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Abstract

Introduction: In patients with acute respiratory distress syndrome (ARDS) fluid therapy might be necessary. The aim
of this systematic review and meta-analysis is to determine the effects of colloid therapy compared to crystalloids on
mortality and oxygenation in adults with ARDS.

Methods: Randomized controlled trials (RCTs) were identified through a systematic literature search of MEDLINE,
EMBASE, CENTRAL and LILACS. Articles published up to 15th February 2013 were independently screened, abstracted,
and assessed (Cochrane Risk of Bias Tool) to provide evidence-based therapy recommendations. RCTs were eligible if
they compared colloid versus crystalloid therapy on lung function, inflammation, damage or mortality in adults with
ARDS. Primary outcome parameters were respiratory mechanics, gas exchange lung inflammation and damage as well
as hospital mortality. Kidney function, need for renal replacement therapy, hemodynamic stabilization and intensive
care unit (ICU) length of stay served as secondary outcomes.

Results: A total of 3 RCTs out of 4130 potential trials found in the databases were selected for qualitative and
quantitative analysis totaling 206 patients who received either albumin or saline. Overall risk of bias was unclear to high
in the identified trials. Calculated pooled risk of death was not statistically significant (albumin 34 of 100 (34.0%) versus
40 of 104 (38.5%), relative risk (RR) = 0.89, 95% confidence interval (CI) 0.62 to 1.28, P = 0.539). Weighted mean difference
(WMD) in PaO2/FiO2 (mmHg) improved in the first 48 hours (WMD= 62, 95% CI 47 to 77, P <0.001, I2 = 0%) after
therapy start and remained stable after 7 days (WMD= 20, 95% CI 4 to 36, P = 0.017, I2 = 0%).

Conclusions: There is a high need for RCTs investigating the effects of colloids in ARDS patients. Based on the findings
of this review, colloid therapy with albumin improved oxygenation but did not affect mortality.
Introduction
In patients suffering from acute respiratory distress syn-
drome (ARDS), the alveolar-capillary barrier permeability
is increased due to inflammation, resulting in extravasa-
tion of protein-enriched fluid into the alveoli [1]. In turn,
the presence of pulmonary exudate in the alveoli, as
well as the inactivation of lung surfactant can result in
life-threatening hypoxemia, impaired CO2 elimination,
and decreased lung compliance [1]. Thus, mechanical
ventilation is often required in such patients in order to
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improve oxygenation and alleviate the work of breathing.
The use of low tidal volumes and moderate-to-high levels
of positive end-expiratory pressure (PEEP) can reduce
mortality in severe ARDS patients [2]. As it is a multi-
factorial syndrome, patients with ARDS face reduction
of intravascular volume during the course of disease. In
order to counteract these episodes, fluid therapy needs
to be instituted promptly.
Experimental and clinical data demonstrate beneficial

effects on the lungs of colloids compared to crystalloids,
including reduced alveolar-capillary permeability [3], less
histological damage [4], decreased inflammatory cell in-
filtration [5] and faster hemodynamic stabilization [6].
On the other hand, tissue edema might be increased due
to extravasation of colloid molecules in the presence of
high capillary leakage [7]. Furthermore, damage due to
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the use of synthetic colloids, namely hydroxylethlyl starch,
and also gelatin are associated with a higher risk of
death and kidney injury in septic patients [8-10]. Due
to those adverse effects, the interest in intravascular
volume expansion using human albumin is increasing.
However, a recent meta-analysis on the use of colloids
in general critically ill populations found no difference
in mortality among the different colloids compared to
crystalloids [11].
In view of those controversial findings the use of colloids

in critically ill patients has been intensively debated,
but a consensus has not been achieved. In particular,
the population of ARDS patients remains unaddressed
[12]. Therefore, we performed a systematic review and
meta-analysis to evaluate the efficacy of colloid compared
to crystalloid therapy on mortality and oxygenation in
adults with ARDS.

Methods
Study type and registration
We conducted a systematic review of randomized controlled
trials (RCTs) in accordance with a previously registered
protocol (PROSPERO, registration number CRD420120
03162). The presented review was performed according
to the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) statement [13].

Identification of relevant studies
Four databases (EMBASE, MEDLINE, The Cochrane
Central Register of Controlled Trials (CENTRAL) and
LILACS) were systematically searched for relevant trials
published from inception until 15 February 2013, without
language restriction. Personnel files and reference lists
of relevant review articles for additional trials were also
reviewed. Detailed search strings are listed in Additional
file 1.

