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Purpose: To test the hypothesis that albumin administration is
not associated with excess mortality.

Data Sources: Computer searches of the MEDLINE and EMBASE
databases, the Cochrane Library, and Internet documents; hand
searching of medical journals; inquiries to investigators and med-
ical directors; and review of reference lists.

Study Selection: Randomized, controlled trials comparing albu-
min therapy with crystalloid therapy, no albumin, or lower doses
of albumin.

Data Extraction: Two investigators independently extracted
data. The primary end point was relative risk for death. Criteria
used to assess methodologic quality were blinding, method of
allocation concealment, presence of mortality as a study end
point, and crossover. Small-trial bias was also investigated.

Data Synthesis: Fifty-five trials involving surgery or trauma,

burns, hypoalbuminemia, high-risk neonates, ascites, and other
indications were included. Albumin administration did not signif-
icantly affect mortality in any category of indications. For all trials,
the relative risk for death was 1.11 (95% CI, 0.95 to 1.28).
Relative risk was lower among trials with blinding (0.73 [CI, 0.48
to 1.12]; n 5 7), mortality as an end point (1.00 [CI, 0.84 to 1.18];
n 5 17), no crossover (1.04 [CI, 0.89 to 1.22]; n 5 35), and 100 or
more patients (0.94 [CI, 0.77 to 1.14]; n 5 10). In trials with two
or more such attributes, relative risk was further reduced.

Conclusions: Overall, no effect of albumin on mortality was
detected; any such effect may therefore be small. This finding
supports the safety of albumin. The influence of methodologic
quality on relative risk for death suggests the need for further
well-designed clinical trials.
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Albumin administration has played a part in fluid
management of acutely ill patients for more than

50 years (1). Indications for which albumin therapy is
licensed in the United States include hypovolemia or
shock; burns; hypoalbuminemia or hypoproteinemia;
surgery; trauma; cardiopulmonary bypass; the acute res-
piratory distress syndrome; hemodialysis; acute nephro-
sis; hyperbilirubinemia; acute liver failure; ascites; and
sequestration of protein-rich fluids in acute peritonitis,
pancreatitis, mediastinitis, and extensive cellulitis (2–6).
Albumin therapy has multiple effects, including volume
expansion (7, 8), increased serum albumin concentra-
tion (9) and colloid osmotic pressure (10), and hemo-
dilution (8). Albumin may be used expressly to achieve
one or more of these effects. For instance, in high-risk
neonates, albumin therapy may be given to expand
intravascular volume and correct hypoalbuminemia
(11). Both volume expansion and hemodilution may be
desired in cardiopulmonary bypass surgery (12, 13) and
acute ischemic stroke (14).

A previous meta-analysis of randomized, controlled
trials examined the effect of albumin on mortality com-
pared with crystalloid, no albumin, or a lower dose of
albumin (15). No significant effect of albumin on mor-

tality was observed in trials of hypovolemia from surgery
or trauma. However, in trials of burns and hypoalbu-
minemia, the mortality rate in albumin recipients signif-
icantly exceeded that in controls. When results of all
three indications were pooled, the mortality rate was
also significantly higher in the albumin group. The
meta-analysis has been updated (16), but no further tri-
als with mortality data were included and the results
remained unchanged.

The validity of the previous meta-analysis has been
challenged on several grounds, such as omission of rele-
vant trials, combination of heterogeneous trials (for ex-
ample, of adults and high-risk neonates), inadequate as-
sessment of the effect of methodologic quality on
outcome, and the absence of a plausible mechanism to
explain albumin-associated excess mortality (17–23). In-
dependent evidence also suggests that the conclusion of
the meta-analysis may have been incorrect. First, despite
widespread use over an extended period, very few fatal
adverse events have been reported in connection with
albumin administration (1, 24–28). In addition, in a
randomized, controlled trial of cirrhotic patients with
spontaneous bacterial peritonitis, albumin significantly
reduced mortality and renal impairment (29). This evi-
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dence suggests that albumin administration is not asso-
ciated with excess mortality. We therefore conducted a
new meta-analysis of randomized, controlled trials to
test this hypothesis.

METHODS

Trial Inclusion Criteria
We used broad inclusion criteria and planned analy-

ses a priori to investigate the relationship between meth-
odologic quality and outcome. This approach avoids the
potential for particular exclusion rules to bias meta-
analytic results (30). Broad meta-analyses also offer the
advantages of statistical power and generalizability (31).

To be included, a trial had to be a randomized com-
parison of albumin therapy with crystalloid therapy, no
therapy with exogenous purified albumin, or a lower
dose of exogenous purified albumin; in addition, mor-
tality data had to be available. We placed no restrictions
on the clinical indication for albumin administration or
therapeutic intent, such as volume expansion, correction
of hypoalbuminemia, hemodilution, or maintenance of
colloid osmotic pressure.

Regimens in the control group could include crys-
talloid solutions but not synthetic colloids, blood prod-
ucts, or plasma protein fraction. We did not specifically
exclude studies in which concomitant treatments, in-
cluding asanguinous colloids and blood products, were
given in a similar manner to both study groups.

Search Techniques
We sought published and unpublished trials through

computer searches of the MEDLINE and EMBASE
databases, the Cochrane Controlled Trials Register, and
the Cochrane Medical Editors Trial Amnesty of unpub-
lished trials. Relevant Internet resources, such as confer-
ence reports, abstracts, compilations of references, and
full-text journal articles, were accessed by using the Al-
tavista, Northern Light, HotBot, and Excite search en-
gines. We manually searched Journal of the American
Medical Association, New England Journal of Medicine,
The Lancet, and BMJ for the period January 1990 to
November 2000. The medical directors of albumin sup-
pliers and authors of published randomized trials related
to albumin were consulted. The reference citations in
previous meta-analyses, including those in the Cochrane
Database of Systematic Reviews (both completed re-
views and protocols), review articles, and reports of ran-

domized and other investigations involving albumin
were examined. Language restrictions were not applied.

