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Albumin Resuscitation for Traumatic Brain Injury:
Is Intracranial Hypertension the Cause

of Increased Mortality?

D. James Cooper,1,2 John Myburgh,3–5, Stephane Heritier,3,6 Simon Finfer,3,6,7 Rinaldo Bellomo,2,8,9

Laurent Billot,3 Lynette Murray,2 Shirley Vallance,1 the SAFE-TBI Investigators,
and the Australian and New Zealand Intensive Care Society Clinical Trials Group

Abstract

Mortality is higher in patients with traumatic brain injury (TBI) resuscitated with albumin compared with saline, but the

mechanism for increased mortality is unknown. In patients from the Saline vs. Albumin Fluid Evaluation (SAFE) study

with TBI who underwent intracranial pressure (ICP) monitoring, interventional data were collected from randomization to

day 14 to determine changes in ICP (primary outcome) and in therapies used to treat increased ICP. Pattern mixture

modelling, designed to address informative dropouts, was used to compare temporal changes between the albumin and

saline groups, and 321 patients were identified, of whom 164 (51.1%) received albumin and 157 (48.9%) received saline.

There was a significant linear increase in mean ICP and significantly more deaths in the albumin group compared

with saline when ICP monitoring was discontinued during the first week (1.30 – 0.33 vs. - 0.37 – 0.36, p = 0.0006;

and 34.4% vs. 17.4%; p = 0.006 respectively), but not when monitoring ceased during the second week (- 0.08 – 0.44

vs. - 0.23 – 0.38, p = 0.79; and 18.6% vs. 12.1%; p = 0.36 respectively). There were statistically significant differences in

the mean total daily doses of morphine (- 0.42 – 0.07 vs. - 0.66 – 0.0, p = 0.0009), propofol (- 0.45 – 0.11 vs. - 0.76 – 0.11;

p = 0.034) and norepinephrine (- 0.50 – 0.07 vs. - 0.74 – 0.07) and in temperature (0.03 – 0.03 vs. 0.16 – 0.03; p = 0.0014)

between the albumin and saline groups when ICP monitoring ceased during the first week. The use of albumin for

resuscitation in patients with severe TBI is associated with increased ICP during the first week. This is the most likely

mechanism of increased mortality in these patients.
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Introduction

Fluid resuscitation to restore the systemic and cerebral

circulations is a fundamental component in the hemodynamic

management of patients with traumatic brain injury (TBI).1 We

previously demonstrated that patients with severe TBI resuscitated

in the intensive care unit (ICU) with 4% albumin had a significant

(19.6%) increase in death at 2 years compared with patients re-

suscitated with 0.9% saline.2 In order to identify potential biolog-

ical mechanisms for these observations, we hypothesized that the

increase in mortality associated with albumin was primarily related

to the development of increased intracranial pressure (ICP), and/or

adverse effects of therapies used to treat increased ICP. A second

hypothesis was that albumin may have caused a coagulopathy re-

sulting in secondary intracranial hemorrhage.

Methods

Study design

This study was an additional post-hoc analysis of a subgroup of
patients with TBI who were randomized into a prospective, blinded
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randomized controlled trial (the Saline vs Albumin Fluid Evalua-
tion [SAFE] Study).3

In brief, the SAFE study was a 6997 patient, double-blind,
randomized, controlled trial conducted in multidisciplinary ICUs in
Australia and New Zealand between November 2001 and June
2003. Eligible adult patients were randomly assigned to receive
either 4% albumin (Albumex �, CSL, Melbourne, Australia) or
normal (0.9%) saline for all fluid resuscitation in the ICU until
death, discharge, or 28 days after randomization. Randomization
was stratified by a diagnosis of trauma. TBI was defined as a di-
agnosis of trauma plus a Glasgow Coma Scale (GCS) score of £ 134

at first hospital presentation plus an abnormality on a cranial
computed tomographic (CT) scan consistent with TBI.

We had previously identified 460 patients with TBI from the
SAFE study database and prospectively determined their mortality
2 years after randomization into the SAFE study (SAFE-TBI).2 For
this additional study, we identified patients from the SAFE-TBI
data set who underwent ICP monitoring, and retrospectively col-
lected additional data from patient records to determine potential
mechanisms associated with the development and treatment of
raised ICP and with mortality.

