World J Emerg Med, Vol 6, No 3, 2015 165
Meta-analysis

Albuterol in the treatment of acute respiratory distress
syndrome: A meta-analysis of randomized controlled
trials

Ruo Wu', Shi-yun Lin’, Hui-min Zhao'

" Department of Emergency Medicine, First Affiliated Hospital of Guangxi Medical University, Nanning 530021, China
* Department of Cardiology, First Affiliated Hospital of Guangxi Medical University, Nanning 530021, China

Corresponding Author: Hui-min Zhao, Email: hmzhao2006@163.com

BACKGROUND: This meta-analysis of randomized controlled trials aimed to systematically
evaluate the value of albuterol in the treatment of patients with acute respiratory distress syndrome
(ARDS).

DATA SOURCES: Randomized controlled trials on albuterol treatment of ARDS from its
inception to October 2014 were searched systematically. The databases searched included: PubMed,
Ovid EMBASE, Ovid Cochrane, CNKI, WANFANG and VIP. The trials were screened according to the
pre-designed inclusion and exclusion criteria. We performed a systematic review and meta-analysis of
the randomized controlled trials (RCTs) on albuterol treatment, attempting to improve outcomes, i.e.
lowering the 28-day mortality and ventilator-free days.

RESULTS: Three RCTs involving 646 patients met the inclusion criteria. There was no
significant decrease in the 28-day mortality (risk difference=0.09; P=0.07, P for heterogeneity=0.22,
1?=33%). The ventilator-free days and organ failure-free days were significantly lower in the patients
who received albuterol (mean difference=—2.20; P<0.001, P for heterogeneity=0.49, /’=0% and mean
difference=—1.71, P<0.001, P for heterogeneity=0.60, /°=0%).

CONCLUSIONS: Current evidences indicate that treatment with albuterol in the early course of
ARDS was not effective in increasing the survival, but significantly decreasing the ventilator-free days
and organ failure-free days. Owing to the limited number of included trails, strong recommendations
cannot be made.
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INTRODUCTION
Acute respiratory distress syndrome (ARDS) is a

critical illness, which has a substantial effect on public
health, with a high incidence in the world. The incidence
of ARDS was 78.9 per 100 000/year in the United States,""!
16 800 cases per year in the UK,"” and 31.4 patients per
100 000/year in the Northern Europe.”’ Despite advances
in understanding of its mechanism and treatment, ARDS
still has a great mortality of 40%—60%."*" In patients
with ARDS characterized by acute, progressive and

© 2015 World Journal of Emergency Medicine

hypoxemic respiratory failure, the inflammation of
pulmonary circulation increases vascular permeability,
leading to the outpouring of proteinaceous fluid into the
alveolar space.'”” The development of noncardiogenic
pulmonary edema impairs gas exchange, causing
refractory hypoxemia.

The resolution of edema from the alveolar space is
critical to the recovery from ARDS. Albuterol or [3,-agonists
are well established in the treatment of airflow obstruction
by decreasing airflow resistance and peak airway pressures
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and increasing dynamic compliance.*”’ The mechanism
underlying increased alveolar fluid clearance is possibly
due to an increase in intracellular cyclic adenosine
monophosphate (cAMP), resulting in increased sodium
transport across alveolar type II cells through up-
regulation of the apical sodium and chloride pathways
and Na'/K" ATPase.""” The PB,-agonists can accelerate
the rate of alveolar fluid clearance in ex vivo human
lungs,"' " and in animal models of ARDS."*"*) However,
there is no consensus on albuterol treatment for ARDS
patients.""” One meta-analysis”” addressing similar
research question has been published, but its methods
compromised the reliability of the results. Therefore, a
meta-analysis of RCTs was done to evaluate again the
effect of albuterol on patients with ARDS.

