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Background: Bronchiolitis describes a viral inflammation of the bronchioles in the lower respiratory tract
that is typically caused by infection with respiratory syncytial virus (RSV). Bronchiolitis is characterized by
high morbidity and affects approximately one in three infants. Children are currently treated with a variety of
therapies that may be ineffective or even harmful; potential therapies include antibiotics, bronchodilators, chest
physiotherapy, epinephrine, extrathoracic pressure, glucocorticoids, heliox, hypertonic saline, immunoglobulin,
inhaled corticosteroids and oxygen therapy.

Objectives: This updated overview of reviews aims to synthesize evidence from the Cochrane Database of Sys-
tematic Reviews (CDSR) on the effectiveness and safety of 11 pharmacologic and non-pharmacologic treatments
to improve bronchiolitis symptoms in outpatient, inpatient and intensive care populations.

Methods: The CDSR was searched using the term ‘bronchiolitis’ restricted to the title, abstract or keywords
for all systematic reviews examining pharmacologic or non-pharmacologic interventions for the treatment of
bronchiolitis in infants and children. Data were extracted, complied into tables, and synthesized using qualitative
and quantitative methods.

Main Results: For outpatients with bronchiolitis (defined as the first episode of wheezing in children under
two), nebulized epinephrine decreased hospitalization rate on day one by 33% (RR: 0.67; 95% CI: 0.50, 0.89;
4 trials; 920 participants). With the addition of glucocorticoids, there was a reduction of similar magnitude for
hospitalization rate within seven days (RR: 0.65; 95% CI: 0.44, 0.95; 1 trial; 400 participants). For inpatients,
nebulized epinephrine versus bronchodilator and 3% hypertonic saline versus 0.9% saline each decreased length
of stay: epinephrine decreased length of stay by seven hours (MD: −0.28; 95% CI: −0.46, −0.09; 4 trials;
261 participants), and 3% hypertonic saline decreased length of stay by 28 hours (MD: −1.16; 95% CI: −1.55,
−0.77; 4 trials; 282 participants).

Outpatients treated with epinephrine or epinephrine and glucocorticoid combined both had significantly lower
clinical scores at 60 minutes (SMD: −0.45; 95% CI: −0.66, −0.23; 4 trials; 900 participants, and SMD: −0.34;
95% CI: −0.54, −0.14; 1 trial; 399 participants). For inpatients, epinephrine versus bronchodilator led to a
significantly lower clinical score at both 60 minutes (SMD: −0.79; 95% CI: −1.45, −0.13; 4 trials; 248 par-
ticipants; I2: 79%) and 120 minutes (SMD: −0.52; 95% CI: −0.86, −0.18; 1 trial; 140 participants). Inpatients
treated with chest physiotherapy or 3% hypertonic saline both had significantly lower clinical scores at 1–3 days
(SMD: −0.55; 95% CI: −0.98, −0.12; 1 trial; 87 participants, and SMD: −0.84; 95% CI: −1.39, −0.30; 3
trials; 183 participants).

Authors’ Conclusions: For outpatients with bronchiolitis, nebulized epinephrine can be effective in avoiding
hospitalization. Systemic glucocorticoids such as dexamethasone cannot be recommended as a routine therapy
given the current level of evidence and potential for adverse events. For inpatients, regular nebulized hyper-
tonic saline (3%) driven using oxygen may reduce the length of hospital stay. Chest physiotherapy, nebulized
epinephrine and systemic and inhaled glucocorticoids cannot be recommended for inpatients given the weak
level of evidence. For the sickest of patients in the intensive care unit, intravenous immunoglobulin, helium-
oxygen mixtures (heliox) and extrathoracic pressure cannot be recommended due to lack of available evidence
and/or methodological flaws of reviews.

*Correspondence to: Liza Bialy, Alberta Research Centre for Health
Evidence, Department of Pediatrics, University of Alberta, 9428
Aberhart Centre One, 11402 University Ave, Edmonton, Alberta,
Canada. E-mail: lbialy@ualberta.ca

Editors’ Note: Overviews of reviews, compiling evi-
dence from multiple Cochrane reviews into one acces-
sible and usable document, are a regular feature of
this journal. Our aim for each overview is to focus
on the treatment question, ‘which treatment should I
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use for this condition?’, and to highlight the Cochrane
reviews and their results in doing so. It is our hope
that the overview will serve as a ‘friendly front end’
to the Cochrane Library, allowing the reader a quick
overview (and an exhaustive list) of Cochrane reviews
relevant to the clinical decision at hand.

