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Effect of Fibrinogen Concentrate vs Cryoprecipitate
on Blood Component Transfusion After Cardiac Surgery
The FIBRES Randomized Clinical Trial
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IMPORTANCE Excessive bleeding is a common complication of cardiac surgery. An important
cause of bleeding is acquired hypofibrinogenemia (fibrinogen level <1.5-2.0 g/L), for which
guidelines recommend fibrinogen replacement with cryoprecipitate or fibrinogen concentrate.
The 2 products have important differences, but comparative clinical data are lacking.

OBJECTIVE To determine if fibrinogen concentrate is noninferior to cryoprecipitate for
treatment of bleeding related to hypofibrinogenemia after cardiac surgery.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial at 11 Canadian hospitals
enrolling adult patients experiencing clinically significant bleeding and hypofibrinogenemia
after cardiac surgery (from February 10, 2017, to November 1, 2018). Final 28-day follow-up
visit was completed on November 28, 2018.

INTERVENTIONS Fibrinogen concentrate (4 g; n = 415) or cryoprecipitate (10 units; n = 412)
for each ordered dose within 24 hours after cardiopulmonary bypass.

MAIN OUTCOMES AND MEASURES Primary outcome was blood components (red blood cells,
platelets, plasma) administered during 24 hours post bypass. A 2-sample, 1-sided test for the
ratio of the mean number of units was conducted to evaluate noninferiority (threshold for
noninferiority ratio, <1.2).

RESULTS Of 827 randomized patients, 735 (372 fibrinogen concentrate, 363 cryoprecipitate)
were treated and included in the primary analysis (median age, 64 [interquartile range, 53-72]
years; 30% women; 72% underwent complex operations; 95% moderate to severe bleeding;
and pretreatment fibrinogen level, 1.6 [interquartile range, 1.3-1.9] g/L). The trial met the a
priori stopping criterion for noninferiority at the interim analysis after 827 of planned 1200
patients were randomized. Mean 24-hour postbypass allogeneic transfusions were 16.3 (95%
CI, 14.9 to 17.8) units in the fibrinogen concentrate group and 17.0 (95% CI, 15.6 to 18.6) units
in the cryoprecipitate group (ratio, 0.96 [1-sided 97.5% CI, −! to 1.09; P < .001 for
noninferiority] [2-sided 95% CI, 0.84 to 1.09; P = .50 for superiority]). Thromboembolic
events occurred in 26 patients (7.0%) in the fibrinogen concentrate group and 35 patients
(9.6%) in the cryoprecipitate group.

CONCLUSIONS AND RELEVANCE In patients undergoing cardiac surgery who develop clinically
significant bleeding and hypofibrinogenemia after cardiopulmonary bypass, fibrinogen
concentrate is noninferior to cryoprecipitate with regard to number of blood components
transfused in a 24-hour period post bypass. Use of fibrinogen concentrate may be considered
for management of bleeding in patients with acquired hypofibrinogenemia in cardiac surgery.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03037424

JAMA. 2019;322(20):1966-1976. doi:10.1001/jama.2019.17312
Published online October 21, 2019.
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E xcessive bleeding necessitating blood component trans-
fusion is common after cardiac surgery and is associ-
ated with increased risk of morbidity and mortality and

associated costs.1 The pathophysiology of cardiac surgery–
related bleeding is often multifactorial but includes acquired
hypofibrinogenemia (fibrinogen level <1.5-2.0 g/L), which is
associated with excessive bleeding in children2 and adults.3 In
cases of excessive bleeding and acquired hypofibrinogen-
emia, guidelines recommend treatment with either cryopre-
cipitate or fibrinogen concentrate.4,5

Although both products are plasma-derived, they have dis-
tinct features. Cryoprecipitate is a nonpurified product; hence,
in addition to fibrinogen it contains fibronectin and platelet mi-
croparticles, as well as coagulation factors VIII, XIII, and
von Willebrand factor.6 Its fibrinogen content varies widely
(from 3-30 g/L per unit); in most cases it must be maintained
and shipped in a frozen state and then thawed and pooled (typi-
cally 5-10 unit pools) before administration; and it has a lim-
ited shelf life after thawing (<4-6 hours), increasing wastage.7,8

Fibrinogen concentrates are pathogen-reduced and purified;
have standardized fibrinogen content (20 g/L); are lyophilized,
allowing for easy storage, reconstitution, and administration;
and have longer shelf life after reconstitution (up to 24 hours),
which reduces wastage. There is divergent practice regarding
the preferred product for fibrinogen replacement.9 Cryopre-
cipitate remains the therapy of choice in many areas (including
North America). In many European countries, however, fibrino-
gen concentrates have replaced cryoprecipitate, even though
very few studies have directly compared these products.10,11

In this multicenter randomized clinical trial in patients un-
dergoing cardiac surgery and requiring fibrinogen replace-
ment because of clinically significant bleeding related to ac-
quired hypofibrinogenemia, the objective was to determine if
fibrinogen concentrate was noninferior to cryoprecipitate as
measured by the amount of allogeneic blood components (red
cells, platelets, and plasma) administered.

Methods
Trial Oversight
This was an investigator-initiated, multicenter, randomized clini-
cal trial conducted at 11 centers in Canada. The trial design and
methodology have been previously published12; the study pro-
tocol and statistical analysis plan are available in Supplement 1,
and aspects of the trial design and methodology are included in
the eMethods in Supplement 2. The trial coordinating center was
the Department of Anesthesia and Pain Management Clinical
Trials Unit at the University Health Network (Toronto, Ontario,
Canada). The trial was overseen by an independent data and
safety monitoring committee, which reviewed adverse events
afterevery100patientsandreviewedapreplannedinterimanaly-
sis performed after approximately 600 evaluable patients were
enrolled. Study monitors independently reviewed all primary
outcomes and adverse events. The trial was performed in accor-
dance with the principles of the Declaration of Helsinki and ap-
plicableregulatoryrequirements.Researchethicsboardapproval
wasobtainedateachsitebeforetrial initiation, includingapproval

of a delayed written consent process. Consent was delayed un-
til after treatment (in accordance with the Canadian Tri-Council
Policy Statements on the ethical conduct of research involving
humans),13 in part because it is not possible to reliably predict
beforesurgerywhichpatientswillrequirefibrinogenreplacement
for bleeding control during or after surgery, at which time there
is a need for rapid access to therapy.

Patients
Adult patients undergoing cardiac surgery with cardiopulmo-
nary bypass for whom fibrinogen replacement was ordered in
response to clinically significant postbypass bleeding deemed
related to acquired hypofibrinogenemia (fibrinogen plasma
level <2.0 g/L by the Clauss method or FIBTEM [fibrin-based
thromboelastometry test extrinsically activated with tissue fac-
tor and containing the platelet inhibitor cytochalasin D]–
derived clot amplitude at 10 minutes <10 mm by thromboelas-
tometry) were eligible for enrollment.14,15 In line with clinical
practice, patients with bleeding were also eligible if hypofi-
brinogenemia was suspected but plasma fibrinogen levels were
unavailable at the time of decision-making.

Blood bank technologists screened and randomized eli-
gible patients if they had none of the following exclusion cri-
teria: receipt of fibrinogen concentrate or cryoprecipitate
within 24 hours before surgery; history of severe allergic
reaction to fibrinogen concentrate or cryoprecipitate; refusal
of blood components for religious or other reasons; plasma
fibrinogen level greater than 3.0 g/L within 30 minutes of
treatment order (to avoid increasing levels above the upper
limit of normal [4.0 g/L]); and known pregnancy.

Trial Procedures
Participants were randomly assigned (1:1) to study groups using
a pseudorandom number generator (PROC PLAN procedure in
SAS) in randomly permuted blocks of 4, stratified by center.
Allocation was blinded; randomization schedule was kept at
the blood banks in sequentially numbered opaque sealed en-
velopes (prepared by Ergomed GmbH), which were opened
when the order for fibrinogen replacement was received. Pa-
tients in the fibrinogen concentrate group received 4 g of fibrino-
gen concentrate (Fibryga; Octapharma AG), to be infused over

Key Points
Question Is fibrinogen concentrate noninferior to cryoprecipitate
for treatment of bleeding related to acquired hypofibrinogenemia
in cardiac surgery?

Findings In this randomized trial of 735 adult patients who
underwent cardiac surgery and developed clinically significant
bleeding and hypofibrinogenemia post cardiopulmonary bypass,
the mean number of blood components transfused within 24
hours post bypass was 16.3 units in the fibrinogen concentrate
group and 17.0 units in the cryoprecipitate group; ratio of the mean
number of units transfused was 0.96, which met the prespecified
noninferiority margin ratio of less than 1.2.

Meaning For management of cardiac surgery–associated bleeding
related to acquired hypofibrinogenemia, fibrinogen concentrate
may be considered for fibrinogen replacement.
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approximately 10 minutes, and those in the cryoprecipitate
group received 10 units of cryoprecipitate, to be infused accord-
ing to local practice. The dosages for fibrinogen concentrate16-18

and cryoprecipitate19,20 were consistent with recently published
trials and guidelines. Cryoprecipitate dose in Canada is standard-
ized at 10 units per dose,21 and although the amount of fibrino-
gen in each unit of cryoprecipitate is variable, on average each
10-unit pool contains approximately 4 g of fibrinogen (Cana-
dian Blood Services data; Dana Devine, PhD, Canadian Blood
Services, email communication, September 2019).

Patients were to only receive the allocated product for
24 hours after cardiopulmonary bypass, after which only cryo-
precipitate was used for fibrinogen replacement. It was not fea-
sible to blind clinicians involved in product administration, but
clinicians not involved in product administration, patients, data
collectors, and outcome assessors were blinded. To maintain
blinding, chart labels for both products stated “Fibrinogen Study
Product 4 grams.” Data on race were collected for descriptive pur-
poses as reported by patients based on predefined categories.

There were no other alterations to patient care. Each hos-
pital had an established protocol for bleeding management that
was not altered for the purposes of this study. Tranexamic acid
use was routine at all centers. Administration of blood com-
ponents and hemostatic agents (other than cryoprecipitate and
fibrinogen concentrate), use of cell salvage, and viscoelastic
testing were based on local hospital protocols.

