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A randomized, controlled trial of furosemide with or without
albumin in hypoproteinemic patients with acute lung injury*
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John A. Morris, MD; Gordon R. Bernard, MD

Acute lung injury (ALI) and
acute respiratory distress syn-
drome (ARDS) are among the
most common conditions en-

countered in the intensive care unit (ICU)

(1). ALI/ARDS may affect as many as
150,000 people per year in the United
States, with mortality exceeding 40% in
most published series (2). Patients with
ALI/ARDS often require weeks of inten-
sive hospital care and account for an es-
timated $5 billion per year in direct
healthcare expenditures (3). Thus, any
therapy that shortens the duration of ill-
ness may have great clinical importance,
even without affecting mortality.

Hypoproteinemia is one of the stron-
gest independent predictors of the devel-
opment of ALI/ARDS and subsequent
clinical outcomes among patients with
sepsis (4). Hypoproteinemic patients are
twice as likely to develop ALI/ARDS and
three times more likely to die after its
onset. Both physiologic and clinical data
support fluid restriction to reduce edema
formation in ALI/ARDS (5–7). Negative
fluid balance is associated with improved
outcomes in critically ill patients, (8) and

implementation of a fluid-restrictive
strategy reduces the duration of mechan-
ical ventilation and may affect survival of
patients with pulmonary edema (9).
Physiology also supports restoration of
the colloid osmotic pressure (COP) gra-
dient to prevent edema formation, at
least when permitted by capillary perme-
ability (5). Administration of colloids to
patients with ALI/ARDS does not worsen
pulmonary edema when hydrostatic pres-
sures remain unchanged (10).

Expanding evidence associates ele-
vated hydrostatic pressures, fluid reten-
tion, and weight gain with mortality in
ALI/ARDS, yet there has never been a
prospective, randomized trial of diuretic
therapy in this patient population (11,
12). Data from our previous clinical trial
found significant benefits in oxygenation
and systemic hemodynamics for patients
with ALI/ARDS treated with the combina-
tion of albumin and furosemide, in com-
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Objective: Hypoproteinemia is a common condition in critically
ill patients, associated with the development of acute lung injury
and acute respiratory distress syndrome and subsequent worse
clinical outcomes. Albumin with furosemide benefits lung physi-
ology in hypoproteinemic patients with acute lung injury/acute
respiratory distress syndrome, but the independent pharmaco-
logic effects of these drugs are unknown.

Design: Randomized, double-blinded, placebo-controlled mul-
ticentered trial.

Setting: Eleven medical, surgical, and trauma intensive care
units including 190 beds within two university hospital systems.

Patients: Forty mechanically ventilated patients with acute
lung injury/acute respiratory distress syndrome, whose serum
total protein concentrations were <6.0 g/dL were included. Pa-
tients were excluded for hemodynamic instability or significant
renal or hepatic failure.

Interventions: Subjects were equally randomly allocated to
receive furosemide with albumin or furosemide with placebo for
72 hrs, titrated to fluid loss and normalization of serum total
protein concentration.

Measurements and Main Results: The primary outcome was
change in oxygenation from baseline to day 1, with secondary

physiologic and clinical outcomes. There were no differences in
baseline characteristics of the subjects in relation to group as-
signment. Albumin-treated patients had greater increases in ox-
ygenation (mean change in PaO2/FIO2: �43 vs. �24 mm Hg at 24
hrs and �49 vs. �13 mm Hg at day 3), serum total protein (1.5 vs.
0.5 g/dL at day 3), and net fluid loss (�5480 vs. �1490 mL at day
3) throughout the study period (all p < .05). Fluid bolus admin-
istration to control patients reduced net negative fluid balance;
control patients more frequently developed hypotension and had
fewer shock-free days, which translated to differences in organ
failure at study end.

Conclusions: The addition of albumin to furosemide therapy in
hypoproteinemic patients with acute lung injury/acute respiratory
distress syndrome significantly improves oxygenation, with
greater net negative fluid balance and better maintenance of
hemodynamic stability. Additional randomized clinical trials are
necessary to examine mechanisms and determine the effect on
important clinical outcomes, such as the duration of mechanical
ventilation. (Crit Care Med 2005; 33:1681–1687)

KEY WORDS: acute respiratory distress syndrome; albumin;
blood proteins; hydrostatic pressure; hypoproteinemia; lung dis-
eases; osmotic pressure; respiratory distress syndrome (adult)
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parison with placebo (13). We conducted
a randomized, controlled trial involving
hypoproteinemic patients with ALI/ARDS
to further our understanding of the im-
plications for active reductions in hydro-
static pressure, with particular focus on
the role of colloid supplementation be-
yond diuretic monotherapy.

MATERIALS AND METHODS

This investigation was approved by the In-
stitutional Review Boards of Emory University
and Vanderbilt University and the Research
Oversight Committees of Crawford Long and
Grady Memorial Hospitals. Surrogate in-
formed consent was obtained in each case
from the next of kin, because no patient at the
time of study enrollment was capable of pro-
viding informed consent.

