fore, not surprising that oxidative stress has impor-

tant effects on the function of many organs and

systems, including the antibacterial capacity of

granulocytes and macrophages,8 and on microcircu-

lation homeostasis.9

Hypoalbuminemia is one of the most characteris-

tic traits of chronic liver failure. Traditionally

hypoalbuminemia was considered to play an impor-

tant role in the pathophysiology of ascites. Portal

hypertension and decreased plasma oncotic pressure

would induce an altered Starling balance in the he-

patic and splanchnic microcirculation favoring the

escape of fluid into the peritoneal cavity. Intrave-

nous administration of albumin was previously used

to correct this process. Subsequent investigations,

however, showed that the formation of ascites is a

process linked to a decrease in splanchnic vascular

resistance and not to hypoalbuminemia.10 Splanch-

nic arterial vasodilation produces two different types

of processes.

On the one hand, it induces a strong increase in

the volume of blood flowing through the splanchnic

circulation at high pressure, thus favoring the esca-

pe of fluid into the peritoneal cavity. On the other

hand, it causes an effective arterial hypovolemia,

the activation of systems that stimulate renal reab-

sorption of sodium and water (the renin-angioten-

sin-aldosterone system, sympathetic nervous system

and antidiuretic hormone system) and fluid reten-

tion, which accumulates in the peritoneal cavity

thus perpetuating the formation of ascites.10,11

The use of albumin in cirrhosis was reinforced af-

ter the reintroduction of therapeutic paracentesis. If

performed without plasma volume expansion, this

treatment is associated with persistent circulatory

dysfunction in 75% of patients, as well as with kid-

ney failure in approximately 15-20%. Moreover, it

may shorten survival.12,13 Plasma volume expansion

with albumin decreases the incidence of post-para-

centesis circulatory dysfunction from 75 to 15%

approximately.13,14

The effectiveness of albumin in the prevention of

post-paracentesis circulatory dysfunction encoura-

ged researchers to test other potential indications,

and this leads to new indications on the use of albu-

min into the management of decompensated cirrho-

sis. First, it was demonstrated that albumin

infusion at the time of diagnosis of the infection re-

duces the incidence of type 1 hepatorenal syndrome

and hospital mortality by more than 60% in pa-

tients with spontaneous bacterial peritonitis.15 Se-

condly, the combination of albumin and

vasoconstrictors is able to reverse the circulatory

dysfunction and renal failure in patients with type 1

hepatorenal syndrome.1,11,16-18

Investigations are currently being carried out on

large series of patients in Spain and Italy in search

of a new indication. They are trying to demonstrate

that the continuous improvement in circulatory dys-

function in cirrhosis, by weekly or fortnightly admi-

nistration of albumin, reduces the incidence of other

complications of cirrhosis, such us hepatic encepha-

lopathy, gastrointestinal bleeding and bacterial in-

fections.

SPONTANEOUS CIRCULATORY
DYSFUNCTION IN CIRRHOSIS

Traditionally, the circulatory dysfunction in de-

compensated cirrhosis was considered to be seconda-

ry to arterial vasodilation10 (Figure 1). It was later

demonstrated that this vasodilation occurs in the

splanchnic area, and there is evidence that it could

be related to a massive release of vasodilators as a

result of portal hypertension. Numerous studies

have shown that nitric oxide might be of significan-

ce.19,20 However, the most widespread theory is that

the mechanism is probably multifactorial, and that

other vasodilators, such as prostaglandins,21 subs-
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tance P,22 carbon monoxide,23 calcitonin gene rela-

ted peptide24 and endocannabinoids25 might also be

involved.