Outcomes
The primary efficacy outcome was cumulative allogeneic blood
component units (red blood cells, platelets, and plasma) admin-
isteredfor24hoursafterterminationofcardiopulmonarybypass.
Since2typesofplateletsareissuedinCanada(75%standardbuffy-
coatpoolsfrom4allogeneicdonorsand25%apheresisunitsfrom
a single allogeneic donor), both types were counted as a 4-unit
transfusion.Secondaryoutcomesincludedindividualbloodcom-
ponent units administered for 24 hours after termination of car-
diopulmonary bypass, all transfusions from beginning of surgery
to postoperative day 7, bleeding severity (according to the univer-
sal definition of perioperative bleeding [UDPB])22 during the 24
hours after cardiopulmonary bypass, and pretreatment and post-
treatment fibrinogen levels. The UDPB components “delay in
chest closure” and “cryoprecipitate or fibrinogen concentrate ad-
ministration”werenotused.Postoperativefollow-upwas28days.
Adverse events were classified using the Medical Dictionary
for Regulatory Activities (version 21.1) system of nomenclature.
Adverse events that started or worsened on or after the first dose
of the investigational product were classified as treatment-
emergent. Data on duration of mechanical ventilation, intensive
careunitstay,andhospitalizationaftersurgerywerealsocollected.

Statistical Analysis
Sample size was based on demonstrating noninferiority of fi-
brinogen concentrate relative to cryoprecipitate with respect to
the primary efficacy outcome. Determination of noninferior-
ity was based on a 1-sided type I error probability of .025 and a
noninferiority margin of 20% for the ratio of mean number of
units transfused per group. A 20% margin was deemed by an
expert panel to be a plausible trade-off in efficacy in exchange

for the potential advantages of fibrinogen concentrate relative
to those of cryoprecipitate. An empirical distribution function
was calculated based on a mean of 16 units and a standard de-
viation of 14 units (derived from a recent study on bleeding man-
agement in cardiac surgery)23 and was used to estimate power
by performing 10 000 simulations for each of the possible
sample sizes. Calculations showed that 1200 patients would pro-
vide an empirical power greater than 90% (assuming a 10% drop-
out rate and equal mean units transfused per group).

The primary analysis set comprised all randomized patients
who had undergone cardiac surgery with cardiopulmonary by-
pass, received at least 1 (partial or complete) dose of either treat-
ment, and for whom informed consent was obtained. The per-
protocol analysis excluded patients who did not undergo cardiac
surgery with cardiopulmonary bypass, received the incorrect
treatment, received less than 80% of the planned dose, or re-
ceived the first treatment more than 24 hours after cardiopul-
monary bypass. The prespecified subgroups for analysis were
elective vs nonelective surgery, simple vs complex surgery, and
a subgroup excluding patients who were in critical state before
surgery (blinded adjudication based on predefined conditions
such as acute aortic dissection or cardiac arrest immediately be-
fore surgery). Post hoc subgroups analyzed were patients under-
going nonelective surgery and not in critical state before surgery,
patients who had a fibrinogen measurement before product ad-
ministration, patients with confirmed hypofibrinogenemia
(withClaussmethod)beforeproductadministration,andpatients
with at least moderate blood loss according to the UDPB.22

A 2-sample, 1-sided test of the null hypothesis that the
treatment group fibrinogen concentrate to cryoprecipitate ra-
tio of the mean number of allogenic blood components was
1.2 or greater (ie, 20% noninferiority margin) was used to evalu-
ate noninferiority using Poisson regression modeling for count
data. Noninferiority would be demonstrated if the upper limit
of the model-derived 1-sided 97.5% CI was less than 1.2. If non-
inferiority was demonstrated, an analogous test for superior-
ity was to be performed, testing the hypothesis that the treat-
ment group ratio of the mean number of allogenic blood
components was 1.0 or greater against the alternative that
it was less than 1.0, at a 1-sided type I error level of α = .025.
No α adjustment was made because of the hierarchical order-
ing of the tests. This analysis was repeated for the secondary
allogeneic blood component transfusion outcomes.

There was 1 prespecified interim analysis after approxi-
mately 50% of the planned 1200 evaluable patients were en-
rolled, which used an adjusted type I error rate of .00258 ac-
cording to the O’Brien-Fleming method24 for a noninferiority
stop. The trial was also to be stopped for futility if the predic-
tive power for the test of noninferiority was less than 0.25.

Secondary outcomes were examined using descriptive sta-
tistics, the Wilcoxon rank-sum test, point estimates and risk
ratios with 2-sided 95% CIs, and the Hodges-Lehmann esti-
mator of median differences with 95% CIs, where appropri-
ate. Kaplan-Meier estimates for time-to-death distribution were
calculated and graphically presented. Comparisons were pre-
specified as superiority analyses with α = .05.

Several post hoc analyses were performed: (1) noninferi-
ority was assessed for the outcome of cumulative allogeneic
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blood component units administered from investigational prod-
uct administration to 24 hours after cardiopulmonary bypass;
(2) treatment × site interaction was accounted for by including
site in the model for the primary outcome as a fixed-effect vari-
able (as 3 categories based on number of patients enrolled: <40;
40-99; >99); and (3) the relationship of critical state before sur-
gery was explored by adjusting for it in the comparisons for the
primary outcome and mortality. The results of secondary out-
comes and post hoc analyses should be interpreted as explor-
atory, as no correction for type I error was made.

Variables with missing values are noted where applicable
and patients with missing values were excluded from the rel-
evant analyses. All analyses were performed using SAS ver-
sion 9.4 (SAS Institute Inc).

Results
Patient recruitment continued from February 10, 2017, to
November 1, 2018, with the final follow-up visit on November
28, 2018. The trial was stopped based on the recommenda-
tion of the independent data and safety monitoring commit-

tee for meeting the criterion for noninferiority at the interim
analysis. Of the 15 412 patients who underwent cardiac sur-
gery at the 11 participating sites, 827 (5.3%) were screened and
randomized (Figure 1). Sixty-one randomized patients were not
treated because of cessation of bleeding. Informed consent
could not be obtained for 31 treated patients, leaving 735 pa-
tients in the primary analysis set (n = 372 for fibrinogen
concentrate, n = 363 for cryoprecipitate). After excluding 10
patients with major protocol deviations, 725 patients were in-
cluded in the per-protocol analysis (Figure 1). No patients
in the primary analysis set had missing transfusion or ad-
verse event information; thus, they were all included in the
relevant analyses.

Baseline demographics and surgical characteristics were
well balanced except for critical state before surgery (Table 1).
Patients received a median of 4 (interquartile range [IQR], 4-4)
g of fibrinogen concentrate and 10 (IQR, 10-10) units of cryo-
precipitate (Table 2; eTable 1 in Supplement 2).

Transfusions
In the primary analysis set, mean allogeneic blood compo-
nent units administered were 16.7 (SD, 16.4) units within

Figure 1. Patient Flow in the FIBRES Study of the Effect of Fibrinogen Concentrate vs Cryoprecipitate
on Blood Component Transfusion After Cardiac Surgery

890 Patients assessed for eligibility

63 Excluded
27 Physician refusal
10 Did not meet inclusion criteria
7 Fibrinogen level >3 g/L within 30 min

of IMP order
3 Enrolled in another trial
3 Received either fibrinogen concentrate or

cryoprecipitate within 24 h before surgery
2 Blood bank technologist unable to randomize

because of workload
11 Unknown reason

827 Randomized

412 Randomized to receive cryoprecipitate
383 Received intervention as randomized
29 Did not receive intervention (cessation of bleeding)

363 Included in primary analysis
361 Included in per-protocol analysis

2 Excluded
1 Did not undergo primary cardiac surgery
1 Administered IMP different from assigned IMP

20 Lost to follow-up
5 Patient refused to provide consent
4 Surrogate decision maker refused to provide consent
2 Family could not be reached to obtain consent
5 Discharged or transferred to another facility

before consent obtained
1 Refused (already enrolled in another trial)
1 Age <16 y (hospital did not allow surrogate decision

maker consent)
1 Consent not obtained (patient did not meet inclusion

criteria [off pump])
1 Unknown reason

415 Randomized to receive fibrinogen concentrate
383 Received intervention as randomized
32 Did not receive intervention (cessation of bleeding)

372 Included in primary analysis
364 Included in per-protocol analysis

8 Excluded
4 Received <80% of planned first dose
2 Start of IMP not within 24 h after CPB
2 Administered IMP different from assigned IMP

11 Lost to follow-up
3 Patient refused to provide consent
3 Surrogate decision maker refused to provide consent
1 Surrogate decision maker and patient did not speak

English and no translator available
1 Family could not be reached to obtain consent
1 Discharged or transferred to another facility

before consent obtained
1 Patient unable to provide consent (hospital did

not allow surrogate decision maker consent)
1 Consent not obtained (patient did not meet inclusion

criteria [off pump])

CPB indicates cardiopulmonary
bypass; IMP, investigational
medicinal product.
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24 hours after termination of cardiopulmonary bypass and 22.4
(SD, 23.1) units from beginning of surgery to postoperative day
7. The mean 24-hour postbypass cumulative allogeneic blood
component transfusions were 16.3 (95% CI, 14.9 to 17.8) units
in the fibrinogen concentrate group and 17.0 (95% CI, 15.6 to
18.6) units in the cryoprecipitate group, and the mean ratio was
0.96 (1-sided 97.5% CI, −! to 1.09; P < .001 for nonferiority;
2-sided 95% CI, 0.84 to 1.09; P = .50 for superiority]) (Table 3
and Figure 2).

