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Efficacy of salbutamol in the treatment of infants
with bronchiolitis

A meta-analysis of 13 studies
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Abstract N
Background: To systematically evaluate the clinical efficacy of salbutamol treatment in infants with bronchiolitis.
Methods: A systematic review and meta-analysis of randomized controlled trials (RCTs) investigating the use of salbutamol in
infants with bronchiolitis was performed. The Cochrane Risk of Bias Assessment Tool was used to evaluate the quality of RCTs. Data
were extracted and meta-analyzed using STATA version 12.0 (StataCorp, College Station, TX).

Results: Thirteen RCTs, including a total of 977 participants, were assessed in the present meta-analysis. Results indicated that
salbutamol therapy for bronchiolitis in infants led to an increase in respiratory rate (weighted mean difference [WMD] 2.26 [95%
confidence interval {Cl} 0.36—-4.16]) and higher heart rate (WMD 12.15 [95% CI 9.24-15.07]). However, as a selective B,-agonist,
salbutamol did not improve the clinical severity score of infants with bronchiolitis (WMD -0.11 [95% CI —0.26 to 0.03]), length of
hospital stay (WMD 0.12 [95% CI —-0.32 to 0.56]), or oxygen saturation (WMD 0.20 [95% CI -0.35 to 0.75]).

Conclusion: Based on the results of this systematic review, the use of salbutamol had no effect on bronchiolitis in children <24
months of age. Moreover, the treatment can also lead to side effects, such as high heart rate. As such, salbutamol should not be
recommended for treatment of bronchiolitis in infants.

Abbreviations: Cl| = confidence interval, RCT = randomized controlled trial, RSV = respiratory syncytial virus, WMD = weighted

mean difference.
Keywords: bronchiolitis, infants, salbutamol therapy

1. Introduction

Bronchiolitis is a disease of the lower respiratory tract, generally
caused by viral infection, and most commonly occurs in infants in
the first 2 years of life.") In the United States, the diagnosis of
bronchiolitis in children <12 months of age results in 57,000 to
172,000 hospitalizations annually.””! Human respiratory syncy-
tial virus (RSV) is responsible for most cases of infant
bronchiolitis, while other viral pathogens, including para-
influenza, adenovirus, human metapneumovirus, influenza,
and rhinovirus are less commonly reported in cases of
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bronchiolitis involving young children.”®! Infection with RSV
does not offer long-term immunity, and commonly leads to
recurrence of bronchiolitis throughout life. In 2015, it was
estimated that RSV accounted for 28% episodes of all acute
lower respiratory tract infection globally, with an overall
mortality rate of 13% to 22% in young children.'*! The cause
of bronchiolitis also varies according to geographical region and
income. For example, in the United States, fewer than 100 young
children with bronchiolitis die each year due to RSV infection."!
Young children with bronchiolitis typically present with fewer
symptoms of respiratory tract illness (cough, wheezing, tachyp-
nea, and increased respiratory effort) after 2 to 4 days of low-
grade fever, rhinorrhea, and nasal congestion.>®”! The primary
findings in bronchiolitis pathophysiology include acute inflam-
mation, mucosal and submucosal edema, necrosis of epithelial
cells of the small airways, increased mucus secretion, and
impaired mucus clearance. These changes eventually obstruct the
airways, leading to impaired gas exchange in patients.[8’9]
Although bronchiolitis can threaten the health of young
children, it is difficult to define the best treatment for infants with
this illness because no available therapies can shorten the course
of bronchiolitis or the length of hospital stay.”! The mainstay
management for young children with bronchiolitis is supportive
care when necessary, including supplementary oxygen, and
adequate nutrition and hydration. Corticosteroids and antibac-
terial agents are generally not recommended.!'! Although a
previous systematic review suggested that use of nebulized
epinephrine for bronchiolitis may have the effect of reducing
hospital admissions, there is little to no evidence supporting a
shortening of the length of hospital stay.'®' The effect of
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nebulized hypertonic saline (3%) for bronchiolitis is actively
being discussed. A recent Cochrane review reported that
hypertonic saline (3%) appears to be safe and reduces the length
of hospitalization in infants, with an average reduction of 10
hours.®! Currently, evidence supporting the routine use of
epinephrine or nebulized hypertonic saline remains insufficient.
Beta-2 (B,) agonists, such as salbutamol (albuterol), are not
recommended because they do not shorten the length of hospital
stay; however, they may slightly improve clinical symptom scores
in the short term."™!?! Several studies have suggested that
salbutamol can increase heart rate and oxygen saturation levels in
infants with bronchiolitis."*>'* An updated meta-analysis,
including the most recent trials of salbutamol, may be helpful
for better understanding of the role of salbutamol in the
treatment of bronchiolitis in infants. In the present study, we
searched the literature for published studies in attempt to explore
the efficacy of salbutamol treatment in young children with acute
bronchiolitis.