Study Design. The primary outcome vari-
able for which this study was powered was
change in oxygenation over a 24-hr period.
This trial was designed with 80% power, with
use of a two-tailed � of .05 to detect a mini-
mum 20% change in oxygenation (PaO2/FIO2

ratio), and had at least 80% power to detect
comparable changes in net fluid balance (in-
take and output), body weight (kg), serum
total protein, serum albumin, and serum cre-
atinine, as estimated on the basis of data from
our previous clinical trials (4, 13).

No interim analyses were planned. Adverse
events were monitored by a data safety moni-
toring board, consisting of an independent
critical care physician, a biostatistician, and a
second independent physician, as needed.

Patient Selection. We identified patients
from February 1999 through December 2002
by prospectively screening all adult ICUs
within Grady Memorial Hospital (a 900-bed
urban level I trauma center), Emory Univer-
sity Hospital (a 600-bed tertiary referral aca-
demic hospital), Crawford Long Hospital (a
583-bed academic community hospital), and
Vanderbilt University Hospital (a 553-bed aca-
demic level I trauma center)—including ap-
proximately 190 ICU beds. Eligible subjects
met each of the following criteria at study
enrollment: (1) the American-European Con-
sensus Conference definition for ALI (bilateral
infiltrates evident on frontal chest radiograph,
PaO2/FIO2 ratio �300 mm Hg, and no evidence
of left atrial hypertension or a pulmonary ar-
tery occlusion pressure �18 mm Hg, if avail-
able); (2) serum total protein level �6.0 g/dL;
(3) ongoing nutritional support; and (4) me-
chanical ventilation for �24 hrs. Patients
were excluded for hemodynamic instability
(defined by administration of �2 L of intrave-
nous fluid boluses or transfusion of �4 units
of packed red blood cells within 24 hrs before
eligibility or by vasopressor requirements [do-
pamine at a dosage �5 �g/kg per min; any
dosage of epinephrine, phenylephrine, norepi-
nephrine, or vasopressin; or �1 vasoactive

drug infusion]); renal disease (serum creati-
nine level �3.0 mg/dL or urine output �500
mL/24 hrs); clinically documented cirrhosis;
allergy to albumin or furosemide; age �18 yrs;
pregnancy; or serum sodium level �155
mEq/L or potassium level �2.5 mEq/L. The
existence of an exclusion criterion did not
preclude subsequent enrollment once the cri-
terion was resolved.

Treatment Protocol. Participants were as-
signed to one of two interventions by random
allocation with a computer-generated four-
subject-block randomization list held by the
investigational pharmacy at each hospital,
which was also responsible for study drug
preparation, camouflage, blinding, and dis-
pensation. Patients hereafter referred to as
treated received 25 g of 25% human serum
albumin (Plasbumin, Bayer Healthcare, Re-
search Triangle Park, NC) intravenously in-
fused over 30 mins and immediately followed
by a loading dose of intravenous furosemide
(20 mg) and a continuous infusion of furo-
semide (1 mg/mL) for 3 days. Subsequent al-
bumin doses were administered every 8 hours
for 3 days. Control patients received identical
intravenous-bolus and continuous-infusion
furosemide, with an equivalent volume of pla-
cebo (0.9% sodium chloride solution) substi-
tuted for albumin. Albumin study drug was
concealed within a sterile plastic container
and infused in opaque intravenous tubing to
obscure visual detail. The protocol called for
the investigational pharmacy to substitute pla-
cebo for albumin whenever daily serum total
protein levels exceeded 8.0 g/dL (assay upper
limit of normal), although this did not occur.
The furosemide infusion drip rate was started
at 4 mg/hr except for patients �50 yrs of age
with serum creatinine concentration �1.5
mg/dL (started at 3 mg/hr) and patients �50
yrs of age with serum creatinine concentra-
tion �1.5 mg/dL (started at 5 mg/hr), and
then the rate was titrated every 4 hrs to
achieve a net negative fluid balance and daily
weight loss of �1 kg. The maximum dose of
furosemide allowed was 10 mg/hr, and the
infusion was suspended for hypotension re-
quiring vasopressors or persisting �30 mins
(systolic blood pressure �90 mm Hg), serum
sodium level �155 meq/L, or serum potas-
sium level �2.5 meq/L. If hypotension oc-
curred, furosemide administration was dis-
continued and treatment (intravenous fluid or
vasopressors, as needed) was administered ac-
cording to the orders of the clinical treating
physician. No additional diuretic or colloid
therapy was permitted during the study. Blood
products could be administered only when
clinically necessary, exclusive of emergency
resuscitation purposes. Other management
and treatment modalities were at the discre-
tion of the clinical treating physician, includ-
ing ventilator management and weaning.