Two recent findings have demonstrated that the

mechanism of circulatory dysfunction in cirrhosis is

much more complex than previously thought. First-

ly, experimental studies in cirrhosis have demons-

trated the existence of intense vascular

neoformation in the liver and in the splanchnic area

related to the presence of high levels of proangioge-

nic substances.26,27 The total number of blood ves-

sels is much higher in cirrhotic rats than in healthy

animals. The decrease in vascular resistance in the

splanchnic area would therefore result not only from

arteriolar vasodilation but also from an increase in

the concentration of blood vessels. Evidence that the

use of drugs with antiangiogenic activity improves

circulatory function confirms the importance of the

latter mechanism.28 Secondly, studies in patients

with liver cirrhosis found that in parallel to the pro-

gressive reduction of splanchnic vascular resistance

during the course of cirrhosis, there is also a pro-

gressive deterioration of cardiac function manifested

by the disappearance of the hyperdynamic circula-

tion due to a fall in cardiac output.29,30 Spontaneous

circulatory dysfunction in cirrhosis is therefore the

result of a fall in splanchnic vascular resistance and

decreased cardiac function, both of which progresses

during the course of the disease. Several factors con-

tribute to the deterioration of cardiac function. The-

re may be a decrease in venous return; furthermore,

there is evidence of a cirrhotic cardiomyopathy with

diastolic dysfunction that may compromise the ino-

tropic function. Finally, chronotropic heart function

is severely impaired and patients do not increase

heart rate, despite having an intense sympathetic

nerve activity.31,32

One of the most significant aspects of the circula-

tory function in cirrhosis is its extreme sensitivity

to events that produce arterial hypovolemia. This is

manifested primarily by the development of renal fa-

ilure. The administration of diuretics, therapeutic

paracentesis without albumin12,13 or severe bacterial

infections15,33 are associated with renal failure in

approximately 15-30% of these patients. Under phy-

siological conditions the regulation of blood pressu-

re and effective arterial blood volume is carried out

mainly in the splanchnic and renal vascular compar-

tments. When an effective hypovolemia takes place,

whether as a result of loss of volume or vasodila-

tion, vasoconstriction systems become activated to

maintain blood pressure by acting in these vascular

territories.34 In cirrhosis, the regulatory effect of

blood pressure, however, occurs preferentially in the

kidney, since the splanchnic vasculature is highly

resistant to the effect of endogenous vasoconstric-

tors due to the massive release of vasodilator subs-

tances occurring in the vascular compartment.19-25

It is also possible that newly formed vessels in the

splanchnic area do not react with the required in-

Figure 1. Periferal arterial vasodi-

latation hypotesis of renal dysfunction

in cirrhosis. The main mechanism is a

progressive reduction in splanchnic vas-

cular resistance due to arterial vasodi-

latation. Initially this is compensated

by a increase in cardiac output. Howe-

ver, subsequently there is an impair-

ment in cardiac function and decrease

in cardiac output that contributes to

the decrease in effective arterial blood

volume. RAAS: Renin-angiotensin-al-

dosterone system. SNS: Sympathetic

nervous system. ADH: Antidiuretic hor-

mone.

Normal
effective

blood
volume

Effective arterial

hypovolemia

Compensated

cirrhosis

Time (years)

Ascites

Hyponatremia

Type-2 HRS

Cardiac output

Splanchnic arterial

vasodilatation

Systemic vascular

resistance

Extra-splanchnic

vasoconstriction

Degree of activation

of RAAS, SNS, ADH

C
h

a
n

g
e

s



S9
Pathophysiological basis of albumin use in cirrhosis. ,     2011; 10 (Suppl.1): S6-S14