2. Methods

2.1. Data sources and search strategy

The PubMed, Embase, Web of Science, CBM (Chinese
Biomedical Literature Database), and Chinese National Knowl-
edge Infrastructure (CNKI) databases were searched for all
relevant articles published before January 1, 2019, without any
language restrictions. The following search terms were adopted
in the meta-analysis: (salbutamol or albuterol) and (infants with
bronchiolitis). In addition, 2 investigators (ZC and YL)
performed a manual search of the reference lists of all potentially
eligible studies.

2.2. Inclusion criteria

Only randomized controlled trials (RCTs) fulfilling the following
criteria were included in the present systematic review: patients
<24 months of age with acute bronchiolitis; sufficient data to
calculate weighted mean differences (WMDs) and corresponding
95% confidence intervals (Cls); and the correlation between
salbutamol treatment and children with acute bronchiolitis was
estimated. Case reports, systematic reviews, and letters to the
editor were excluded. All participants were included without
limitations on sex, ethnicity, disease course, and severity of
disease. All disagreements between/among the investigators were
resolved though discussion and consensus.

2.3. Data extraction

All relevant data were extracted from the 13 included studies, and
independently entered into a predesigned and standardized
spreadsheet file (Excel, Microsoft Corporation, Redmond, WA)
by 2 investigators (ZC and YL). For controlled trials, the full text
article was read before deciding whether it should be included.
The 2 investigators organized their quality evaluations indepen-
dently, and consensus was reached through discussion to resolve
any disagreements. Extracted information from the identified
RCTs included the first author’s name in the original article, year
of publication, number of patients, sex, age, inclusion period,
method of evaluating heart rate, respiratory rate, length of
hospital stay, oxygen saturation, and clinical store at different
years in infants with bronchiolitis. Only the most recent or
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complete study was enrolled if a particular article was published
in duplicate. All disagreements were thoroughly discussed until
consensus was reached.

2.4. Quality assessment

The Cochrane Risk of Bias Assessment tool was used to perform
quality evaluation of the included RCTs, which included random
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, incom-
plete outcome data, selective outcome reporting, and other
sources of bias."*! Every RCT was rated accordingly, as follows:
“high risk of bias” referred to incorrect random methods, no
allocation concealment, or blinding; “unclear risk of bias”
referred to no description in the text with which to assess bias;
and “low risk of bias” referred to correct randomization
methods, appropriate blinding without being violated through
implementation, and detailed description in the RCTs.

2.5. Statistical analysis

The correlation between salbutamol treatment and bronchiolitis
in infants was evaluated by calculating relative ratios and
corresponding 95% Cls. Between-study heterogeneity in this
meta-analysis was assessed using the I* statistic, a quantitative
measure describing inconsistency across studies measured from
0% to 100%.1"® When heterogeneity was significant (I* > 50%),
the potential sources of heterogeneity were identified by
analyzing the methodological variability of the included studies
or by omitting studies one by one to evaluate the impact of a
single trial on the overall pooled estimate. If heterogeneity across
studies persisted, a random-effect model was used to calculate the
pooled relative ratio and corresponding 95% CI. When the
heterogeneity was low (I><50%), a fixed-effect model was
applied. The Egger test was used to evaluate the possibility of
publication bias. STATA version 12.0 software (StataCorp,
College Station, TX) was used for statistical analysis, and
differences with P<.05 were considered to be statistically
significant.

2.6. Ethics statement

The present meta-analysis adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement.!'”! Ethics approval and patient consent were not
required for this meta-analysis because the data were merely
gathered from RCTs retrieved in the literature search; as such, all
personal patient data were completely anonymous.

3. Results

3.1. Analysis of the literature and assessment of quality

In total, 2425 relevant articles were retrieved through searching
the titles and abstracts, while duplications, apparently non-
relevant articles, nonclinical studies, reviews, and commentaries
were excluded. A total of 45 studies investigating salbutamol
treatment efficacy in infants with bronchiolitis was identified.
After reading the full texts of potentially relevant studies, 32
articles were removed because they did not provide sufficient data
to calculate WMDs and corresponding 95% ClIs. Ultimately, 13
articles, published between 1994 and 2015, were included in the
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Figure 1. Selection process for eligible studies in the present meta-analysis.

present meta-analysis.!' 18721 The detailed selection process for
the included studies is presented as a flow diagram in Fig. 1. The
age of the patients in the trials ranged from 3 to 20 months. The
most often used dose of salbutamol was 0.1 mg/kg. Additional
details regarding the individual trials are summarized in Table 1.