Data Collection. At study enrollment, de-
mographic information, prior medical condi-
tions, etiology of lung injury, severity of ill-
ness (APACHE [Acute Physiology and Chronic

Health Evaluation] II data), Sequential Organ
Failure Assessment (SOFA) scores, and lung
injury scores were recorded (14–16). Study
data (vital signs, fluid balance, hemodynamics,
serum chemistries, ventilator parameters, and
oxygenation via arterial blood gas sampling)
were collected at the same time each day dur-
ing the treatment period. Data were subse-
quently collected for 30 days after enrollment
for outcome measures, including the need for
mechanical ventilation, shock, documented
nosocomial infections, and death. Patient
weight was measured daily by means of inte-
grated bed scales, with identical items in con-
tact with the bed at each evaluation. Systemic
hemodynamics (cardiac output, stroke vol-
ume, end-diastolic volume) were measured by
electrical bioimpedance technology (BioZ Sys-
tem, Cardiodynamics, San Diego, CA) (17).
Oxygenation index was calculated as mean air-
way pressure � FIO2 � 100/PaO2. COP was
calculated from the Landis-Pappenheimer
equation, where COP � 2.1(STP) �
0.16(STP)2 � 0.009(STP)3, where STP � se-
rum total protein (18). Single missing SOFA
values were calculated as the mean of the sum
of the preceding and following values (15).
Ventilator-free survival days and intensive-
care-free survival days were calculated during
the 30-day follow-up period; organ-failure-free
days and shock-free days were calculated dur-
ing the first 14 days of follow-up. These vari-
ables are previously defined combined end
points for group comparison of specific mo-
dalities (e.g., mechanical ventilation) with re-
spect to mortality, representing the number of
days in the defined period following study en-
rollment that the patient is both alive and not
meeting the specified criteria. Patients were
defined as shock-free if systolic blood pressure
was �90 mm Hg without vasopressor require-
ments, as defined above in the exclusion cri-
teria. For purposes of analysis, patients were
considered extubated if they remained free
from mechanical ventilation for �48 hrs. All
patients were observed until hospital dis-
charge or death.

Statistical Analysis. Descriptive statistics
are presented as mean � SD as determined
with statistical software (NCSS 2001, NCSS
Statistical Software, Kaysville, UT); subse-
quent statistical analyses were performed with
SAS 8.2 (SAS Institute, Cary, NC). We ana-
lyzed data on an intent-to-treat basis, compar-
ing the treatment and control groups, and
calculated temporal changes during the treat-
ment period (day 3—day 0). A priori analyses
were planned to stratify the patient groups by
clinical site, hospital service (medical vs. sur-
gical), cause of ALI (direct vs. indirect, sepsis
vs. others), and duration of ALI before enroll-
ment. Comparisons between two groups (ei-
ther by time or treatment assignment) were
made by unpaired Student’s t-test or Mann-
Whitney U test for normally or nonnormally
distributed data, respectively. Multiple be-
tween-group comparisons of continuous vari-
ables were analyzed by repeated-measures
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analysis of variance with application of Tukey’s
procedure for multiple comparisons. The chi-
square statistic was chosen for dichotomous
variables and analysis of proportions. Univar-
iate linear regression was employed for corre-
lation of continuous variables, including pre-
dictors for changes in the primary outcome
variable. Multivariable regression and logistic
modeling were used to examine independent
predictors of clinical outcome variables (death
or extubation). All p values are two-sided, with
a threshold � of .05 used to assign signifi-
cance.

RESULTS

Characteristics of Enrolled
Patients

Forty patients were enrolled and all
completed the study protocol (Fig. 1).
Eligible patients who were not enrolled
were similar in demographic characteris-
tics, cause of ALI, and survival. Fifty-
seven percent of patients were enrolled
from Emory University and 43% from
Vanderbilt University. Randomization
groups did not differ with respect to age,
sex, race, APACHE II score, lung injury

score, or SOFA score or according to clin-
ical site (Table 1). Sixty-five percent of
patients were enrolled from a medical
ICU, and sepsis was the most common
cause of ALI (Table 1). Patients developed
ALI a median of 3 days (interquartile
range [IQR] � 1.0–5.0 days) before study
enrollment, and there was no difference
between groups. Compliance with the
study protocol was achieved in 98.9% of
study drug administrations. The mean
starting furosemide dosage of 3.7 mg/hr
did not differ between groups, although
by day 3 for control patients the dosage
had been titrated higher than for patients
in the treatment group (7.0 vs. 5.2 mg/hr;
p � .06). Furosemide was transiently
withdrawn from 12 patients because of
hypotension (3 treatment and 9 control;
p � .04) and from 1 patient for hypoka-
lemia during the protocol treatment pe-
riod.

