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A bs tr ac t

Background

The Saline versus Albumin Fluid Evaluation study suggested that patients with trau-
matic brain injury resuscitated with albumin had a higher mortality rate than 
those resuscitated with saline. We conducted a post hoc follow-up study of patients 
with traumatic brain injury who were enrolled in the study.

Methods

For patients with traumatic brain injury (i.e., a history of trauma, evidence of head 
trauma on a computed tomographic [CT] scan, and a score of ≤13 on the Glasgow 
Coma Scale [GCS]), we recorded baseline characteristics from case-report forms, clini-
cal records, and CT scans and determined vital status and functional neurologic out-
comes 24 months after randomization.

Results

We followed 460 patients, of whom 231 (50.2%) received albumin and 229 (49.8%) 
received saline. The subgroup of patients with GCS scores of 3 to 8 were classified 
as having severe brain injury (160 [69.3%] in the albumin group and 158 [69.0%] in 
the saline group). Demographic characteristics and indexes of severity of brain in-
jury were similar at baseline. At 24 months, 71 of 214 patients in the albumin group 
(33.2%) had died, as compared with 42 of 206 in the saline group (20.4%) (relative risk, 
1.63; 95% confidence interval [CI], 1.17 to 2.26; P = 0.003). Among patients with se-
vere brain injury, 61 of 146 patients in the albumin group (41.8%) died, as compared 
with 32 of 144 in the saline group (22.2%) (relative risk, 1.88; 95% CI, 1.31 to 2.70; 
P<0.001); among patients with GCS scores of 9 to 12, death occurred in 8 of 50 pa-
tients in the albumin group (16.0%) and 8 of 37 in the saline group (21.6%) (relative 
risk, 0.74; 95% CI, 0.31 to 1.79; P = 0.50).

Conclusions

In this post hoc study of critically ill patients with traumatic brain injury, fluid resus-
citation with albumin was associated with higher mortality rates than was resusci-
tation with saline. (Current Controlled Trials number, ISRCTN76588266.)
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In patients with traumatic brain in-
jury, resuscitation fluids are fundamental com-
ponents of the restoration and maintenance of 

the systemic and cerebral circulations.1,2 There is 
uncertainty about the best choice of fluids due to 
the lack of adequately powered randomized, con-
trolled trials. Consequently, both crystalloid-based 
and colloid-based resuscitation strategies have been 
advocated.3,4

The Saline versus Albumin Fluid Evaluation 
(SAFE) study compared the effect of fluid resusci-
tation with albumin or saline on mortality in a 
heterogeneous population of patients in intensive 
care units (ICUs).5 Overall, the study showed no 
significant difference in the risk of death among 
patients who received albumin as compared to 
those who received saline. There was evidence of 
heterogeneity of treatment effects among patients 
who did and those who did not have a diagnosis 
of trauma; this evidence resulted from an in-
creased number of deaths among patients with 
traumatic brain injury who received albumin.5

The clinical significance of these observations 
in patients with traumatic brain injury was uncer-
tain for two main reasons. First, the SAFE study 
did not collect sufficiently detailed data to dem-
onstrate that baseline factors known to influence 
outcome from traumatic brain injury were simi-
lar for patients assigned to albumin and for those 
assigned to saline. Second, the primary outcome 
of the SAFE study was the rate of death within 
28 days after randomization, whereas current con-
sensus recommendations cite mortality and func-
tional neurologic outcomes between 6 and 24 
months as appropriate outcome measures after 
traumatic brain injury.6,7

Because of the potential significance of the 
main results of the SAFE study, we undertook a 
post hoc follow-up study of patients from the 
SAFE study who had traumatic brain injury (the 
SAFE–TBI study). The aims of the study were to 
document baseline characteristics that are known 
to influence outcomes from traumatic brain injury 
in the albumin and saline groups and to compare 
death and functional neurologic outcomes in the 
two groups 24 months after randomization.

Me thods

Study design

A detailed description of the SAFE study design 
has been published previously.8 In brief, the dou-

ble-blind, randomized, controlled trial was con-
ducted in multidisciplinary ICUs of 16 hospitals 
in Australia and New Zealand between November 
2001 and June 2003. Eligible adult patients were 
randomly assigned to receive either 4% albumin 
(Albumex, CSL) or normal saline for all fluid re-
suscitation in the ICU until death, discharge, or 
28 days after randomization. Randomization was 
stratified by a diagnosis of trauma (defined as an 
injury to the body caused by mechanical forces, 
excluding burns). Traumatic brain injury was de-
fined as a diagnosis of trauma plus a score of 13 
or less on the Glasgow Coma Scale (GCS)9 at first 
hospital presentation and an abnormality on a 
computed tomographic (CT) scan of the head con-
sistent with traumatic brain injury.

In the SAFE–TBI study, we identified all pa-
tients with traumatic brain injury from the SAFE 
study database. We included the patients presented 
in the main SAFE study report plus any additional 
patients with a diagnosis of head injury that was 
recorded on admission to the hospital as a com-
ponent of the Acute Physiology and Chronic Health 
Evaluation (APACHE) II score.10 We reviewed the 
clinical records and CT scans to confirm that all 
patients satisfied the SAFE–TBI study criteria. The 
study protocol was approved by the ethics com-
mittees of all participating institutions. Written 
informed consent was obtained from the patient, 
whenever possible, or from a legal surrogate.

We collected data from case-report forms, 
clinical records, and CT scans from the SAFE study 
to determine baseline demographic characteristics, 
severity of injury, and brain-specific variables asso-
ciated with neurologic outcomes. Finally, we deter-
mined prospectively the vital status and functional 
neurologic outcomes 24 months after random-
ization. In June 2005, data collection concluded, 
2 years after the final patient was recruited into the 
SAFE study. All data collectors and trained asses-
sors were unaware of the treatment assignment.

Baseline assessment

We obtained baseline information on age, sex, 
and the severity of the illness and the injury. The 
APACHE II score10 was calculated from worst val-
ues in the 24 hours before randomization, and the 
Abbreviated Injury Scale (1990 revision with 1998 
update)11 was calculated by trained assessors.

The indexes specific to brain injuries that we 
used were the last recorded GCS score before 
randomization (while the patient was not sedat-
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