Data Collection
We selected trials and independently extracted data.

Differences in interpretation were resolved by discus-
sion. Interanalyst agreement in trial selection and data
extraction was not quantified. Authorship, time periods
of enrollment, treatment protocol details, patient demo-
graphic data, and other information in the randomized
trial reports were closely examined to avoid repeated
inclusion of data on patients who may have appeared in
multiple reports and to ensure inclusion of the most
thorough data.

During trial selection and data extraction, we were
not masked to authors, institutions, journal, or identity
of treatment groups. Available evidence indicates that
for purposes of meta-analysis, such masking imposes
substantial burdens without significantly altering effect
sizes (32). Masking would also have hindered efforts to
avoid duplication and ensure completeness of data.

Deaths were scored on an intention-to-treat basis.
The method used to conceal randomized group alloca-
tion was classified as adequate, inadequate, or unclear by
using criteria described elsewhere (33). Unpublished
data on mortality were sought from the randomized trial
investigators.

Statistical Analysis
Our primary outcome measure was relative risk for

death. Relative risks less than 1.0 or greater than 1.0
signify lower risk in the albumin or control group, re-
spectively. We used the METAN program (34) to cal-
culate relative risk and corresponding 95% CIs accord-
ing to the method of Mantel and Haenszel (35) and to
assess between-study heterogeneity according to the
method of DerSimonian and Laird (36). If significant
heterogeneity was not found, a fixed-effects model was
used to calculate pooled relative risk and 95% CIs.

Sensitivity analyses were planned and conducted to
investigate the effects of the following methodologic
quality attributes on outcome: blinding, allocation con-
cealment method, presence of mortality as a study end
point, and crossover. We used the METABIAS program
(37) to evaluate small-trial bias according to the test
proposed by Egger and colleagues (38). Frequently
termed publication bias, small-trial bias reflects a system-
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atic difference in effect size estimates derived from small
versus large trials. Several mechanisms, including selec-
tive publication of small trials with “positive” results,
bias in identifying relevant small trials, true heterogene-
ity between small and large trials, and poor quality of
small trials, can produce publication bias (38).

Role of the Funding Source
This study was conceived and initiated by the two

investigators. Support was thereafter sought and re-
ceived from the Plasma Protein Therapeutics Associa-
tion and the American Red Cross. These organizations
had no role in the design, conduct, interpretation, and
analysis of the study or in review and approval of the
manuscript.

RESULTS

Included Trials
Figure 1 shows the number of trials evaluated dur-

ing each stage of the meta-analysis. After initial screen-
ing and subsequent more detailed evaluation of retrieved
randomized trial reports, 78 candidate trials including a
total of 4232 randomly assigned patients were identified
(7–14, 29, 39–108). Data on mortality were available

from 55 trials involving 3504 randomly assigned pa-
tients; these trials accounted for 83% (3504 of 4232) of
the randomly assigned patients in all candidate trials.
These 55 trials, in which 525 deaths occurred, were
included in the meta-analysis. No study was unpub-
lished. Mortality data appeared in the published reports
of 45 trials; the investigators provided unpublished mor-
tality data for 10 trials. Despite our best efforts, we were
unable to obtain mortality data for 23 trials. For 1 trial,
details of the investigational design appeared in a pub-
lished abstract (103) and mortality data appeared in a
subsequently published letter (104).

Of the 55 included trials, 27 involved surgery or
trauma; 4 involved burns; 5 involved hypoalbuminemia;
6 involved high-risk neonates; 5 involved ascites; and 8
involved other indications, comprising 2 trials each of
the acute respiratory distress syndrome and hyperbiliru-
binemia and 1 trial each of septic and hypovolemic
shock, acute ischemic stroke, the vascular leak syn-
drome, and the ovarian hyperstimulation syndrome
(Table 1). The median number of patients who under-
went randomization per trial was 52 (range, 10 to 300).
In addition to the 6 trials of high-risk neonates, 2 trials
in the other indications category involved infants with

Figure 1. Number of trials evaluated at each stage of the meta-analysis.
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Table 1. Attributes of Included Trials

Trial (Reference) Clinical Setting Albumin Regimen Control Regimen Study End Points* Blind-
ing

Alloca-
tion Con-
cealment

Mortal-
ity End
Point

Cross-
over

Surgery or trauma
Lowe et al. (49) Laparotomy for acute

abdominal trauma
50 g of albumin per

200 mL of fluid
with each 1000
mL of Ringer lac-
tate

Ringer lactate Pulmonary function No Adequate No No

Shah et al. (50) Trauma and shock 5% salt-poor albu-
min in Ringer lac-
tate

Ringer lactate Cardiac output; pulmo-
nary capillary wedge
pressure

No Adequate No No

Hallowell et al. (12) Cardiopulmonary by-
pass (valve proce-
dures or myocar-
dial bypass)

25 g of albumin be-
fore cardiopulmo-
nary bypass and
50 g of albumin in
priming solution

No supplemental albu-
min before end of
cardiopulmonary by-
pass

Blood requirement; fluid
balance; hospital stay;
major organ function;
mortality; respiratory
support

No Unclear Yes No

Lucas et al. (51) Hypovolemia in pa-
tients with gun-
shot, stab, or blunt-
object injuries