METHODS

A computerized search in PubMed, Ovid EMBASE,
Ovid Cochrane (the database of DSR, ACP Journal Club,
DARE, CCTR, CMR, HTA, and NHSEED), CNKI
and WANFANG databases (up to October 2014) was
performed for original articles using the following key
words: "acute lung injury", "acute respiratory distress
syndrome", "albuterol", and "randomized controlled
trial". The search strategy is described in Table 1.
The English and Chinese languages restriction was
imposed. The following selection criteria were applied:
(1) population, patients diagnosed with ALI/ARDS
by the American European Consensus criteria;® (2)

Table 1. Description of search strategy

ID Key words

#1 acute lung injury [MeSH terms]

#2 ALI [Title/Abstract]

#3 acute respiratory distress syndrome [MeSH terms]
#4 ARDS [Title/Abstract]

#5 adult respiratory distress syndrome [MeSH terms]
#6 #1 OR #2 OR #3 OR #4 OR #5

#7 salbutamol [MeSH terms]

#8 albuterol [MeSH terms]

#9 #7 OR #8

#10 #6 AND #9

#11 randomized controlled trial [Publication type]

#12 controlled clinical trial [Publication type]

#13 randomized [Title/Abstract]

#14 placebo [Title/Abstract]

#15 randomly [Title/Abstract]

#16 trial [Title/Abstract]

#17 groups [Title/Abstract]

#18 #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17
#19 #10 AND #18

MeSH: medical subject headings.
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intervention, albuterol; (3) comparison intervention,
any type of control/placebo; (4) outcome measures,
the 28-day mortality and ventilator-free days™" (the
number of calendar days after patients started unassisted
breathing until day 28 after randomization for patients
who survived at least 48 consecutive hours after start of
unassisted breathing); and (5) study design, RCT.

For each study, all data and trial quality information
were extracted from the papers included in the meta-
analysis independently by two investigators (RW and
SYL). The extracted data entered into a standardized
Excel file and checked by another investigator (HMZ).
Any disagreements were resolved by discussion and
consensus. The following data were extracted from
each trial: the title of trial, the first author's last name,
publication year, type of trials, description of subjects,
use of albuterol, outcome definition, inclusion and
exclusion reasons. For the assessment of risk of bias
in estimating the trial outcomes, we used the Cochrane
risk of bias tool.”” Each trial was assessed for random
sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective
reporting, other bias, with each variable answered as
high risk, low risk or uncertainty.

All data were combined using Revman 5.2 (http://ims.
cochrane.org/revman).”” For dichotomous outcomes, the
effect size was measured by RD or RR when appropriate.
The MD was estimated by the continuous outcomes of
each trial. And the 95% confidence intervals (CI) were
calculated and pooled using a fixed-effects model.”**
Heterogeneity across studies was tested using /” statistics,
a quantitative measure of inconsistency across the trials.
Studies with an I* of 25% to 50% were considered to have
a low heterogeneity, I° of 50% to 75% was considered
moderate heterogeneity, and I°=75% was considered a
high heterogeneity.”” If I’>50%, we adjusted the effect
size to solve the problem of statistical heterogeneity,
and subgroup analysis was not conducted because of a
minority of subjects were included in the trials.

RESULTS

Seventy-nine trials were found by initial search,
but 74 trials were excluded for duplication and various
reasons (non-randomized studies, animal experiment, or
not relevant to our analysis) (Figure 1). Five potentially
relevant trials were identified for full-text analysis,
but two trials with identical experimental data were
excluded. Finally, three RCTs were selected for this
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meta-analysis.

The studies were published during the period from
2006 to 2012, and they involved 646 ARDS patients
(332 received albuterol and 314 received placebo).”* "
Two RCTs"** used intravenous albuterol and the other
used inhaled albuterol.””’ The main characteristics of
the included studies are presented in Table 2. Matthay in
2011%"" and Gao in 2012 conducted multicenter trials,
but Perkins in 2006”" carried out a single-center trial.
For the bias of the trials, two investigators (WU Ruo and
LIN Shi-yun) agreed on every item of the Cochrane risk

Articles identified through
database searching n=79

i—»' Excluded 20 duplicates |

Records screened n=59 |

Excluded based on title
and abstract n=54

Not relevant: 47

Not RCT: 2

Not same subjects: 2

Animal studies: 3

Y

\
Reviewed in

A
full-text n=5

Reason for exclusion
Subjects from the same
population or trial n=2

Y

\ 4

Randomized controlled trial
included in meta-analysis

Figure 1. The results of literature search and selection of studies.

of bias tool. The other bias of the two trials”’** were

assessed to be high on account of trials were terminated
in advance. One trial”®” did not provide the 28-day
mortality, which was the main outcome of this meta-
analysis. The detailed quality assessment of the included
studies is shown in Figure 2.

