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Summary

Chapter 5 ‘Human Albumin’ that was suspended on
January 10, 2011 has been completed and updated in
the present version.

5 Human Albumin
5.1 Preparation

Human albumin is prepared from human pool plasma by
alcoholic precipitation [15]. For pathogen inactivation albumin is
pasteurized for at least 10 h at +60 °C (see also European Pharma-
copoeia).

5.1.1
Human albumin solutions for transfusion are obtained from

Quality Criteria

human plasma proteins as sterile preparations which, according to
the monograph ‘Human Albumin Solutions’ of the European
Pharmacopoeia, must contain a minimum of 95% albumin. Aside
from human albumin, preparations currently available have a so-
dium concentration between 87 and 160 mmol/l and a potassium
concentration below 2 mmol/l. Up to 19.3 mmol/l sodium oc-
tanoate and up to 17.4 mmol/l acetyltryptophan are added as stabi-
lizers. All albumin preparations currently available contain less
than 200 pg/1 of aluminum.

Albumin solutions do not contain isoagglutinins or blood group
substances and can thus be administered independent of the recipi-
ent’s blood group. They do not contain oxygen carriers, coagula-
tion factors or antibodies. Based on the manufacturing process and
the pathogen inactivation involved, albumin preparations are con-
sidered to carry no risk of transmitting infections.

5.2 Active Constituents

Human albumin solutions are manufactured as hypooncotic
(4%), isooncotic (5%) or hyperoncotic (20% or 25%) infusion solu-
tions. The effective component is human albumin with a molecular
weight of around 66 kDa consisting of 584 amino acids of known
sequence. Albumin preparations intended for clinical use contain
monomers and may contain also dimers and, in small amounts,
polymers of albumin. Because of variable electrolyte concentra-
tions contained in albumin preparations, it is required to monitor
the balance of water and electrolyte, especially when administering
large amounts. According to the European Pharmacopoeia, a max-
imum content of 10% polymers and aggregates is permitted.

5.3 Physiological Properties and Function

The reference concentration of albumin in plasma ranges be-
tween 33 and 52 g/1. Albumin is synthesized exclusively in the liver.
The normal rate of albumin synthesis is approximately 0.2 g/kg
body weight/day. Extravascular colloid osmotic pressure (COP) in
the liver is considered to be the factor regulating albumin synthe-
sis. Albumin synthesis may be suppressed by an exogenous supply
of substances affecting COP, i.e. natural or synthetic colloids [18].
A lasting normalization in albumin concentration can only be
achieved by suitable nutrition therapy.

Under physiological conditions a steady state exists between al-
bumin synthesis and metabolism. The amount of albumin metabo-
lized daily is proportional to the plasma concentration, i.e. a fixed
percentage of approximately 10% of plasma albumin content is
metabolized per day [61, 65]. Its half-life changes inversely propor-
tionately to the plasma albumin concentration; i.e., a decreased al-
bumin content results in increasing its half-life, whereas increasing
albumin concentrations cause the metabolic rate to increase by up
to 50%. The neonatal Fc receptor FcRn (also called Brambell recep-
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tor) is responsible for this homeostatic regulation of albumin as
well as for that of serum IgG, both of which have the longest half-
life of all serum proteins with 19-23 days [9, 52]. It is a membrane
molecule, similar to the MHC class I molecule, on endothelial and
intestinal epithelium cells that binds human albumin and IgG at
different positions, continuously taking them up into pinocytotic
vesicles in order to protect both serum proteins from rapid degra-
dation [72]. The pinocytotic vesicles containing albumin bound to
FcRn are released either into the extravascular space through tran-
scytosis or back into the circulation [4]. Because of the limited
binding capacity of FcRn, the unbound amount of molecules in-
creases with increasing serum concentration of albumin, and ac-
cordingly their catabolic rate, increases exponentially [51].

The distribution of albumin in the human body is adequately
described by a two-compartment model where about 40% is taken
up by the intravascular and about 60% by the extravascular space
[61, 73, 83]. The balance between plasma and interstitial space is
established at varying rates with respect to the two subcompart-
ments of the extravascular albumin pool [103]. The total exchange
rate between intra- and extravascular volume amounts to approxi-
mately 5% of the intravascular albumin content per hour (so-called
transcapillary escape rate). The transcapillary escape rate of albu-
min is increased in arterial hypertension, myxedema, burns, liver
cirrhosis and diabetic microangiopathy [74, 75].