25 g of albumin dur-
ing operation and
150 g/d for 3–5 d
thereafter

Balanced electrolyte
solution

Volume expansion; pul-
monary and renal func-
tion

No Unclear No No

Boutros et al. (52) Major operative pro-
cedures on the ab-
dominal aorta

5% dextrose in water
plus salt-poor albu-
min

5% dextrose in 0.45%
NaCl or lactated
Ringer solution

Hemodynamic status; pul-
monary and renal func-
tion

No Unclear No No

Virgilio et al. (56) Abdominal aortic sur-
gery

5% albumin in
Ringer lactate

Ringer lactate Colloid osmotic pressure;
cardiac output; pulmo-
nary capillary wedge
pressure; gradient be-
tween colloid osmotic
pressure and pulmo-
nary capillary wedge
pressure; intrapulmo-
nary shunt

No Adequate No No

Mathru et al. (57) Cesarean section 5% albumin in
Ringer lactate with
5% dextrose solu-
tion

Ringer lactate with 5%
dextrose solution

Apgar scores; incidence
and severity of hypo-
tension

No Unclear No No

Nilsson et al. (58) Elective operations to
resect tumor with a
primary anastomo-
sis in patients with
colorectal cancer

Albumin, 20–25 g/d
for 3 d starting on
the day after oper-
ation

No albumin Postoperative course as
predicted by preopera-
tive serum albumin lev-
el; frequency of post-
operative complications

No Adequate No No

Zetterström (60) Elective reconstruc-
tion of the abdom-
inal aorta

5% albumin to main-
tain pulmonary
arterial occlusion
pressure

Ringer balanced elec-
trolyte solution to
maintain pulmonary
arterial occlusion
pressure

Pulmonary function; he-
modynamic status

No Unclear No No

Zetterström and
Hedstrand (61)

Elective major ab-
dominal surgery

20% albumin: 300–
400 mL on day of
operation, 200 mL
on first postopera-
tive day, and 100
mL/d for next 3 d

No albumin Colloid osmotic pressure;
renal function; periph-
eral edema

No Unclear No No

Grundmann and
Meyer (64)

Partial gastrectomy Albumin and crystal-
loids

Crystalloids Colloid osmotic pressure;
hematocrit; serum pro-
tein

No Unclear No No

Bodenhamer et al.
(67)

Elective aortocoro-
nary bypass

5% albumin in po-
tassium crystalloid
cardioplegic solu-
tion

Potassium crystalloid
cardioplegic solution

Major organ function;
morbidity; ejection frac-
tion; creatine kinase–
MB; hemodynamic in-
dexes of performance

Yes Unclear No No

Gallagher et al. (68) Elective myocardial
revascularization
with saphenous
vein grafts

5% albumin to main-
tain pulmonary
capillary wedge
pressure of 12–18
mm Hg

Ringer lactate to main-
tain pulmonary capil-
lary wedge pressure
of 12–18 mm Hg

Pulmonary extravascular
water

No Adequate No No

Continued on following page
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Table 1—Continued

Trial (Reference) Clinical Setting Albumin Regimen Control Regimen Study End Points* Blind-
ing

Alloca-
tion Con-
cealment

Mortal-
ity End
Point

Cross-
over

Grundmann and
Heistermann (10)

Surgery and trauma Albumin to maintain
colloid osmotic
pressure of 29 cm
H2O

Albumin to maintain
colloid osmotic pres-
sure of 24 cm H2O

Colloid osmotic pressure;
duration of mechanical
ventilation and inten-
sive care unit stay;
complications; mortal-
ity; fluid therapy ad-
ministered; serum pro-
tein level; creatinine
concentration

No Unclear Yes No

Nielsen and Engell
(69)

Reconstructive sur-
gery of the ab-
dominal aorta

80 g of albumin on
the day of opera-
tion and 20 g/d
for next 3 d

No albumin Changes in extracellular
fluid volume in relation
to colloid osmotic pres-
sure

No Unclear No No

Sade et al. (70) Elective coronary ar-
tery bypass graft-
ing, valve replace-
ment, or both

5% albumin, 800
mL/m2, added to
sufficient lactated
Ringer solution to
make a total prim-
ing volume of
2500 mL

2500 mL lactated
Ringer solution as
prime

Clotting; hematologic and
hemodynamic variables;
static and dynamic
compliance; shunt frac-
tion; duration of opera-
tion, cardiopulmonary
bypass, aortic cross-
clamping, intubation,
and intensive care unit
stay

No Adequate No No

Grundmann and von
Lehndorff (72)

Abdominal, vascular,
or pulmonary sur-
gery, or trauma

Albumin to maintain
colloid osmotic
pressure of 26 cm
H2O

No albumin unless
judged necessary by
the attending physi-
cian

Complications; mortality;
major organ and clot-
ting function; infusion
therapy; duration of
intensive care unit stay
and ventilatory support

No Unclear Yes Yes

Marelli et al. (77) Aortocoronary by-
pass; valve and
other reparative
intracardiac proce-
dures

200 mL of 25% al-
bumin in Ringer
lactate cardiopul-
monary bypass
priming solution

No albumin in Ringer
lactate cardiopulmo-
nary bypass priming
solution

Perioperative fluid bal-
ance; cardiopulmonary
and renal function

Yes Adequate No No

Nielsen et al. (78) Elective abdominal
aortic surgery

53.3 g of albumin as
part of blood re-
placement therapy,
followed by albu-
min, 20 g/d, for
the first 3 post-
operative days

No albumin Sequential changes in
plasma albumin, trans-
ferrin, C-reactive pro-
tein, orosomucoid, fi-
brinogen and IgG and
IgA; plasma volume;
colloid osmotic pressure

No Unclear No No

Prien et al. (79) Hemipancreatoduo-
denectomy

20% albumin to
maintain preopera-
tive central venous
pressure

Ringer lactate to main-
tain preoperative
central venous pres-
sure

Colloid osmotic pressure;
intestinal edema

No Unclear No No

Adam et al. (80) Liver transplantation 4% albumin donor
liver flush solution

Ringer lactate donor
liver flush solution

Graft damage; graft func-
tion; retransplantation;
graft survival; mortality

No Unclear Yes No

London et al. (84) Coronary artery by-
pass grafting; valve
procedures

Cardiopulmonary
bypass priming
solution consisting
of 300 mL of 25%
albumin and 1700
mL of lactated
Ringer solution