The study protocol was approved by the ethics committee of
each participating institution.

Outcome measures

The primary outcome measure was the mean change in ICP from
randomization to 14 days post-randomization.

Secondary outcome measures were indices of intracranial
mechanisms associated with the development of increased ICP
(intracranial hemorrhage associated with coagulopathy or pro-
gression of diffuse axonal injury on CT appearance); and indices of
therapies directed at preventing or treating increased ICP (use of
vasopressors, sedatives, and intravenous anesthetic agents; induced
hypothermia; osmotherapy and hyperventilation).

Data captured

Data relating to ICP monitors included end-hourly measure-
ments of ICP,5 and daily volumes of cerebrospinal fluid drained
from external ventricular drains. Daily measures of coagulation
included highest activated partial thromboplastin time (APTT),
international normalized ratio (INR), and lowest platelet count.
Comparisons of CT scans taken before and after randomization
were scored using the Marshall classification6 by a neuroradiologist
blinded to treatment allocation.

Data relating to the interventional measures included end-hourly
measurements of mean arterial pressure, temperature, arterial car-
bon dioxide tension, and serum sodium concentration; and total
daily doses of sedatives (opiates and benzodiazepines), intravenous
anesthetic agents (barbiturates and propofol), vasopressors (nor-
epinephrine), neuromuscular relaxants, and hypertonic saline.

All data collectors and assessors were blinded to treatment
assignment.

The study was endorsed by the Australian and New Zealand
Intensive Care Society Clinical Trials Group. Trial design, site, and
data management and statistical analysis were conducted by the
Management Committee in collaboration with methodologists and
statisticians at the Australian and New Zealand Intensive Care
Research Centre (School of Public Health and Preventive Medi-
cine, Monash University, Melbourne, Australia) and the George
Institute for Global Health (Sydney, Australia). The authors accept
final responsibility for the integrity of the manuscript.

Statistical analysis

Analyses were conducted on an intention-to-treat basis and were
unadjusted, except where indicated. No imputation for missing values
was done. All tests were two sided with a nominal value of a = 0.05.

Discrete variables were summarized by frequencies and per-
centages; continuous variables by mean – standard deviation (SD)
or median – interquartile range (IQR) where appropriate. Uni-
variate analysis was performed using v2 tests for equal proportions,
Student t tests for normally distributed outcomes, and Wilcoxon
tests where appropriate.

Initially, a blind review of individual patient profile plots assigned
to each treatment arm, including differentiating patterns for patients
who died from those who survived, was conducted. This exercise
defined the evolution of individual patients’ data, particularly when
variables ceased to be collected (the informative dropout period).7

For the primary outcome measure, standard descriptive analyses of
changes in mean ICP over time were conducted, followed by repeated
measures analysis based on a linear mixed model with random in-
tercept.8 Mean ICP and data associated with treatments on prescribed
study days (day 3, 7, 14) were presented as summary data.

Thereafter, pattern mixture models were applied to account for
informative dropouts in ICP.7,9,10 Two dropout patterns of the ICP
response were identified from individual profile plots classified by
the last day of ICP measurement: during days 1–7 and days 8–14
after randomization. Changes in the respective slopes of the

Table 1. Baseline Characteristics of the Patients

Variable
Albumin
(n = 164)

Saline
(n = 157)

Age - years 37.8 – 17.4 36.0 – 15.8
Age > 55 years (%) 18.9 12.1
Male (%) 75.6 70.7

Injury severity
APACHE II - median (IQR) 21.0 (17–25) 20.0 (16–24)
Abbreviated ISS 29.8 – 10.2 29.4 – 10.3

Physiological measures
Mean arterial pressure – mmHg 82.3 – 12.9 84.8 – 14.2
Heart rate – beats/min 84.8 – 19.8 86.8 – 19.9
Central venous pressure – mmHg 7.2 – 3.2 7.1 – 3.2
Serum albumin – g/L 30.5 – 7.6 31.7 – 6.8

Glasgow Coma Scores (GCS)
Median (IQR) 6 (4–8) 6 (4–8)
Motor score median (IQR) 4 (2–5) 4 (2–5)
GCS 3–8 (%) 77.4 77.1
GCS 9–12 (%) 17.1 15.9
GCS 12–13 (%) 5.5 7.0