tensity. Cirrhotic patients are therefore prone to de-

veloping renal vasoconstriction, decreased renal per-

fusion and renal failure in response to insults that

compromise the effective arterial blood volume.11

Type-2 hepatorenal syndrome is the most extre-

me manifestation of the circulatory dysfunction

that spontaneously develops in cirrhotic patients11

Type 1 hepatorenal syndrome is probably a diffe-

rent process than type 2 (Figure 2). Although the

pathophysiology is similar in both syndromes, a

decreased peripheral resistance and cardiac func-

tion, circulatory dysfunction in type-1 hepatore-

nal syndrome is very fast, intense and frequently

associated with failure in the function of other or-

gans including the brain, adrenal glands, lungs,

and coagulation. On the other hand it often oc-

curs in close relationship to a precipitating factor,

often an infection, a fact not common in type-2

hepatorenal syndrome.11

Although circulatory dysfunction in cirrhosis

predominantly affects the kidney, it is also obser-

ved in other organs and systems (Figure 3). Sym-

pathetic overactivity secondary to circulatory

dysfunction decreases intestinal motility, induces

intestinal bacterial overgrowth, and may promote

bacterial translocation from the intestinal lumen

into the systemic circulation, causing severe infec-

tions.35 The intrahepatic portal circulation is also

sensitive to the vasoconstrictor action of angio-

tensin-II, norepinephrine and antidiuretic hormo-

ne. The intense activation of these systems as a

result of circulatory dysfunction may contribute

to the high portal pressure that is observed in pa-

tients with advanced cirrhosis and ascites.29,36,37

Hyponatremia secondary to the hypersecretion of

antidiuretic hormone may induce brain edema and

encephalopathy.38 The use of diuretics for the

treatment of ascites that responds poorly to these

drugs (refractory or recurrent ascites) is associa-

ted to hepatic encephalopathy in 25% of cases.39

Studies have shown the existence of a close rela-

tionship between renal blood flow and cerebral

blood flow as well as between them and the degree

of activation of endogenous vasoactive systems.40

Patients with hepatorenal syndrome are those

with a lower cerebral blood flow. The role of this

cerebral hypoperfusion in the predisposition of he-

patic encephalopathy in these patients is not

known.41,42

Finally, recent studies have found that critica-

lly-ill patients with decompensated cirrhosis and

bacterial infections present relative adrenal insu-

fficiency with a frequency of 50-70%, with

inappropriately low cortisol levels and poor res-

ponse to cortocotropin.43-45 Cortisol is essential

for successful vascular response to endogenous

vasoconstrictor systems. Relative adrenal insuffi-

ciency, therefore, could contribute to circulatory

dysfunction in these patients. The impairment in

multiorgan function associated to circulatory

dysfunction in cirrhosis constitutes the rationale

for the prolonged use of albumin in the long-term

studies that are being developed in Spain and

Italy.

Figure 2. Clinical course of a pa-

tient with type-2 HRS and refractory as-

cites requiring frequent

hospitalizations for repeated paracen-

tesis that developed type-1 HRS follo-

wing an episode or spontaneous

bacterial peritonitis treated by cefo-

taxime. Type-1 HRS occurred despite ra-

pid resolution of the infection. The

patient also developed aggravation of

liver failure and hepatic encephalopaty

and died 3 weeks after the onset of the

infection.
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POST-PARACENTESIS
CIRCULATORY DYSFUNCTION

It occurs in approximately 70% of patients trea-

ted with total paracentesis without administration

of plasma expanders.12,13 The incidence is very low

when the volume of ascites removed is less than 5 L,

but progressively increases in parallel to the volu-

men of paracentesis when the amount of fluid remo-

ved is above this limit.14 The mechanism of

circulatory dysfunction is dual. Patients develop a

decrease in peripheral vascular resistance, indica-

ting an arterial vasodilation. The site where this

process occurs is unknown, although it is possible

that it takes place in the splanchnic area. This di-

sorder is accompanied by a reactive activation of en-

dogenous vasoconstrictor systems with increased

plasma renin activity and noradrenaline. Despite

this sympathetic hyperactivity, the cardiac output

and pulse rate do not increase, indicating that in

addition to the decrease in systemic vascular resis-

tance, inadequate cardiac response to vasodilation

participates in the circulatory impairment.46

CIRCULATORY DYSFUNCTION
AFTER BACTERIAL INFECTION

Bacterial infections are one of the most important

causes of circulatory dysfunction and renal failure

in cirrhosis; approximately 30-40% of patients with

severe infections develop renal failure.33,47,48 In

many cases, renal failure is reversible, disappearing

after resolution of infection; in others, however, re-

nal failure persists in spite of the resolution of infec-

tion. In most of these patients renal failure follows a

rapidly progressive course (type 1 hepatorenal syn-

drome), and this is frequently associated to failure

in the function of other organs. Finally, in other pa-

tients renal insufficiency remains stable after reso-

lution of the infection (type 2 hepatorenal

syndrome).11,30,33 The infection that most often cau-

ses renal failure is spontaneous bacterial peritonitis,

followed by symptomatic urinary tract infection

(acute pyelonephritis) and cellulites.47,48

There are experimental studies showing that bac-

terial infections in cirrhotic rats are associated with

a much stronger inflammatory response than in

healthy animals.49 Moreover, in cirrhotic patients

with spontaneous bacterial peritonitis, it has been

shown that patients who develop renal failure are

those with a greater inflammatory response, as esti-

mated by the concentration of leukocytes in ascitic

fluid and cytokine levels in ascites and blood.50

Studies performed in patients with spontaneous

bacterial peritonitis have shown that the develop-

ment of type-1 hepatorenal syndrome occurs as a re-

sult of a dual mechanism. On the one hand, a rapid

and intense decrease in vascular resistance that de-

termines the activation of endogenous vasoconstric-

tor systems. On the other hand, a failure in heart

function with decreased cardiac output. This latter

process is due to both a deterioration inotropic and

chronotropic function. Patients do not develop ta-

chycardia despite circulatory dysfunction and in-

crease in the activity of the sympathetic nervous

system.29

Figure 3. Potential contribution of

systemic circulatory dysfunction on cirr-

hotic complications.
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ROLE OF ALBUMIN
IN LIVER FAILURE