Plain Language Summary

Bronchiolitis is a viral infection that causes a bad
‘cold’ which affects the chest and causes swelling and
congestion of the smallest air passages in the lungs.
About one in three babies will get bronchiolitis before
they are one year of age. Babies that get bronchioli-
tis breathe fast and appear out of breath, and very
small babies can even stop breathing for a few seconds.
When babies have trouble breathing, they feed poorly
and may need to go to the hospital. Very small babies
who are born early usually get sicker than healthy
babies. Bronchiolitis is most common in late winter
and early spring, around the same time that older chil-
dren usually get colds. Most babies feel better after two
weeks, but for some babies it takes upto one month.
If your baby is in the emergency department he or
she could receive medication called epinephrine (also
called adrenaline) inhaled as a mist through a mask.
If this does not work then your baby may be admitted
to the hospital where he or she could receive a dif-
ferent medication (hypertonic saline) also given as a
mist through a mask. Only those babies who are very
ill would be transferred to the hospital’s intensive care
unit.

Background

Description of the condition

Acute viral bronchiolitis is the most common acute
infection of the lower respiratory tract during the first
year of life (1–3). Its clinical picture includes rhinor-
rhoea and low-grade fever, which progress in a few
days to cough and respiratory distress, often accom-
panied by feeding and sleeping disturbances (4,5).
Respiratory findings include tachypnoea, chest wall
retractions, and wheeze and/or crackles, and apnoea
may also occur in neonates and young infants (2,6–9).
The hallmark pathological changes are acute inflam-
mation of the bronchiolar airways, with oedema,
necrosis and mucous plugging causing airflow obstruc-
tion (4). A majority of bronchiolitis infections are
caused by respiratory syncytial virus (RSV), usually
during seasonal epidemics (10,11). Other causative
viral agents include adenovirus, bocavirus, rhinovirus
and human metapneumovirus (10,12), with viral
co-infections occurring in 6–30% of infants (5,13,14).
There is some variability in how physicians define
bronchiolitis, mostly due to poor agreement on early
childhood wheezing phenotypes and differences in dis-
ease definitions worldwide (15).

Bronchiolitis causes considerable morbidity and
financial burden. Population-based studies in devel-
oped countries show an incidence rate of approx-
imately 33% within the first year of life, but in
developing countries the impact of RSV disease (the
major causative agent of bronchiolitis) may be greater
(5,16). The majority of mild cases are cared for in
the community and result in decreased quality of life,
loss of parental work time and visits to the emergency
department (17,18). Approximately 20% of emergency
department visits result in hospital admission, which
has risen in North America and Europe in recent years
(3,11,19,20). About 3% of hospitalized patients have
symptoms severe enough to require admission to the
intensive care unit (21,22).

Bronchiolitis severity is directly related to the
size and weight of the infant, with clinical determi-
nants of severe course including prematurity, young
age and low birth weight (2,23). Other risk factors
include chronic lung, heart or neurological disease,
as well as immunodeficiency and certain ethnicities
(22,24–27). The roles of other pre- and post-natal
factors such as genetic markers, socioeconomic fac-
tors, environmental exposures and type of viral agent
are currently unclear but seem to increase the risk of
developing the disease (9,28–32). While bronchioli-
tis usually resolves within one or two weeks, 20%
of patients experience ‘postbronchiolitic syndrome’,
which is characterized by more than four weeks of
recurrent wheeze and chronic dry cough (33–35).
Research has not yet clarified the link, if any, between
bronchiolitis and asthma, but has shown that bron-
chiolitis is a risk factor for recurrent wheezing in
preschool and school-aged children (32,36–38).

