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Objective: To test the hypothesis that administration of albumin to correct hypoalbuminemia might have beneficial effects on
organ function in a mixed population of critically ill patients.
Design: Prospective, controlled, randomized study.
Setting: Thirty-one-bed, mixed medicosurgical department of
intensive care.
Patients: All adult patients with a serum albumin concentration
<30 g/L were assessed for eligibility. Principal exclusion criteria
were expected length of stay <72 hrs, life expectancy <3 months
or a do-not-resuscitate order, albumin administration in the preceding 24 hrs, or evidence of fluid overload.
Interventions: The 100 patients were randomized to receive
300 mL of 20% albumin solution on the first day, then 200 mL/day
provided their serum albumin concentration was <31 g/dL (albumin group), or to receive no albumin (control group).
Measurements and Main Results: The primary outcome was the
effect of albumin administration on organ function as assessed by a
delta Sequential Organ Failure Assessment score from day 1 to day
7 (or the day of intensive care discharge or death, whichever came

H

ypoalbuminemia occurs
commonly in the intensive
care unit (ICU) and may be
due to decreased synthesis
by the liver and/or to increased losses,
either internally (in the interstitium as a
result of increased capillary permeability)
or externally (through blood losses or exudates or increased proteolysis and clear-
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first). The two groups of 50 patients were comparable at baseline for
age, gender, albumin concentration, and Acute Physiology and
Chronic Health Evaluation II score. Albumin concentration did not
change over time in the control group but increased consistently in
the albumin group (p < .001). Organ function improved more in the
albumin than in the control group (p ⴝ .026), mainly due to a
difference in respiratory, cardiovascular, and central nervous system
components of the Sequential Organ Failure Assessment score. Diuretic use was identical in both groups, but mean fluid gain was
almost three times higher in the control group (1679 ⴞ 1156
vs. 658 ⴞ 1101 mL, p ⴝ .04). Median daily calorie intake was
higher in the albumin than in the control group (1122 [935–1158]
vs. 760 [571–1077] kcal, p ⴝ .05).
Conclusions: Albumin administration may improve organ function in hypoalbuminemic critically ill patients. It results in a less
positive fluid balance and a better tolerance to enteral feeding.
(Crit Care Med 2006; 34:2536–2540)
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ance) (1). The administration of albumin
solutions to correct hypoalbuminemia has
been debated over the years as it is not clear
if hypoalbuminemia is simply a marker of
the severity of disease or is causally linked
to the development of complications. Moreover, albumin administration may have
deleterious effects including altered coagulation, altered renal function, decreased
myocardial contractility, immunosuppression, and worsened edema due to the passage of albumin into the interstitial compartment (2, 3).
The now famous Cochrane meta-analysis of clinical trials addressing albumin administration in the critically ill (4) indicated that the relative risk of death after
albumin administration was 1.68 (95%
confidence interval 1.26 –2.23) in all patients and 1.69 (1.07–2.67) in hypoalbuminemic patients. A more recent metaanalysis on albumin administration showed

no increased mortality rate in patients regardless of the indication for receiving it
(5), although a recent observational study
of 3,147 acutely ill patients (6) reported
that albumin administration was independently associated with a lower 30-day survival, using a Cox proportional hazard
model, and that, in 339 pairs matched according to a propensity score, ICU and hospital mortality rates were higher in patients
who received albumin than in those who
did not. However, the Saline vs. Albumin
Fluid Evaluation (SAFE) study, an Australian randomized controlled trial that recruited ⬎7,000 patients, showed no differences in outcome between patients treated
with 4% albumin as their resuscitation
fluid and those receiving saline (7).
The question of whether to administer
albumin in hypoalbuminemic patients,
however, remains largely unanswered. It
is difficult to imagine how hypoalbuminCrit Care Med 2006 Vol. 34, No. 10