Two trials®*** reported a 28-day mortality, and the
aggregated results of these trials indicated that the
treatment of albuterol did not significantly decrease the
28-day mortality (RD=0.09, 95%CI —0.01 to 0.18, P
=0.07, P for heterogeneity=0.22, I = 33%). In all RCTs,
the ventilator-free days and organ failure-free days were
significantly lower for the subjects who received albuterol
(MD=-2.20, 95%CI -2.41 to —1.99, P<0.001, P for
heterogeneity=0.49, ’'=0% and MD=1.71, 95%CI —1.93
to —1.48, P<0.001, P for heterogeneity=0.60, 1°=0%).
The major adverse events reported in the trials were
tachycardia and arrhythmias. Tachycardia occurred 4.8
times higher in the albuterol group than in the control
group (relative risk, RR=4.81, 95%CI 2.30-10.05,
P<0.001, P for heterogeneit=0.20, /’=38%). The
difference in arrhythmias was not significant because the
confidence interval of RD includes 0 (RD=0.04, 95%CI
0.00-0.09, P=0.04, P for heterogeneity=0.16, 12=46%)
(Figure 3).

Random sequence Allocation Blinding of participants Blinding of outcome Incomplete Selective
generation concealment and personnel assessment outcome data  reporting Other bias
(selection bias) (selection bias) (performance bias) (detection bias) (attrition bias) (reporting bias)
Gao Smith F S S o S S + —
Matthay MA + + + + + = =
Perkins GD 2006 & 2 & & & & ?

Figure 2. The detailed quality assessment of the included studies.

Table 2. Characteristics of randomized controlled trials included in the meta-analysis

Variables Perkins GD™" Matthay MA®" Gao Smith F*
Year published 2006 2011 2012

Setting Single center Multi-center Multi-center
Route for intervention Intravenous Inhaled Intravenous

Outcome definition Primary outcome: extravascular lung

water reduction in the salbutamol

group at day 7
Number of subjects 19 21
Age (year) 68.7+16.0 57.0+14.7
PaO,/FiO, (mmHg) 117+49.5 102.8+36.8
APACHE 1I score 24.9+6.4 22.5+6.5
APACHE III score NA NA
28-day mortality (n, %) 11 (58) 14 (66)
Organ-failure-free days (days) NA NA
Ventilator-free days (days) 6.2+£8.9 5.3+8.6
Tachycardia 5 2
Arrhythmias 5 2

Primary outcome: number
of ventilator-free days from
randomization to day 28

Primary outcome: 28-day mortality

152 130 161 163
52416 5116 55.8+17.2 542+17.5
170484 171£75 103.5+36.8 103.5+36.8

NA NA 19.546.2 18.9+6.7

94.1428.7 91.5429.6 NA NA

NA NA 55 (34) 38 (23)

14.2+0.9 15.941.0 16.2+10.7 18.549.8

14.4+0.9 16.6+0.9 8.5+8.8 11.149.3
12 4 23 2
15 13 14 3

NA: not available; APACHE: acute physiology and chronic health evaluation
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28-day mortality

Study or suberou Albuterol Control Risk difference Risk difference

Y group Events Total _ Bvents Total _ Weight _ M-H, Fixed, 95%CI M-, Fixed, 95%CI
Gao Smith F 55 161 38 163 89.0% 0.11 [0.01, 0.21]
Perkins GD 11 19 14 21 11.0% -0.09 [-0.39, 0.21] —_—
Total (95%CI) 180 184 100.0%  0.09[-0.01,0.18] >
Total events 66 52 | | | |
Heterogeneity: Chi’=1.41, df=2 (P=0.22); I*=33% 1.0 05 0 05 1.0
Test for overall effect: Z=1.83 (P=0.07) Albuterol Control
Ventilator-free days
Study or suberou Albuterol Control Mean difference Risk difference