Physiologic Treatment Effects

The combined patient groups had a
mean serum total protein concentration
of 4.5 g/dL and serum albumin concen-

tration of 1.7 g/dL at enrollment (Table
1). Patients in the treatment group had a
mean 1.5-g/dL increase in serum total
protein concentration during the 3-day
treatment protocol, whereas that of con-
trol patients increased by only 0.5 g/dL
(Fig. 2), accompanied by similar rises in
serum albumin (1.3 g/dL vs. 0.3 g/dL; p �
.001 for both variables between groups).
Similar temporal changes occurred in
calculated COP, with significantly greater
increases in the treatment group at all
time points (increasing by 6.7 vs. 2.1 mm
Hg by day 3; p � .01). At 24 hrs, changes
in serum albumin accounted for nearly
all of the changes in serum total protein
(coefficient of determination, 0.76; p �
.01). Changes in serum total protein con-
centration from baseline were no longer
different by day 7 (1.1 vs. 0.9 g/dL; n �
31; p � .54). Serum total protein levels
did not exceed 8.0 g/dL at any time in
either group, obviating substitution of
placebo for albumin in the treatment
group.

Treated patients had modest but insig-
nificantly greater urine output and
weight loss on each day. All patients ex-
perienced cumulative fluid loss during
the study period that was greater in the
treatment group (net intake/output at
day 3 was 	5480 mL vs. 	1490 mL; p �
.01), in part because of greater fluid-bolus
administration in the control group
(1050 mL vs. 275 mL; p � .06) (Fig. 3). A
net negative fluid balance was not
achieved during the study period for
seven patients in the control group and
for one patient in the treatment group (p
� .02). No significant change was ob-
served in electrolytes (serum sodium, po-
tassium, and bicarbonate) or biochemical
measures of organ dysfunction (blood
urea nitrogen, serum creatinine, plate-
lets, and hepatic transaminases) in either
group (Table 2).

Respiratory mechanics were similar
between groups at all time points, includ-
ing minute ventilation, inspiratory pres-
sures, and dynamic respiratory system
compliance (Table 2). Oxygenation, as
measured by the PaO2/FIO2 ratio, in-
creased significantly in the albumin-
treated group within 24 hrs (43 vs. 	24
mm Hg; p � .01) and remained higher
than in the control group throughout the
duration of the study (Fig. 4). Levels of
PEEP did not change significantly over
time; thus, similar improvements were
evident in the oxygenation index (	2.2

Figure 1. CONSORT-style flow diagram of patient screening, eligibility, and enrollment in the trial.
STP, serum total protein.
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vs. �1.8 cm H2O/mm Hg at 24 hrs; p �
.01). Treated patients were more likely to
have improved oxygenation at 24 hrs (17
of 20 treatment vs. 6 of 20 controls; p �
.001) and to reverse the oxygenation cri-
teria for ALI by the end of the study
period (5 of 20 vs. 1 of 20; p � .08).

Changes in cardiac index at 24 hrs
were significantly greater in the treated
patients (�0.4 vs. 	0.3 L/min per m2; p
� .008) and were not significantly differ-
ent either within or between groups at
other time points (Table 2). There were
no differences in end-diastolic volume,
blood pressure, or heart rate between
groups, although control patients were
more likely to require discontinuation of
the furosemide infusion and received
more intravenous fluid boluses (data pro-
vided above). From baseline to day 7,
control patients received 35 fluid boluses

in 13 episodes, compared with 11 fluid
boluses in 7 episodes for treated patients.

Stratified Analyses

Changes in the primary outcome vari-
able were not different among the four a
priori strata: clinical site, cause of ALI
(direct vs. indirect or sepsis vs. others),
hospital service, and time to enrollment
after onset of ALI. Although not signifi-
cantly different from other subgroups,
sepsis-induced ALI patients had the
greatest improvement in oxygenation at
24 hrs (mean PaO2/FIO2, �64 vs. 	21 mm
Hg for treatment vs. control; p � .001).
The duration of ALI preceding study en-
rollment was not a significant predictor
of changes in oxygenation when analyzed
either as a continuous predictor variable
or as a discrete predictor variable dichot-
omized at the median.

Regression Models

Oxygenation changes in treated pa-
tients were best predicted by changes in
COP and fluid balance, accounting for
26% of such changes (model coefficient
of determination, 0.26; p � .001). Twen-
ty-three patients’ oxygenation improved
by 24 hrs, and treatment allocation to
receive albumin with furosemide was as-
sociated with improved oxygenation in a
univariate analysis (odds ratio, 13.2; 95%
confidence interval [95% CI], 2.2–62.6).
The effect of treatment allocation on ox-
ygenation remained significant in a
multivariable logistic regression model
(odds ratio, 19.3; 95% CI, 2.9 –127.3)
adjusting for age, race, severity of ill-
ness (APACHE II), clinical site, hospital
service, and cause of ALI. Cox propor-
tional hazards regression revealed no
significant affect of group assignment
on time to successful extubation, after
adjustment for age, APACHE II score,
duration of ALI before enrollment, and
clinical site (treatment group hazard
ratio � 1.12; 95% CI, 0.48 –2.64).