emia could be beneficial. For example,
hypoproteinemia has been shown to correlate with the development of acute respiratory distress syndrome and other
complications (8), and hypoalbuminemia
has been associated with worse outcomes
from cardiac surgery (9). Indeed, a metaanalysis of 90 cohort studies and nine
prospective controlled studies showed
that hypoalbuminemia was an independent predictor of poor outcome (10). This
association between hypoalbuminemia
and poor outcome appeared to be independent of both nutritional status and
inflammation. Analysis of serum albumin
concentration in the controlled trials of
albumin therapy suggested that complication rates may be reduced when the
serum albumin concentration reached
during albumin administration exceeds
30 g/L (10). Also of concern is that mortality, the usual end point of these trials,
may be insensitive in a critical care setting (11), and many have argued that
morbidity may be a more sensitive end
point. In a recent multiple-center trial
(12), 40 mechanically ventilated patients
with acute lung injury or acute respiratory distress syndrome who had total protein concentrations ⬍6.0 g/dL were randomized to receive furosemide with
placebo or furosemide with albumin for
72 hrs. Patients who received albumin
had improved oxygenation, with greater
net negative fluid balance and better
maintenance of hemodynamic stability.
In this pilot study, we used the concept of delta Sequential Organ Failure
Assessment (SOFA) (13), recently also
used to assess effects of activated protein

C on organ function in patients of the
PROWESS study (14), to assess the effects of albumin therapy on morbidity,
and we prospectively tested the hypothesis that administration of albumin to correct hypoalbuminemia might have beneficial effects on organ function in a mixed
population of critically ill patients.

METHODS
Experimental Design and Study Organization. This prospective, controlled, randomized, open, single-center study was performed
in the 31-bed Department of Intensive Care of
the Erasme Hospital, the academic hospital of
the Free University of Brussels. Every patient
hospitalized in the department with a serum
albumin concentration ⱕ30 g/L was assessed
for eligibility. Exclusion criteria were age ⬍18
yrs, expected length of stay ⬍72 hrs (as assessed by the admitting physician), life expectancy ⬍3 months (as assessed by the admitting
physician) or a do-not-resuscitate order, previous adverse reaction to the administration
of albumin, administration of albumin in the
preceding 24 hrs, or the presence of any of
the following: fluid overload (as assessed by the
admitting physician), acute head injury with a
Glasgow Coma Scale score ⬍7, end-stage liver
disease, third degree-burn, nephrotic syndrome,
and need for plasmapheresis.
The protocol was approved by the Hospital
Ethics Committee, which felt that written informed consent was not necessary in view of
the clear lack of evidence for or against albumin administration in this situation. However,
an information sheet describing the study was
given to the patients or their relatives explaining that they were free to withdraw from the
study at any time.
Randomization. Eligible patients were randomized in a 1:1 ratio using sealed envelopes.

When a patient was assigned to one group, he
or she remained in that group whether or not
he or she received the planned treatment (intention-to-treat analysis).
Treatment. As part of their standard fluid
management, patients randomized to the albumin group received 300 mL of 20% albumin
solution (furnished by the Plasma Protein
Therapeutics Association, Brussels, Belgium)
on day 1 and 200 mL on subsequent days, each
unit being given over a 2- to 3-hr period,
provided that their serum albumin concentration was ⬍31 g/L. Serum albumin was measured daily (by immunonephelometry); if it
was ⬎31 g/L, albumin was not administered
but was given as soon as the albumin level was
below this target value. The administration of
albumin was restricted to emergency use in
the control patients, who received Ringer’s
lactate as their standard fluid. In both groups,
synthetic colloids were avoided. Blood components such as blood and fresh frozen plasma
were given when needed. Diuretics were used
as indicated. Enteral nutrition was started as
soon as possible to meet a 20- to 30-kcal/kg/
day goal.
End Points. The primary outcome of the
study was to determine whether albumin,
given to correct hypoalbuminemia, could improve organ dysfunction as assessed by a
change in the SOFA score (15) (Table 1) from
baseline to day 7 (or before if the patient was
discharged from the ICU or died). Secondary
outcomes were the mortality rate at day 28;
organ dysfunction as assessed by SOFA score
at days 14, 21, and 28; the ICU length of stay;
use of diuretics; fluid balance; and mean caloric intake from days 1 to 7.
Data Collection. Demographic data (age
and gender) and Acute Physiology and
Chronic Health Evaluation II (16) and SOFA
scores were obtained at randomization. Data
needed to compute the SOFA score were re-