Y group Mean  SD Total Mean SD Total Weight IV, Fixed, 95%CI TV, Fixed, 95%CT
Gao Smith F 85 88 161 11.1 9.3 163 1.1% -2.60 [-4.57,-0.63]
Matthay MA 144 09 152 16.6 09 130 98.7% -2.20[-2.41,-1.99] -
Perkins GD 62 89 19 53 86 21 0.1% -0.90 [-4.54, 6.34]
Total (95%CI) 332 314 100.0% -2.20[-2.41,-1.99] 1 | ¢ | |
Heterogeneity: Chi’=1.41, df=2 (P=0.49); I’=0% -10 -5 0 5 10
Test for overall effect: Z=20.59 (P<0.00001) Albuterol Control
Organ failure-free days
Study or suberou Albuterol Control Mean difference Mean difference

Y group Mean _ SD Total Mean _ SD Total Weight IV, Fixed, 95%CI 1V, Fixed, 95%CT
Gao Smith F 162 10.7 161 185 9.8 163 1.0% -2.30[-4.53,-0.07] ——]
Matthay MA 142 09 152 159 1 130 99.0% -1.70 [-1.92,1.48] [ |
Total (95%CI) 313 293 100.0% -1.71[-1.93,-1.48] | | ' | |
Heterogeneity: Chi*=0.27, df =2 (P=0.60); I°=0% T R— 0 3 10
Test for overall effect: Z=15.02 (P<0.00001) Albuterol Control
Tachycardia
Study or suberou Albuterol Control Risk difference Risk difference

Y group Events Total Events  Total _ Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Gao Smith F 23 161 2 163 24.2% 11.64 [2.79, 48.57] —
Matthay MA 12 152 4 130 52.6% 2.5710.85, 7.76] T
Perkins GD 5 19 2 21 23.2% 2.76 [0.61, 12.61] -T_ "
Total (95%CI) 332 314 100.0% 4.81[2.30, 10.05] &
Total events 40 8 | | | |
Heterogeneity: Chi’=3.22, df=2 (P=0.20); I’=38% 0.01 0.1 I 10 100
Test for overall effect: Z=4.18 (P<0.0001) Albuterol Control
Arrhythmias
Study or suberou Albuterol Control Risk difference Risk difference

Y group Events  Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Gao Smith F 14 161 3 163 50.3% 0.07 [0.02, 0.12] -
Matthay MA 15 152 13 130  43.5% 0.00 [-0.07, 0.07]
Perkins GD 5 19 2 21 11.0% 0.17 [-0.07, 0.40] .
Total (95%CI) 332 314 100.0% 0.04 [0.00, 0.09] e
Total events 34 18 | | | |
Heterogeneity: Chi*=3.67, df=2 (P=0.16); I’=46% 05  -025 0 0.25 05
Test for overall effect: Z=2.09 (P=0.04) Albuterol Control

Figure 3. The forest plot of the meta-analyses results comparing 3, agonists group with control group; M-H=Mantel-Haenszel test.
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DISCUSSION
Using albuterol to treat ARDS patients represents

one of the growing controversial issues in the critical
care community. This study was to update and evaluate
the effects of albuterol. At present, RCTs on albuterol
treatment of ARDS are few, and this meta-analysis only
collected three RCTs for the restriction of databases
and languages. This meta-analysis suggests that
albuterol treatment cannot increase the survival, while
decreasing the ventilator-free days and organ failure-free
days. However, the results of the RCTs"" indicate the
treatment with intravenous salbutamol increased the 28-
day mortality (34% patients died in the salbutamol group
vs. 23% in the placebo group; RR 1.47, 95%CI 1.03—
2.08). Despite no difference in the aggregated mortality,
there is a strong trend to a higher mortality in patients
treated with albuterol because of the high weight of one
single trial.