Table 1. Characteristics of the Study Population at Baseline

Characteristic

No. (%)
Fibrinogen
Concentrate
(n = 372)

Cryoprecipitate
(n = 363)

Age, median (IQR), y 65 (54-72) 64 (53-72)

Sex

Women 113 (30.4) 105 (28.9)

Men 259 (69.6) 258 (71.1)

Race

White 287 (77.2) 273 (75.2)

Asian 51(13.7) 58 (16.0)

Black 3 (0.81) 6 (1.6)

Aboriginal 5 (1.3) 2 (0.55)

Othera 26 (7.0) 24 (6.6)

Body mass index,
median (IQR)b

22.2
(19.6-25.4)

22.8
(19.6-25.6)

NYHA classc

I (least severe) 104 (27.9) 112 (30.8)

II 110 (29.6) 108 (29.8)

III 110 (29.6) 103 (28.4)

IV (most severe) 48 (12.9) 40 (11.0)

Myocardial infarction, d

No. 367 358

None 294 (80.1) 299 (83.5)

0-90 39 (10.6) 30 (8.4)

>90 34 (9.3) 29 (8.1)

Ejection fraction, %

No. 357 347

>50 256 (71.7) 263 (75.8)

31-50 51 (14.3) 57 (16.4)

21-30 28 (7.8) 12 (3.5)

<21 22 (6.2) 15 (4.3)

Pulmonary pressure,
mm Hg

No. 308 303

≤30 225 (73.1) 215 (71.0)

31-55 58 (18.8) 68 (22.4)

>55 25 (8.1) 20 (6.6)

Hypertension 234 (62.9) 240 (66.1)

Dyslipidemia 185 (49.7) 185 (51.0)

Congestive heart
failure

113 (30.4) 91 (25.1)

Atrial fibrillation 81 (21.8) 80 (22.0)

Diabetes mellitus 80 (21.5) 74 (20.4)

Chronic lung disease 53 (14.3) 37 (10.2)

Stroke/TIA 46 (12.4) 49 (13.5)

Peripheral vascular
disease

37 (10.0) 34 (9.4)

Active endocarditis 19 (5.1) 18 (5.0)

CCS class IV angina 15 (4.0) 13 (3.6)

Dialysis (preoperative) 9 (2.4) 14 (3.9)

Intra-aortic balloon pump 10 (2.7) 3 (0.8)

VAD/ECMO 9 (2.4) 9 (2.5)

Critical state before
surgeryd

63 (16.9) 38 (10.5)

(continued)

Table 1. Characteristics of the Study Population at Baseline (continued)

Characteristic

No. (%)
Fibrinogen
Concentrate
(n = 372)

Cryoprecipitate
(n = 363)

Preoperative laboratory values,
median (IQR)

Creatinine, μmol/L 88 (72-107)
[n = 359]

86 (72-106)
[n = 352]

Hemoglobin, g/dL 13.4 (11.6-14.6)
[n = 366]

13.5 (11.7-14.8)
[n = 356]

Platelet count, ×103/μL 189 (154-235)
[n = 365]

185 (152-230)
[n = 356]

International
normalized ratio

1.02 (0.98-1.20)
[n = 335]

1.03 (0.98-1.15)
[n = 334]

Surgical factors

Nonelective surgery 141 (37.9) 128 (35.3)

Complex surgerye 267 (71.8) 260 (71.6)

Procedure (% of procedures)f 653 (100.0) 612 (100.0)

Aortic valve procedure 165 (25.3) 146 (23.9)

Surgery on aorta 161 (24.7) 177 (28.9)

CABG surgery 153 (23.4) 146 (23.9)

Mitral valve procedure 68 (10.4) 70 (11.4)

Tricuspid valve procedure 31 (4.7) 35 (5.7)

ASD/VSD repair 20 (3.1) 8 (1.3)

Heart transplant 18 (2.8) 10 (1.6)

Complex congenital 11 (1.7) 11 (1.8)

Otherg 26 (4.0) 9 (1.5)

Cardiopulmonary bypass
duration, median (IQR), min

143 (102-209) 134 (99-200)

Abbreviations: ASD, atrial septal defect; CABG, coronary artery bypass graft;
CCS, Canadian Cardiovascular Society; ECMO, extracorporeal membrane
oxygenation; IQR, interquartile range; NYHA, New York Heart Association;
TIA, transient ischemic attack; VAD, ventricular assist device; VSD, ventricular
septal defect.
a Other races marked as unknown or not applicable.
b Calculated as weight in kilograms divided by height in meters squared.
c NYHA functional classification: I = no limitation of physical activity and no

symptoms; II = slight limitation of physical activity (ordinary physical activity
results in fatigue, palpitation, dyspnea); III = marked limitation of physical
activity (less than ordinary activity causes fatigue, palpitation, or dyspnea);
IV = unable to carry on any physical activity without discomfort (symptoms of
heart failure at rest).

d Determined by blinded adjudication for patients who underwent emergency
surgery deemed to be in a critical state, based on criteria outlined in
Supplement 2.

e Procedures other than CABG surgery only, single valve only, or repair of atrial
septal defect only.

f Totals exceed 100% because some patients underwent more than 1 procedure.
g Examples of other procedures included aortic root enlargement, left

ventricular aneurysmectomy, and left atrial appendage resection.
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Noninferiority was also observed for the secondary out-
comes of individual 24-hour and cumulative 7-day blood com-
ponent transfusions (Table 3), as well as in the post hoc out-
come of cumulative transfusions measured from product
administration to 24 hours after termination of cardiopulmo-
nary bypass (mean units, 8.6 [95% CI, 7.5 to 9.9] in the fibrino-
gen concentrate group vs 8.9 [95% CI, 7.8 to 10.2] in the cryo-
precipitate group; mean ratio, 0.97 [1-sided 97.5% CI, −! to 1.18;
P = .02 for noninferiority) and after accounting for treat-
ment × site interaction (P < .001) (eFigure 1 in Supplement 2)
on the primary outcome (mean ratio, 1.00 [1-sided 97.5% CI,

−! to 1.13; P = .003 for noninferiority). Noninferiority was also
observed for all defined subgroups except for the nonelective
group, which included all patients in critical state before sur-
gery (Figure 2; eTable 2 in Supplement 2).

Fibrinogen Levels
Timing and number of doses of investigational product were
similar between groups. Fibrinogen response was slightly
greater in the fibrinogen concentrate group (median in-
crease, 0.9 [IQR, 0.6-1.2] g/L vs 0.7 [IQR, 0.5–1.0] g/L; P < .001)
(Table 2; eTable 1 in Supplement 2).

Table 2. Details of Intervention, Perioperative Laboratory Values, Fibrinogen Levels, and Bleeding

Variable

Median (IQR)
Fibrinogen Concentrate
(n = 372)

Cryoprecipitate
(n = 363)

Dosage of investigational product

Mean (SD) 4.8 (2.1) g 12.9 (8.5) units

Median (IQR) 4 (4-4) g 10 (10-10) units

Doses of investigational product, No. (%)

1 309 (83.1) 296 (81.5)

2 49 (13.2) 49 (13.5)

3 10 (2.7) 10 (2.8)

≥4 4 (1.1) 8 (2.2)

Time from start of surgery to order of first dose, h 5.8 (4.5-7.3) 5.8 (4.6-7.1)

Time from order of first dose to administration, min 45 (32-62) 47 (37-60)

Time from end of CPB to administration
of first dose, min

97 (52-159) 104 (59-160)

Plasma fibrinogen level, g/L

Pretransfusion 1.6 (1.3-1.9) [n = 352] 1.6 (1.3-1.9) [n = 346]

Posttransfusion 2.5 (2.1-2.9) [n = 324] 2.3 (2.0-2.6) [n = 296]

Change from pretransfusion 0.90 (0.6-1.2) [n = 306] 0.70 (0.5-1.0) [n = 280]

Blood components transfused
before randomization, mean (SD), units

4.3 (6.1) 4.5 (6.0)

Cell salvage blood, mL 373 (0-918) 400 (0-876)

Nadir hematocrit during cardiopulmonary bypass, % 26 (23-30) 25 (23-30)

Hemoglobin, g/dL

Intraoperative post-CPB 9.1 (8.3-9.9) [n = 348] 8.9 (8.2-9.7) [n = 342]

Day of surgery (last recorded value) 9.6 (8.6-10.9) [n = 365] 9.5 (8.7-10.7) [n = 356]

Postoperative day 1 (last recorded value) 9.0 (8.3-9.9) [n = 367] 9.0 (8.3-10.0) [n = 361]

Platelet count, ×103/μL

Intraoperative post-CPB 107 (84-136) [n = 280] 103 (81-129) [n = 278]

Day of surgery (last recorded value) 132 (107-165) [n = 362] 133 (107-163) [n = 353]

Postoperative day 1 (last recorded value) 117 (91-145) [n = 366] 115 (92-143) [n = 359]

International normalized ratio

Intraoperative post-CPB 1.6 (1.4-1.8) [n = 295] 1.6 (1.5-1.8) [n = 277]

Day of surgery (last recorded value) 1.3 (1.2-1.4) [n = 355] 1.3 (1.2-1.4) [n = 340]

Postoperative day 1 (last recorded value) 1.2 (1.1-1.4) [n = 342] 1.2 (1.1-1.3) [n = 335]

Bleeding categories according to
modified UDPB classification, No. (%)a

≥2 (moderate to massive) 349 (93.8) 347 (95.6)

<2 (insignificant to mild) 23 (6.2) 16 (4.4)

24-h chest tube drainage, mL 800 (500-1350) 830 (540-1350)

Reexploration, No. (%) 53 (14.2) 44 (12.1)

Prothrombin complex concentrate, No. (%) 110 (29.6) 98 (27.0)

Recombinant factor VII, No. (%) 35 (9.4) 28 (7.7)

Abbreviations: CPB, cardiopulmonary
bypass; IQR, interquartile range;
UDPB, universal definition of
perioperative bleeding.
a UDPB determinants used in this

study include postoperative chest
tube output; units of red blood cells,
plasma, and platelets transfused;
use of factor concentrates; and
surgical reexploration (classification
scheme included in the eAppendix
in Supplement 2).22 For this study
the following components of the
UDPB score were not used: delay in
chest closure and use of
cryoprecipitate or fibrinogen
concentrate. One intraoperative
death was included in the severe or
massive category in the fibrinogen
concentrate group.
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Adverse Events and Other Outcomes
Treatment-emergent adverse event profiles were similar
(Table 4; eTable 3 in Supplement 2), as were the duration of
intubation, intensive care unit stay, and hospital stay (Table 4).
There were 35 deaths (9.4%) in the fibrinogen concentrate
group and 27 (7.4%) in the cryoprecipitate group (unadjusted
hazard ratio, 1.28 [95% CI, 0.77 to 2.12]; P = .35) (Kaplan-
Meier curves shown in eFigures 2 and 3 in Supplement 2). Death
rates were also not significantly different when stratified by
critical state before surgery (fibrinogen concentrate vs cryo-
precipitate: 19/63 [30.2%] vs 12/38 [31.6%] in critical state pa-
tients; 16/309 [5.2%] vs 15/325 [4.6%] in remaining patients)
and after risk adjustment for critical state (post hoc analysis
hazard ratio, 1.03 [95% CI, 0.62 to 1.70]; P = .92) (results from
post hoc analyses reported in eTables 4 and 5 in Supple-
ment 2). Thromboembolic adverse events were observed in 26
patients (7.0%) in the fibrinogen group and 35 patients (9.6%)
in the cryoprecipitate group (unadjusted odds ratio, 0.70 [95%
CI, 0.42 to 1.20]) (Table 4).