Description of the interventions

The current treatment of bronchiolitis is controversial.
A large number of interventions are commonly used
and there is substantial variation in the management
of bronchiolitis throughout the world, which suggests
that the ideal treatment has not yet been identified
(19,39–43). This overview examines evidence for
11 interventions for the treatment of bronchiolitis in
infants, including antibiotics, bronchodilators, chest
physiotherapy, epinephrine (adrenaline), extrathoracic
pressure, glucocorticoids, heliox, hypertonic saline,
immunoglobulin, inhaled corticosteroids and oxygen
therapy (44–52). These treatments have been tested
in different settings characterized by varying levels of
disease severity (i.e. outpatient, inpatient and intensive
care settings) with the aim of improving short and
long-term outcomes.

How the interventions might work

Similarities between the clinical findings of bronchioli-
tis and acute asthma led to the wide use of glucocor-
ticoids (i.e. inhaled corticosteroids), bronchodilators
and epinephrine, as these interventions were thought
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to have equivalent benefits in both asthma and bron-
chiolitis. Glucocorticoids are potent anti-inflammatory
agents that target the airway inflammation putatively
seen in bronchiolitis and post-bronchiolitic recurrent
wheeze (53,54). Inhaled and systemic glucocorticoids
have been used in both outpatient and inpatient set-
tings to improve short and long-term outcomes. Bron-
chodilators such as salbutamol (albuterol) and ipra-
tropium bromide act acutely on beta-adrenergic and
cholinergic receptors in bronchial smooth muscle to
dilate airways, improve airflow and expectoration and
reduce bronchospasm (45). Epinephrine (adrenaline)
may confer an extra advantage by stimulating alpha-
adrenergic receptors, which are thought to reduce cap-
illary leakage and mucosal oedema (54).

Other inhaled therapies have addressed differ-
ent pathological features of bronchiolitis. Hypertonic
saline was initially used in the treatment of cystic
fibrosis and has been tested in bronchiolitis inpatients
and outpatients. It has the potential to hydrate airway
surface liquid, improve impaired mucociliary clear-
ance, increase water absorption from the mucosa and
reduce airway wall oedema (50). Heliox is a helium-
oxygen gas mixture that is mostly used in acute res-
piratory disorders in intensive care settings. Helium
acts as a low-density ‘carrier’ gas, resulting in lower
resistance to oxygen flow, increased gas exchange and
decreased work of breathing (55).

A number of additional therapies have also been
tested in the treatment of bronchiolitis. Antibiotics
might be useful in treating the small subset of infants
with secondary bacterial infections or co-infections
(44,56), while RSV immunoglobulin is a specific ther-
apy mainly used for RSV prophylaxis in high-risk
patients (55). Supplemental oxygen therapy is essen-
tial for hypoxemic respiratory insufficiency, and dif-
ferent modalities (i.e. nasal prongs, nasopharyngeal
catheters) have been tested using clinically appropriate
variable oxygen saturation thresholds (52). Different
types of chest physiotherapy aim to enhance clearance
of bronchial secretions and relieve airway obstruc-
tion (46), and in severe cases, extrathoracic pressure
is used to improve pulmonary compliance and gas
exchange in an attempt to prevent invasive mechanical
ventilation (48).

Why it is important to do this overview

Despite the large number of interventions commonly
used to treat bronchiolitis, best practice guidelines
from 2006–2008 recommend supportive care as the
mainstay of bronchiolitis management (9,57,58). How-
ever, these guidelines are potentially outdated due
to the emergence of new evidence in the past sev-
eral years. New trials have been conducted, including
recently published data from the two largest multicen-
tre trials in this field (59,60). Furthermore, several new
systematic reviews have been published (44,47–50,52)
and existing reviews have been updated (46,61–63).
We aim to present the current body of evidence from

the Cochrane Database of Systematic Reviews (CDSR)
so that clinicians working in outpatient, inpatient and
intensive care settings have the most up-to-date evi-
dence on effective treatments for acute childhood
bronchiolitis.

Objectives

This is an updated overview of reviews that was first
published in 2006 (64). This updated overview aims
to synthesize current evidence from the CDSR on
the efficacy and safety of pharmacologic and non-
pharmacologic treatments to improve bronchiolitis
symptoms in outpatient, inpatient and intensive care
populations.