The Cochrane Risk of Bias Assessment Tool was used to
perform a quality evaluation on the included trials. The results
revealed that none of these included studies were of low quality in
terms of selection and blinding data; however, 2 RCTs were
evaluated to have a high risk of reporting incomplete outcome
data. Overall, however, the quality of the included trials was
generally high. Detailed information regarding risk of bias is
shown in Fig. 2.

3.2. Effects on respiratory rate

A total of 5 studies provided data regarding respiratory rate in the
trial and control groups.['1:18:2023:281 pooling of data revealed
that infants treated with salbutamol experienced an overall
statistically significant increase in respiratory rate (WMD 2.26
[95% CI 0.36-4.16]) (Fig. 3). A fixed-effect model was used for
statistical analysis, and no significant heterogeneity was found
(I*=0.0%; P for heterogeneity =.492).

3.3. Effects on heart rate

Five studies provided data regarding heart rate in the treatment
and control groups.!':2%23:27:281 The aggregated results sug-
gested that salbutamol treatment in infants was significantly
associated with a higher heart rate compared with placebo
(WMD 12.15 [95% CI 9.24-15.07]) (Fig. 4). A fixed-effect
model was used for statistical analysis and statistically significant

heterogeneity was found among these studies (I*=90.3%; P for
heterogeneity =.000). Sensitivity analysis demonstrated that the
results were stable and unchanged.

3.4. Effects on oxygen saturation

Five studies reported data regarding oxygen saturation in
infants.['1-18:20:23:281 Compared with infants without salbutamol
treatment, the use of salbutamol failed to demonstrate statistical
improvement in oxygen saturation level in infants (WMD 0.20
[95% CI -0.35 to 0.75]) (Fig. 5). A fixed-effect model was
adopted and revealed no clear heterogeneity among the studies
(I*=10.0%; P for heterogeneity =.353).

3.5. Effects on clinical severity score

In total, 8 studies provided data regarding the evaluation of
clinical severity score.!'1:18-21:23:27281 Meta-analysis of 6 of these
studies revealed no evidence of statistically significant improve-
ment in clinical severity score in infants treated with salbutamol
compared with those without treatment (WMD —0.11 [95% CI -
0.26 to 0.03]) (Fig. 6). A fixed-effect model was adopted for
statistical analysis, and no significant heterogeneity was found
(I*=40.5%; P for heterogeneity =.079).

3.6. Effects on length of hospitalization

Only 4 studies reported data regarding the length of hospitaliza-
tion.[?2242¢1 Result of analysis suggested that neither nebulized
or oral salbutamol treatment demonstrated effects on infants
with bronchiolitis in terms of reducing length of hospitalization
compared with the control group (WMD 0.12 [95% CI-0.32 to
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Figure 2. Risk of bias summary.

0.56]) (Fig. 7). A fixed-effect model was used for statistical
analysis, and no significant heterogeneity was found (I =0.0%;
P for heterogeneity =.902).

www.md-journal.com

4. Discussion

Multiple studies have attempted to determine the positive
treatment efficacy of bronchitis medications. Because airway
edema and mucus plugging are the predominant pathological
features of bronchiolitis, any therapy that can reduce these
changes and improve the clearance of airway secretions may be
beneficial. Therefore, salbutamol, as a selective B, agonist, is a
common medication studied in the treatment of asthma attacks
and bronchiolitis, and many studies have attempted to explore
the therapeutic relationship between salbutamol and bronchioli-
tis. 30!

Salbutamol has a theoretical effect on acute bronchiolitis. The
tertiary butyl group in salbutamol makes it more selective for B,
receptors, which are the predominant receptors in bronchial
smooth muscles. As a B, adrenoreceptor stimulant, salbutamol
also exerts some B-1 inhibition function at a high dosage level.
However, our meta-analysis revealed that salbutamol can
significantly increase the respiratory rate of infants with acute
bronchiolitis after treatment compared with the control group.
This treatment also elevates heart rate among infants with
bronchiolitis, which was considered to be a side effect.['?!
Moreover, treatment with salbutamol demonstrated no improve-
ment in clinical severity score and oxygen saturation in our meta-
analysis. We also found that salbutamol could not reduce the
need for hospitalization nor shorten the length of hospital stay
compared with the control group in infants with bronchiolitis.