Cardiopulmonary by-
pass priming solution
consisting of 2000
mL of lactated
Ringer solution

Colloid osmotic pressure;
fluid balance; hemody-
namic and pulmonary
function; length of in-
tubation; intensive care
unit and hospital stay

No Unclear No No

Boldt et al. (86) Elective aortocoro-
nary bypass graft-
ing

5% albumin preoper-
atively to double
reduced pulmonary
capillary wedge
pressure (,5 mm
Hg)

No additional volume Platelet function No Unclear No No

Continued on following page
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Table 1—Continued

Trial (Reference) Clinical Setting Albumin Regimen Control Regimen Study End Points* Blind-
ing

Alloca-
tion Con-
cealment

Mortal-
ity End
Point

Cross-
over

Woods and Kelley
(91)

Abdominal aortic an-
eurysm resection or
aortofemoral or
aortoiliac bypass
grafts

Albumin to maintain
serum albumin level
.35 g/L

No albumin Postoperative ileus No Inade-
quate

No Yes

Tølløfsrud et al. (13) Coronary artery by-
pass surgery

4% albumin to keep
heart–lung machine
reservoir above mini-
mal volume and
postoperatively to
stabilize hemody-
namics

Ringer acetate to keep
heart–lung machine
reservoir above mini-
mal volume and
postoperatively to
stabilize hemody-
namics

Fluid balance; pulmo-
nary function; eco-
nomics

No Adequate No No

Hondebrink et al.
(103) and Woittiez
and van Baal (104)

Major surgery 20% albumin, 300
mL/d, for 3 d

Saline, 500 mL/d, for
3 d

Colloid osmotic pres-
sure; serum albu-
min; fluid balance;
edema

No Unclear No No

Lennihan et al. (108) Aneurysm clipping
surgery in patients
with subarachnoid
hemorrhage

5% albumin, 250 mL
every 2 h, to main-
tain pulmonary ar-
tery diastolic pres-
sure of 14 mm Hg
on days 0 to 3 and
central venous pres-
sure of 8 mm Hg
thereafter

5% albumin, 250 mL
every 2 h, to main-
tain pulmonary ar-
tery diastolic pressure
of 7 mm Hg on days
0 to 3 and central
venous pressure of 5
mm Hg thereafter

Cerebral blood flow;
blood volume;
symptomatic vaso-
spasm and other
complications;
physiologic vari-
ables

Yes Unclear No Yes

Burns
Recinos et al. (45) Burns over $30% of

body surface
2.5% albumin in Ringer

lactate infused intra-
venously to induce
and maintain urinary
output of 30–50
mL/h for adults and
correspondingly
lower urinary output
for children; regimen
continued for $48 h
or until death or su-
pervening complica-
tion

Ringer lactate infused
intravenously to in-
duce and maintain
urinary output of
30–50 mL/h for
adults and corre-
spondingly lower
urinary output for
children; regimen
continued for $48 h
or until death or su-
pervening complica-
tion

Mortality; morbidity No Inade-
quate

Yes No

Jelenko et al. (54) Burns over 20%–
98% of body sur-
face

Hypertonic crystalloid
containing albumin,
12.5 g/L

Hypertonic crystalloid
or Ringer lactate

Hemodynamic and
respiratory func-
tion; colloid os-
motic pressure;
plasma volume

No Unclear No No

Goodwin et al. (65) Thermal injury During first 24 h, 2.5%
albumin in Ringer
lactate to stabilize
vital signs and pro-
duce urinary output
of 30–50 mL/h

During first 24 h,
Ringer lactate to sta-
bilize vital signs and
produce urinary out-
put of 30–50 mL/h

Hemodynamic re-
sponse; lung water

No Adequate No No

Greenhalgh et al.
(95)

Children with burns
over .20% total
body surface, re-
quiring albumin
supplementation

Albumin to maintain
serum level 25–35
g/L

Albumin to maintain
serum level of 15
g/L

Morbidity; mortality No Unclear Yes Yes

Hypoalbuminemia
Brown et al. (74) Hypoalbuminemia

requiring total par-
enteral nutrition
because of general
surgery, multiple
trauma, or medical
conditions

Albumin, 12.5 g/L,
then 25–37.5 g/d

No albumin Hospital morbidity Yes Adequate No Yes

Continued on following page
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Table 1—Continued

Trial (Reference) Clinical Setting Albumin Regimen Control Regimen Study End Points* Blind-
ing

Alloca-
tion Con-
cealment

Mortal-
ity End
Point

Cross-
over

Foley et al. (9) Hypoalbuminemia in
critically ill patients

25% albumin, 25–50
g/d

No albumin Mortality; major compli-
cation rate

No Unclear Yes Yes

Wojtysiak et al. (85) Hypoalbuminemia
requiring total par-
enteral nutrition
resulting from mul-
tiple trauma, gen-
eral surgery, carci-
noma, or medical
conditions

Albumin, 25 g/L as a
continuous infusion
for 5 d

No albumin Serum albumin; colloid
osmotic pressure; free
water clearance; elec-
trolyte-free water re-
sorption; sodium ex-
cretion

No Unclear No Yes

Golub et al. (92) Admission to surgical
intensive care unit
because of vascular
insufficiency, hip
fracture, gastroin-
testinal bleeding,
cancer, perforated
viscus, pancreatitis,
intra-abdominal
infection, or bowel
obstruction