Eligibility criteria
Inclusion criteria with respect to the patient, population or
problem, intervention, comparison, outcomes, and setting
(PICOS) criteria [14] were as follows: 1) population: clinical
diagnosis of acute lung injury (ALI) or ARDS as defined
by the American-European consensus conference in 1994
[15], or the Berlin definition 2012 [16], or a ratio of arterial
partial pressure of oxygen/fraction of inspired oxygen
(PaO2/FiO2) lower than or equal to 300 during invasive
mechanical ventilation, or some indication that the
majority of patients would meet this criterion. Patients
also had to be older than 16 years; 2) intervention: patients
submitted to or requiring fluid therapy (main intervention
or co-intervention); 3) comparison: colloids, independently
of molecular weight compared to crystalloids must
represent one of the fluid therapies; 4) outcome: pri-
mary outcome parameters were respiratory mechanics
(compliance, plateau pressure) or gas exchange (arterial
carbon dioxide partial pressure (PaCO2), PaO2/FiO2) or
parameters of lung inflammation (bronchoalveolar lavage
fluid neutrophils or IL-8 levels) and damage, hospital
mortality; secondary outcome parameters: kidney function
(creatinine, neutrophil gelatinase-associated lipocalin
(NGAL) or need for renal replacement therapy (inter-
mittent or continuous hemodialysis, hemofiltration or
hemodiafiltration), hemodynamic stabilization (time and
amount of fluid), ICU length of stay; and 5) design: RCT.
Trials were excluded if they were uncontrolled, pseudo-
randomized, published only as an abstract, or if all
intervention groups received colloid therapy.

Trial selection and data abstraction
The articles for this review were selected by examining
titles, abstracts, and the full text if a potentially relevant
trial was identified. We translated non-English reports
into English, as necessary. Two reviewers (CU, PLS),
independently and in duplicate, abstracted the data
on the a priori-defined inclusion criteria (population, inter-
vention, comparison, clinical outcomes and design). Trial
data presented in figures only were extracted using Engauge
Digitizer (Version 5.1., http://digitizer.sourceforge.net).

Risk of bias assessment and strength of evidence
In duplicate and independently, two reviewers assessed
trial methodological quality using the risk-of-bias tool
recommended by the Cochrane Collaboration [17]. For
each trial, the risk of bias was reported as low risk, unclear
risk, or high risk in the following domains: random
sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting,
and other bias [17]. For each outcome, we independently
rated the overall quality of evidence (confidence in effect
estimates) in duplicate using the GRADE approach in
which trials begin as high-quality evidence, but may be
rated down by one or more of five categories of limitations:
risk of bias, inconsistency, indirectness, imprecision, and
reporting bias [18]. Finally, the overall risk of bias for
an individual trial was categorized as low (if the risk of
bias was low in all domains), unclear (if the risk of bias
was unclear in at least one domain, with no high risk of
bias domains), or high (if the risk of bias was high in
one or more domains). Disagreement was resolved by
discussion and consensus. Attempts were made to contact
the authors and request for any necessary information not
contained in the publications.

Data synthesis
All analyses were performed using STATA (Version MP
11, Stata Corp LP, Lake Drive, TX, USA). To calculate the
pooled risk ratio (RR) and 95% CIs of binary outcomes
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(mortality) trial data were combined using the Mantel-
Haenszel estimator with estimation of variances according
to the DerSimonian and Laird random-effect model [19].
For continuous outcomes, the pooled weighted mean
difference (WMD) in the gas exchange (PaO2/FiO2) was
calculated weighting the effect in respect to sample
size. Statistical heterogeneity was assessed by the I2

statistic. Substantial heterogeneity was predefined as
I2 >50%.

Results
Trial identification
The search yielded 4,130 publications. The flowchart
of the articles is depicted in Figure 1. One report was
translated from Mandarin [20] and one from German
[21] into English to access eligibility. Of 68 potentially
eligible studies, three were excluded because they were
Figure 1 Data extraction flow chart. RCT, randomized controlled trial; AL
not RCTs, 55 studies did not match the ALI or ARDS
criteria, 4 trials were excluded due to fluids comparison
[20,22-24], and 3 studies did not report the outcome
investigated by this review [25-27]. Detailed information
on the excluded articles is listed in the Additional file 2.
Finally, two trials and one subgroup from a large RCT
were included in this review, and their data were analyzed.