CT Scan scores (Marshall
et al., 1992)

Diffuse injury II (swelling) (%) 42.1 42.7
Diffuse injury III (cisternal

compression) (%)
14.6 16.6

Diffuse Injury IV (midline shift)
(%)

4.9 3.8

Non-evacuated mass lesion (%) 25.6 23.6
Evacuated mass lesion 4.9 4.5
Traumatic subarachnoid

hemorrhage (%)
47.0 47.1

Intracranial pressure measurements
Pre-randomization ICP

> 20mmHg –n/N (%)
11/108 (10.2) 11/113 (9.7)

ICP on insertiona – mmHg 15.0 – 12.9 12.5 – 7.2

Data are presented as mean – standard deviation, unless specified
otherwise.

aIncludes some post-randomization measurements.
APACHE II, Acute Physiology and Chronic Health Evaluation (Knaus

et al., 1985); ISS, Injury severity score (Baker et al., 1974); GCS, Glasgow
Coma Score; ICP, intracranial pressure; IQR, interquartile range.
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unadjusted mean ICP over time were determined, and differences
between each of the treatment arms was compared.

The same analyses adjusting for the same covariates described in
the SAFE-TBI study (age > 60 years,11post-resuscitation GCS
£ 8,12 pre-randomization mean arterial pressure < 50 mm Hg,13

and CT evidence of traumatic subarachnoid hemorrhage14) and
significant differences in baseline were conducted.

For the secondary outcome measures, a similar hierarchy of
analyses was conducted, but some variables required a quadratic
term to be added to the pattern mixture models when clear patterns
from profile plots emerged.7

CT scan scores performed before and after randomization were
scored using the Marshall classification (where a score of two in-
dicates swelling, three indicates compression, and four indicates
midline shift in the absence of intracranial mass lesions).6 A three
level outcome of the score indicating no change (stability), an
improvement in score (regression), and deterioration (progression)
was determined by logistic regression and modelled by ordinal
logistic regression. A common odds ratio (OR) for progression
versus stability/regression and stability/progression versus regres-
sion was determined.15

Results

From the SAFE-TBI database of 460 patients, 321 (69.7%) pa-

tients underwent ICP monitoring and were included in this study.

Of these, 164/321 (51.1%) were assigned to receive albumin and

157/321 (48.9%) were assigned to receive saline.

There were no statistically significant differences in baseline

demographics between the two groups (Table 1).

Mean daily ICP measurements for the whole cohort are shown in

Figure 1. No significant differences between the albumin or saline

groups were demonstrated from randomization to 14 days post-

randomization ( p = 0.16).

Least-square mean ICP values based on the missing-at-random

analysis demonstrated a statistically significant difference between

albumin and saline at the end of day 7 (19.2 – 1.07 vs. 15.4 – 1.06 mm

Hg, p = 0.01), but no difference at day 3, at day 14, or overall was

observed.

Of the 321 patients, ICP monitoring was discontinued during the

first week (days 1–7) in 116 patients in the albumin group and on 92

patients in the saline group; of these 40/116 (34.4%) and 16/92

(17.4%) had died in the albumin and saline groups, respectively

(relative risk [RR] 1.98, 95% confidence interval [CI] 1.22–3.22,

p = 0.006). Of these patients, 27/40 in the albumin group and 10/16

in the saline group had ICP measurements > 20 mm Hg (RR 1.08,

95% CI 0.70–1.67, p = 0.72).

ICP monitoring was discontinued during the second week (days

8–14) in 43 patients in the albumin group and 58 patients in the

saline group; of these 8/43 (18.6%) and 7/58 (12.1%) died in each

group (RR 1.54, 95% CI 0.61–3.90, p = 0.36).