The physiological function of albumin can be summarized as
follows:

(1) volume effect (colloid oncotic effect),
(2) transport function.

Volume Effect (COP)

Albumin has a high capacity for binding water (approximately
18 ml/g), an intravasal residence time of approximately 4 h presup-
posing physiological capillary permeability [103] as well as an in
vivo half-life of approximately 18-21 days [61, 65, 103]. At equal
concentrations the oncotic effect of albumin is about 2.5 times
greater than that of globulins which have an average molecular
weight of around 170 kDa [53]. Although albumin comprises only
about 50-60% of the total protein content of plasma, it is responsi-
ble for about 80% of intravascular COP.

Transport Function

Because of its high net charge albumin possesses excellent bind-
ing capacities, among other things for water, calcium, sodium and
trace elements. Albumin is also an important transport protein for
fatty acids, bilirubin and hormones as well as for many drugs. Al-
though these transport qualities are of physiological and pharma-
cological importance, there is at best a reasonable therapeutic indi-
cation for administering HA for binding of bilirubin and thus re-
duction of the need for phototherapy and exchange transfusion in
neonates with severe hyperbilirubinemia [45, 66, 96].
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5.4 Storage, Shelf Life, Packaging Sizes

Human albumin preparations can be stored protected from
light and at room temperature, although storage temperature for
human albumin solutions should not exceed 25 °C. Therefore, it is
not possible to administer pre-warmed solutions.

Human albumin solutions can be administered by a peripheral
or central venous line and are well tolerated. No daily maximum
permissible dose is specified for human albumin. However, con-
centration and dose should be adjusted to the individual needs of
the patient. It is licensed in Germany as 4%, 5%, 20% or 25% solu-
tions in ampoules, polyethylene bags, or glass bottles.

5.5 Indications

Clinical application of albumin derives from its physiological
functions. Possible areas of application are:
(1) hypovolemia,
(2) hypoalbuminemia,
(3) other areas of application.

5.5.1 Therapy of Hypovolemia

Possible areas of application of human albumin for the purpose
of volume replacement are presented below, according to the re-
spective specific underlying circumstances.

5.5.1.1 Acute Volume Replacement during the Perioperative

Phase

There are three Cochrane analyses [10, 76, 113] and two system-
atic reviews [46, 110] on the application of albumin as volume re-
placement during the perioperative phase, investigating the effect
of albumin as compared to a crystalloid or any other colloid vol-
ume substitute. Regarding mortality neither benefit nor harm was
shown when using human albumin.

For the application of hyperoncotic albumin (20%), a benefit re-
garding morbidity (renal function, formation of gastrointestinal
edema) was reported in one review [46].

o Human albumin is not recommended as substitute in hypovole-
mia or for increased hemodynamic stability of adult patients in
the perioperative phase, unless therapeutic alternatives have
been exhausted (1 B).

5.5.1.2 Acute Volume Replacement in Intensive-Care Patients

without Sepsis

For an assessment of using human albumin as substitute in hy-
povolemia or for hemodynamic stabilization of adult nonseptic in-
tensive-care patients, the following references were incorporated in
the evaluation: [14, 19, 24, 25, 28, 36, 56, 78, 81, 82, 93, 95, 104, 105,
109, 110, 112]. The meta-analyses of the Cochrane Collaboration
[81, 82] are referred to in the following.

The consensus statement of the ESICM task force of 2012 [81]
and the meta-analysis of the Cochrane Collaboration of 2011 [82]
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show no benefit regarding mortality for the therapy using human
albumin as compared to using crystalloid or colloid solutions.

o Human albumin is not recommended as substitute in hypo-
volemia or for hemodynamic stabilization of adult nonseptic in-
tensive-care patients, unless therapeutic alternatives have been

exhausted (1 A).

5.5.1.3 Acute Volume Replacement in Intensive-Care Patients

with Sepsis

The German S2k guideline of 2010 [86] recommends using al-
bumin as volume substitute in patients with severe sepsis or septic
shock as an expert recommendation. The guideline of the Surviv-
ing Sepsis Campaign of 2013 gives a very weak recommendation (2
C) for using human albumin in patients with severe sepsis or septic
shock who continue to require infusions to maintain adequate
mean arterial pressure [20]. Recent meta-analyses have reached di-
verging results: Delaney et al. [19] show a benefit for the use of al-
bumin for hemodynamic stabilization of patients with sepsis (OR
0.82; 95% CI 0.67-1.0; p = 0.047). Two recently published prospec-
tive randomized trials showed no benefit regarding lower mortality
for patients treated with albumin compared to patients treated with
crystalloid solutions [5, 11].