Albuterol might successfully improve airflow
dynamic compliance and lung water clearance, but it is
harmful to patients in other ways. Albuterol can cause
tachycardia which might aggravate the burden of the
cardiovascular system.””*” The albuterol induced risk
of tachycardia in the patients was 4.8 times higher than
that in the patients using placebo. With a higher heart
rate, the risk of lactic acidosis, hypokalaemia and anoxia
would be increased.!"”*" Thus, albuterol treatment needs
longer ventilator days, and is more likely to have organ
failure. Continuous inhaled or intravenous albuterol
might lead to drug tolerance and weaken the effect of
albuterol. In two trials”**" the treatment with intravenous
albuterol (15 pg/kg per hour) lasted for up to 7 days,
and another study"” used aerosolized albuterol (5 mg)
as intervention every 4 hours for up to 10 days. The
-agonists of subjects in three RCTs were long effective
in treatment, and the decreased methacholine provocation
concentration impacted the effect of albuterol,”**” that
might explain why there was no significant decrease in
the 28-day mortality.

In this analysis, two RCTs
placebo-controlled multicenter trials, and the other
was a randomized and placebo-controlled single-center
trial. Thus, the included trials were of high quality. The
causes of the patients in the single-center trial*” included
pneumonia (30%), sepsis (52.5%), transfusions (7.5%),
aspiration (5%), trauma (2.5%) and others (2.5%); the
treatment was intravenous salbutamol (15 pg/kg per
hour) for 7 days. The conclusion of the trial is that
sustained treatment with intravenous salbutamol reduces
extravascular lung water. In a RCT,”” the characteristic

27,28 .
27281 were randomized and

[26]

of patients included pneumonia (39%), sepsis (26%),
aspiration (19%), trauma (8%), transfusions (2%) and
others (6%); the method of treatment was aerosolized
albuterol (5 mg) every 4 hours for up to 10 days, and the
conclusion of this trial is that aerosolized albuterol does
not improve clinical outcomes in patients with ARDS.
The causes of ARDS in another RCT"* included direct
lung injury (64%, pneumonia 50.6%), sepsis (26%),
transfusions (2%), trauma (2%) and others (6%). The
intervening measure was intravenous salbutamol (15
ng/kg per hour) for 7 days, and the results indicate the
treatment with intravenous salbutamol seems to be
beneficial. All the patients in the trials had similar causes
due to direct lung injury. Meanwhile, the age and PaO,/
FiO, were found to be approximate in the patients (Table
2). However, the three RCTs did not provide detailed
complications, but APACHE scores (two RCTs?***)
adopted APACHE 1I score and another RCT"” used
APACHE III score). Therefore, the consistency of patient
baseline in the RCTs could not be detected by different
APACHE grades. Meanwhile, one"”” of the trials adopted
the different route, dosage and course of treatment in
contrast to the rest. But we did not perform subgroup
analysis on account of a minority of trials included.
Nevertheless, the adjustment of effect size could solve
the problem of statistical heterogeneity. Finally, two
RCTs""** were stopped ahead of schedule because the
trial data were unfavorable for albuterrol treatment.

While conducting this study, we discovered a latest
meta-analysis on the same question,”” in which the
conclusion is similar to us, but some important issues
should be addressed. First, in that paper, the number
of subjects was miscalculated in one of the cited RCTs
(the number of subjects in the B, agonists/placebo
group should be 19 and 21), resulting in conspicuous
differentiation. Second, it was unsuitable to use the
random-effects model, which would lead to the fake
reliability of the results compared to the fixed-effects
model. Finally, the mortality was different between the
two cited RCTs,””** which should not be calculated that
way.

Several limitations of this meta-analysis should be
acknowledged. First, the number of trials included in this
analysis was limited. Second, the 28-day mortality was
considered as an inclusion criterion, but one of the trials
did not report this mortality. Last, in determination of
the primary outcome or the 28-day mortality, only two
trials were included. The sample size of these two trials
were highly skewed (one study is weighted at 89% in the
primary outcome). However, there were two multicenter
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trials and one single-center trail in this analysis, which
strengthen the validity of the findings.

In summary, this meta-analysis showed that albuterol
could not improve the survival of patients with ARDS,
but reduce the ventilator-free days and organ failure-free
days. However, larger scale randomized controlled trials
are needed to confirm the current findings.
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