
Effect of baseline serum albumin concentration on
outcome of resuscitation with albumin or saline in patients
in intensive care units: analysis of data from the saline
versus albumin fluid evaluation (SAFE) study
Saline versus Albumin Fluid Evaluation Study Investigators

Abstract
Objective To determine whether outcomes of
resuscitation with albumin or saline in the intensive
care unit depend on patients’ baseline serum albumin
concentration.
Design Analysis of data from a double blind,
randomised controlled trial.
Setting Intensive care units of 16 hospitals in
Australia and New Zealand.
Participants 6045 participants in the saline versus
albumin fluid evaluation (SAFE) study.
Interventions Fluid resuscitation with 4% albumin or
saline in patients with a baseline serum albumin
concentration of 25 g/l or less or more than 25 g/l.
Main outcome measures Primary outcome was all
cause mortality at 28 days. Secondary outcomes were
length of stay in the intensive care unit, length of stay
in hospital, duration of renal replacement therapy,
and duration of mechanical ventilation.
Main results The odds ratios for death for albumin
compared with saline for patients with a baseline
serum albumin concentration of 25 g/l or less and
more than 25 g/l were 0.87 and 1.09, respectively
(ratio of odds ratios 0.80, 95% confidence interval
0.63 to 1.02); P = 0.08 for heterogeneity. No significant
interaction was found between baseline serum
albumin concentration as a continuous variable and
the effect of albumin and saline on mortality. No
consistent interaction was found between baseline
serum albumin concentration and treatment effects
on length of stay in the intensive care unit, length of
hospital stay, duration of renal replacement therapy,
or duration of mechanical ventilation.
Conclusion The outcomes of resuscitation with
albumin and saline are similar irrespective of patients’
baseline serum albumin concentration.
Trial registration ISRCTN76588266.

Introduction
A Cochrane meta-analysis suggested that albumin for
the treatment of hypovolaemia, hypoalbuminaemia,
and burns in critically ill patients increased the risk of
mortality.1 Subsequently the saline versus albumin fluid
evaluation (SAFE) study reported no important differ-
ence in the overall risk of death for adults given
albumin or saline for fluid resuscitation in intensive
care units.2 3 An updated Cochrane meta-analysis
incorporating data from that study found no evidence
that albumin reduces the risk of mortality in critically ill
patients but a suggestion that it may increase the risk of
death in patients with hypoalbuminaemia and burns.4

We determined whether outcomes of resuscitation
with albumin or saline in the intensive care unit are

influenced by baseline serum albumin concentration
and whether either fluid can be recommended on the
basis of patients’ baseline serum albumin concentra-
tion.

Methods
Details of the saline versus albumin fluid evaluation
study are published elsewhere.2 3 The randomised con-
trolled trial was carried out in the intensive care units
of 16 hospitals in Australia and New Zealand between
November 2001 and June 2003. Adults were randomly
assigned to 4% albumin (Albumex; CSL, Melbourne,
Australia) or normal saline for fluid resuscitation until
death, discharge, or 28 days after randomisation (see
bmj.com for exclusion criteria).

The primary outcome was all cause mortality
within 28 days of randomisation. Secondary outcomes
were length of stay in the intensive care unit and hospi-
tal and duration of mechanical ventilation and renal
replacement therapy.

Statistical analysis
We used �2 tests for categorical variables and t tests or
analysis of variance for continuous variables to assess
the association of baseline variables, including baseline
albumin concentration, with mortality at 28 days. Base-
line covariates were then fitted to logistic regression
models to determine those independently associated
with mortality.

We examined baseline albumin concentration as a
binary variable using a predetermined cut-off ( ≤ 25 g/l
or > 25 g/l), and as a continuous variable. We assessed
the effect of treatment and baseline albumin concen-
tration on 28 day mortality using logistic regression; we
used the interaction between baseline albumin
concentration and treatment to examine whether the
risk of death for those assigned to either treatment was
consistent between different baseline albumin concen-
trations. We carried out the logistic regression without
adjustment for other baseline risk factors, then
adjusted for those covariates significant at the P < 0.10
level. We also examined the heterogeneity of treatment
effect on secondary outcomes.

Results
Data on baseline albumin concentration were available
for 6045 patients, 3014 assigned to albumin. The
distribution of baseline characteristics within each stra-
tum of baseline albumin concentration ( ≤ 25 g/l or
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> 25 g/l) was similar between treatment groups (see
bmj.com).