Discussion

In this study of patients who experienced bleeding after car-
diac surgery and required fibrinogen replacement as part of rou-
tine clinical practice, the primary finding was that fibrinogen
concentrate was noninferior to cryoprecipitate as measured by
the number of blood components transfused.

The study protocol, which did not modify clinical prac-
tice and used a delayed (postintervention) consent process,
successfully randomized the small proportion of patients
with bleeding who were ordered fibrinogen replacement
(comprising approximately 5% of patients who underwent
cardiac surgery at participating centers during the study
period). The groups were well balanced for baseline vari-
ables except for critical state before surgery, an important
prognostic variable that was more prevalent in the fibrino-
gen concentrate group. The occurrence of adverse events
was comparable between the groups, although there was

Table 3. Primary and Secondary Outcomes: Allogeneic Blood Component Transfusions

Population

Fibrinogen Concentrate Cryoprecipitate
Mean Difference
(95% CI)

Unadjusted Ratio
of LS Means
(1-Sided 97.5% CI)

Noninferiority
P ValueNo.

Median
(IQR)

LS Mean
(95% CI) No.

Median
(IQR)

LS Mean
(95% CI)

Primary Outcome: Cumulative Allogeneic Blood Components Transfused Within 24 h After Cardiopulmonary Bypassa

Primary analysis set 372 12.0
(5.5 to 22.0)

16.3
(14.9 to 17.8)

363 14.0
(7.0 to 23.0)

17.0
(15.6 to 18.6)

−0.73
(−3.10 to 1.64)

Unadjusted 0.96
(−! to 1.09)

<.001

Adjusted 0.91
(−! to 1.03)c

<.001

Per-protocol setb 364 12.0
(6.0 to 22.0)

16.4
(15.0 to 18.0)

361 14.0
(7.0 to 22.0)

16.9
(15.5 to 18.5)

−0.50
(−2.90 to 1.89)

Unadjusted 0.97
(−! to 1.10)

<.001

Adjusted 0.92
(−! to 1.05)c

<.001

Secondary Outcome: Red Blood Cell Transfusions Within 24 h After Cardiopulmonary Bypass

Primary analysis set 372 2.0
(0.0 to 5.0)

3.3
(3.0 to 3.7)

363 2.0
(1.0 to 5.0)

3.3
(2.9 to 3.7)

0.23
(−0.55 to 1.00)

1.00
(0 to 1.18)

.02

Per-protocol set 364 2.0
(0.0 to 5.0)

3.3
(3.0 to 3.7)

361 2.0
(1.0 to 5.0)

3.3
(2.9 to 3.7)

0.25
(−0.53 to 1.03)

1.01
(0 to 1.18)

.02

Secondary Outcome: Platelet Transfusions Within 24 h After Cardiopulmonary Bypass

Primary analysis set 372 8.0
(4.0 to 12.0)

9.1
(8.3 to 9.9)

363 8.0
(4.0 to 12.0)

9.7
(8.9 to 10.5)

−0.46
(−1.70 to 0.78)

0.94
(−! to 1.06)

<.001

Per-protocol set 364 8.0
(4.0 to 12.0)

9.1
(8.3 to 10.0)

361 8.0
(4.0 to 12.0)

9.6
(8.8 to 10.5)

−0.31
(−1.56 to 0.93)

0.95
(−! to 1.08)

<.001

Secondary Outcome: Plasma Transfusions Within 24 h After Cardiopulmonary Bypass

Primary analysis set 372 2.0
(0.0 to 6.0)

3.9
(3.5 to 4.4)

363 3.0
(0.0 to 6.0)

4.1
(3.6 to 4.6)

−0.04
(−0.97 to 0.89)

0.96
(−! to 1.15)

.008

Per-protocol set 364 2.0
(0.0 to 6.0)

4.0
(3.5 to 4.5)

361 3.0
(0.0 to 6.0)

4.0
(3.6 to 4.6)

0.04
(−0.91 to 0.98)

0.98
(−! to 1.17)

.01

Secondary Outcome: Cumulative Allogeneic Blood Components Transfused Within 7 d After Start of Surgery

Primary analysis set 372 15.5
(6.0 to 29.5)

22.5
(20.5 to 24.7)

363 17.0
(9.0 to 28.0)

22.3
(20.3 to 24.5)

0.21
(−3.14 to 3.55)

Unadjusted 1.01
(0 to 1.15)

.005

Adjusted 0.96
(−! to 1.09)c

<.001

Per-protocol set 364 15.5
(6.0 to 29.0)

22.5
(20.5 to 24.8)

361 17.0
(9.0 to 28.0)

22.2
(20.2 to 24.5)

0.31
(−3.07 to 3.70)

Unadjusted 1.01
(0 to 1.16)

.007

Adjusted 0.96
(−! to 1.09)c

<.001

Abbreviation: LS, least-squares.
a Units of allogenic blood components counted as follows: each red blood cell

unit = 1 unit, each 250-mL plasma unit = 1 unit, each 500-mL plasma unit = 2
units, each platelet dose = 4 units.

b Per-protocol set excluded patients who did not undergo cardiac surgery with

cardiopulmonary bypass, received the incorrect treatment, received less than
80% of the planned dose, or received the first treatment more than 24 hours
after cardiopulmonary bypass.

c Adjusted for critical state before surgery (post hoc analysis).
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a nonsignificant difference of 2.0% in mortality. This
seemed to be related to the between-group imbalance in the
number of patients in critical state before surgery.

The study objective was to compare the 2 currently rec-
ommended therapies for fibrinogen replacement4,5 under
usual conditions of clinical care. Thus, it did not include a
placebo group to determine the efficacy of fibrinogen
replacement per se, nor did it attempt to identify the appro-
priate threshold for fibrinogen replacement.16 A recent sys-
tematic review comparing fibrinogen concentrates with
cryoprecipitate in patients with bleeding10 identified 1 ran-
domized trial (with high risk for bias)19 and 3 observational
studies25-27 and concluded that there was insufficient evi-
dence to recommend one product over the other. Another

review of trauma, obstetric, and gastrointestinal bleeding
populations reached similar conclusions.9 This study pro-
vides further data regarding the comparative efficacy and
adverse event profile of these 2 products.

The noninferiority finding can inform the choice of cryo-
precipitate or fibrinogen concentrate for treatment of bleed-
ing related to acquired hypofibrinogenemia. A core tenet and
major regulatory driver in transfusion medicine is the pre-
cautionary principle that requires risk-mitigation strategies
to be instituted even if there is only a theoretical risk of
harm.28 Consistent with this principle, the US Food and Drug
Administration blood safety strategy recommends the use of
pathogen-reduced blood products when feasible.28 Cur-
rently, there are no known impending infectious threats for

Figure 2. Ratio of Mean Number of Allogeneic Blood Components Transfused in the 24 Hours
After Cardiopulmonary Bypass for the Primary Analysis Set, Per-Protocol Analysis Set,
and A Priori–Defined Subgroups

Group/Subgroup Ratio (97.5% CI)
Primary analysis set 0.96 (–' to 1.09)

Per-protocol analysis set 0.97 (–' to 1.10)

Excluding patients in critical state 0.84 (–' to 0.96)

Elective surgery 0.81 (–' to 0.96)

Nonelective surgery 1.09 (0 to 1.31)

Complex surgery 0.98 (–' to 1.13)

Noncomplex surgery 0.86 (–' to 1.12)

0.7 21
Ratio of Mean No. of Units (97.5% CI)

Favors
Fibrinogen

Concentrate

Favors
Cryoprecipitate

1.2
All patients in critical state were in the
nonelective subgroup. Blue dashed
line at x = 1.2 indicates the
noninferiority margin.

Table 4. Treatment-Emergent Adverse Events and Other Measured Outcomes at 28-Day Follow-up

Outcome

No. (%)
Fibrinogen Concentrate
(n = 372)

Cryoprecipitate
(n = 363)

Any adverse event 248 (66.7) 264 (72.7)

No. of events 623 673

Any serious adverse event 117 (31.5) 126 (34.7)

No. of events 224 264

Thromboembolic adverse eventsa 26 (7.0) 35 (9.6)

No. of events 27 39

Stroke/TIA 17 (4.6) 18 (5.0)

DVT/PE 5 (1.3) 9 (2.5)

Myocardial infarction 3 (0.8) 4 (1.1)

Other vessel thrombosis 0 7 (1.9)

Amaurosis fugax 0 1 (0.3)

Disseminated intravascular coagulation 1 (0.3) 0

Thrombophlebitis 1 (0.3) 0

Acute kidney injuryb 48 (12.9) 48 (13.2)

Hepatobiliary disordersc 32 (8.6) 37 (10.2)

Duration of mechanical ventilation,
median (IQR), d

1.3 (0.7-5.0) [n = 337] 1.3 (0.7-4.2) [n = 342]

Duration of intensive care unit stay,
median (IQR), d

2.9 (1.4-5.7) [n = 352] 2.8 (1.2-5.6) [n = 345]

Duration of hospitalization,
median (IQR), d

8.2 (6.3-13.0) [n = 314] 9.0 (6.3-13.3) [n = 308]

Abbreviations: DVT, deep vein
thrombosis; PE, pulmonary
embolism; TIA, transient ischemic
attack.
a Patients who experienced more

than 1 event are counted only once
in the total.

b Acute kidney injury was defined
as greater than a 2-fold increase
in creatinine or kidney failure
requiring hemodialysis within
28 days of surgery.

c Hepatobiliary disorders were
defined by the Medical Dictionary
for Regulatory Activities (version
21.1) system of nomenclature.
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recipients of cryoprecipitate; however, the history of blood
pathogens suggests that plasma-derived products have
transmitted pathogens in the past and may do so in the
future.29 In addition, mathematical models of emerging
pathogens suggest that the association of plasma-derived
products (such as cryoprecipitate) with outcomes and costs
may be substantial.30 In this regard, fibrinogen concentrate
may be preferred to cryoprecipitate because it is pathogen-
reduced. Another advantage of fibrinogen concentrate is
that in most situations it can be logistically simpler to deliver
to the bedside of a patient with bleeding. One important
consideration is the cost differential that currently favors
cryoprecipitate, but this varies across regions, and the most
recent economic analysis failed to include the costs of future
emerging pathogens and did not include comprehensive
activity-based costing.31