Trial characteristics
Characteristics of the three trials (the two trials and one
subgroup from a large RCT that were included in this
review) are shown in Table 1. Two trials were published
by the same group using 25% albumin as colloid therapy
and basic diuretic therapy with furosemide compared to
saline in patients with ALI [28,29]. The study of saline
versus albumin fluid evaluation (SAFE trial) used 4%
albumin compared to saline [30].
I, acute lung injury; ARDS, acute respiratory distress syndrome.



Table 1 Trial characteristics

Trial Population Intervention Outcome

(sample size) Inclusion criteria Exclusion criteria Treatment Control Primary Secondary

Martin [29]
(n = 37)

1) The American-European Consensus
Conference definition for ALI [14];
2) serum total protein level of 5.0 g/dL;
3) ongoing nutritional support;
4) mechanical ventilation >48 h.
Number of recruiting centers: 2

1) Hemodynamic instability;
2) renal disease; 3) hepatic
failure; 4) allergies to albumin
or furosemide; 5) age <18
or >80 years; 6) pregnancy;
7) serum sodium; >150 meq/L
or potassium <2.5 meq/L

Albumin 25%, 25 g every 8 h
(100 ml) for 5 days + furosemide
continuous infusion titration
total albumin dosage:
400 g (1,600 ml)

Saline 100 ml every
8 hr for 5 days +
0.9% saline continuous
infusion

Change in
body weight

Oxygenation;
30-day mortality;
net fluid balance

Martin [28]
(n = 40)

1) The American-European Consensus
Conference definition for ALI [14];
2) serum total protein level of 6.0 g/Dl;
3) ongoing nutritional support;
4) mechanical ventilation >24 h;
3) ongoing nutritional support;
4) mechanical ventilation >24 h.
Number of recruiting centers: 4

1) Hemodynamic instability;
2) renal disease; 3) clinically
documented cirrhosis;
4) allergies to albumin or
furosemide; 5) age <18
or >80 years; 6) pregnancy;
7) serum sodium >155
meq/L or potassium
of <2.5 meq/L

Albumin 25%, 25 g every
8 h for 3 days; furosemide
continuous infusion titration
total albumin dosage:
250 g (1,000 ml)

Saline 0.9% (100 ml)
every 8 h for 3 days
furosemide continuous
infusion titration
(1 mg/ml)

Change in
oxygenation
after 24 h

Net fluid balance;
30-day mortality;
serum albumin;
serum creatinine

SAFE [30] ARDS
subgroup (n = 127)

1) Need for additional fluid resuscitation
additional to intravenous fluid that was
required for nutrition or to replace
ongoing insensible losses, urinary losses,
ongoing losses from other sites; 2) 4%
human albumin solution and 0.9% sodium
chloride were equally appropriate for the
patient judged by treating physician;
3) requirement for fluid resuscitation must
have been supported by at least one of
the following clinical signs: a. HR >90 bpm;
b. SBP <100 mmHg or MAP <75 mmHg or
a 40 mmHg decrease in SBP or MAP from
the baseline recording, or requirement for
inotropes or vasopressors; c. CVP <10 mmHg;
d. PCWP <12 mmHg; e. respiratory variation
in systolic or mean arterial blood
pressure >5 mmHg; f. capillary refill
time >1 s; g. UOP <0.5 mL/kg for 1 h.
Number of recruiting centers: 16

1) Adverse reaction to albumin; 2)
religious objection to the administration
of human blood products; 3) plasmapheresis
during the ICU admission; 4) cardiac surgical
patients; 5) patients with burns; 6) liver
transplantation; 7) age <18 years; 8) brain
dead; 9) low expectation of survival <24 h,
not-to-be-resuscitated patients;
10) previous enrollment in the SAFE study;
11) previously received fluid resuscitation
during current ICU or hospital admission;
12) previously received fluid resuscitation
from transferring non-study ICU

Albumin 4% for all fluid
resuscitation until ICU
discharge, or death, or
day 28; adaptive regime
according to clinical
status; total albumin
dosage: not reported

Saline 0.9% for all fluid
resuscitation during ICU
discharge or death or
until day 28; adaptive
regime according to
clinical status

28-day
mortality

None reported for
ARDS subgroup

ARDS, acute respiratory distress syndrome; ALI, acute lung injury; CVP, central venous pressure; HR, heart rate; MAP, mean arterial pressure; PCWP, pulmonary capillary wedge pressure; SAFE: saline versus albumin fluid
evaluation; SBP, systolic blood pressure; UOP, urine output.
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Risk of bias
The Cochrane risk of bias tool is shown in Table 2,
whereby risk of bias was assessed to be high, unclear or
low. The overall risk of bias was unclear-to-high in the
analyzed trials.