Overall 2451 (40.5%) patients had a baseline albu-
min concentration of 25 g/l or less (1228 patients
(50.1%) in the albumin group and 1223 patients
(49.9%) in the saline group). Those with a baseline
albumin concentration of 25 g/l or less were older and
were more likely to be admitted to the intensive care
unit after surgery, more likely to have severe sepsis or
acute respiratory distress syndrome, and less likely to
have traumatic brain injury. Severity of illness (acute
physiology and chronic health evaluation score II
score5) was similar for patients in either stratum for
baseline albumin concentration (see bmj.com).

Baseline albumin concentration as a binary and
continuous variable was independently associated with
mortality. Other baseline factors independently associ-
ated with mortality were age, reason for admission to
the intensive care unit, acute physiology and chronic
health evaluation II score, liver and cardiovascular
components of the sequential organ failure assessment
score,6 mechanical ventilation at baseline, and heart
rate (P < 0.10).

After adjusting for baseline risk factors, a baseline
albumin concentration of 25 g/l or less was independ-
ently associated with risk of death (odds ratio 1.30, 95%
confidence interval 1.16 to 1.51). The findings were
similar (table) when baseline albumin concentration
was treated as a continuous variable (odds per 1 g/l
decrease in albumin concentration 1.02, 95% confi-
dence interval 1.01 to 1.03).

Patients assigned to albumin had a higher mean
albumin concentration during the seven days after
randomisation (see bmj.com). This difference was
apparent for patients with a baseline albumin concen-
tration of 25 g/l or less or more than 25 g/l (P < 0.0001
for both). On average, patients assigned to albumin
received a lower daily volume of resuscitation fluid
than patients assigned to saline (see bmj.com).

Patient outcomes
Among patients with a baseline albumin concentration
of 25 g/l or less, deaths occurred in 291 (23.7%)
assigned to albumin and 321 (26.2%) assigned to saline
(odds ratio 0.87, 95% confidence interval 0.73 to 1.05).
In patients with a baseline albumin concentration of
more than 25 g/l, deaths occurred in 353 (19.8%)
assigned to albumin and 334 (18.5%) assigned to saline
(odds ratio 1.09, 95% confidence interval 0.92 to 1.28;
figure and bmj.com). The ratio of the odds ratios for
patients with a serum albumin concentration of 25 g/l
or less and more than 25 g/l was 0.80 (95% confidence
interval 0.63 to 1.02). After adjustment for baseline risk
factors for death (table1), the odds ratios for death of
patients with a serum albumin concentration of 25 g/l
or less and more than 25 g/l were 0.84 and 1.15 (ratio
of odds ratios 0.73, 95% confidence interval 0.55 to
0.97). P values for heterogeneity of treatment effects
between those with a baseline albumin concentration
of 25 g/l or less and more than 25 g/l with and without
adjustment for baseline risk factors were 0.08 and 0.04
(figure and bmj.com). When baseline albumin concen-
tration was treated as a continuous variable, no signifi-
cant interaction was found between concentration and
treatment for 28 day mortality (unadjusted P = 0.73,
adjusted P = 0.94). No significant interaction was found

between baseline albumin concentration and treat-
ment group for length of stay in the intensive care unit,
duration of mechanical ventilation, and renal replace-
ment therapy (P values 0.50, 0.85, and 0.33), but an
interaction of borderline significance was found for
length of hospital stay (P = 0.05 without correction for
multiple hypothesis testing; see bmj.com).

Discussion
Our study does not provide evidence that the effect of
resuscitation with albumin compared with saline in the
intensive care unit is different in patients with different
baseline serum albumin concentrations. Nor does it
provide evidence to support the suggestion that
albumin increases the risk of mortality in patients with
hypoalbuminaemia. When the odds ratios for death
were compared in patients with a baseline serum albu-
min concentration of 25 g/l or less or more than 25 g/l

Multivariate analysis of association of baseline characteristics (including baseline serum
albumin concentration) and assigned group (albumin or saline) with risk of death

Baseline characteristic P value Odds ratio* (95% CI)

Albumin as binary variable:

Age <0.0001 1.030 (1.025 to 1.035)

Source of admission to intensive care unit <0.0001

Acute physiology and chronic health
evaluation II score

<0.0001 1.072 (1.061 to 1.083)

Sequential organ failure assessment score:

Liver component <0.0001 —

Cardiovascular component <0.0001 —

Mechanical ventilation 0.001 1.326 (1.120 to 1.570)

Heart rate <0.0001 1.007 (1.003 to 1.010)

Baseline serum albumin concentration as
binary variable

0.0009 0.772 (0.663 to 0.899)

Albumin v saline group 0.999 1.000 (0.869 to 1.151)

Albumin as continuous variable:

Age <0.0001 1.030 (1.025 to1.034)

Source of admission to intensive care unit <0.0001

Acute physiology and chronic health
evaluation II score

<0.0001 1.072 (1.061 to 1.083)

Sequential organ failure assessment score:

Liver component <0.0001 —

Cardiovascular component <0.0001 —

Mechanical ventilation 0.0008 1.334 (1.126 to 1.580)

Heart rate 0.001 1.006 (1.003 to 1.010)

Baseline serum albumin concentration as
continuous variable

<0.0001 0.979 (0.969 to 0.989)

Albumin v saline group 0.944 0.995 (0.864 to 1.145)

*For age, per one year increase in age; for acute physiology and chronic health evaluation II score, per one
point increase in score; for heart rate, per one beat per minute increase in rate.