50 mL of 25% albu-
min every 8 h to
maintain serum
albumin level
.30 g/L

No albumin Morbidity; mortality No Adequate Yes Yes

Rubin et al. (100) Hypoalbuminemia
(serum albumin
level ,25 g/L)

Albumin, 25 g/d Normal saline, 100
mL/d

Morbidity; mortality;
serum albumin level

Yes Adequate Yes No

High-risk neonates
Bland et al. (44) High-risk infants with

hypoproteinemia
and either low
birthweight, pre-
term delivery, or
acidemia

25% salt-poor albu-
min, 8 mL/kg

5% dextrose Morbidity; mortality No Adequate Yes No

Bland et al. (47) High-risk premature
infants with hy-
poproteinemia

25% salt-poor albu-
min, 8 mL/kg, or a
combination of
25% salt-poor al-
bumin, 4 mL/kg,
plus 7.5% sodium
bicarbonate, 1.5
mL/kg

5% glucose, 8 mL/kg,
or 7.5% sodium bi-
carbonate, 3 mL/kg

Incidence of respiratory
distress syndrome;
mortality; intracranial
hemorrhage

No Adequate Yes No

Kanarek et al. (11) Sick newborn infants
with respiratory dis-
tress, hypotension,
hypoalbuminemia,
and requirement for
total parenteral nu-
trition

Albumin to maintain
serum albumin
level of 30 g/L

No added albumin Serum albumin; severity
of respiratory distress;
mean arterial blood
pressure; weight gain;
incidence of complica-
tions

Yes Adequate No No

Greenough et al.
(88)

Ventilator-dependent,
hypoalbuminemic,
ill preterm infants

20% salt-poor albu-
min, 5 mL/kg

Maintenance fluids
(placebo), 5 mL/kg

Requirement for respira-
tory support

No Unclear No No

So et al. (102) Hypotension in me-
chanically ventilated
preterm infants

5% albumin, 10 mL/
kg, infused over
30 min

0.9% saline infused
over 30 min

Requirement for inotro-
pic support; mortality;
chronic lung disease

No Unclear Yes No

Oca et al. (107) Hypotension in low-
birthweight neo-
nates

5% albumin, 10
mL/kg

Normal saline Resolution of hypoten-
sion (mean arterial
pressure .30 mm Hg
for at least 30 min)

No Unclear No No

Ascites
Wilkinson and Sher-

lock (40)
Cirrhosis with ascites

(n 5 12) or edema
(n 5 4)

25% albumin, 25–
100 g, to maintain
colloid osmotic
pressure of 35–40
cm H2O

No additional volume Weight; colloid osmotic
pressure; hepatic
function; general
health

No Unclear No No

Continued on following page
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Table 1—Continued

Trial (Reference) Clinical Setting Albumin Regimen Control Regimen Study End Points* Blind-
ing

Alloca-
tion Con-
cealment

Mortal-
ity End
Point

Cross-
over

Ginès et al. (75) Tense ascites 20% albumin, 40 g
after each tap

No albumin Endocrine and major or-
gan function; morbidity;
mortality; rehospitaliza-
tion; resolution of as-
cites

No Adequate Yes No

Garcia-Compeán et
al. (87)

Tense ascites 25% albumin, 5 g per
L of ascites fluid re-
moved

No albumin Endocrine function; hemo-
dynamics; major organ
function

No Adequate No No

Gentilini et al. (105) Refractory ascites 25% albumin, 12.5
g/d, during hospital-
ization, 25 g/wk al-
bumin after dis-
charge for 1 y and
25 g every 2 wk for
the next 2 y

No albumin Disease recurrence; hospi-
tal stay; mortality; re-
hospitalization; resolu-
tion of ascites

No Adequate Yes No

Sort et al. (29) Cirrhosis and spon-
taneous bacterial
peritonitis

20% albumin, 1.5 g/kg
for 6 h, then 1 g/kg
on day 3

No albumin Mortality; renal impair-
ment

Yes Adequate Yes No

Other
Kitchen et al. (39) Hyperbilirubinemia 25% salt-poor albumin

during exchange
transfusion

No albumin during
exchange transfu-
sion

Bilirubin removal No Inade-
quate

No No

Virgilio et al. (55) Acute respiratory
distress syn-
drome

5% albumin in Ringer
lactate

Ringer lactate Pulmonary capillary wedge
pressure; cardiac output;
intrapulmonary shunt;
colloid osmotic pressure

No Unclear No No

Ebbesen and Brod-
ersen (59)

Hyperbilirubinemia
in low-birth-
weight infants

9% albumin, 1 g/kg,
containing sodium
caprylate and
N-acetyltryptophan

No albumin Unconjugated serum bili-
rubin; serum albumin;
reserve albumin for
binding of bilirubin;
packed cell volume; pH

No Inade-
quate

No No

Rackow et al. (7) Septic and hypovo-
lemic shock

5% albumin to achieve
pulmonary capillary
wedge pressure of
15 mm Hg

0.9% saline to achieve
pulmonary capillary
wedge pressure of
15 mm Hg

Plasma colloid osmotic
pressure and colloid os-
motic pressure–pulmo-
nary capillary wedge
pressure gradient; pul-
monary edema

No Unclear No No

Metildi et al. (66) Acute respiratory
distress syn-
drome

Salt-poor albumin in
Ringer lactate, 50
g/L

Ringer lactate Colloid osmotic pressure
and colloid osmotic
pressure–pulmonary
capillary wedge pressure
gradient; hemodynamic
and pulmonary func-
tion; mortality

No Adequate Yes No

Goslinga et al. (14) Acute ischemic
stroke

20% albumin supple-
mented with Ringer
glucose to achieve
pulmonary capillary
wedge pressure 12
6 3 mm Hg and he-
matocrit 0.32 6 0.02

Crystalloids Independence; mortality No Unclear Yes No

Pockaj et al. (93) Vascular leak syn-
drome associated
with interleukin-2
therapy

5% albumin 0.9% normal saline Physiologic variables; in-
tensive care unit stay;
medication require-
ments; time to dis-
charge; response to
interleukin-2; grade
3–4 toxicities

No Unclear No No

Isik et al. (98) Risk of moderate to
severe ovarian
hyperstimulation
syndrome

50 mL of 20% albumin No additional volume Development of moderate
to severe ovarian hyper-
stimulation syndrome

No Adequate No No

* In some trials that did not include mortality as an end point, deaths may nevertheless have been reported as an incidental finding.
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hyperbilirubinemia (Table 1). Forty-five trials involved
adults only. Age was unspecified in 2 trials.