Because of the ambiguous data situation [5, 19, 20, 86] on
whether the treatment of patients with sepsis, severe sepsis, and
septic shock with human albumin for hemodynamic stabilization is
superior to that using other infusion solutions, no recommenda-
tion is given here.

5.5.1.4 Acute Volume Replacement in Burn Patients

Regarding the use of albumin and other colloid solutions for
acute volume replacement in severely burned patients, several sys-
tematic reviews from the Cochrane database as well as randomized
clinical trials show no effect on the mortality rate compared to
treatment with crystalloid solutions [10, 42, 76, 82, 110].

o The administration of human albumin for increased hemody-
namic stability of burn patients is not recommended during the

first 24 h (1 A).

Based on published data, the relevance of using albumin for
long-term treatment in burn patients as substitute in hypoalbu-
minemia cannot be assessed conclusively [42, 110]. The prophylac-
tic use of albumin for maintaining physiological serum albumin
levels showed no effect on mortality or morbidity [34, 35, 49].

o In the further course of treatment of burn patients administra-
tion of human albumin may be considered (2 B).

5.5.1.5 Acute Volume Replacement in Trauma Patients

Along with the S3-Guideline on Treatment of Patients with Se-
vere and Multiple Injuries [88], the following publications have
been included in the assessment of hemodynamic stabilization of
trauma patients: [27, 32, 66, 95, 100]. In addition, data of a sub-
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group analysis of trauma patients enrolled in the SAFE trial are re-
ferred to for assessment [27].

Neither the $3-Guideline nor the meta-analysis of the Cochrane
Collaboration of 2011 [82] showed a survival benefit for trauma pa-
tients treated with albumin (consistent results based on three pro-
spective randomized trauma trials and one quasi-randomized trial).

This is supported by the fact that the mortality rate of the
trauma patients enrolled in the SAFE trial and treated with albu-
min for hemodynamic stabilization tended to increase (13.6 vs.
10.0%; p = 0.06). In this trial hypooncotic human albumin (4%)
was used that is not commonly used in Germany. Systematic re-
views [27, 32, 95, 100] also consistently find no survival benefit for
patients treated with albumin. However, the systematic reviews
and meta-analyses by Groeneveld et al. [36], Heier et al. [43], Vin-
cent et al. [110], and Wilkes et al. [115] did not strictly discriminate
in group allocation between trauma and surgical patients; there-
fore, a bias cannot be ruled out in the end.

o The administration of human albumin for increased hemody-
namic stability of patients with traumatic injury is not recom-
mended (1 B).

5.5.1.6 Acute Volume Replacement in Pregnant Women

There are only few reports on any kind of volume substitution
(including human albumin) in pregnant women. Severe hypovolemia
during pregnancy (e.g. in the context of surgical intervention) is a
possible indication for albumin administration. There are hardly any
data on albumin use for correcting hypovolemia during delivery (e.g.
during Cesarean delivery) and for preventing hypotension in con-
nection with performing a spinal anesthesia [16, 63]. In comparison,
administration of synthetic colloid volume substitutes or crystalloid
solutions is better documented in the literature [7, 16, 55]. In case
synthetic colloids are contraindicated or the maximum limit of a col-
loid dose has been exceeded, albumin can be considered.

o The administration of human albumin for volume replacement
in the context of a Cesarean delivery is not recommended (2 C).

o The administration of human albumin for preventing hypoten-
sion during spinal anesthesia in the context of a Cesarean deliv-
ery is not recommended (2 B).

5.5.1.7 Volume Replacement in Cardiac Surgery

Regarding the correction of hypovolemia and for hemodynamic
stabilization in cardiac surgery as well as for pump priming of the
cardiopulmonary bypass, the S3-Guideline for Intensive Care in
Cardiac Surgery Patients ‘Hemodynamic Monitoring and Cardio-
vascular Circulation’ [89] was incorporated in the evaluation, along
with the following individual studies: [33, 75 99]. All of these inves-
tigated the effect of albumin- versus non-albumin-based priming of
the cardiopulmonary bypass on the outcome of cardiac surgery pa-
tients, like decrease of platelets, weight gain, blood loss etc., whereas
mortality was only considered in the analysis by Himpe [44].