For patients for whom ICP monitoring had ceased during the 1st

and 2nd weeks, profile plots displaying changes in individual pa-

tient and mean ICP over time for each treatment arm are shown in

Figure 2. There was no difference in the mean ICP at baseline

(represented by the intercepts on the graphs) between the groups in

which ICP monitoring had ceased during the 1st week (16.6 – 1.01

vs. 17.0 – 1.14 mm Hg; p = 0.76) or during the 2nd week (16.0 – 1.56

vs. 17.22 – 1.35 mm Hg; p = 0.55). However, there was a statistically

significant increase in the slope of mean ICP in the albumin group

compared with the saline group in patients for whom ICP monitoring

had ceased during the 1st week (1.30–0.33 vs. - 0.37–0.36;

p =0.0006), but not during the 2nd week (-0.08–0.44 vs. - 0.23–0.38;

p =0.79).

Adjusting the means for age, GCS, mean arterial pressure, and

CT evidence of traumatic subarachnoid hemorrhage did not alter

FIG. 1. Changes in mean – standard error of intracranial pressure from randomization to 14 days post-randomization for entire cohort,
without correction for dropouts. Table below study day is number of patients per group for that day.

514 COOPER ET AL.



the difference of the slopes between the two groups in patients for

whom ICP monitoring had ceased during the 1st week (1.31 – 0.33

vs. - 0.37 – 0.36; p = 0.0007).

There were no significant differences between the intercepts of

any of the secondary outcome variables between the two groups

(Table 2).

In patients for whom ICP monitoring ceased during the 1st

week, there was a lesser decrease in the slopes (indicating increased

dose) in the albumin group for total daily dose of morphine

(- 0.42– 0.07 vs. - 0.66 – 0.07; p = 0.017) and propofol (- 0.45 – 0.11

vs. - 0.76 – 0.11; p = 0.053). This difference was more marked after

adjustment for the four severity indices ( p = 0.0009 and 0.034

respectively). There was also a lesser decrease in the slopes in

the albumin group for the total daily dose of norepinephrine

(- 0.50 – 0.07 vs. - 0.74 – 0.07; p = 0.02) and temperature

(0.03 – 0.03 vs. 0.16 – 0.03; p = 0.0014) (Table 2).

There was no significant difference in the slopes of the other

variables in patients for whom ICP monitoring ceased during the

1st week or in any secondary outcome variable during the 2nd week

(Table 2).

A total of 191/321 (59.5%) patients with ICP monitoring had

pairs of CT scans that were available for comparison. No differ-

ences in changes in CT score between the albumin or saline groups

were found where ICP monitoring was discontinued during the 1st

week (OR 1.10, 95% CI 0.56–2.27; p = 0.77) or during the 2nd

week (OR 1.30, 95% CI 0.53–3.18, p = 0.57) (Table 3).

Discussion

Statement of principal findings

Our study demonstrated that resuscitation with albumin was

associated with increased ICP and with associated interventions

used to treat increased ICP, in particular sedatives, analgesics, and

vasopressors in patients during the 1st week after injury. During the

same week, more patients who received albumin died compared

with those who received saline. These data suggest that increased

cerebral edema leading to increased ICP is the most likely mech-

anism for increased death observed in TBI patients in the ICU

resuscitated with albumin compared with those resuscitated with

saline.

Strengths and weaknesses of the study

A strength of this study is that we recognized the statistical

challenges in analyzing these data from the outset. A detailed, hi-

erarchical, statistical analysis plan was approved by the authors

prior to data analysis and before treatment assignments were un-

blinded. The analysis plan was designed to address missing data

when measurements were stopped after patients ceased to be in-

cluded in the study (‘‘dropouts’’). Missing data may occur for di-

vergent reasons that may be random or non-random (deliberate)

events. Censoring of data at the time of dropout, therefore, requires

clarification (informative censoring), for which a number of sta-

tistical models are used.

Mixed-model repeated-measures analyses alone rely on the

missing-at-random assumption and are likely to be biased because

subjects with complete data may have more influence at later time

points when subjects with incomplete data have dropped out from

the analysis. This is particularly true when ICP monitoring cessa-

tion is the result of death, as the dropout process itself then is no

longer independent of the outcome. Pattern mixture models modify

mixed-model analyses by evaluating the model by time of dropout

(pattern) and assessing the effect of treatment within that pattern

and overall (mixture). Pattern-mixture models therefore adjust for

bias that may occur by unbalanced patient withdrawals irrespective

of the reason for dropout, and identify appropriate patterns over

time.10,16

In our study, values of ICP became unavailable for different

reasons, including death, clinical improvement, or technical diffi-

culties associated with the ICP monitor. Pattern-mixture models

identified two distinct patterns of ICP in patients for whom ICP

monitoring ceased during the 1st week: there was a linear increase

in ICP in patients who received albumin, which was not demon-

strated in patients who received saline. These observations were not

evident using the standard comparative analyses of mean ICP,

which we presented in Figure 1. The fact that standard comparisons

of available ICP values may obscure real differences between

groups is an important observation.