Mortality
Two trials [28,29] reported 30-day mortality and the
28-day mortality was reported for the subgroup of ARDS
patients in the SAFE study (Figure 2). Albumin therapy
did not significantly influence either 30-day mortality
alone (albumin, 10 patients out of 39 (25.6%) versus
control 12 patients out of 38 (31.6%), RR = 0.81, 95% CI
0.41, 1.60, P = 0.548), or combined pooled mortality in-
cluding the SAFE trial (albumin, 34 patients out of 100
(34.0%) versus 40 out of 104 (38.5%), RR = 0.89, 95% CI
0.63, 1.28, P = 0.539).

Oxygenation
Two trials [28,29] reported change in oxygenation for ARDS
patients (Figure 3). The WMD in change in PaO2/FiO2

significantly increased after albumin therapy in the first
24 h (WMD= 56 mmHg, 95% CI 47, 66, P <0.001, I2 = 0%)
and 48 h (WMD = 62 mmHg, 95% CI 47, 77, P <0.001,
I2= 0%) as well as after 7 days (WMD= 20 mmHg, 95% CI
4, 36, P = 0.017, I2 = 0%). However, after 72 h, oxygenation
did not differ between patients receiving albumin com-
pared to crystalloids (WMD= 10 mmHg, 95% CI −3 - 23,
p = 0.131, I2 = 86%).

Discussion
In the present systematic review and meta-analysis, we
identified three studies that compared albumin with
crystalloid solutions for intravascular volume expansion
in patients with ARDS. Meta-analyzing those data, we
found that albumin improved oxygenation compared to
crystalloids during early treatment, without affecting
mortality.
A better understanding of the physiology of the endo-

thelium, its changes during lung injury and the proposed
new model of fluid filtration along the capillary may
contribute to improve the treatment of patients with ARDS
Table 2 Risk of bias assessment

Trial Sequence
generation

Allocation
concealment

Blinding of participants,
personnel and outcome assess

Martin [29] Low Low Low

Martin [28] Low Low Low

SAFE [30] Unclear Low Low

Sequence generation: Martin [28,29] via computer generated list (four-subject-block
strategy; allocation concealment: all trials no evidence for inadequate concealment
with camouflage of study drugs and infusion systems and blinding of assessors and
mortality and oxygenation; selective outcome reporting: all trials: unclear risk of bia
Martin [29]: *high risk of bias due to concomitant furosemide treatment, in resulting
therapy was continued. Martin [28] and SAFE trial: no evidence of other sources of
[31]. It is well known that the integrity of the capillary
endothelium depends mainly on adherens junctions,
whereby the vascular endothelial (VE)-cadherin represents
one of the most important adheren junctions forming
cadherins for endothelial cells. Recent studies in lung
specimens of patients with ARDS have shown a reduced
expression of VE-cadherin [32]. In vitro studies suggest
that colloid expanders stabilize microvessels via physical
mechanisms that enhance VE-cadherin localization at
junctions and thereby limit vascular leakiness [33].
The findings of the present systematic review and meta-

analysis are likely explained by the colloid osmotic pressure
in the capillary. When this is elevated, as is theoretically
the case with albumin solutions, alveolar-capillary leakage
may be reduced. Clinical evidence so far suggests improved
PaO2/FiO2 in the first two days and seven days after
therapy start, supporting the hypothesis of reduced
alveolar-capillary leakage. Nevertheless, the administration
of albumin solutions failed to improve oxygenation 72 h
after the primary insult. There are different non-mutually
exclusive explanations for this discrepancy. First, differences
in the duration of albumin therapy (three days versus five
days), as suggested by the heterogeneity of data (I2 = 86%),
may explain these findings. Second, it is possible that
the alveolar-capillary leakage varied over time, with more
pronounced changes in the first 48 h. Third, fluids may
have also accumulated in the lungs during the transition
from the early to the late phase of ARDS, for example,
due to breakdown of the extra-cellular matrix [34], slightly
deteriorating the oxygenation capability over time. Fourth,
it is also conceivable that accumulation of fluids in the
interstitium may have changed the mechanical properties
of the lung tissue, increased transpulmonary pressure, and
further deteriorated the lung structure.
This systematic review and meta-analysis has several