Limitations
This study has several limitations. First, since the aim was to
compare the 2 products when used under usual conditions of
care, it was not logistically possible to institute a standard-
ized transfusion protocol across the sites or to blind clini-
cians to treatment assignment. Although a post hoc analysis
showed that there were treatment × site interactions, account-
ing for the interactions did not have a material effect on the
primary outcome. Moreover, postoperative hemoglobin, plate-
let count, and coagulation measures were similar between
groups (Table 2), suggesting that transfusion practice was
consistent in both groups. In addition, the results were con-
sistent when transfusions were measured from beginning of
surgery to postoperative day 7 (a priori analysis) or after ad-
ministration of investigational product (post hoc analysis),
which suggests that lack of blinding did not influence the tim-
ing of transfusions relative to product administration. Of note,
to ensure that all transfusions and adverse events were col-
lected without bias, patients and outcome assessors were
blinded to treatment allocation and independent monitors re-

viewed all transfusion and adverse events. Second, while the
study had few exclusion criteria, it included only patients un-
dergoing cardiac surgery with bleeding, and its findings may
therefore not be generalizable to other settings where fibrino-
gen replacement is required. This would primarily be other
types of surgery, trauma, and postpartum hemorrhage,32 but
most evidence suggests that the role of fibrinogen is similar
in these settings.33,34 Third, because of the pragmatic design
of the study, strict timing of laboratory assessments could not
be enforced. However, only less than 5% of patients had no
measured fibrinogen levels before product administration. Re-
lated to this, a small proportion of patients had fibrinogen val-
ues above recommended thresholds when treatment order was
received. However, this is consistent with recent experience
in major bleeding,32 and ongoing bleeding from sample col-
lection to therapy means that actual fibrinogen levels at the
time of therapy were likely lower than measured values.
Fourth, fibrinogen content is standardized in fibrinogen con-
centrate but is highly variable in cryoprecipitate. As a result,
some patients in the cryoprecipitate group likely received much
less or much more than 4 g of fibrinogen. While this is one of
the inherent limitations of cryoprecipitate, observed differ-
ences in pretreatment and posttreatment fibrinogen levels sug-
gest that on average both groups received clinically similar
amounts of fibrinogen.

Conclusions
In patients undergoing cardiac surgery who develop clini-
cally significant bleeding and hypofibrinogenemia after car-
diopulmonary bypass, fibrinogen concentrate is noninferior
to cryoprecipitate with regard to number of blood compo-
nents transfused in a 24-hour period post bypass. Use of fi-
brinogen concentrate may be considered for management of
bleeding in patients with acquired hypofibrinogenemia in car-
diac surgery.
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background 

 

It remains uncertain whether the choice of resuscitation fluid for patients in intensive
care units (ICUs) affects survival. We conducted a multicenter, randomized, double-blind
trial to compare the effect of fluid resuscitation with albumin or saline on mortality in a
heterogeneous population of patients in the ICU.

 

methods 

 

We randomly assigned patients who had been admitted to the ICU to receive either
4 percent albumin or normal saline for intravascular-fluid resuscitation during the next
28 days. The primary outcome measure was death from any cause during the 28-day
period after randomization.

 

results 

 

Of the 6997 patients who underwent randomization, 3497 were assigned to receive al-
bumin and 3500 to receive saline; the two groups had similar baseline characteristics.
There were 726 deaths in the albumin group, as compared with 729 deaths in the saline
group (relative risk of death, 0.99; 95 percent confidence interval, 0.91 to 1.09; P=0.87).
The proportion of patients with new single-organ and multiple-organ failure was sim-
ilar in the two groups (P=0.85). There were no significant differences between the
groups in the mean (±SD) numbers of days spent in the ICU (6.5±6.6 in the albumin
group and 6.2±6.2 in the saline group, P=0.44), days spent in the hospital (15.3±9.6
and 15.6±9.6, respectively; P=0.30), days of mechanical ventilation (4.5±6.1 and
4.3±5.7, respectively; P=0.74), or days of renal-replacement therapy (0.5±2.3 and
0.4±2.0, respectively; P=0.41).

 

conclusions 

 

In patients in the ICU, use of either 4 percent albumin or normal saline for fluid resus-
citation results in similar outcomes at 28 days.

abstract
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he administration of intrave-

 

nous fluids to maintain or increase intra-
vascular volume is a common intervention

in the intensive care unit (ICU), but there is uncer-
tainty whether the choice of fluid significantly influ-
ences patients’ outcomes.

 

1-7

 

 In particular, no ade-
quately powered randomized, controlled trials have
examined the effect of fluid choice on the survival
of patients in the ICU. In the absence of such trials,
a number of meta-analyses have examined how the
choice of crystalloid or colloid solution and of al-
bumin-containing or albumin-free fluid affects sur-
vival in critically ill patients and in patients who are
less severely ill.

 

1-3,7

 

 A meta-analysis published by
the Cochrane Injuries Group Albumin Reviewers in-
cluded 24 studies involving a total of 1419 patients
and suggested that the administration of albumin-
containing fluids resulted in a 6 percent increase in
the absolute risk of death when compared with the
administration of crystalloid solutions.

 

1

 

 However,
a subsequent meta-analysis of 55 trials involving a
total of 3504 patients examined the effect of resus-
citation with albumin-containing fluid on the risk
of death in a general population of patients and did
not find a significant increase in the risk of death.

 

3

 

The conflicting results of such meta-analyses
have left many clinicians unsure about the effect of
albumin-containing fluids on survival in critically ill
patients. To address this uncertainty, we conducted
the Saline versus Albumin Fluid Evaluation (SAFE)
Study in 16 ICUs in Australia and New Zealand. We
tested the hypothesis that when 4 percent albumin
is compared with 0.9 percent sodium chloride (nor-
mal saline) for intravascular-fluid resuscitation in
patients in the ICU, there is no difference in the
28-day rate of death from any cause.

 

study design and treatment protocol

 

Patients 18 years of age or older who had been ad-
mitted to the closed, multidisciplinary ICUs of 16
academic tertiary hospitals in Australia and New
Zealand between November 2001 and June 2003
were assessed for eligibility for the study. Eligible
patients were those whom the treating clinician
judged to require fluid administration to maintain
or increase intravascular volume, with this decision
supported by the fulfillment of at least one objective
criterion. Patients admitted to the ICU after cardiac
surgery, after liver transplantation, or for the treat-
ment of burns were excluded. Details of the inclu-

sion and exclusion criteria are given in Table S1 of
the Supplementary Appendix (available with the full
text of this article at www.nejm.org). A detailed de-
scription of the study design has been published
elsewhere.

 

8

 

The study protocol was approved by the ethics
committees of the University of Sydney and of each
participating institution. Written informed consent
was to be obtained from all competent patients; in
cases in which prior consent could not be obtained
from the patient because of critical illness or the use
of sedative or anesthetic drugs, consent could be de-
layed, and a provision for delayed consent was ap-
plied. In such cases, the patient or his or her surro-
gate decision maker was informed of the study as
soon as practicable, and consent was sought to con-
tinue the study procedures and to access the partic-
ipant’s medical records for study-related data. The
patients or their legal surrogates were informed of
their right to request that the study procedures be
discontinued and their right to refuse the study-
related use of their medical records.

Eligible patients were randomly assigned to re-
ceive either 4 percent albumin (Albumex, CSL) or
normal saline, with the random assignments strat-
ified according to institution and according to
whether there was a diagnosis of trauma on admis-
sion to the ICU. Randomization was carried out
centrally with the use of a minimization algorithm,
and the service was accessed on the Internet through
a secure Web site. Study fluids were supplied in
identical 500-ml bottles, and blinding was ensured
through the use of specially designed masking
cartons and specially designed and manufactured
administration sets.

 

8

 

 The effectiveness of the blind-
ing was confirmed in a formal study before the trial
was initiated. The treating clinicians determined the
amount and rate of fluid administration according
to each patient’s clinical status and response to treat-
ment. The allocated study treatment was to be used
for all fluid resuscitation in the ICU until death or
discharge or until 28 days after randomization. The
administration of intravenous fluids outside the ICU
was not controlled.

In addition to the study fluid, patients received
maintenance fluids, specific replacement fluids, en-
teral or parenteral nutrition, and blood products at
the discretion of the treating clinicians. The moni-
toring of central venous pressure, pulmonary-artery
catheterization, and all other aspects of patient care
were performed at the discretion of the treating cli-
nicians.

t

methods
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baseline assessment and follow-up 
data collection

 

Data collected at baseline included the Acute Phys-
iology and Chronic Health Evaluation II score,

 

9

 

 as
well as information pertaining to diagnostic crite-
ria for severe sepsis

 

10

 

 (Table S2 of the Supplemen-
tary Appendix) and for the acute respiratory distress
syndrome.

 

11

 

 Patients were identified as having trau-
matic brain injury at baseline if they had a history of
trauma, a Glasgow Coma Score

 

12

 

 while not sedated
of less than 14, and an abnormality consistent with
traumatic brain injury on a computed tomographic
scan of the head. The cardiovascular, respiratory,
renal, hematologic, and hepatic components of
the Sequential Organ-Failure Assessment (SOFA)
score,

 

13

 

 as described in Table S3 of the Supplemen-
tary Appendix, were recorded at the time of random-
ization, daily for the next seven days, and then every
third day until discharge from the ICU or until day
28. After randomization, the heart rate, central
venous pressure, mean arterial blood pressure, vol-
ume of study fluid administered, volume of non-
study fluid and blood products administered, net
fluid balance (calculated as the total fluid input
minus the total fluid output), use of mechanical
ventilation, and use of renal-replacement therapy
(intermittent or continuous hemodialysis, hemo-
filtration, or hemodiafiltration) were recorded dai-
ly until discharge from the ICU or death or until
day 28.

 

outcome measures

 

The primary outcome measure was death from any
cause within 28 days after randomization. Second-
ary outcome measures were the survival time during
the first 28 days, the proportion of patients who had
one, two, three, four, or five new organ failures (de-
fined as a documented change in the cardiovascular,
respiratory, renal, hematologic, or hepatic compo-
nent of the SOFA score from 0, 1, or 2 at baseline to
3 or 4 during the ICU stay, where higher scores in-
dicate increasingly severe organ dysfunction), the
duration of mechanical ventilation, the duration of
renal-replacement therapy, and the duration of the
ICU and hospital stay.

Death from any cause within 28 days after ran-
domization was also examined in six predefined
subgroups according to the presence or absence of
trauma, the presence or absence of severe sepsis,
and the presence or absence of the acute respiratory
distress syndrome at baseline.