As with any post-hoc subgroup analysis, interpretation of these

results requires caution, because of the loss of statistical power and

the potential for imbalance between groups, even after adjustment

for clinically relevant and statistically significant covariates.

FIG. 2. Individual profile plots of patients are presented in light
lines, with solid lines for those who died and dashed lines for
those who were alive after ICP monitoring was discontinued
during the 1st week (top panel) and 2nd week (bottom panel).
Pattern-mixture analysis showing temporal changes in unadjusted
mean intracranial pressure (ICP) for each group and time period
are presented by the heavy line; p value relate to the difference in
slopes of mean ICP between albumin and saline groups.
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Multiple comparisons increase the likelihood of spurious findings.

Caution is, therefore, required when determining significance, and

the standard level of probability ( p < 0.05) may be too lenient.

However, the observed differences in the primary outcome (ICP)

were highly significant ( p < 0.001), suggesting a higher degree of

certainty.

Whereas our data do not explain why ICP was increased in patients

who received albumin, it appears that coagulopathy was not re-

sponsible. Lesser efforts to control ICP in the patients who received

albumin were also not responsible, as the increased ICP occurred

despite these patients being treated with higher doses of sedatives,

analgesics, and vasopressors, and having more temperature control.

Table 2. Intercepts and Slopes of Linear Random Effects Time Trends (Pattern Mixture Modelling)

for Secondary Outcomes in Patients Classified by Day of Ceasing ICP Monitoring: Day 1–7 (Top)

and Day 8–14 (Bottom)

ICP monitoring ceased day 1–7

Intercept Slope

Albumin Saline p Albumin Saline p

APTT 32.1 (0.9) 33.3 (0.9) 0.34 0.09 (0.2) - 0.17 (0.2) 0.43
INR 1.26 (0.0) 1.26 (0.0) 0.99 - 0.02 (0.0) - 0.04 (0.0) 0.07
Platelets 159.8 (14.4) 183.0 (15.6) 0.27 9.48 (4.5) 5.44 (4.5) 0.52
CSF drainagea 38.1 (25.2) 39.8 (26.9) 0.96 - 2.68 (1.95) - 6.46 (2.06) 0.33
TDD morphine 3.56 (0.27) 4.13 (0.3) 0.16 - 0.42 (0.07) - 0.66 (0.07) 0.02
TDD norepinephrine 3.97 (0.3) 4.75 (0.3) 0.07 - 0.5 (0.07) - 0.74 (0.07) 0.02
TDD propofol 4.28 (0.5) 4.81 (0.5) 0.45 - 0.45 (0.11) - 0.76 (0.11) 0.05
TDD midazolam 2.53 (0.3) 2.75 (0.3) 0.65 - 0.3 (0.07) - 0.41 (0.07) 0.26
Temperature 37.1 (0.1) 36.7 (0.1) 0.10 0.03 (0.03) 0.16 (0.03) 0.001
Sodiuma 144.8 (1.1) 142.1 (1.1) 0.08 - 0.13 (0.08) - 0.26 (0.08) 0.34
PaCO2