Clinical Outcomes

Other than more frequent hypoten-
sion in the control group, there were no
adverse events (bleeding diatheses, trans-
fusion requirements, or infectious com-
plications) during the study. Mean SOFA
scores at the end of the treatment period
decreased for treated patients by 0.6 and
increased for control patients by 1.1 (p �
.01 between groups). There were seven
deaths in the treatment group and nine
in the control group (35% vs. 45% mor-
tality rate; p � .52). The median number
of shock-free days was greater in the
treatment group: 14.0 days vs. 7.0 days
(difference, 7.0 days; 95% CI, 3.9–10.1).
Treated patients accrued a median of 5.5
ventilator-free days during 30-day follow-
up, compared with 1.0 days in the control
group (difference, 4.5 days; 95% CI, 	2.5
to 11.5 days).

DISCUSSION

In this study, we showed that hypopro-
teinemic ALI patients treated with the
combination of albumin and furosemide
have significantly greater improvements
in oxygenation than do patients receiving
only furosemide. These differences are
not fully explained by differences in fluid
balance, COP, or cardiovascular function,
according to statistical regression find-
ings. Furthermore, the addition of albu-

Table 1. Demographic and physiologic characteristics of enrolled patients at baseline

Characteristic
Control Patients

n � 20
Treatment Patients

n � 20

Demographic
Mean age, yrs (SD) 46.4 (18.0) 48.9 (21.6)
Sex, male, % 50 45
Race, no. (%)

White 14 (70) 15 (75)
African-American 6 (30) 5 (25)

Hospital service, no. (%)
Medical 14 (70) 12 (60)
Surgical 6 (30) 8 (40)

Acute lung injury etiology, no. (%)
Sepsis 8 (40) 7 (35)
Trauma 4 (20) 6 (30)
Pneumonia 5 (25) 3 (15)
Aspiration 1 (5) 1 (5)
Other 2 (10) 3 (15)

Physiologic, mean � SD

Lung Injury Score 2.8 (0.5) 2.8 (0.5)
APACHE II score 14.0 (7.5) 13.4 (5.5)
SOFA score 5.6 (2.6) 4.9 (2.0)
Serum total protein (g/dL) 4.5 (0.7) 4.5 (0.6)
Serum albumin, g/dL 1.6 (0.4) 1.7 (0.4)
Serum creatinine, g/dL 1.0 (0.7) 0.9 (0.5)
COP, mm Hg 13.8 (3.1) 13.6 (2.5)
Minute ventilation, L/min 12.5 (5.4) 12.3 (3.1)
FIO2 0.51 (0.13) 0.51 (0.20)
PaO2/FIO2 ratio, mm Hg 182 (53) 162 (54)
PEEP, cm H2O 9.9 (3.3) 8.8 (2.5)
PAW, cm H2O 17.8 (3.8) 17.0 (3.1)
Oxygenation index, cm H2O/mm Hg 10.8 (4.6) 11.5 (4.6)
PPEAK, cm H2O 33.6 (7.6) 33.1 (7.6)
CDYN, mL/cm H2O 17.1 (4.8) 19.3 (7.4)
Mean tidal volume, mL 552 (155) 578 (137)
Tidal volume/PBW, mL/kg 8.8 (2.1) 9.1 (2.0)
Cardiac index, L/min/m2 3.0 (0.9) 3.0 (1.0)
Stroke volume index, mL/m2 30 (9.2) 30 (9.6)
End-diastolic volume index, mL/m2 69 (16) 71 (16)

APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, sequential organ failure assess-
ment; COP, colloid osmotic pressure; PEEP, positive end-expiratory pressure; PAW, mean airway
pressure; PPEAK, peak airway pressure; CDYN, dynamic respiratory system compliance; PBW, predicted
body weight.
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min to furosemide therapy promoted di-
uresis while reducing hypotension and
shock from furosemide monotherapy.

Changes in oxygenation were related
to the administration of albumin and
were only minimally modulated by di-
uretic-induced changes in fluid balance.
The mechanism of these changes is likely
multifactorial. Treated patients had
greater improvements in cardiac output
than did control patients and may have
had improvement in oxygen delivery,
thus increasing systemic arterial oxygen-
ation. Colloid- and diuretic-induced

changes in pulmonary edema may have
reduced extravascular lung water while
maintaining cardiovascular function, re-
sulting in better ventilation-perfusion
matching (19, 20). Specific biochemical
attributes of albumin may have further
contributed to the improvements in oxy-
genation, either through modulation of
oxidant stress or the inflammatory milieu,
as we and others have shown that exoge-
nous albumin administration favorably al-
ters systemic redox balance in this patient
population (21–26). The role of albumin in
improving longer-term clinical outcomes is

uncertain, given group convergence of pro-
tein levels by day 7, but could involve
prolonged redox cycling after initial albu-
min administration (21).