 

study and data management

 

Two preplanned interim analyses were performed
by an independent statistician after recruitment of
the first 2333 patients (33 percent of the planned
total) and the first 4666 patients (67 percent), and
the results were reviewed by the independent data-
monitoring committee.

The George Institute for International Health at
the University of Sydney performed the data man-
agement, the site management, and the data analy-
sis, independently of the funding agencies. The
manuscript was prepared by the writing committee
and was revised by the study investigators, who ap-
proved the final manuscript.

 

statistical analysis

 

The trial was designed to enroll 7000 patients, there-
by providing a power of 90 percent to detect a 3 per-
cent difference in absolute mortality rates between
the two groups from an estimated baseline mortal-
ity rate of 15 percent. The data were exported from
the study database and analyzed with the use of
SPSS software (version 11.5). All analyses were per-
formed on an intention-to-treat basis. Where data
were missing, we report the number of available ob-
servations, and we make no assumptions about the
missing data.

Proportions were compared by means of the
chi-square test or Fisher’s exact test, and continu-
ous variables were compared by means of unpaired
t-tests. The results of comparisons of event rates in
the two groups are presented as relative risks with
95 percent confidence intervals. Survival times were
compared by means of the log-rank test and are pre-
sented as Kaplan–Meier curves without adjustment
for baseline covariates. Heterogeneity of treatment
effects among subgroups was assessed with the use
of the test for a common relative risk.

 

14

 

study patients

 

Seven thousand random assignments to a study
treatment were made (3499 to the albumin group
and 3501 to the saline group). Three patients mis-
takenly underwent randomization twice within 28
days; they were followed for 28 days beginning at
the time of the first randomization, and for purpos-
es of data analysis were considered part of the group
to which they were first assigned. Thus, the study
population comprised 6997 patients, 3497 of whom

results
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were assigned to receive albumin and 3500 of whom
were assigned to receive saline. The majority of the
patients (6628 [94.7 percent] — 3312 of those in
the albumin group [94.7 percent] and 3316 of those
in the saline group [94.7 percent]) were enrolled
with the use of the provision for delayed consent.
Delayed consent was obtained from the patient in
2713 cases (38.8 percent) and from a surrogate de-
cision maker (a relative, a legally recognized surro-
gate, or an institutional ethics committee) in the re-
maining cases. Prior consent was obtained from the
patient in 45 cases (0.6 percent) and from a surro-
gate decision maker in 335 cases (4.8 percent).

At baseline, the only statistically significant dif-
ference between the two groups was a higher mean
(±SD) central venous pressure in the albumin group
(9.0±4.7 mm Hg, vs. 8.6±4.6 mm Hg in the saline
group; P=0.03). The baseline characteristics of the
6997 patients are summarized in Table 1, and their
progress through the study is summarized in Fig-
ure S1 of the Supplementary Appendix.

Study fluid was administered to all but 197 pa-
tients (2.8 percent), including 90 in the albumin
group and 107 in the saline group. Resuscitation
fluids in addition to the allocated study fluid were
administered to 309 patients in the albumin group
(8.8 percent) and 375 in the saline group (10.7 per-
cent). The most common reason for the adminis-
tration of nonstudy resuscitation fluid was error (in
189 patients in the albumin group [5.4 percent] and
190 in the saline group [5.4 percent]). Clinicians’
preference for a specific nonstudy resuscitation flu-
id was the reason for its administration in 68 pa-
tients in the albumin group (1.9 percent) and 103
in the saline group (2.9 percent). At the completion
of the trial, information on vital status 28 days after
randomization was unavailable for 67 patients (1.0
percent), including 26 in the albumin group and 41
in the saline group. In 56 of these 67 cases, vital sta-
tus was missing because the patient or his or her le-
gal surrogate had withheld or withdrawn consent.

 

fluids administered and treatment effects

 

On each of the first three study days, the patients
who had been randomly assigned to receive albumin
received significantly less study fluid than did those
assigned to saline, resulting in a significantly great-
er net positive fluid balance in the saline group on
each of those days (Table 2). The ratios of the volume
of albumin to the volume of saline administered
during the first four days were as follows: 1:1.3 on
day 1, 1:1.6 on day 2, 1:1.3 on day 3, and 1:1.2 on

 

* Plus–minus values are means ±SD. Percentages were calculated according to 
the number of patients for whom data were available: for sex, 3497 in the albu-
min group and 3500 in the saline group; for severe sepsis, 3339 in the albumin 
group and 3338 in the saline group; and for all the other variables, 3428 in the 
albumin group and 3423 in the saline group. Because of rounding, not all per-
centages total 100. ICU denotes intensive care unit, and APACHE II Acute 
Physiology and Chronic Health Evaluation II.

† Higher scores on APACHE II indicate more severe illness.
‡P=0.03 for the comparison with the value in the albumin group (without cor-

rection for multiple-hypothesis testing).
§ Organ failure was defined as a Sequential Organ-Failure Assessment score

 

13

 

 

 

of 3 or 4 for any individual organ system.

 

Table 1. Baseline Characteristics of the Patients.*

Characteristic Albumin Group Saline Group

 

Age — yr 58.6±19.1 58.5±18.7

Female sex — no. (%) 1424 (40.7) 1376 (39.3)

Reason for admission to ICU — no. (%)
Surgical
Medical

1473 (43.0)
1955 (57.0)

1465 (42.8)
1958 (57.2)

Source of admission to ICU — no. (%)

Emergency department 948 (27.7) 977 (28.5)

Hospital floor 614 (17.9) 573 (16.7)

Another ICU 63 (1.8) 66 (1.9)

Another hospital 323 (9.4) 341 (10.0)

Operating room (emergency surgery) 801 (23.4) 780 (22.8)

Operating room (elective surgery) 662 (19.3) 678 (19.8)

Same ICU (readmission) 17 (0.5) 8 (0.2)

Predefined subgroups — no. (%)
Trauma
Severe sepsis
Acute respiratory distress syndrome

597 (17.4)
603 (18.1)

61 (1.8)

590 (17.2)
615 (18.4)
66 (1.9)

APACHE II score† 18.7±7.9 19.0±8.0

Physiological variables

Heart rate — beats/min 91.4±23.5 92.3±23.5

Mean arterial pressure — mm Hg 77.8±16.4 78.2±16.3

Central venous pressure — mm Hg 9.0±4.7 8.6±4.6‡

Urine output — ml/hr 89.7±132.4 95.0±161.4

Serum albumin — g/liter 27.4±7.8 27.7±7.9

Organ failure— no. (%)§

No failure 1962 (57.2) 1885 (55.1)

1 organ 1075 (31.4) 1148 (33.5)

2 organs 335 (9.8) 329 (9.6)

3 organs 50 (1.5) 57 (1.7)

4 organs 5 (0.1) 4 (0.1)

5 organs 1 (<0.1) 0

Mechanical ventilation — no. (%) 2186 (63.8) 2217 (64.8)

Renal-replacement therapy — no. (%) 45 (1.3) 41 (1.2)

Albumin in previous 72 hr — no. (%) 127 (3.7) 135 (3.9)
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day 4. The overall ratio of the volume of albumin to
the volume of saline administered during the first
four days was approximately 1:1.4. Patients in the
two groups received similar volumes of other fluids
during the first four days, except on days 1 and 2,
when the patients in the albumin group received a
greater volume of packed red cells than did those in
the saline group; on average, during the first four
days, patients assigned to receive albumin received
71.0 ml more packed red cells than those assigned

to receive saline. On day 2, patients in the saline
group received a greater volume of nonstudy fluids
than did those in the albumin group (Table 2). After
day 4, there were no differences between the two
groups in the volume of study fluids administered.
There were no significant differences between the
groups in the mean arterial pressure measured at
the end of each of the first four days of the study. The
patients assigned to receive albumin had a lower
heart rate at the end of the first day than those as-

 

* Plus–minus values are means ±SD.

 

† P values are for the comparison between the two means for each variable at each time point.

 

Table 2. Fluids Administered and Physiological Effects of Treatment.*

Variable Albumin Group Saline Group P Value†

 

No. of Patients Value No. of Patients Value

Study fluid (ml)
Day 1
Day 2
Day 3
Day 4

3410
3059
2210
1686

1183.9±973.6
602.7±892.7
268.0±554.5
192.3±427.0

3418
3068
2202
1664

1565.3±1536.1
954.0±1484.4
348.3±753.5
228.6±642.6

<0.001
<0.001

0.03
0.57

Nonstudy fluid (ml)
Day 1
Day 2
Day 3
Day 4

3392
3051
2199
1680

1459.4±1183.2
2615.9±1372.5
2618.5±1346.5
2691.5±1228.7

3405
3057
2191
1656

1505.6±1254.3
2707.3±1435.7
2660.9±1319.3
2707.7±1255.4

0.30
0.009
0.15
0.36

Packed red cells (ml)
Day 1
Day 2
Day 3
Day 4

3411
3066
2217
1692

97.8±360.7
106.5±321.4
59.8±225.5
43.6±167.5

3415
3074
2210
1668

71.7±296.8
61.1±235.2
49.5±190.8
46.0±189.0

<0.001
<0.001

0.30
0.77

Net positive fluid balance (ml)
Day 1
Day 2
Day 3
Day 4

3363
3044
2190
1671

1543.6±1619.7
1015.3±1826.9
422.1±1633.3
137.2±1491.0

3382
3052
2182
1649

1990.5±2061.7
1505.1±2215.9
553.0±1732.3
155.7±1650.6

<0.001
<0.001

0.007
0.70

Mean arterial pressure (mm Hg)
Day 1
Day 2
Day 3
Day 4

3406
3068
2215
1688

81.4±14.4
84.4±15.1
87.2±15.3
88.3±15.9

3408
3075
2209
1666

80.9±14.5
84.2±15.7
86.9±16.1
88.4±16.3

0.14
0.49
0.62
0.87

Heart rate (beats/min)
Day 1
Day 3
Day 3
Day 4

3398
3071
2216
1691

88.0±20.2
88.5±19.5
88.8±19.1
89.5±18.9

3406
3075
2213
1668

89.7±20.8
89.5±19.2
89.7±18.8
89.9±18.5

<0.001
0.06
0.10
0.52

Central venous pressure (mm Hg)
Day 1
Day 2
Day 3
Day 4

2204
2095
1531
1221

11.2±4.8
11.6±4.9
11.4±4.8
11.1±4.8

2270
2135
1589
1230

10.0±4.5
10.4±4.3
10.7±4.4
10.5±4.4

<0.001
<0.001
<0.001
<0.001

Serum albumin (g/liter)
Day 1
Day 2
Day 3
Day 4

2081
2708
1921
1498

28.7±7.0
30.8±6.4
30.0±6.4
29.0±6.2

2061
2703
1905
1478

24.7±6.5
24.5±5.9
23.6±5.6
23.1±5.5

<0.001
<0.001
<0.001
<0.001
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signed to receive saline. Central venous pressure
was significantly higher in the albumin group than
in the saline group at all time points during the first
four days, and the serum albumin concentration was
higher in the albumin group throughout the study
period (Table 2).