The S3-Guideline for Intensive Care in Cardiac Surgery Patients
recommends using synthetic colloid solutions as well as human al-
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bumin solutions for hemodynamic stabilization even though no
better outcome in patients has been demonstrated for human albu-
min (grade of evidence D, grade of recommendation 0). A signifi-
cant benefit has been shown when using human albumin (4-5%)
for pump priming of the cardiopulmonary bypass (reduced drop in
platelets and lower blood loss; one study reported a lower mortality
rate). Because of the date of the studies cited this usually concerned
hydroxyethyl starch (HES) preparations with higher molecular
weight which were compared with human albumin [44, 85, 114].
In a recent meta-analysis, also including HES preparations with
lower molecular weight, the use of synthetic colloid solutions re-
sulted in increased blood loss and a higher rate of reoperation and
transfusion [69].

o Human albumin solution (5%) can be used for correction of hy-
povolemia and for hemodynamic stabilization in cardiac surgery
as well as for pump priming of the cardiopulmonary bypass (2 B).

5.5.1.8 Acute Volume Replacement in Patients with Risk of

Bleeding and Patients with Manifest Bleeding due to

Coagulopathy

In patients with altered coagulation (e.g. polytrauma, patients
with sepsis, or in patients in whom coagulation disorders are an-
ticipated, e.g. cardiac surgery patients with extracorporeal circula-
tion) the application of albumin is possible since no substance-spe-
cific alterations regarding coagulation have been reported for
human albumin use. However, the administration of large amounts
of albumin can also cause a dilutional coagulopathy [116].

5.5.1.9 Acute Volume Replacement in Hepatic Surgery (e.g.

Liver Transplantation)

Patients undergoing hepatic surgery (including transplantation)
frequently have previous liver damage possibly including a coagula-
tion disorder. Additional coagulopathy occurs during the anhepatic
and postreperfusion stages of liver transplantation. The main cause of
this is assumed to be a rapidly increasing plasma level of the tissue-
type plasminogen activator which is caused by lacking hepatic clear-
ance on the one hand and by release from ischemically damaged en-
dothelium of the donor liver on the other hand [22, 50, 77]. Coagu-
lopathy may be aggravated by intraoperative hypothermia, hypocalce-
mia, and thrombocytopenia [37]. Accordingly, this group of patients
is especially at risk during further compromise of hemostasis.

Large-scale prospective trials comparing various strategies of
volume substitution in hepatic surgery are lacking. There is also a
lack of unambiguous data from controlled, randomized trials in-
vestigating the significance of substitution by albumin in major
liver surgery, e.g. of extended liver tumors. Thus the present data
situation does not allow any further assessment of using human al-
bumin for volume replacement in hepatic surgery.

5.5.1.10 Acute Volume Replacement in Neonates and Older

Children

While the number of studies is limited, the effects of human al-
bumin versus those of synthetic colloid solutions are comparable
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when used for perioperative volume replacement in neonates and
older children [41, 102].

In hypotensive neonates the effects of human albumin versus
those of synthetic colloid or crystalloid solutions are inconsistent
[57, 59, 71]. In dehydrated neonates with enteritis, there is no ben-
efit in using human albumin compared to isotonic saline [40].

No benefit has been shown when using human albumin in infants
and older children with severe infections or septic shock [2, 60].

The use of human albumin in preterm neonates with hypoalbu-
minemia [47] and in neonate jaundice [66] also remains controver-
sial. There is a need for further trials covering different age brack-
ets to improve the data situation regarding therapeutic success and
adverse effects [47].

o The use of human albumin for volume replacement in preterm
and term neonates as well as in older children cannot be assessed
conclusively in comparison to other crystalloid and colloid solu-
tions, and therefore human albumin should only be used if ther-
apeutic alternatives have been exhausted (2 A).

5.5.1.11 Volume Replacement in Therapeutic Plasmapheresis

Administration of human albumin is indicated for volume re-
placement with albumin in therapeutic plasmapheresis. However,
there are no large comparative trials involving other substances for
volume replacement that would document a benefit [54, 58, 64].

e Human albumin could be administered in order to balance
volume withdrawal in plasmapheresis (2 C).

5.5.2  Therapy of Hypoalbuminemia

Albumin is the protein with the highest concentration in plasma
and primarily responsible for maintaining the COP. Therefore
normalization or increase of COP has been considered as a possi-
ble indication for administration of albumin solutions.