Our previous controlled trial involving
hypoproteinemic ALI patients showed
important physiologic benefits from the
combination of colloid and diuretic ther-
apy (13). The current data suggest that
albumin is a critical component of this
regimen, both for maintenance of hemo-
dynamic stability and for improved oxy-
genation. Diuresis and restoration of COP
were similar to that in our previous trial,
as was the magnitude of change in oxy-
genation, whereas control groups in each
study achieved similar fluid balance, and
neither had improvements in oxygen-
ation. Although a fluid-restrictive treat-
ment regimen has been shown to reduce
the duration of mechanical ventilation
and ICU stay for patients with pulmonary
edema, (9) similar management strate-
gies for critically ill patients have been
complicated by hypotension and tissue
hypoperfusion (27). The addition of albu-
min to a diuretic strategy stabilizes he-
modynamics, presumably through main-
tenance of effective circulating blood
volume, while promoting egress of pul-
monary edema fluid from the alveolar
space. Although albumin and other col-
loids have not been shown to improve
outcomes in large groups of critically ill
patients, (28) the use of albumin in well-
defined “niche” populations has proven
effective (29–33).

The results of this trial are limited
primarily by the number of enrolled pa-
tients, making conclusions about clinical
outcomes unfeasible. The strength of this
study lies in the strictly defined study
population and use of multiple ICUs in
two different institutions. Although the

Figure 2. Changes from baseline in serum total protein between hypoproteinemic acute lung injury
patients treated with furosemide and albumin (treatment, dashed line) or furosemide and placebo
(control, solid line). Points are mean values with error bars depicting standard error of the mean
(mean � SD) at each time point. *Significant differences from baseline; †significant between-group
differences at p � .05.

Figure 3. Cumulative fluid balance during the study period, comparing patients treated with furo-
semide and albumin (treatment, dashed line) or furosemide and placebo (control, solid line). Points
are mean values with error bars depicting standard error of the mean (mean � SD) at each time point.
*Significant differences from baseline; †significant between-group differences at p � .05.
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specific population was important for
testing the stated hypothesis, it limits the
external validity of the results. General-
izability may also be affected by the in-
herent heterogeneity of ALI, although
stratified analyses did not detect differ-
ences based upon demographics or clini-
cal condition (such as surgical vs. medi-
cal patients). The literature contains
conflicting conclusions about the influ-
ence of colloid or diuretic therapy on
hemodynamics and extravascular lung
water, and many of the previous studies
were uncontrolled or utilized noncon-
temporaneous fluid administration pro-

tocols (34 –37). The monitoring tech-
niques we utilized contributed valuable
insights into physiologic changes and po-
tential mechanisms by permitting rapid,
noninvasive continuous measurement of
cardiopulmonary function, yet they have
not been as fully validated in ALI patients,
in whom pulmonary edema may reduce
accuracy (17, 38, 39). Finally, the consis-
tent improvements in oxygenation ob-
served in our clinical trials are of uncer-
tain clinical relevance, given that some
previous therapies that improved oxygen-
ation did not yield clinical benefits (40),
whereas therapies that de-emphasized ox-

ygenation led to important improve-
ments (41). However, persistent defects
in oxygenation have been reported to
both predict outcomes (42–45) and influ-
ence long-term quality of life for ALI pa-
tients (46).

CONCLUSIONS

In summary, the combination of albu-
min and furosemide in therapy for hy-
poproteinemic ALI patients improves ox-
ygenation through mechanisms that
require further examination. Consistent
trends toward improved duration of me-
chanical ventilation are apparent from
this and previous studies; thus, a large-
scale randomized trial is warranted to
determine whether such a clinical benefit
may be achieved. Such a trial should con-
sider the role of synthetic colloids and
should include an integrated pharmaco-
economic analysis to determine whether
the cost of albumin may be offset by over-
all reductions in ICU utilization and
healthcare resource consumption.
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Figure 4. Changes in oxygenation from baseline in hypoproteinemic patients with acute lung injury
treated with furosemide and albumin (treatment, dashed line) or furosemide and placebo (control,
solid line). Points are mean values with error bars depicting standard error of the mean (mean � SD)
at each time point. *Significant differences from baseline; †significant between-group differences at
p � .05.

Table 2. Treatment-related changes from baseline in primary outcome variables

Outcome Variable

Change in Value (% Change)

Control Patients n � 20 Treatment Patients n � 20

Day 1 Day 3 Day 1 Day 3

PaO2/FIO2 ratio, mm Hg 	24 (34) 	13 (76) 43a (46) 49a (86)
Minute ventilation, L/min 	0.5 (2.5) 	0.5 (4.6) 0.5 (4.0) 	1.5 (3.9)
CDYN, mL/cm H2O 	0.8 (3.7) 1.3 (4.6) 1.4 (3.0) 2.8 (4.4)
PEEP, cm H2O 10.1 (3.9) 8.8 (8.4) 8.7 (3.1) 8.0 (3.3)
Serum albumin, g/dL 0.2 (0.3) 0.3 (0.6) 0.6a (0.4) 1.3a (0.5)
Weight, kg 	2.2 (3.4) 	5.4 (6.8) 	2.2 (3.8) 	7.4 (4.3)
Cardiac index, L/min per m2 	0.3 (0.8) 	0.1 (0.8) 0.4a (0.7) 0.2 (0.6)
Mean arterial pressure, mm Hg 	1.9 (16.9) 	1.5 (16.4) 0.1 (14.4) 0.6 (13.7)
Heart rate, beats/min 3 (12) 5 (17) 	8 (14) 	2 (18)
Blood urea nitrogen, mg/dL 2.4 (4.3) 8.2 (15.2) 0.9 (5.4) 6.1 (12.9)
Serum creatinine, mg/dL 0.09 (0.16) 	0.01 (0.44) 0.04 (0.14) 0.08 (0.27)
Serum potassium, meq/L 	0.4 (0.7) 	0.2 (1.0) 	0.3 (0.5) 	0.2 (0.7)
Hemoglobin, g/dL 0.1 (0.7) 	0.5 (1.0) 	0.4 (1.1) 	0.3 (1.5)