Duration of follow-up either was specified or could
be imputed in 49 trials. In these trials, the median du-
ration of follow-up was 11 days (range, 0.04 to 1096
days). In 1 trial, patients were followed until discharge
or death (9). Duration of follow-up was unspecified for
5 trials.

Regimens
Fluid management regimens and concomitant ther-

apies varied widely (Table 1). In 7 trials, in addition to
the fluid regimen under study, both the albumin and
control groups received exogenous purified albumin for
intraoperative fluid expansion (12), postoperative vol-
ume expansion (12, 70), plasma volume replacement on
the second postburn day (65), cardiopulmonary bypass
pump priming (68, 86), volume expansion after treat-
ment failure in high-risk neonates (102), and adjunctive
treatment of patients requiring paracentesis for relief of
tense ascites (29). In 21 included trials, both groups
received blood products as concomitant therapy.

Blinding
Seven of 55 (13%) trials included some form of

blinding (Table 1). Blinded study participants were the
surgeon and anesthesiologist (67); the investigators
monitoring the patients (74); personnel involved in pa-
tient management except the perfusionist (77); caretak-
ers (11); the treating physicians, study physicians, and
study dietitian (100); all investigators (29); or the inves-
tigators who performed and analyzed cerebral blood
flow and blood volume measurements (108).

Allocation Concealment
Concealment of randomized group allocation was

adequate in 21 of 55 (38%) included trials, was inade-
quate in 4 of 55 (7%) trials, and unclear in 30 of 55
(55%) trials (Table 1).

End Points
Table 1 shows the study end points for the included

trials. Mortality was an end point in 17 of 55 (31%) trials.

Crossover
Individual patients in the control group crossed over

to albumin therapy in 8 of 55 (15%) included trials

(Table 1). The median number of patients who crossed
over to the albumin group was 3 (range, 2 to 18). The
basis for crossover was the attending physician’s deter-
mination that the patient would not tolerate withhold-
ing of albumin (72), development of septic shock (74),
profound hypoalbuminemia (9, 95), delayed cerebral
ischemia (108), volume or blood pressure support (91),
or unspecified reasons (85, 92). No patients in the albu-
min group crossed over to the control group on the basis
of severity of illness or deterioration in clinical condition.

Mortality
Relative risk could be calculated for the 42 of 55

(76%) included trials in which at least one death occurred
(Figure 2, Table 2). No significant between-trial heter-
ogeneity in relative risk was apparent (Table 2). The
pooled relative risk for death in these 42 trials was 1.11
(CI, 0.95 to 1.28) under a fixed-effects model, indicating
that albumin therapy had no significant effect on overall
mortality. Nor was such an effect evident in any of the
six categories of indications shown in Figure 2 and
Table 2.

Table 2. Pooled Relative Risk for Death

Trial Category Relative Risk
(95% CI)

Trials
with >1
Deaths, n

P Value for
Heteroge-
neity

All 1.11 (0.95–1.28) 42 .0.2
Surgery or trauma 1.12 (0.85–1.46) 20 .0.2
Burns 1.76 (0.97–3.17) 4 0.19
Hypoalbuminemia 1.59 (0.91–2.78) 4 .0.2
High-risk neonates 1.19 (0.78–1.81) 6 .0.2
Ascites 0.93 (0.67–1.28) 4 0.1
Other 0.91 (0.67–1.22) 4 .0.2
Blinding 0.73 (0.48–1.12) 7 .0.2
No blinding 1.17 (1.00–1.37) 35 .0.2
Adequate allocation

concealment 1.12 (0.89–1.40) 17 .0.2
Unclear or inadequate

allocation concealment 1.10 (0.90–1.33) 25 .0.2
Mortality end point 1.00 (0.84–1.18) 17 .0.2
No mortality end point 1.49 (1.11–2.00) 25 .0.2
No crossover 1.04 (0.89–1.22) 35 .0.2
Crossover 1.43 (1.00–2.05) 7 .0.2
Blinding and mortality end

point 0.59 (0.35–1.00) 2 .0.2
Blinding and no mortality

end point 1.05 (0.50–2.21) 5 .0.2
Blinding and no crossover 0.64 (0.40–1.04) 5 .0.2
Blinding and crossover 1.12 (0.43–2.91) 2 .0.2
Mortality end point and

no crossover 0.90 (0.74–1.09) 13 .0.2
Mortality end point and

crossover 1.48 (1.01–2.18) 4 .0.2
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Figure 2. Mortality and relative risk in individual trials and pooled relative risk under a fixed-effects model.