5.5.2.1 Pathophysiology

Compensation of hypoalbuminemia is considered to be an es-
sential indication for administration especially of highly concen-
trated albumin preparations. In human plasma albumin concentra-
tion ranges around 33-52 g/l and amounts to approximately 60% of
the total plasma proteins (60-80 g/l). Around 30-40% of the re-
placeable albumin pool is located in the plasma compartment (ap-
proximately 120 g in around 3 1 of plasma volume) [39]. Concentra-
tion in the tissue spaces is considerably lower (approximately 14 g/l;
160 g in 10-12 ] of interstitial volume). Under normal conditions
the liver produces around 0.2 g/kg body weight/day albumin, cor-
responding to around 15 g/day in a man weighing 70 kg. The fore-
most factor in monitoring the production of albumin is apparently
COP in the region of the extravascular space of the liver. In sepsis,
infection, trauma or mental strain, the albumin level decreases (ap-
proximately 10-15 g/l during 3-7 days). Albumin synthesis is also
reduced under these circumstances, but with a half-life of around
20 days this cannot explain the rapid drop in serum albumin con-
centration. The most significant cause of the reduced albumin level
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is apparently redistribution and/or catabolism. Particularly in pa-
tients with sepsis, an increased vascular permeability (capillary leak)
plays an important role in developing hypoalbuminemia [29].
Following transfusion of human albumin, its distribution within
the extravascular compartment is complete after 7-10 days. Ap-
proximately 10% of transfused albumin migrates from the intra-
vascular space within 2 h [75], and 75% of transfused albumin is
distributed into the extravascular space after 2 days [39]. In par-
ticular clinical pictures (e.g. in sepsis) this distribution process
happens far more rapidly. In this connection capillary permeability
of albumin can increase 13-fold compared to its normal level [13].

5.5.2.2 Therapy of Hypoalbuminemia in Intensive-Care Patients

Hypoalbuminemia is a predictor of increased mortality and
morbidity [38, 109]. However, it has not been investigated compre-
hensively or documented well whether compensation of hypoalbu-
minemia shows benefits regarding morbidity or mortality com-
pared to an expectant treatment. At present, due to an insufficient
data situation, no answer is possible regarding any benefit on the
outcome, particularly for infants [47].

For compensation of hypoalbuminemia in adult intensive-care
patients the data situation is more substantial, although any assess-
ment is doubtful because of the small group size in the trials in-
cluded in the meta-analysis [115]. None of the four trials included
could show a survival benefit for the patients treated with albumin,
with groups of between 15 and 116 patients (184 of which received
albumin and 173 of which were in the control group). The com-
bined relative risk for death during the observation period was 1.59
(95% CI 0.91-2.78) to the disfavor of albumin.

Another meta-analysis of randomized clinical trials focusing on
the morbidity endpoint arrives at a different assessment from the one
above regarding the use of human albumin in children and adults.
Complications (combined endpoint: one or more complications in a
patient) tended to occur less frequently after application of human
albumin, with an OR of 0.81 (95% CI 0.41-1.60) [109]. Even if focus-
ing on randomized trials of adult patients who either received albu-
min in the context of parenteral nutrition or because of lowered lev-
els of albumin in plasma, this tendency towards a lower rate of com-
plications, also in another systematic review by the same authors
[110], could be regarded as weak indication of a beneficial effect in
individual cases and based on an underlying pathology. However,
these results must be interpreted with utmost caution in view of the
considerable heterogeneity of data, given the overall small group
sizes (15-116 patients per group), a small total number of patients for
each cohort analyzed (199 patients received albumin and 188 patients
were in the control groups) as well as the quasi-retrospective ap-
proach (classification of the occurring complications) with an OR of
0.92 (95% CI 0.77-1.08). For the time being, on no account does this
permit to draw the conclusion that it is generally recommended to
use human albumin for preventing complications.

Moreover, it is doubtful which albumin level can still be consid-
ered to be tolerable and whether there is a ‘critical’ threshold in
hypoalbuminemia starting from which there is a benefit in admin-
istering human albumin.

Cross-Sectional Guidelines for Therapy with
Blood Components and Plasma Derivatives:
Chapter 5 Human Albumin - Revised

o Human albumin shall not be used exclusively for compensating
hypoalbuminemia in intensive-care patients without any addi-
tional indication (1 B).