CDYN, dynamic respiratory system compliance; PEEP, positive end-expiratory pressure.
aSignificant difference from baseline value at p � .05.

1686 Crit Care Med 2005 Vol. 33, No. 8



REFERENCES

1. Ware LB, Matthay MA: The acute respiratory
distress syndrome. N Engl J Med 2000; 342:
1334–1349

2. 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:
818–824

3. Martin GS, Bernard GR: Airway and lung
dysfunction in sepsis. Intensive Care Med
2001; 27(Suppl 1):S63–S79

4. Mangialardi RJ, Martin GS, Bernard GR, et
al: Hypoproteinemia predicts acute respira-
tory distress syndrome development, weight
gain, and death in patients with sepsis. Crit
Care Med 2000; 28:3137–3145

5. Starling EH: On the absorption of fluid from
connective tissue spaces. J Physiol (London)
1896; 19:312–326

6. Humphrey H, Hall J, Sznajder I, et al: Im-
proved survival in ARDS patients associated
with a reduction in pulmonary capillary
wedge pressure. Chest 1990; 97:1176–1180

7. Schuster DP: The case for and against fluid
restriction and occlusion pressure reduction
in adult respiratory distress syndrome. New
Horiz 1993; 1:478–488

8. Alsous F, Khamiees M, DeGirolamo A, et al:
Negative fluid balance predicts survival in
patients with septic shock: A retrospective
pilot study. Chest 2000; 117:1749–1754

9. Mitchell JP, Schuller D, Calandrino FS, et al:
Improved outcome based on fluid manage-
ment in critically ill patients requiring pul-
monary artery catheterization. Am Rev Re-
spir Dis 1992; 145:990–998

10. Sibbald WJ, Driedger AA, Wells GA, et al: The
short-term effects of increasing plasma col-
loid osmotic pressure in patients with non-
cardiac pulmonary edema. Surgery 1983; 93:
620–633

11. Lewis CA, Martin GS: Understanding and
managing fluid balance in patients with
acute lung injury. Curr Opin Crit Care 2004;
10:13–17

12. Reising CA, Chendrasekhar A, Wall PL, et al:
Continuous dose furosemide as a therapeutic
approach to acute respiratory distress syn-
drome (ARDS). J Surg Res 1999; 82:56–60

13. Martin GS, Mangialardi RJ, Wheeler AP, et al:
Albumin and furosemide therapy in hypopro-
teinemic patients with acute lung injury.
Crit Care Med 2002; 30:2175–2182

14. Knaus WA, Draper EA, Wagner DP, et al:
APACHE II: A severity of disease classifica-
tion system. Crit Care Med 1985; 13:
818–829

15. Moreno R, Vincent JL, Matos R, et al: The use
of maximum SOFA score to quantify organ
dysfunction/failure in intensive care: Results
of a prospective, multicentre study. Intensive
Care Med 1999; 25:686–696

16. Murray JF, Matthay MA, Luce JM, et al: An
expanded definition of the adult respiratory

distress syndrome. Am Rev Respir Dis 1988;
138:720–723

17. Salandin V, Zussa C, Risica G, et al: Compar-
ison of cardiac output estimation by thoracic
electrical bioimpedance, thermodilution, and
Fick methods. Crit Care Med 1988; 16:
1157–1158

18. Landis EM, Pappenheimer JR: Handbook of
Physiology. Baltimore, Williams & Wilkins,
1963

19. Geer RT, Soma LR, Barnes C, et al: Effects of
albumin and/or furosemide therapy on pul-
monary edema induced by hydrochloric acid
aspiration in rabbits. J Trauma 1976; 16:
788–791

20. Martin GS, Eaton S, Mealer M, et al: Ex-
travascular lung water in patients with se-
vere sepsis: A prospective cohort study. Crit
Care 2005; 9:R74–R82

21. Quinlan GJ, Margarson MP, Mumby S, et al:
Administration of albumin to patients with
sepsis syndrome: A possible beneficial role in
plasma thiol repletion. Clin Sci (Lond) 1998;
95:459–465

22. Rhee P, Wang D, Ruff P, et al: Human neu-
trophil activation and increased adhesion by
various resuscitation fluids. Crit Care Med
2000; 28:74–78

23. Mumby S, Quinlan GJ, Martin GS, et al:
Administration of albumin to patients with
ARDS: Implications for iron binding antiox-
idant protection. Am J Respir Crit Care Med
2002; 165:A475