A previous reappraisal and meta-analysis indicated that
outpatient studies do not support the use of B,-agonist therapy
for bronchiolitis in children. That study indicated that, compared
with the placebo group, B,-agonist therapy had no impact on
hospitalization rate and none of the event rate differences for
individual trials were statistically significant. However, the
present meta-analysis also demonstrated that ,-agonist therapy
could result in statistically significant increases in oxygen
saturation and heart rate, which resulted in different conclusions
than the previous study.*" Our review suggests that nebulized
salbutamol results in no improvement in the level of oxygen
saturation, and only contributes to increases in patient
respiratory rate. By adding recent trials and increasing the
sample size, we believe that our updated meta-analysis has better
statistical power and provides convincing results that show that
the efficacy of treatment with salbutamol is limited to increased
respiratory rate. Administration of salbutamol does not improve
oxygen saturation and does not shorten the length of hospital
stay in infants with bronchiolitis.

An updated guideline from the Canadian Paediatric Society
does not recommend salbutamol therapy.®! It has been
established that the clinical manifestations of wheeze in children
with bronchiolitis share the same features of clinical asthma.
Moreover, the pathophysiology of bronchiolitis is such that the
airways are obstructed rather than constricted.?” It also appears
that infants and younger children have a deficiency in B-agonist
lung receptor sites and immature bronchiolar smooth muscles.
Although some studies have shown that treatment using
salbutamol can improve clinical scores and oxygen saturation
in infants, none have demonstrated evidence of reduction in
admission rates or the length of hospital stay, which are 2 main
evaluation standards.®?' In addition, an updated review
suggested that albuterol or salbutamol are ineffective in the
treatment of bronchiolitis in infants.!®! From our meta-analysis,


http://www.md-journal.com

Cai et al. Medicine (2020) 99:4 Medicine

Study ID WMD (95% CI) Weight %

Nebulized salbutamol

Gadomski, 1994 . -1.00 (-8.85,6.85) 5.85

Totapally, 2002 —~-

W

1.00 (-8.68, 10.68) 3.85
-1.20 (-6.25,3.85) 14.15

I
'
'
U
:
i
Khashabi, 2005 -~ :
]
Ipek, 2011 — 3.73(0.01,7.45)  26.05
1
¥
"

Ipek, 2011* 2.33(-2.38,7.04) 16.28

Bawazeer, 2014 4.51 (0.79, 8.23) 26.11

Subtotal (I-squared = 0.0%, p = 0.485) 2.53 (0.56,4.51)  92.29

Oral salbutamol

Gadomski, 1994* + -1.00 (-7.84,5.84) 7.7

' +
'
'
'
'
:
I
Subtotal ([-squared =.%, p= ) <> -1.00 (-7.84, 584) 7.7
'
'
'
1
'
'

Heterogeneity between groups: p = 0.331

Overall (I-squared = 0.0%, p = 0.492) 2.26 (0.36,4.16)  100.00

I I
-10.7 0 10.7

Figure 3. Results of meta-analysis regarding respiratory rate associated with salbutamol in the treatment of infants with bronchiolitis. *Same article but different dataset.

Study ID WMD (95% CI) Weight %

Nebulized salbutamol

1
:
Gadomski, 1994 B ——— : -1.00 (-12.50, 10.50) 6.43
Totapally, 2002 + : 1.00 (-11.44, 13.44) 5.50
]
Anil, 2010 —— ! 2.80 (-4.28, 9.88) 16.96
]
Ipek, 2011 —TE— ! 2.33 (-3.50, 8.16) 25.03
Ipek, 2011* E —+—— 28.46 (22.86, 34.06) 27.09
Bawazeer, 2014 —_— 16.30 (8.44, 24.16) 13.76
1
Subtotal (l-squared = 91.6%, p = 0.000) <> 11.61 (8.61, 14.60) 94.76

1
]
Oral salbutamol !

Gadomski, 1994 + 22.00 (9.26, 34.74) 5.24

Subtotal (l-squared = %, p =) —  —— 2200(9.26,34.74) 5.24
1
1
1

Heterogeneity between groups: p = 0.120

Overall (I-squared = 90.3%, p = 0.000) 12.15 (9.24, 15.07) 100.00

T I
-34.7 0 34.7

Figure 4. Results of meta-analysis regarding heart rate associated with saloutamol in the treatment of infants with bronchiolitis. *Same article but different dataset.