5.5.2.3 Therapy of Hypoalbuminemia in Undernutrition,

Malnutrition and Enteropathies/Malabsorption Syndrome

In clinical practice no benefit is shown for the administration of
albumin in undernutrition, malnutrition, and enteropathies/mal-
absorption syndrome. Because of the composition of amino acids
with a low ratio of some essential amino acids (tryptophan, me-
thionine and isoleucine) as well as its long biological half-life of
around 19-21 days, albumin is principally unsuitable for paren-
teral nutrition [17, 67, 118].

o Administration of human albumin in undernutrition, malnutri-
tion, enteropathies and malabsorption syndrome shall not be
given (1 B).

5.5.2.4 Therapy of Hypoalbuminemia in Liver Cirrhosis

As an individual parameter, hypoalbuminemia per se is no con-
firmed indication for substitution in patients with established liver
cirrhosis and ascites.

Three clinical situations are described below where transfusion
with human albumin as volume replacement or an albumin substi-
tution can be indicated:

(1) spontaneous bacterial peritonitis
(2) hepatorenal syndrome
(3) post paracentesis.

5.5.2.4.1 Spontaneous Bacterial Peritonitis

Even without sepsis, spontaneous bacterial peritonitis (SBP) can
lead to an impaired circulatory function and end in a type 1 hepatore-
nal syndrome (HRS) with a high mortality rate. A single randomized
controlled trial involving patients with SBP and simultaneously ele-
vated levels of serum bilirubin and creatinine showed that patients
developed type 1 HRS less frequently (10 vs. 30%) if they received
human albumin in addition to their antibiotics therapy. The dose was
1.5 g/kg body weight at the time of SBP diagnosis (day 1) and 1 g/kg
body weight on day 3 after SBP diagnosis. Particularly patients with
serum bilirubin levels > 4 mg/dl and creatinine > 1 mg/dl profited
from human albumin infusions [101]. In contrast toHES, albumin
seems to improve circulatory function [26]. A meta-analysis showed
that the incidence of renal impairment could be significantly lowered
by the use of albumin, and the mortality rate was significantly im-
proved. This effect has also been proven in patients with a serum bili-
rubin level < 4 mg/dl and normal levels of creatinine [23, 91].

o Administration of human albumin (1.5 g/kg body weight on day
1 and 1 g/kg body weight on day 3) shall be carried out in patients
with liver cirrhosis and SBP (1 B).

5.5.2.4.2 Hepatorenal Syndrome
The HRS is defined as renal failure in patients with advanced
liver disease without evidence of a renal cause [6]. HRS is subdi-
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vided into a rapidly progressing type 1 and type 2 with moderate
renal impairment. Type 2 HRS can turn into type 1 HRS.

Various randomized controlled and partly blinded trials have
investigated albumin alone and in combination with terlipressin.
Most patients had type 1 HRS. In the treatment arm terlipressin +
albumin, all trials showed a significant improvement of renal func-
tion and short-term survival. In contrast, infusion of albumin
alone only rarely led to an improvement of renal function [62, 70,
92, 99]. Two meta-analyses reviewed the data of these reports and
confirmed the results [33, 90].

Regarding dosage, the S3-guidelines recommend an albumin
dose of 1 g/kg body weight (maximum 100 g) on day 1, followed by
20-40 g/day, and a terlipressin dose of 2-4 mg/day up to a maxi-
mum of 8-12 mg/day. The European guidelines give no dosage
recommendation for albumin and for terlipressin 1 mg as bolus
every 4-6 h up to a maximum of 2 mg every 4 h. The treatment
should be continued for at least 3 days and for patients without
decrease in serum creatinine for up to 14 days [23, 87].

There are fewer data on the therapy of type 2 HRS. The combi-
nation of terlipressin and albumin is effective in 60-70% of type 2
HRS patients. However, clinical benefit is not proven unambigu-
ously.

There are insufficient data on other vasoconstrictors that were
investigated for therapy of HRS or compared to terlipressin. Two
randomized, non-blinded trials with low patient numbers (N =
22/40) suggested that noradrenaline might have an equivalent ther-
apeutic effectiveness in treating HRS [3, 97]. The lack of large ran-
domized controlled trials makes an unambiguous recommenda-
tion impossible.

o Inpatients with liver cirrhosis and type 1 HRS the treatment with
human albumin shall be combined with terlipressin (1 B).