a 35.0 (0.9) 35.1 (0.9) 0.94 - 0.26 (0.08) - 0.16 (0.08) 0.31

ICP monitoring ceased day 8–14

Intercept Slope

Albumin Saline p Albumin Saline p

APTT 35.3 (0.5) 32.6 (0.5) 0.20 - 0.33 (0.07) - 0.1 (0.07) 0.42
INR 1.26 (0.02) 1.2 (0.02) 0.20 0.01 (0.0) 0.01 (0.0) 0.07
Platelets 50.3 (8.4) 69.1 (8.1) 0.11 34.3 (1.8) 35.3 (1.8) 0.67
CSF drainagea 56.9 (22.4) 60.9 (19.5) 0.89 - 2.35 (0.29) - 2.96 (0.29) 0.82
TDD morphine 4.95 (0.17) 5.26 (0.17) 0.19 - 0.30 (0.02) - 0.37 (0.02) 0.33
TDD norepinephrine 4.5 (0.19) 4.76 (0.32) 0.33 0.32 (0.02) - 0.37 (0.02) 0.09
TDD propofol 3.64 (0.29) 3.61 (0.28) 0.93 - 0.12 (0.03) - 0.07 (0.03) 0.20
TDD midazolam 4.12 (0.21) 4.52 (0.20) 0.17 - 0.28 (0.02) - 0.33 (0.02) 0.08
Temperature 36.9 (0.09) 36.8 (0.09) 0.49 0.07 (0.01) 0.08 (0.01) 0.45
Sodiuma 145.3 (0.61) 145.3 (0.59) 0.99 0.01 (0.01) 0.01 (0.01) 0.72
PaCO2

a 36.6 (0.46) 35.9 (0.43) 0.31 - 0.03 (0.01) - 0.00 (0.01) 0.29

Data are shown as mean (standard deviation).
aQuadratic term was included in the model for these variables.
Units for intercepts: activated partial thromboplastin time (APTT): seconds; international normalized ratio (INR); platelet count: · 109/L; cerebrospinal

fluid (CSF) drainage: mL/day; total daily dose (TDD) of drugs transformed by log, temperature: oC; sodium: mmol/L; arterial carbon dioxide tension
(PaCO2): mmHg.

Slopes are expressed as positive for increase, negative for decrease.
ICP, intracranial pressure.

Table 3. Changes in Computerized Tomography Scores (Marshall Et Al., 1992) between Last Scan

before Randomization and the First Scan Post-Randomization in Patients for whom ICP Monitoring

was Discontinued during the 1st Week (Days 1–7) and 2nd Week (Days 8–14)

ICP monitoring ceased day 1–7 (n = 117) ICP monitoring ceased day 8–14 (n = 74)
Change
n (%) Albumin (n = 63) Saline (n = 54) OR (95%CI)a p Albumin (n = 31) Saline (n = 43) OR (95%CI)a p

Progression 19 (30.2) 20 (37.0) 1.10 (0.56 to 2.21) 0.77 7 (22.6) 10 (23.35) 1.30 (0.53 to 3.18) 0.57
Stability 35 (55.6) 24 (44.4) 14 (45.2) 24 (55.8)
Regression 9 (14.3) 10 (18.5) 10 (32.3) 9 (20.9)

aOR, odds ratio adjusted for the pre-randomization score by ordinal logistic regression with 95% confidence intervals (CI).
ICP, intracranial pressure.
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Inferences between association and causation require caution:

the secondary outcome measures were surrogate endpoints for

complex physiological and pathological processes that, therefore,

lose specificity. Furthermore, we could not collect detailed bio-

logical data such as genotype mapping, that may be an important

determinant of susceptibility to raised ICP.

Possible mechanisms and implications for clinicians
and policy makers

Our study provides novel data that confirms that the selection of

resuscitation fluid may have a significant impact on the clinical course

and outcome of patients with TBI. Our findings are in keeping with

concerns that increased extravasation of albumin from areas of altered

blood brain barrier permeability may lead to increased cerebral in-

terstitial colloid osmotic pressure and increased ICP.17 It is also

possible that hypotonic stress may contribute, as the albumin prepa-

ration used in the SAFE study. Albumex�, (CSL, Melbourne) was

relatively hypotonic (260 mOsmol/L) and *24 mOsmol/L less than

0.9% saline.

International guidelines for fluid resuscitation in patients with

TBI should recommend against the administration of albumin,

especially in the 1st week after injury. Whether the findings are

specific to albumin or also applicable to synthetic colloids is un-

answered by our data. However, until there are comparative data

confirming the safety of synthetic colloids, 0.9% saline should be

used for fluid resuscitation of patients with TBI.

Conclusion

The use of albumin for resuscitation in patients with severe TBI

is associated with increased ICP. This is the most likely mechanism

of increased mortality in these patients.
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