 

outcomes

 

Within 28 days after randomization, 726 of 3473 pa-
tients in the albumin group (20.9 percent) and 729
of 3460 patients in the saline group (21.1 percent)
had died. For the albumin group as compared with
the saline group, the absolute difference in mortal-
ity was –0.2 percent (95 percent confidence inter-
val, –2.1 to +1.8 percent). The relative risk of death
among patients assigned to receive albumin as

compared with those assigned to receive saline was
0.99 (95 percent confidence interval, 0.91 to 1.09;
P=0.87). At 28 days, 111 patients in the albumin
group (3.2 percent) and 87 patients in the saline
group (2.5 percent) remained in the ICU (relative
risk, 1.27; P=0.09); 793 (22.8 percent) and 848
(24.5 percent), respectively, remained in the hospi-
tal (relative risk, 0.93; 95 percent confidence inter-
val, 0.86 to 1.01; P=0.10) (Table 3). There was no
significant difference in survival times between the
two groups (Fig. 1).

The number of patients who had new single-
organ or multiple-organ failure, assessed according
to their SOFA scores, was similar in the two groups
(P=0.85 by Fisher’s exact test) (Table 3). During the
28-day study period the mean length of stay in the

 

* Plus–minus values are means ±SD. CI denotes confidence interval, and ICU intensive care unit.
† The data include the numbers of patients in the ICU or the length of stay in the ICU.
‡ Data were available for 2649 patients in the albumin group and 2673 patients in the saline group. New organ failure was defined as a Sequential 

Organ-Failure Assessment score

 

13

 

 of 0, 1, or 2 in any individual organ system at baseline, followed by an increase in the score to 3 or 4 in the 
same system.

§ The P value pertains to the comparison between the albumin and saline groups in the numbers of patients who had no new organ failure or 

 

new failure of one, two, three, four, or five organs.

 

Table 3. Primary and Secondary Outcomes.*

Outcome Albumin Group Saline Group
Relative Risk

(95% CI)
Absolute Difference

(95% CI) P Value

 

Status at 28 days — no./total no. (%)

Dead 726/3473 (20.9) 729/3460 (21.1) 0.99 (0.91 to 1.09) 0.87

Alive in ICU 111/3473 (3.2) 87/3460 (2.5) 1.27 (0.96 to 1.68) 0.09

Alive in hospital† 793/3473 (22.8) 848/3460 (24.5) 0.93 (0.86 to 1.01) 0.10

Length of stay in ICU — days 6.5±6.6 6.2±6.2 0.24 (–0.06 to 0.54) 0.44

Length of stay in hospital — days† 15.3±9.6 15.6±9.6 –0.24 (–0.70 to 0.21) 0.30

Duration of mechanical ventilation — 
days

4.5±6.1 4.3±5.7 0.19 (–0.08 to 0.47) 0.74

Duration of renal-replacement therapy 
— days

0.48±2.28 0.39±2.0 0.09 (–0.0 to 0.19) 0.41

New organ failure — no. (%)‡ 0.85§

No failure 1397 (52.7) 1424 (53.3)

1 organ 795 (30.0) 796 (29.8)

2 organs 369 (13.9) 361 (13.5)

3 organs 68 (2.6) 75 (2.8)

4 organs 18 (0.7) 17 (0.6)

5 organs 2 (0.1) 0 

Death within 28 days according to sub-
group — no./total no. (%)

Patients with trauma 81/596 (13.6) 59/590 (10.0) 1.36 (0.99 to 1.86) 0.06

Patients with severe sepsis 185/603 (30.7) 217/615 (35.3) 0.87 (0.74 to 1.02) 0.09

Patients with acute respiratory dis-
tress syndrome

24/61  (39.3) 28/66  (42.4) 0.93 (0.61 to 1.41) 0.72
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ICU was 6.5±6.6 days in the albumin group and
6.2±6.2 days in the saline group (P=0.44). The mean
length of stay in the hospital was 15.3±9.6 days and
15.6±9.6 days, respectively (P=0.30). The numbers
of days of mechanical ventilation and days of renal-
replacement therapy were similar in the two groups
(Table 3).

 

subgroup analyses

 

During the 28-day study period, the relative risk of
death among patients with trauma in the albumin
group as compared with such patients in the saline
group was 1.36; the corresponding relative risk of
death among patients without trauma was 0.96
(P=0.04 by the test for a common relative risk). This
difference in the relative risk of death was due to the
greater number of patients with trauma and an as-
sociated brain injury who died after random assign-
ment to albumin as opposed to saline: 59 of 241
such patients in the albumin group died (24.5 per-
cent), as compared with 38 of 251 such patients in
the saline group (15.1 percent) (relative risk, 1.62;
95 percent confidence interval, 1.12 to 2.34; P=
0.009). Among patients who had trauma without
brain injury, there was no difference between the
groups in terms of mortality: 22 such patients in
the albumin group (6.2 percent) and 21 in the sa-
line group (6.2 percent) died (relative risk, 1.00; 95
percent confidence interval, 0.56 to 1.79; P=1.00).
Among all the patients who had trauma (596 in the
albumin group and 590 in the saline group), there
were 81 (13.6 percent) deaths in the albumin group
and 59 (10.0 percent) in the saline group (relative
risk, 1.36; 95 percent confidence interval, 0.99 to
1.86; P=0.06) (Fig. 2 and Table 3).

In a subgroup analysis of patients with severe
sepsis, the relative risk of death during the 28-day
study period among those randomly assigned to re-
ceive albumin as opposed to saline was 0.87, as
compared with a corresponding relative risk of 1.05
among patients without severe sepsis (P=0.06 by
the test for a common relative risk). Of the 603 pa-
tients with severe sepsis who had been assigned to
receive albumin, 185 (30.7 percent) died, and of the
615 patients with severe sepsis who had been as-
signed to receive saline, 217 (35.3 percent) died (rel-
ative risk, 0.87; 95 percent confidence interval, 0.74
to 1.02; P=0.09) (Table 3). In a subgroup analysis of
patients with the acute respiratory distress syn-
drome, the relative risk of death among those as-
signed to receive albumin as opposed to saline was
0.93; the corresponding relative risk among patients

without this syndrome was 1.00 (P=0.74 by the test
for a common relative risk).

In this randomized trial, we found that the use of
4 percent albumin or normal saline for intravascu-
lar volume resuscitation in a heterogeneous popu-
lation of patients in the ICU resulted in equivalent
rates of death from any cause during the 28-day
study period. Requirements for mechanical venti-
lation and renal-replacement therapy, time spent in
the ICU and in the hospital during the 28-day study
period, and the time until death (among the patients
who died) were also equivalent. The proportion of
patients in the two groups in whom new single-
organ or multiple-organ failure developed were sim-
ilar. Our findings do not support the results of the
Cochrane Injuries Group Albumin Reviewers’ meta-
analysis, which suggested that the use of albumin
was associated with an increased mortality rate
among critically ill patients.

 

1

 

Our study was conducted as a double-blind, ran-
domized trial. Albumin and saline are not consid-
ered equipotent intravascular volume expanders, but
their relative potencies have not previously been
examined in an adequately powered, blinded trial.
In our study, patients who were resuscitated with al-
bumin received less fluid than those who were re-
suscitated with saline. During the first four days,

discussion

 

Figure 1. Kaplan–Meier Estimates of the Probability of Survival.

 

P=0.96 for the comparison between patients assigned to receive albumin and 
those assigned to receive saline.
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the ratio of albumin administered to saline admin-
istered was approximately 1:1.4. However, there
was no significant difference in mean arterial pres-
sure between the groups, and the differences in
central venous pressure and heart rate were small.
Thus, we believe that the patients in the two groups
were resuscitated to similar and acceptable end
points.

Our study was also a large, pragmatic study in a
population of patients subject to a large number of
concurrent interventions. We did not collect infor-
mation on all concurrent interventions performed in
the ICU. However, randomization was stratified ac-
cording to participating institution, so that each in-
stitution treated equal numbers of patients assigned
to saline or to albumin. As a result, we do not believe
that an imbalance in concurrent interventions could
have influenced the results.

Patients who were assigned to albumin received
a significantly greater volume of packed red cells
during the first two days of the study. The reasons
for this difference remain speculative but may in-
clude greater hemodilution with albumin than with
saline or increased blood loss with albumin due to
transient alterations in coagulation. In a study of
transfusion requirements in critically ill patients
conducted by Hébert and colleagues, a liberal trans-
fusion policy resulted in the administration of an

excess of 3.0 units of packed red cells. This was as-
sociated with an increase in in-hospital mortality of
5.9 percentage points.

 

15

 

 During the first four days
of our study, the excess volume of fluid transfused
in the albumin group averaged 71.0 ml per patient
(less than one quarter of a unit). Accordingly, we do
not believe this small excess in transfused volume
influenced the results.

Given that our study had insufficient power to
detect small but important differences in mortality
among the predefined subgroups, the results pro-
vide only limited evidence that the treatment effects
varied among these subgroups. The finding that pa-
tients with trauma might benefit more from resus-
citation with saline than patients without trauma
appears to be consistent with the results of a meta-
analysis by Choi et al., who suggested that colloid
resuscitation was associated with increased mortal-
ity in patients with trauma.

 

2

 

 In our study, however,
the increased relative risk of death among patients
with trauma as compared with those without trau-
ma resulted from a small excess number of deaths
among patients who had trauma with brain injury,
whereas the meta-analysis by Choi et al. did not in-
clude studies in patients with brain injury.

 

2

 

 
In our study, the difference in mortality between

the albumin and saline groups among patients with
trauma involving brain injury should be interpreted

 

Figure 2. Relative Risk of Death from Any Cause among All the Patients and among the Patients in the Six Predefined 
Subgroups.