All patients
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  concentration >25 g/l

Heterogeneity P=0.08
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Odds ratio (95% CI)Odds ratio (95% CI)

Favours
albumin
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Unadjusted odds ratio (95% confidence interval) of death in all patients and in subgroups
with baseline serum albumin concentration of 25 g/l or less and more than 25 g/l.
(Heterogeneity of treatment effect in subgroups with baseline serum albumin concentration
≤25 g/l v >25 g/l, P=0.08)
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we found only limited evidence that outcomes were
different and this only after correction for baseline risk
factors. When we considered the effect of baseline
serum albumin concentration as a continuous variable
across albumin concentrations, baseline concentration
had no impact on outcome even after correction for
baseline risk factors, suggesting that albumin and
saline produce similar outcomes across the range of
albumin concentrations observed in our study.

A recent meta-analysis (3782 acutely ill adults, chil-
dren, and neonatal patients) assessed the effect of
resuscitation with albumin or other fluids on outcomes
other than mortality. The authors concluded that albu-
min significantly reduced overall morbidity.7 This con-
trasts with the findings of the saline versus albumin
fluid evaluation study in which there were no
significant differences in morbidity in patients resusci-
tated with either fluid.3 In the current analysis we found
no interaction between baseline serum albumin
concentration and resuscitation fluid for length of stay
in the intensive care unit, duration of renal replace-
ment therapy, or duration of mechanical ventilation.
We found borderline evidence that patients with a
baseline serum albumin concentration more than 25
g/l resuscitated with albumin had a shorter hospital
stay. In the absence of any other significant
heterogeneity, we interpret this as a chance finding.

The strengths of our study are the size and
methodological strengths of the saline versus albumin
fluid evaluation study, which contributed 82.8% of the
data for the latest Cochrane meta-analysis.4 8 The
weaknesses are those inherent in subgroup analyses
and that the original study was not primarily designed
to determine the effect of treating hypoalbuminaemia
with albumin—patients received the amount of fluid
the clinician thought necessary to restore or maintain
intravascular volume, not to achieve or maintain a par-
ticular serum albumin concentration. Patients assigned
to albumin maintained higher albumin concentrations
but this was not associated with clear benefit. Although
recognising the limitations of our analysis, the 2004
Cochrane review reported only 637 patients and 86
deaths from10 trials (six in adults) of patients treated
for hypoalbuminaemia.4 Of the 6997 adults in the
saline versus albumin fluid evaluation study, 2451 had
a recorded baseline serum albumin concentration of
25 g/l or less of whom 612 died.

In conclusion, resuscitation with albumin and
saline in the intensive care unit produces similar
patient outcomes irrespective of patients’ baseline
serum albumin concentrations. Although albumin
does not increase the risk of mortality, the evidence is

insufficient to support the routine use of albumin to
maintain or increase intravascular volume in adults
with hypoalbuminaemia in intensive care units.
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What is already known on this topic

Administering albumin may increase the risk of death in critically ill
patients with hypoalbuminaemia

What this study adds

Irrespective of patients’ baseline serum albumin concentration, fluid
resuscitation with albumin or saline produced similar outcomes

Although albumin does not increase the risk of mortality in patients
with hypoalbuminaemia, data do not support its routine use to
maintain or increase intravascular volume in critically ill adults

Endpiece

Western influence in the Holy
Land
In 1306 lawyer Pierre Dubois, an enterprising
political pamphleteer, put forward a scheme for
recovering Western influence in the Holy Land. Let
intelligent, good-looking women be trained as
doctors, be married to Eastern potentates, and use
their talents and positions to gain power. As a
preparation, the women should be educated from
the age of four or five in Latin, Greek, Hebrew,
Arabic, medicine and surgery.

Submitted by Jeremy Hugh Baron, honorary
professorial lecturer, Mount Sinai School of
Medicine, New York
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women’s guide to health. Kent, OH: Kent State

University Press, 1981:1

Research

1046 BMJ VOLUME 333 18 NOVEMBER 2006 bmj.com