limitations that need to be acknowledged. First, only three
trials were included in the qualitative and quantitative
analysis summarizing 204 patients, whereby the ARDS
patients from the SAFE study accounted for 62% of the
data, and only mortality was reported for this subgroup. A
trial on the effects of colloids in critically ill patient
populations, especially those with severe sepsis [9,35],
ors
Incomplete

outcome data
Selective

outcome reporting
Other bias Overall risk

of bias

Low Unclear High* High*

Low Unclear Low Unclear

Low Unclear Low Unclear

randomization), SAFE [30]: unclear risk of bias because of minimization
of allocation prior to assignment; blinding: all trials had double blind design
patients; incomplete outcome data: all trials low risk for attrition bias for
s due to no statement regarding this item in text or supplement; other bias:
violations of study protocol due to furosemide side effects, but albumin

bias.



Figure 2 Forest plot of pooled relative risk of death. RR, relative risk; SAFE, saline versus albumin fluid evaluation trial.
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likely included ARDS patients as well, but subgroup
analyses have not been published. Second, only studies
that used albumin solutions have been investigated. Thus,
no conclusions about other colloids, or in general, can
be drawn from this systematic review. Furthermore, in
Figure 3 Change in PaO2/FiO2. PaO2/FiO2, ratio of arterial partial pressure o
both trials published by Martin and colleagues [28,29]
the target population was mainly constituted by patients
with hypoproteinema, and diuretics were used, possibly
interfering with the results. However, the trial from Martin
and colleagues in 2005 [28] shows superiority of combined
f oxygen/fraction of inspired oxygen; WMD, weighted mean difference.
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albumin and furosemide versus furosemide alone, and
this mainly accounts for the positive results described
earlier by this group [29]. In addition, all included studies
used the ALI/ARDS criteria defined by the first consensus
conference [15]. However, interpreting the results using
the Berlin definition of ARDS [16] will result in a popula-
tion of mild-to-moderate ARDS patients enrolled in the
trials of Martin and colleagues [28,29], and moderate-
to-severe ARDS in the SAFE trial [30]. Last but not
least, the overall risk of bias was unclear, which may
limit the interpretation of the results.
The strengths of this systematic review include the

comprehensive search strategy using four databases,
explicit inclusion and exclusion criteria, and the Cochrane
risk of bias assessment [17] for each outcome and overall
for each trial. Trial selection, data abstraction and risk
of bias assessment were performed in duplicate. This
systematic review is reported according to PRISMA
guidelines [13].
This systematic review and meta-analysis may have

implications for future RCTs. The meta-analyzed data
suggest that patients with ARDS may be favored by
albumin as compared to crystalloid solutions. Thus, in
our opinion, a large multicenter trial investigating the
effects of albumin solutions, or even a synthetic colloid,
on lung function and damage in patients suffering from
ARDS seems justifiable. Such a trial could focus on
patients with ARDS of septic and non-septic origins
since its presence can affect the patient outcome [36].
Ideally, the trial should be double-blinded, using different
types of colloids (albumin, hydroxyethylstarch gelatin)
as one group compared to crystalloids. Furthermore, the
beginning of the intervention should be in the early
stage of the disease and account for potential initial
fluid resuscitation. Also, the hemodynamics variables
should as closely as possible reflect the needs of ARDS
patients, bearing in mind that we should not induce
over-infusion. Certainly, the primary endpoint and sec-
ondary outcome should be hospital mortality, and lung
function, respectively.

Conclusion
From the present systematic review and meta-analysis
we conclude that in patients with ARDS, therapy with
albumin solutions improved the early oxygenation without
affecting mortality, as compared to crystalloid solutions.
Clearly, there is a need for large RCTs addressing the
potential benefits of albumin solutions, or even synthetic
colloids, as volume expanders in ARDS patients.

Key messages

� Only three trials have compared colloid therapy to
crystalloid therapy in ARDS patients.
� All these trials compared albumin to saline.
� Combined results of these studies showed no effect

of albumin therapy on mortality, but showed an
improvement in oxygenation.

� Given the small sample size and limited data on
outcome, potential benefits of albumin solutions in
ARDS patients remain uncertain.

Additional files

Additional file 1: Search strings. This file contains the search strings.

Additional file 2: Table of excluded articles. This file contains a table
with the full-text articles excluded and respective reasons.
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