24. Evans TW: Albumin as a drug: Biological
effects of albumin unrelated to oncotic pres-
sure. Aliment Pharmacol Ther 2002;
16(Suppl 5):6–11

25. Powers KA, Kapus A, Khadaroo RG, et al:
Twenty-five percent albumin prevents lung
injury following shock/resuscitation. Crit
Care Med 2003; 31:2355–2363

26. Quinlan GJ, Mumby S, Martin GS, et al:
Albumin influences total plasma antioxidant
capacity favorably in patients with acute lung
injury. Crit Care Med 2004; 32:755–759

27. Bone RC: Treatment of adult respiratory dis-
tress syndrome with diuretics, dialysis, and
positive end-expiratory pressure. Crit Care
Med 1978; 6:136–139

28. Finfer S, Bellomo R, Boyce N, et al: A com-
parison of albumin and saline for fluid resus-
citation in the intensive care unit. N Engl
J Med 2004; 350:2247–2256

29. Evidence-based colloid use in the critically
ill: American Thoracic Society consensus
statement. Am J Respir Crit Care Med 2004;
170:1247–1259

30. Sort P, Navasa M, Arroyo V, et al: Effect of
intravenous albumin on renal impairment
and mortality in patients with cirrhosis and
spontaneous bacterial peritonitis. N Engl
J Med 1999; 341:403–409

31. Guo LM, Liu JY, Xu DZ, et al: Application of
molecular adsorbents recirculating system to
remove NO and cytokines in severe liver fail-
ure patients with multiple organ dysfunction
syndrome. Liver Int 2003; 23(Suppl 3):16–20

32. Tanzi M, Gardner M, Megellas M, et al: Eval-

uation of the appropriate use of albumin in
adult and pediatric patients. Am J Health
Syst Pharm 2003; 60:1330–1335

33. Sen S, Ytrebo LM, Rose C, et al: Albumin
dialysis: A new therapeutic strategy for intox-
ication from protein-bound drugs. Intensive
Care Med 2004; 30:496–501

34. Marty AT, Prather J, Matloff JM, et al: On-
cotic effects of dilutional bypass, albumin,
and diuretics. Arch Surg 1973; 107:21–25

35. Zetterstrom H: Albumin treatment following
major surgery. II: Effects on postoperative
lung function and circulatory adaptation.
Acta Anaesthesiol Scand 1981; 25:133–141

36. Shires GT III, Peitzman AB, Albert SA, et al:
Response of extravascular lung water to in-
traoperative fluids. Ann Surg 1983; 197:
515–519

37. Nanjo S, Bhattacharya J, Staub NC: Concen-
trated albumin does not affect lung edema
formation after acid instillation in the dog.
Am Rev Respir Dis 1983; 128:884–889

38. Shoemaker WC, Thangathurai D, Wo CC, et
al: Intraoperative evaluation of tissue perfu-
sion in high-risk patients by invasive and
noninvasive hemodynamic monitoring. Crit
Care Med 1999; 27:2147–2152

39. Hirschl MM, Kittler H, Woisetschlager C, et
al: Simultaneous comparison of thoracic bio-
impedance and arterial pulse waveform-
derived cardiac output with thermodilution
measurement. Crit Care Med 2000; 28:
1798–1802

40. Taylor RW, Zimmerman JL, Dellinger RP, et
al: Low-dose inhaled nitric oxide in patients
with acute lung injury: A randomized con-
trolled trial. JAMA 2004; 291:1603–1609

41. Acute Respiratory Distress Syndrome Net-
work: Ventilation with lower tidal volumes as
compared with traditional tidal volumes for
acute lung injury and the acute respiratory
distress syndrome. N Engl J Med 2000; 342:
1301–1308

42. Laghi F, Siegel JH, Rivkind AI, et al: Respi-
ratory index/pulmonary shunt relationship:
Quantification of severity and prognosis in
the post-traumatic adult respiratory distress
syndrome. Crit Care Med 1989; 17:
1121–1128

43. Heffner JE, Brown LK, Barbieri CA, et al:
Prospective validation of an acute respiratory
distress syndrome predictive score. Am J Re-
spir Crit Care Med 1995; 152:1518–1526

44. Estenssoro E, Dubin A, Laffaire E, et al: In-
cidence, clinical course, and outcome in 217
patients with acute respiratory distress syn-
drome. Crit Care Med 2002; 30:2450–2456

45. Brun-Buisson C, Minelli C, Bertolini G, et al:
Epidemiology and outcome of acute lung in-
jury in European intensive care units: Re-
sults from the ALIVE study. Intensive Care
Med 2004; 30:51–61

46. Hopkins RO, Weaver LK, Pope D, et al: Neu-
ropsychological sequelae and impaired
health status in survivors of severe acute
respiratory distress syndrome. Am J Respir
Crit Care Med 1999; 160:50–56

1687Crit Care Med 2005 Vol. 33, No. 8