 

The size of each symbol indicates the relative number of events in the given group. The horizontal bars represent the 
confidence intervals (CI). ARDS denotes the acute respiratory distress syndrome.
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with caution. Patients with traumatic brain injury
constituted only 7 percent of the study population,
and the excess number of deaths in the albumin
group was only 21. In large studies, such subgroup
differences frequently occur by chance.

 

16

 

 In addi-
tion, the rate of death from any cause over a 28-day
period is not considered the most appropriate out-
come measurement with which to assess treatment
effects in patients with brain injury. Assessment of
mortality and functional neurologic status at least
six months after injury is recommended.

 

17

 

 In con-
trast with our findings in patients with trauma, the
comparison of the relative risk of death among pa-
tients with severe sepsis and those without severe
sepsis provides limited evidence of a treatment effect
that favors albumin in patients with severe sepsis.
It should be noted that such differences between
subgroups frequently occur by chance and that only
specifically designed and appropriately powered
studies can determine whether any such treatment
effects are real.

In conclusion, our study provides evidence that
albumin and saline should be considered clinically
equivalent treatments for intravascular volume re-

suscitation in a heterogeneous population of pa-
tients in the ICU. Whether either albumin or saline
confers benefit in more highly selected populations
of critically ill patients requires further study. Ac-
cording to the current state of knowledge, factors
that may influence the choice of resuscitation fluid
for a critically ill patient include the individual clini-
cian’s preference, the tolerability of the treatment,
its safety, and its cost.

 

Supported by the Auckland District Health Board, Middlemore
Hospital, and the Health Research Council of New Zealand — all in
New Zealand; and by the Australian Commonwealth Department of
Health and Aged Care, CSL (Melbourne, Victoria), the Australian
National Health and Medical Research Council, the Health Depart-
ment of Western Australia, the New South Wales Health Depart-
ment, the Northern Territory Health Services, the Queensland
Health Services Department, Royal Hobart Hospital (Tasmania), the
South Australian Department of Human Services, and the Victorian
Department of Human Services — all in Australia.

Dr. A. Davies and Dr. D. Stephens report owning shares in CSL.
We are indebted to the nursing and medical staff of the intensive

care units and the blood banks of the participating institutions; to
the staff of the Australian Red Cross Blood Service and the New
Zealand Blood Service, whose enthusiasm and hard work made the
SAFE Study possible; to the staff of Tuta Healthcare, who manufac-
tured and supplied the fluid-administration sets; and to the manag-
ers and staff of CSL, who manufactured, blinded, packed, and sup-
plied the saline and albumin used in the study.

 

appendix

 

The Saline versus Albumin Fluid Evaluation (SAFE) Study investigators are as follows: 

 

Writing Committee 

 

— S. Finfer (Chair), R. Bellomo, N.
Boyce, J. French, J. Myburgh, and R. Norton. 

 

Management Committee 

 

— R. Norton (Chair), J. French (Senior Project Manager), R. Bellomo, S.
Finfer, J. Myburgh, G. Doig, M. Hayek, and S. O’Donnell. 

 

Steering Committee 

 

— S. Finfer (Chair), A. Bell, R. Bellomo, N. Boyce, D. Blythe, J.
Cade, M. Chapman, L. Cole, J. Cooper, A. Davies, C. French, J. French, C. Joyce, C. McArthur, S. MacMahon, J. Myburgh, B. Neal, R. Norton,
J. Presneill, P. Saul, I. Seppelt, D. Stephens, A. Turner, A. Williams, and C. Woolfe. 

 

External Safety and Data Monitoring Committee 

 

— R. Peto
(Chair), P. Sandercock, C. Sprung, and D. Young. 

 

Statistical Analysis

 

 (George Institute for International Health, University of Sydney, Sydney,
N.S.W., Australia) — S.K. Lo, S. Sivarajasingham, L. Francis, M. Woodward. 

 

Site investigators

 

 (all in Australia unless otherwise specified) —
Alfred Hospital, Melbourne: J. Charlton, J. Cooper, A. Davies, C. Harry, L. Higgins, K. Moulden, and S. Vallance. Auckland Hospital, Auck-
land, New Zealand: J. Chadderton, L. Newby, and C. McArthur. Austin and Repatriation Medical Centre, Melbourne: S. Bates, R. Bellomo,
D. Goldsmith, and A. Voss. Australian Red Cross Blood Service, Melbourne: N. Boyce. Fremantle Hospital, Fremantle: D. Blythe and A. Pal-
ermo. George Institute for International Health, University of Sydney, Sydney: L. Francis, J. French, M. Hayek, K. Jayne, S. MacMahon, M.
Merai, B. Neal, R. Norton, S. Pandey, S. O’Donnell, M. Schmidt, S. Sivarajasingham, and M. Woodward. John Hunter Hospital, Newcastle:
R. Carroll, B. McFadyen, and P. Saul. Middlemore Hospital, Auckland, New Zealand: J. Clarke, J. Powell, A. Williams, and J. Tai. Nepean
Hospital, Penrith: L. Cole, I. Hynesova, I. Seppelt, and L. Weisbrodt. Princess Alexandra Hospital, Brisbane, Queensland: L. Bradley, C.
Joyce, T. Kelly, A. Limpus, and R. Moore. Royal Adelaide Hospital, Adelaide: M. Chapman, S. Creed, S. Kaplan, J. Rivett. Royal Darwin Hos-
pital, Darwin: D. Stephens and J. Thomas. Royal Hobart Hospital, Hobart: A. Bell, K. Marsden, and A. Turner. Royal Melbourne Hospital,
Melbourne: C. Boyce, J. Cade, B. Howe, J. Presneill, and M. Robertson. Royal North Shore Hospital, Sydney: G. Doig, S. Finfer, A. O’Con-
nor, J. Potter, and N. Ramakrishnan. Royal Prince Alfred Hospital, Sydney: C. Powell, D. Rajbhandari, and C. Woolfe. St. George Hospital,
Sydney: K. Girling, M. Hodgetts, A. Jovanovska, and J. Myburgh. Western Hospital, Melbourne: C. French and L. Little.

 

references

 

1.

 

Cochrane Injuries Group Albumin Re-
viewers. Human albumin administration
in critically ill patients: systematic review of
randomised controlled trials. BMJ 1998;
317:235-40.

 

2.

 

Choi PT, Yip G, Quinonez LG, Cook DJ.
Crystalloids vs. colloids in fluid resuscita-
tion: a systematic review. Crit Care Med
1999;27:200-10.

 

3.

 

Wilkes MM, Navickis RJ. Patient sur-

vival after human albumin administration:
a meta-analysis of randomized, controlled
trials. Ann Intern Med 2001;135:149-64.

 

4.

 

Cook D, Guyatt G. Colloid use for fluid
resuscitation: evidence and spin. Ann Intern
Med 2001;135:205-8.

 

5.

 

Whether albumin therapy improves or
worsens survival of critically ill patients is
not known. Ann Intern Med 2001;135:S-25.

 

6.

 

Boldt J. New light on intravascular vol-

ume replacement regimens: what did we
learn from the past three years? Anesth
Analg 2003;97:1595-604.

 

7.

 

Bunn F, Alderson P, Hawkins V. Colloid
solutions for fluid resuscitation. Cochrane
Database Syst Rev 2003;1:CD001319.

 

8.

 

ANZICS Clinical Trials Group, Insti-
tute for International Health SAFE Study
Investigators. The Saline vs. Albumin Fluid
Evaluation (SAFE) Study (ISRCTN76588266):

The New England Journal of Medicine 
Downloaded from nejm.org on October 15, 2021. For personal use only. No other uses without permission. 

 Copyright © 2004 Massachusetts Medical Society. All rights reserved. 



 

n engl j med 

 

350;22

 

www.nejm.org may 

 

27

 

, 

 

2004

 

2256

 

albumin vs. saline for fluid resuscitation in the icu

 

design and conduct of a multi-centre, blind-
ed randomised controlled trial of intravenous
fluid resuscitation in critically ill patients.
London: BMJ Publishing, 2004. (Accessed
May 3, 2004, at http://bmj.com/cgi/content/
full/326/7389/559/DC1.)

 

9.

 

Knaus WA, Draper EA, Wagner DP, Zim-
merman JE. APACHE II: a severity of disease
classification system. Crit Care Med 1985;
13:818-29.

 

10.

 

Bone RC, Balk RA, Cerra FB, et al. Defini-
tions for sepsis and organ failure and guide-
lines for the use of innovative therapies in
sepsis. Chest 1992;101:1644-55.

 

11.

 

Bernard GR, Artigas A, Brigham KL, et al.

The American-European Consensus Confer-
ence on ARDS: definitions, mechanisms, rel-
evant outcomes, and clinical trial coordina-
tion. Am J Respir Crit Care Med 1994;149:
818-24.

 

12.

 

Teasdale G, Jennett B. Assessment of
coma and impaired consciousness: a practi-
cal scale. Lancet 1974;2:81-4.

 

13.

 

Vincent JL, de Mendonca A, Cantraine F,
et al. Use of the SOFA score to assess the in-
cidence of organ dysfunction/failure in in-
tensive care units: results of a multicenter,
prospective study. Crit Care Med 1998;26:
1793-800.

 

14.

 

Woodward M. Epidemiology: study de-

sign and data analysis. Boca Raton, Fla.:
Chapman & Hall/CRC Press, 1999.

 

15.

 

Hébert PC, Wells G, Blajchman MA, et
al. A multicenter, randomized, controlled
clinical trial of transfusion requirements in
critical care. N Engl J Med 1999;340:409-17.
[Erratum, 1999;340:1056.]

 

16.

 

Collins R, MacMahon S. Reliable as-
sessment of the effects of treatment on mor-
tality and major morbidity. I. Clinical trials.
Lancet 2001;357:373-80.

 

17.

 

Narayan RK, Michel ME, Ansell B, et al.
Clinical trials in head injury. J Neurotrauma
2002;19:503-57.

 

Copyright © 2004 Massachusetts Medical Society.

 

posting presentations at medical meetings on the internet

 

Posting an audio recording of an oral presentation at a medical meeting on the 
Internet, with selected slides from the presentation, will not be considered prior 
publication. This will allow students and physicians who are unable to attend the 
meeting to hear the presentation and view the slides. If there are any questions 
about this policy, authors should feel free to call the 

 

Journal’

 

s Editorial Offices.

The New England Journal of Medicine 
Downloaded from nejm.org on October 15, 2021. For personal use only. No other uses without permission. 

 Copyright © 2004 Massachusetts Medical Society. All rights reserved. 