The relative risk for individual trials is shown as boxes scaled according to weighting by using the inverse variance method. Error bars indicate 95% CIs.
The pooled relative risk estimates are shown as diamonds that span the 95% CI.
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As indicated in Table 2, relative mortality risk was
lower by 38% (0.73 [CI, 0.48 to 1.12] vs. 1.17 [CI,
1.00 to 1.37]) in blinded compared with unblinded tri-
als, 33% (1.00 [CI, 0.84 to 1.18] vs. 1.49 [CI, 1.11 to
2.00]) in trials with a mortality end point compared
with those without a mortality end point, and 27%
(1.04 [CI, 0.89 to 1.22] vs. 1.43 [CI, 1.00 to 2.05]) in
trials without crossover compared with trials with cross-
over. Trials with any two of these attributes had addi-
tional reductions in relative risk (Table 2). No individ-
ual trial included all three attributes. Relative risk in
trials with adequate allocation concealment was closely
similar to that in trials with inadequate or unclear con-
cealment.

Small-Trial Bias
Significant small-trial bias favoring the control

group was detected (P 5 0.03). To evaluate the magni-
tude of the small-trial bias effect, trials were stratified
according to whether the total number of randomized
patients was less than 100 or 100 or greater (Table 3).
Pooled relative risk for the trials with 100 or more pa-
tients was lower than that for trials with less than 100
patients, both among all trials and across all strata of
methodologic quality.

DISCUSSION

In our meta-analysis, we found no evidence that
albumin significantly affected mortality, either across all
trials combined or within any of the six categories of
clinical indications. Therefore, any albumin-associated
effect on mortality is probably small. Four methodologic
quality attributes—blinding, mortality as an end point,

no crossover, and larger sample size—were all associated
with reduced pooled estimates of relative risk. The im-
portance of blinding in avoiding bias is well recognized
(33). The danger of bias is also inherent in assessing an
end point such as mortality after the fact, if the investi-
gators did not initially design the study to assess it. In
such instances, the study design is unlikely to have
included mechanisms for systematically documenting
deaths or an adequate follow-up period to observe rele-
vant deaths. Finally, the observed pattern of crossover
clearly was that the most seriously ill patients were
switched to albumin, in the apparent belief that albumin
might rescue high-risk control patients, but such pa-
tients in the albumin group were never switched to the
control group. Such rescue would bias pooled estimates
of relative risk in favor of control.

Significant small-trial bias was evident among the
included trials. This form of bias can operate in either
direction but is typically associated with overestimates of
beneficial treatment effects in small trials (38). However,
in our meta-analysis, the observed small-trial bias fa-
vored the control group. Relative risk was substantially
lower in large trials than in small trials.

Pooled relative risk estimates among trials with
blinding and those with 100 or more patients were 0.73
(CI, 0.48 to 1.12) and 0.94 (CI, 0.77 to 1.14), respec-
tively. The relative risk was also consistently less than
1.0 for trials that had two or more of the four attributes
indicating higher methodologic quality (blinding, mor-
tality as an end point, no crossover, and 100 or more
patients). These observations suggest that albumin ther-
apy may reduce mortality.

As the most abundant protein in human plasma,

Table 3. Small-Trial Bias

Trial Category Trials with <100 Total Patients Trials with >100 Total Patients

Relative Risk
(95% CI)

Trials with >1
Deaths, n

P Value for
Heterogeneity

Relative Risk
(95% CI)

Trials with >1
Deaths, n

P Value for
Heterogeneity

All 1.37 (1.10–1.70) 32 .0.2 0.94 (0.77–1.14) 10 .0.2
Blinding 1.22 (0.58–2.57) 5 .0.2 0.54 (0.31–0.92) 2 .0.2
No blinding 1.38 (1.10–1.74) 27 .0.2 1.02 (0.82–1.27) 8 .0.2
Adequate allocation concealment 1.44 (1.00–2.07) 10 .0.2 0.97 (0.73–1.29) 7 0.2
Unclear or inadequate allocation

concealment 1.33 (1.01–1.75) 22 .0.2 0.91 (0.69–1.20) 3 .0.2
Mortality end point 1.20 (0.87–1.64) 9 .0.2 0.93 (0.76–1.14) 8 .0.2
No mortality end point 1.52 (1.12–2.07) 23 .0.2 1.05 (0.29–3.73) 2 .0.2
No crossover 1.34 (1.05–1.69) 27 .0.2 0.85 (0.68–1.06) 8 .0.2
Crossover 1.52 (0.86–2.69) 5 .0.2 1.38 (0.87–2.17) 2 .0.2
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albumin exerts 75% to 80% of the normal colloid os-
motic pressure needed for fluid homeostasis (109). Al-
bumin also may play an important physiologic role by
virtue of its additional properties, such as antioxidant
and free radical–scavenging activity and its binding af-
finity for lipids, drugs, toxic substances, and other li-
gands (110). Albumin deficiency (hypoalbuminemia) is
clearly associated with adverse clinical outcomes (111,
112). Epidemiologic evidence from large-scale modern
observational clinical trials has suggested that albumin
has a direct protective effect in prevention of death (113).

Our and the previous meta-analysis (15) shared a
similar overall approach, focusing on relative risk for
death and addressing similar clinical indications. In the
previous meta-analysis, significant excess albumin-asso-
ciated mortality was reported in trials of burns and hy-
poalbuminemia and all trials combined; we did not re-
peat this observation. Several factors may account for
these disparate findings.

Forty-two of the 55 trials in our meta-analysis in-
cluded at least one death. In contrast, 24 of 30 trials in
the previous meta-analysis included at least one death.
This difference in scope could partly reflect the more
restrictive inclusion criteria of the previous meta-analy-
sis. On the other hand, that meta-analysis did not in-
clude certain clearly relevant trials, such as a burns trial
(45) in which the mortality rate was lower in the albu-
min group. When we included this trial, a significant
effect of albumin on mortality was not demonstrable in
the burns group (Table 2). Similarly, the previous meta-
analysis included a trial of 53 high-risk neonates in
which the mortality was higher in the albumin group
(47), but it left out a trial by the same investigators of
100 high-risk neonates in which the mortality rate was
higher in the control group (44).