Table 1. The Sequential Organ Failure Assessment (SOFA) score (15)
SOFA Score

0

1

2

3

4

Respiration, Pao2/FIo2,
mm Hg
Coagulation, platelets ⫻
103/mm3
Liver, bilirubin,
mg/dL (mol/L)
Cardiovascular,
hypotension

⬎400

ⱕ400

ⱕ300

ⱕ200

ⱕ100

⬎150

ⱕ150

ⱕ100

ⱕ50

ⱕ20

1.2–1.9 (20–32)

2.0–5.9 (33–101)

6.0–11.9 (102–204)

⬎12.0 (⬎204)

MAP ⬍70 mm Hg

13–14

Dopamine ⱕ5 or
dobutamine
(any dose)a
10–12

Dopamine ⬎5 or
epinephrine ⱕ0.1 or
norepinephrine ⱕ0.1a
6–9

Dopamine ⬎15 or
epinephrine ⬎0.1 or
no repinephrine ⬎0.1a
⬍6

1.2–1.9 (110–170)

2.0–3.4 (171–299)

3.5–4.9 (300–440)

⬎5.0 (⬎440)

or ⬍500 mL/day

or ⬍200 mL/day

With Respiratory Support

Central nervous system,
Glasgow Coma Scale
score
Renal, creatinine,
mg/dL, (mol/L)
Or urine output

⬍1.2 (⬍20)
No hypotension

15
⬍1.2 (⬍110)

MAP, mean arterial pressure.
Adrenergic agents administered for ⱖ1 hr (doses given are in g/kg/min).

a
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corded daily for the first 7 days and then on
days 14, 21 and 28. They included PaO2 and
FIO2 (to calculate PaO2/FIO2 ratio), platelet
count, bilirubin concentration, mean arterial
pressure and need for vasoactive drugs, Glasgow Coma Scale score, creatinine concentration, and urine output. In addition, use of
diuretics and caloric intake were recorded
daily for the first 7 days following inclusion.
ICU length of stay was also noted and patients
were followed up to day 28 for mortality. Adverse effects related to albumin administration
presenting at any time during the study period
were assessed and noted.
Statistical Analysis. All data were analyzed
on an intent-to-treat basis. Data are expressed
as mean (and SD or confidence interval). Student’s t-test was used to compare difference
between groups for the continuous variables
and Fisher’s exact test for categorical variables. For the primary outcome, namely the
change in SOFA scores, the independent Student’s test was confirmed by a nonparametric
test (Mann-Whitney’s test).
A p value ⬍.05 was needed for statistical
significance.

change in the control group but rapidly
increased in the albumin group from days
1 to 7 (Fig. 1).
SOFA and Sub-SOFA Scores. The
delta SOFA, established from the last and
baseline SOFA values (Table 3), was
greater in the albumin group than in the
control group (3.1 vs. 1.4 vs. p ⫽ .03), a
difference mainly due to respiratory
(PaO2/FIO2 ratio), cardiovascular, and central nervous system components. The respiratory score component increased significantly from baseline to last SOFA in
the albumin group (215 ⫾ 59 to 257 ⫾
62) compared with the control group
(238 ⫾ 73 to 248 ⫾ 66, p ⫽ .0058). For
the cardiovascular score component, patients in the albumin group showed a
decrease from 1 to 0 that was statistically
different from the control group (0 – 0,
p ⫽ .01). For the central nervous compo-

Table 2. Baseline characteristics of patients in albumin and control groups

RESULTS
Enrollment and Patients at Baseline.
During a 9-month period (March to December 2001), 1,985 consecutive ICU patients were screened, of whom 1,880 were
not enrolled because they had at least one
exclusion criteria: 887 (47%) were not hypoalbuminemic on admission or during
their stay, 506 (27%) had an expected
length of stay ⬍72 hrs, 179 (10%) had a
medical condition precluding inclusion (73
with fluid overload, 30 with acute head injury with a Glasgow Coma Scale score ⬍7,
25 with end-stage liver disease, and 51 with
other diagnoses), 140 (7%) had a life expectancy ⬍3 months or a do-not-resuscitate order, 89 (5%) were ⬍18 yrs old, and
79 (4%) had received albumin in the previous 24 hrs. Of the 105 remaining patients, five had an albumin concentration
⬎30 g/L and were immediately excluded.
Patients were comparable at baseline
in terms of age, gender, type of admission, Acute Physiology and Chronic
Health Evaluation II and SOFA scores,
and albumin serum concentration (Table
2). There was no difference in the number of red blood cell transfusions between
the groups during the study period (albumin group, 2.3 ⫾ 1.2 units packed red
blood cells; control group, 2.5 ⫾ 1.4 units;
p ⫽ not significant).
Albumin Serum Concentration. The
mean amount of albumin received by the
treatment group was 111 ⫾ 12.5 g/day.
Albumin serum concentration did not
2538