Traditionally, the therapeutic role of albumin has

been attributed solely to its oncotic properties. The

use of albumin in the management of fluid retention

and edema in diseases such as cirrhosis, nephrotic

syndrome or protein-losing enteropathy is a clear

example of this. However, the albumin molecule has

many other functions that are important in physio-

logy and pathophysiology. The albumin molecule

has sites with high and low affinity for binding fatty

acids and other hydrophobic substances3-6,51 (Figure

4). Albumin, therefore, plays a major role in the

transport of lipids and other hydrophobic molecules

from their site of absorption or synthesis to periphe-

ral tissues. Many drugs are transferred to the target

organs through this process. Also many toxic subs-

tances from cellular catabolism are also transported

to their excretory organs (liver and kidney) by bin-

ding to albumin. This phenomenon is especially rele-

vant in diseases with high cellular catabolism

(cancer, diabetes, sepsis). At the level of cis-34, the

albumin molecule has a domain with ability to stabi-

lize free-radicals, which gives a significant antioxi-

dant capacity to the albumin molecule. Due to its

high concentration in plasma and interstitial tissue,

albumin is the most important antioxidant at extra-

cellular level.7 Finally there are other domains, par-

ticularly at the N-terminal, with the ability to bind

metals which, if not removed, increase the oxidative

stress.51

Functional proteomic studies using electron spec-

troscopy techniques by magnetic resonance imaging

(MRI) allow to assess many features of albumin func-

tion, including the binding capacity, the efficiency in

the transport of hydrophobic molecules (absorption,

binding and release in target organs) and in the de-

toxification of catabolic products (capacity of albu-

min to bind, transport and finally release toxic

substances produced through metabolism), the asses-

sment of the conformation of the molecule at the bin-

ding sites and the role of N-terminal chelation. Using

these techniques it has been shown that albumin

function in cirrhosis is deeply impaired.51 The capaci-

ty of binding fatty acids and other hydrophobic mole-

cules and the ability for transport and detoxification

is virtually absent (less than 20% as compared to

healthy individuals). The mechanism that determines

this decline in albumin function in cirrhosis is not

known. It may be a reversible process. Liver failure

determines the accumulation of large amounts of

hydrophobic molecules. Sepsis, which also alters the

function of albumin, is a frequent event in cirrhosis.

Finally, both infections and liver failure are associa-

ted with increased oxidative stress. All these proces-

ses would saturate the binding sites of albumin and

decrease its detoxification and transport functions.

Albumin dialysis (MARS® system) is intended to re-

move these substances so as to make endogenous al-

bumin functional again. However, a second

possibility is that certain ligands irreversibly alter

the molecular characteristics of albumin. Although

traditionally it has been suggested that damaged al-

bumin is rapidly eliminated, degraded and replaced

by new molecules, this fact is probably not operating

in cirrhosis, a condition in which albumin synthesis

is profoundly impaired.

The clinical consequences of impaired albumin

function in liver failure are not known, but could

be significant. The combination of hypoalbumine-

mia and functionally impaired endogenous albumin

causes a profound alteration in the transport, me-

tabolism and excretion of many endogenous and

exogenous substances which, instead of being

appropriately removed, will circulate as free com-

pounds with the capacity to arbitrarily react. The

pharmacokinetics and pharmacodynamics of many

drugs and, therefore, effectiveness and side effects

are severely affected. Finally, the existing oxidative

stress caused by liver failure and other associated

problems such as bacterial infections can not be co-

rrected by the action of albumin. Increased oxidati-
Figure 4. Molecular structure of albumin. BS Binding sites

for fatty acids and other hydrophobic substances.
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ve stress can alter the microcirculation and cell

function thus contributing to the multiple organ fa-

ilure that characterizes many patients with liver fa-

ilure.52

EFFECT OF ALBUMIN
IN THE CIRCULATORY DYSFUNCTION

OF CIRRHOSIS

The administration of intravenous albumin in pa-

tients with cirrhosis and ascites not only expands the

plasma volume and increases cardiac preload and car-

diac output but also increases peripheral vascular re-

sistance, suggesting that arterial vasoconstriction

occurs (Figure 5). This effect is not observed with

synthetic expanders.53,54 The mechanism that deter-

mines the vasoconstrictor effect of albumin is not

well studied. It may take place at the level of the mi-

crocirculation and be secondary to a decrease in ni-

tric oxide release. Plasma levels of von Willebrand

Factor, whose synthesis is parallel to that of nitric

oxide, are decreased in patients receiving albumin but

not in those receiving plasma expanders.54 A decrease

in the levels of oxidative stress in the microcircula-

tion after administration of exogenous albumin func-

tionally active is another possibility.

The effectiveness of albumin in the prevention of

post-paracentesis circulatory dysfunction, in the

prevention of circulatory dysfunction after acute

bacterial infections bacterial or in the treatment of

hepatorenal syndrome may be related to this dual

effect of albumin on the cardio-circulatory function,

the increase in the cardiac output and in the syste-

mic vascular resistance.
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