Cai et al. Medicine (2020) 99:4 www.md-journal.com

Study ID WMD (95% Cl) Weight %

Nebulized salbutamol

Gadomski, 1994 —_— 0.00 (-1.26, 1.26) 19.08

Khashabi, 2005 : + 1.70 (-0.65, 4.05) 5.47

Ipek, 2011 - - -1.03 (-2.45, 0.39) 14.95

Ipek, 2011* - 3 -0.30 (-2.07,1.47)  9.65

Bawazeer, 2014 —-.0-— 0.23 (-0.80, 1.26) 28.39

Subtotal (I-squared = 7.2%, p = 0.365) <> -0.03 (-0.66, 0.59) 77.53
5

Oral salbutamol i

Gadomski, 1994* ——;—-0-— 1.00 (-0.31, 2.31) 17.55

Totapally, 2002 e 1.00 (-1.48, 3.48) 4.92

Subtotal (I-squared = 0.0%, p = 1.000) -<> 1.00 (-0.16,2.16)  22.47
1
1
]
1
1
>
U
1

Heterogeneity between groups: p = 0.125

Overall (l-squared = 10.0%, p = 0.353) < 0.20 (-0.35, 0.75) 100.00

T I T
-4.05 0 4.05

Figure 5. Results of meta-analysis regarding oxygen saturation associated with saloutamol in the treatment of infants with bronchiolitis. *Same article but different dataset.

Study ID WMD (95% Cl) Weight %

Nebulized salbutamol
Gadomski, 1994 = -1.00 (-2.89, 0.89) 0.57

Oral salbutamol
Gadomski, 1994* -2.00(-4.26,0.26) 0.40

Cengizlier, 1997 -0.20 (-0.43,0.03)  40.06
Subtotal (I-squared = 58.6%, p = 0.120) -0.22 (-0.44,0.01)  40.46

Cengizlier, 1997 - -0.10 (-0.32, 0.12) 42.24
Totapally, 2002 —— 0.37 (-0.30,1.04) 454
Khashabi, 2005 ¢ -1.70 (-4.37,097) 028
Anil, 2010 —— -0.30 (-0.94, 0.34) 4.92
Ipek, 2011 —o—:-— -0.63(-1.79,0.53)  1.50
Ipek, 2011* —Il-o-— 0.20 (-0.81, 1.21) 1.98
Scarlett, 2012 r = 2.10 (-0.16,4.36)  0.40
Bawazeer, 2014 —o-— 0.73 (-0.08, 1.54)  3.11
Subtotal (I-squared = 38.4%, p = 0.112) <> -0.04 (-0.23,0.14) 59.54

E

.

;

Heterogeneity between groups: p = 0.236

Overall (I-squared = 40.5%, p = 0.079) -0.11(-0.26,0.03)  100.00
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Figure 6. Results of meta-analysis regarding clinical severity score associated with salbutamol in the treatment of infants with bronchiolitis. *Same article but
different dataset.
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Overall (l-squared = 0.0%, p = 0.902) <:> 0.12 (-0.32, 0.56) 100.00
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]
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Figure 7. Results of meta-analysis regarding hospitalization time of salbutamol in the treatment of infants with bronchiolitis.

we reached a similar conclusion in that salbutamol has no
significant efficacy in the treatment of bronchiolitis in young
children. Hence, we would not recommend salbutamol treatment
in infants with acute bronchiolitis.

Several limitations to our meta-analysis merit consideration.
First, although all included RCTs included investigated bronchiol-
itis in infants, overestimation, and underestimation cannot be
excluded due to differences in the severity of bronchiolitis. Second,
many articles were eliminated due to insufficient data to calculate
the WMD and corresponding 95% CI, which may have biased our
conclusions. Third, characteristic information from the studies was
possibly incomplete. Although we attempted to retrieve all
information from original articles, some was still unavailable.

In summary, results of the present systematic review and meta-
analysis indicate that salbutamol, as an agonist, should not be
recommended for therapy for bronchiolitis in children. Primary
treatments for acute bronchiolitis should remain supportive care
including adequate oxygen exchange, nutrition, and hydration."”’

5. Conclusion

Current evidence indicates that salbutamol significantly increases
heart rate and respiratory rate, and cannot improve clinical severity
scores in infants with bronchiolitis, the length of hospital stay, or
oxygen saturation. Due to the limited quality of the included studies,
more high-quality studies are needed to verify this conclusion.
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