nent, Glasgow Coma Scale score increased from 13 to 15 (p ⫽ .03) in the
albumin group compared with 14 to 15 in
the control group (p ⫽ .48)
Secondary End Points. Twelve (24%)
patients in the albumin group and 15
patients (30%) in the control group died
during the 28-day study period (p ⫽ .65).
No differences in organ function were
noted at days 14, 21, and 28, but only 23,
14, and 3 patients, respectively, were still
part of the study at these times, the rest
having died or been discharged. The
length of stay was 8 ⫾ 2 days in the
albumin group and 7 ⫾ 2 days in the
control group (p ⫽ .13).
The use of diuretics was identical in
both groups (1.5 days in the control
group vs. 1 day in the albumin group, p ⫽
.87), but the mean daily fluid gain was
almost three times higher in the control

Age, yrs
Gender, male/female, n
Type of admission
Medical, n (%)
Surgical, n (%)
APACHE II score
SOFA score
Receiving mechanical ventilation, %
Receiving vasopressor agents, %
Albumin, g/L

Control Group
(n ⫽ 50)

Albumin Group
(n ⫽ 50)

65.2 ⫾ 13.7
30/20

63.0 ⫾ 14.3
31/19

28 (56)
22 (44)
21.3 ⫾ 11.8
5.7 ⫾ 0.8
78
44
23.7 ⫾ 3.7

29 (58)
21 (42)
22.4 ⫾ 10.6
6.3 ⫾ 0.8
80
48
23.2 ⫾ 4.4

p Value
.43
1.00
1.00
.63
.31
1.00
.66
.47

APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure
Assessment.
Data are expressed as mean ⫾ SD for age, APACHE II and SOFA scores, and serum albumin
concentration.

Figure 1. Serum albumin concentration (in g/L ⫾ SD) from day 1 to day 7. Triangles, albumin group;
squares, control group. *p ⬍ .001.
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Table 3. Baseline, last, and delta Sequential Organ Failure Assessment (SOFA) values in control and
albumin groups
Control Group
(n ⫽ 50)

Albumin Group
(n ⫽ 50)

p Value

5.7 ⫾ 0.8
4.6 ⫾ 1.2
1.4 ⫾ 1.1

6.3 ⫾ 0.8
4.1 ⫾ 1.1
3.1 ⫾ 1.0

.31
.65
.03

Baseline SOFA
Last SOFA
Delta SOFA

Last SOFA, SOFA score at day 7 or before if patient discharged or died; delta SOFA, difference
between baseline and last SOFA.
Data are expressed as mean ⫾ SD.

group than in the albumin group (1679 ⫾
1156 vs. 658 ⫾ 1101 mL, p ⫽ .04).
The median daily caloric intake (nonnormal distribution) was higher in the
albumin group than in the control group
(1122 [935–1158] vs. 760 [571–1077]
kcal, p ⫽ .05).
Adverse Events and Crossover. One
patient in the albumin group developed
pulmonary edema on day 1 of randomization that was attributed to a concurrent
acute coronary syndrome; he responded
well to diuretics and was later discharged
to the ward.
Only one patient in the control group
received albumin because of profound hypoalbuminemia (17 g/L) and an inadequate hemodynamic response to crystalloid infusion.