5.5.2.4.3 Post-Paracentesis

A large-volume paracentesis in patients with liver cirrhosis can
lead to circulatory alterations. This disorder, called post-paracente-
sis circulatory dysfunction in the literature, frequently leads to
rapid ascites recurrence [98]. Also water retention develops with
dilution hyponatremia, and the disorder can lead to a HRS [32]. In
addition, there may be a further increase in the portal pressure by
vasoconstrictive stimulation [84]. These pathological alterations
increase the mortality rate in patients with liver cirrhosis [31].

In controlled trials administration of albumin to treat large-vol-
ume paracentesis (>5 1) led to an increased hemodynamic stability
[31, 32, 80, 106]. Some randomized controlled trials compared al-
bumin to synthetic colloids. Albumin was superior regarding pre-
vention of post-paracentesis circulatory dysfunction. There was no
survival benefit [31, 68, 100].

A meta-analysis involving 17 randomized trials (n = 1,225 pa-
tients) comparing albumin to synthetic colloids could demonstrate
that administration of human albumin significantly lowered the
mortality risk after large-volume paracentesis [8].

There are as yet no large randomized controlled trials investi-
gating the effect of albumin, crystalloid solutions or synthetic vol-
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ume replacement substances after paracentesis < 5 1. There are only
data on patient subgroups from other trials. However, the patient
numbers are very small, and the trials were not designed for these
subgroups [31, 100].

Based on the trial data available, no unambiguous recommen-
dation can be given. The S3-guidelines do not consider the use of
albumin to be indicated and give no recommendation [87]. In case
volume substitution using colloid solutions is indicated, the EASL
guidelines recommend using albumin rather than synthetic col-
loids because the latter may have adverse effects on coagulation
and renal function [23].

o Following paracentesis with a volume of ascitic fluid > 5 I, vol-
ume replacement with human albumin (6-8 g/l of ascitic fluid)
shall be performed (1 A).

There are no large randomized controlled trials investigating
the long-term effect of albumin in cirrhotic patients with the first
occurrence of ascites. There are two small randomized trials com-
paring albumin in combination with diuretics versus diuretics
alone [1, 30]. One of these trials demonstrated a benefit in the al-
bumin group regarding hospital stay, a less frequent recurrence of
ascites and lower rates of hospital readmission due to ascites [30].
The other trial reported also a lower mortality rate in the albumin
group [1]. Another trial that admittedly involved only 13 patients
could showed no benefit [12]. A retrospective trial investigating 19
patients perceived a benefit in albumin therapy to maintain diure-
sis in cirrhotic patients with contraindications against a transjugu-
lar intrahepatic portosystemic shunt [107].

It is not indicated to administer albumin regularly in the first
occurrence of ascites in liver cirrhosis patients [87].

5.5.2.5 Therapy of Hypoalbuminemia in Nephrotic Syndrome

In nephrotic syndrome albumin is lost via the kidneys. Com-
pensation of the resulting hypoalbuminemia is not reasonable be-
cause the transfused albumin is soon eliminated again to the great-
est extent.

o Incases of nephrotic syndrome human albumin shall not be given

(1 C+).

5.5.2.6 Therapy of Hypoalbuminemia in Premature Infants

Hypoalbuminemia is a frequent occurrence in preterm neonates
because of reduced synthesis, increased catabolism, increased loss
or distribution disorder between the intra- and extravascular space.
Although there is no well-defined critical threshold, human albu-
min is frequently substituted. There is a lack of randomized dou-
ble-blind trials. Efficacy and safety of human albumin replacement
in preterm neonates with hypoalbuminemia are doubtful [47].

5.5.3  Other Applications of Albumin

In addition to increasing COP and the volume-stabilizing effect
associated with this, numerous other features are assigned to albu-
min that exceed its function for volume substitution [21, 55].
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5.5.3.1 Albumin in Patients with Ovarian Hyperstimulation

Syndrome

Further potential indications concern the prevention and ther-
apy of a severe ovarian hyperstimulation syndrome [117], despite
the fact that the data situation is quite controversial and that two
additional systematic reviews could prove no or at most a marginal
effect on the incidence rate of ovarian hyperstimulation syndrome
[48, 108]. Furthermore, deleterious effects (e.g. on the pregnancy
rate) are discussed [48].

o Human albumin can be used as a colloid volume substitute for
the prevention and therapy of a severe ovarian hyperstimulation
syndrome in those cases in which other interventions are contra-

indicated (2 B).