We included four trials with a total of 727 ran-
domly assigned patients (10, 14, 66, 72) that were spe-
cifically excluded from the previous meta-analysis (16).
The pooled relative risk for the four trials was 0.94. The
largest of these excluded trials (14) involved 300 pa-
tients, and the mortality rate was lower in the albumin
group. The indicated basis for exclusion was that the
intervention was directed at hemodilution rather than
volume replacement (16). However, in the published
report of this trial, the investigators clearly stated that
“there are two important and completely different ele-
ments in hemodilution therapy: viscosity reduction and

optimization of the circulatory volume” (14). In the sec-
ond largest trial, which studied 220 patients (10), the
mortality rate was again lower in the albumin group.
This trial was excluded because it involved “different
criteria for albumin supplementation” (16). However, a
burns trial with a higher mortality rate in the albumin
group (95) was included, even though albumin was ad-
ministered according to different criteria: namely, a se-
rum albumin level less than 25 to 35 g/L in the albumin
group or less than 15 to 20 g/L in the control group.

A third trial (72) was excluded from the previous
meta-analysis because both the intervention and control
groups received albumin (16). This exclusion was incon-
sistent with the explicit inclusion criteria of the meta-
analysis, according to which trials “that compared dif-
ferent levels of albumin supplementation were also
included” (15). It was also inconsistent with the inclu-
sion of the burns trial involving low versus high albumin
administration (95). A fourth trial (66) was excluded
because it involved both nontrauma and trauma pa-
tients. This exclusion was inconsistent with inclusion of
three trials involving neither surgery nor trauma in the
“hypovolemia from surgery or trauma” category (7, 93,
102). Thus, inconsistent application of selection criteria
contributed to the higher mortality rate among albumin
recipients in the previous meta-analysis.

The previous meta-analysis did not investigate the
effects of blinding, end points, or crossover. Three of 24
(12%) trials with deaths in the previous meta-analysis
involved blinding (11, 74, 100), mortality was an end
point of 6 of those 24 trials (25%) (9, 47, 92, 95, 100,
102), and crossover occurred in 5 of 24 trials (21%) (9,
74, 91, 92, 95). Therefore, lack of blinding, absence of
a mortality end point, and crossover probably contrib-
uted substantially to the excess mortality observed in the
previous meta-analysis.

Two additional factors that may account at least in
part for the differing results were the size of included
trials and the mortality rate in the control group. In the
42 trials with deaths that we studied, the median total
number of randomly assigned patients was 56 (range, 16
to 300 patients) compared with 36 (range, 17 to 219
patients) in the 24 trials with deaths in the previous
meta-analysis. Furthermore, 10 of 42 (24%) trials in our
meta-analysis involved 100 or more patients, compared
with 2 of 24 (8%) trials in the previous meta-analysis.
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The dearth of large trials in the previous meta-analysis
may have precluded detection of significant small-trial bias.

In our meta-analysis, the mortality rate in the con-
trol group for the 42 trials with deaths was 252 of 1502
patients (17%). This rate is substantially higher than
that for the 24 trials with deaths in the previous meta-
analysis (58 of 608 patients [10%]). Empirical evidence
indicates that estimates of effect size by meta-analysis
can vary significantly as a function of the event rate in
the control group (114).

Our and the previous meta-analysis have limita-
tions. First, both meta-analyses focused on mortality,
which is an inherently insensitive end point in acutely ill
patients because of the relatively low mortality rate at-
tained with contemporary standards of care.

Second, both meta-analyses adopted relatively broad
inclusion criteria, which inevitably raises the issue of
heterogeneity. Despite the lack of detectable statistical
heterogeneity in mortality risk, the trials included in
both meta-analyses focused on disparate indications,
fluid management regimens, and patient populations.
Thus, these trials might be regarded as heterogeneous
from a clinical standpoint, with some justification. In
both meta-analyses, attempts were made to account for
potential heterogeneity by calculating relative risk sepa-
rately for each category of indications as well as for all
trials combined. In addition, we classified trials of high-
risk neonates separately from adult trials.

The fluid management strategies adopted in the in-
cluded trials differed notably, and those used in some of
the older included trials do not reflect current practice
(20, 23). In some trials, fluids were administered to at-
tain hemodynamic, physiologic, or biochemical targets,
which themselves varied. In other trials, patients re-
ceived fixed dosages or volumes. It may not be reason-
able to suppose that such disparate strategies would pro-
duce similar effects on outcome. Controls received
different types of crystalloids that may induce dissimilar
physiologic responses affecting outcome.

One uncertainty affecting both meta-analyses con-
cerns the administered dosage of albumin, which varied
widely among trials. The concomitant use of blood
products in many studies further complicated assess-
ment of dosage. Reported concentrations of albumin in
whole blood (42.1 g/L), packed red blood cells (19.1
g/L), and fresh frozen plasma (40.9 g/L) are substantial
(95), and randomized trial reports frequently omitted a

full accounting of the use of blood products. As a result,
the actual total albumin doses administered were often
impossible to deduce. Yet, inadequate or excessive albu-
min doses may be important determinants of outcome.
A biphasic dose–response relationship between albumin
and mortality was clearly demonstrated in a rodent
model of shock induced by intestinal ischemia (115).
The lowest and highest doses were associated with in-
creased mortality, whereas a plateau of decreased mor-
tality was observed at intermediate doses. Although a
broad range of albumin doses have been safely and rou-
tinely administered to critically ill patients, some clinical
evidence suggests that exceptionally high doses may be
associated with increased mortality (51).

Our findings should allay concerns about the safety
of albumin. Nevertheless, further well-designed, ade-
quately powered, blinded, randomized trials are war-
ranted to resolve the continued uncertainty about the
efficacy of albumin in certain clinical situations and pa-
tient populations.
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