DISCUSSION
The present pilot study suggests that
administration of hyperoncotic albumin to
hypoalbuminemic critically ill patients may
lead to an improvement in organ function.
Many studies have been conducted on the
correction of hypoalbuminemia in various
populations including newborns (17–20),
patients receiving total parenteral nutrition
(21–23), and surgical patients (24, 25).
These small studies dealt with mortality as
an end point and showed no benefit with
albumin administration. Here we focused
on the effects of albumin administration on
morbidity and specifically on organ dysfunction, rather than on mortality, in critically ill patients with hypoalbuminemia.
As expected, patients in both groups experienced an improvement in organ function, but the improvement was greater in
the albumin group, particularly for the
respiratory, cardiovascular, and central
nervous system components of the SOFA
score. We found a lesser positive fluid
balance in the albumin group. This observation is supported by recent results
from Martin and colleagues (12), who
also showed better hemodynamic stabilCrit Care Med 2006 Vol. 34, No. 10

ity and PaO2/FIO2 ratios in hypoproteinemic patients with acute lung injury or
acute respiratory distress syndrome who
received furosemide plus albumin compared with those who received furosemide plus normal saline. Also of interest, albumin administration has been
shown to prevent decreased cardiomyocyte contractility in an endotoxemic
model (26) and to improve neurologic
function and decrease brain edema following cerebral ischemia (27). Our study
also suggests better tolerance to enteral
feeding in patients who received albumin
resulting in greater daily caloric intake.
Hypoalbuminemia has been associated
with intolerance to enteral feeding due to
mucosal interstitial edema (28) and the
greater associated incidence of diarrhea
(29, 30).
In healthy patients, albumin contributes up to 80% of the normal colloid
oncotic pressure (COP). In critically ill
patients, COP is reduced, in part due to
hypoalbuminemia occurring as a result of
movement of albumin from the vascular
to interstitial space during acute inflammation. Since the classic experiments by
Guyton et al. (31), it has been well established that a low oncotic pressure is an
important factor for the development of
edema when hydrostatic pressure is elevated, as is commonly observed in the
critically ill patient. Correcting hypoalbuminemia with hyperoncotic 20% albumin
infusions may thus be expected to mobilize interstitial fluid and improve organ
function compared with patients who receive crystalloid only therapy. Indeed, the
fluid gain was greater in the control
group than in the albumin treated group,
and one explanation for the observed effects on organ function may be that they
were due to the effects of albumin on
COP and may equally have been seen with
an artificial colloid solution. However,
the relation between COP and serum albumin concentration is not straightforward (32), and albumin possesses other

effects besides its action on oncotic pressure. As a binder of endogenous and exogenous substances, albumin can influence the plasma levels of drugs (33),
including antibiotics (34) and anticoagulants (35). Albumin also possesses antioxidant and scavenger properties in part by
its potential to replete thiol stores (36 –
38), and it can modulate apoptosis (39,
40). Albumin administration may also
improve microcirculatory blood flow, increase mesenteric blood flow, decrease
leukocyte rolling and adherence, and reduce the inflammatory response (41).
Few studies have looked at the clinical
relevance of these properties, and in this
pilot study we did not examine markers of
inflammation or microcirculatory blood
flow. Nevertheless, these characteristics
of albumin may help explain the possible
benefits observed following correction of
hypoalbuminemia. Comparison of albumin infusion with an artificial colloid solution may have helped tease out whether
the effects observed were due simply to
the influence of albumin on COP or to
some of its other qualities.
The pharmacoeconomic dimension of
albumin administration was not studied
in this pilot study. However, it is reasonable to think that even if albumin solutions are expensive, they may be costeffective if they can influence organ
dysfunction (42), as was shown here.
However, albumin administration did not
influence length of stay in this pilot
study.
Albumin administration has been
shown to be as safe as saline when used as
a resuscitation fluid in critically ill patients. The recent SAFE trial (7), a multiple-center, randomized, double-blind
study that included almost 7,000 patients, showed no difference in outcome
when a 4% albumin solution was compared with normal saline as the standard
resuscitation fluid. One may argue that
there was no beneficial effect either, but
the study was not designed to investigate
possible beneficial effects of albumin and
the amount of study fluid was relatively
limited. However, the somewhat lower
mortality rate in the subgroup of septic
patients who received albumin may be an
indication that in such patients, who are
more likely to be hypoalbuminemic, albumin administration may be beneficial.
The current pilot study also suggests that
in the specific group of hypoalbuminemic
critically ill patients, albumin may have
beneficial effects on organ function, although the exact mechanisms remain
2539

undefined. A larger trial is needed to extend these observations and to indicate
whether albumin should be viewed more
as a replacement or substitutive therapy
than a resuscitative fluid.

15.
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