5.5.3.2 Albumin Improving Transport Capacity for Drugs

Albumin serves as a transport protein for many substances (e.g.
bilirubin, drugs). It is doubtful whether in the case of hypoalbu-
minemia there may also be an increase in the ‘free’ unbound (bio-
logically active) fraction of drugs (e.g. coumarin derivatives). Since
an increase in the free fraction of a substance is most often fol-
lowed by a more rapid metabolism or an increased elimination of
this substance, no critical increase in the concentration of the free
substance in plasma is to be anticipated in the case of low levels of
albumin. There is no risk of acute toxic effects resulting from hy-
poalbuminemia because of rapid migration of the unbound frac-
tion of drugs from the intravascular to the extravascular space so
that a (low-level) balance is reached. At present, no assessment is
possible regarding the question whether albumin use is clinically
beneficial in patients with hypoalbuminemia in view of the non-
oncotic properties.

5.5.3.3 Albumin as Free Radical Scavenger and for Binding

Toxic Substances

Physiologically, albumin is assumed to serve as free radical scav-
enger and is able to bind toxic substances (e.g. free fatty acids).
Therefore, albumin seems to be indicated in particular in patients
with sepsis because toxic oxygen radicals play a role in pathogene-
sis and maintenance of sepsis [79]. Allegedly albumin can also bind
toxins in large-scale burns. Therefore, albumin solutions could
have a beneficial effect in these patients. However, to date there are
no confirmed factual data on the benefit of human albumin ther-
apy regarding morbidity or mortality in humans. The current
AWMEF guidelines regarding sepsis do not recommend using
human albumin in this regard [86].

In severe cases of neonatal jaundice, human albumin therapy
can contribute to a decrease of unconjugated serum bilirubin, to-
gether with phototherapy and exchange transfusion [66].

5.5.3.4 Albumin for Hemodilution in Neonates with

Polycythemia

In neonatal polycythemia there is no difference in using human
albumin and crystalloid solutions regarding a blood-thinning effect
in the context of hemodilution.

Cross-Sectional Guidelines for Therapy with
Blood Components and Plasma Derivatives:
Chapter 5 Human Albumin - Revised

5.6 Adverse Reactions

In general, human albumin is tolerated well. No substance-spe-
cific, clinically relevant alterations in the coagulation capacity or
alterations in organ function (e.g. renal function) due to albumin
therapy have been reported. There is also no risk of retention of
albumin. Although albumin is prepared from plasma pooled from
numerous donors, albumin preparations per se are considered to
be non-immunogenic. Nevertheless, in rare cases slight reactions
can occur after human albumin administration, like flush, urti-
caria, elevated temperature, and nausea. Generally, such reactions
resolve rapidly after the infusion is administered more slowly or
discontinued. In singular cases an anaphylactic shock can develop.
In this case the infusion must be discontinued immediately and a
suitable shock therapy started.

An investigation of the safety of human albumin application
showed that in approximately 112 million units of human albumin
administered worldwide adverse reactions directly associated with
albumin were an extremely rare event [111]; from 1998 to 2000
alone approximately 107 units of 40 g each were administered.

A study compared approximately 7,000 critically ill patients who
either received 4% human albumin or crystalloid solutions (SAFE
study [27]). No serious adverse reactions were reported for the human
albumin group in comparison to the crystalloid solution group.

Hyperoncotic albumin solutions as well as synthetic colloid so-
lutions can cause renal failure in patients with shock [94]. There-
fore, attention must be paid to sufficient hydration.

5.7 Absolute and Relative Contraindications

The only substance-specific contraindication for albumin is an
established allergy against human albumin. As any albumin infu-
sion (e.g. to compensate hypovolemia) simultaneously causes in-
creased intravascular volume, any hypervolemic state is to be con-
sidered a contraindication. Special caution is necessary in patients
with severely restricted cardiac function.

As is true for all volume substitutes, the following contraindica-
tions apply also to human albumin in general:

(1) congestive heart failure,
(2) pulmonary edema,
(3) hypocoagulopathy due to dilution.

5.8 Documentation

The product type, batch number and recipient of human albu-
min must be documented in writing in accordance with section 14
of the German Transfusion Act (Transfusionsgesetz; TFG).

Appendix

The appendix is available at http://content.karger.com/ProdukteDB/
produkte.asp?doi=446043.
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