Methods

Criteria for considering reviews for inclusion

Reviews were included providing they were published
in the CDSR and examined pharmacologic or non-
pharmacologic interventions for the treatment of bron-
chiolitis in children.

Search methods for identification of reviews

The search strategy was similar to the one published
in the previous version of this overview (64). Issue
8, 2010, of the CDSR was searched using the term
‘bronchiolitis’ restricted to the title, abstract or key-
words. This resulted in 15 reviews and two protocols.
We then consulted with the Cochrane Acute Respira-
tory Infections Group to ensure that we did not miss
any relevant reviews.

Outcome measures

A priori outcomes with pre-specified time points
were selected for outpatient, inpatient, and intensive
care unit (ICU) populations. When available, data on
adverse events was also recorded.

Outpatient outcomes

• Hospitalization rate on day one, within seven days
and at any other time points

• Length of stay in emergency department
• Clinical severity score at 60 and 120 minutes

Inpatient outcomes

• Length of stay
• Re-admissions
• Clinical severity score at 60 minutes, 120 minutes,

1–3 days and 3–10 days

ICU outcomes

• Length of stay
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• Need for non-invasive or invasive ventilation
• Length of non-invasive or invasive ventilation

Data collection and analysis

For this overview, one reviewer (MF) extracted the
following information from each of the included
reviews: inclusion criteria (including population, inter-
vention, comparisons, and outcomes), characteristics
of included reviews and numeric results. A sec-
ond reviewer (LB) extracted methodological quality
assessments and independently verified accuracy of
numeric results. Review Manager 5 was used for all
statistical analyses (65), and random effects modelling
was used for all outcome measures in order to provide
the most conservative effect estimate.

All dichotomous data was summarized using rela-
tive risks (RR) with 95% confidence intervals (CI).
RR describes the probability of the event in the treat-
ment group compared to the probability of the event
in the control group, and is interpreted as statistically
significant if the 95% CI does not cross one. To mea-
sure the treatment effect for dichotomous outcomes
that reached statistical significance, ‘number needed
to treat for additional benefit’ (NNTB) was calculated.
For all comparisons, including those based on a single
trial, NNTB was calculated from the trials’ baseline
risk (the risk of the event occurring for those not
receiving treatment) (66).

Continuous data was summarized using either stan-
dardized mean differences (SMD) or mean differences
(MD), both with 95% CIs. SMD was used to calculate
clinical severity scores because a variety of clinical
scales were used across studies, and expressing the
effects as standardized values allowed results from the
different scales to be combined. MD was calculated
for all other outcomes because the same scale (i.e.
days) was used to measure these outcomes. Effect sizes
expressed using standardized mean differences were
described as small (<0.40), moderate (0.40–0.70) or
large (>0.70) based on decision rules outlined in the
Cochrane Handbook (66). SMD and MD results were
interpreted as statistically significant if the 95% CI did
not cross zero.

For all pooled effect estimates, the accompanying
I2 values were reported and represent the degree of
statistical heterogeneity between the trials. An I2 value
close to 0% indicates minimal or no heterogeneity
of trials, whereas an I2 of 50% or greater represents
substantial heterogeneity (66). I2 values of 50% or
greater were included in the results text along with
the effect sizes.

Results of all outcomes have been assessed for
strength of evidence using the GRADE method-
ology (Grading of Recommendations Assessment,
Development, and Evaluation), which examines the
following four domains: risk of bias, directness, con-
sistency and precision (67,68). For consistency and
precision, we defined two a priori thresholds of clin-
ical relevance based on expert opinion and GRADE

guidelines: RR reduction of more than 25% for hospi-
tal admissions, and reduction in length of stay of more
than 0.5 days (69). Overall strength of evidence was
graded as high, moderate, low or insufficient based on
the likelihood of further research changing our confi-
dence in the estimate of effect, and evidence was only
considered insufficient when it was unavailable or did
not permit estimation of an effect size. Two review-
ers (LB, RF) independently graded each outcome,
and disagreements were resolved through consensus.
GRADE assessments for all outcomes are presented in
the results tables.

Results

Description of included reviews

Out of 15 potential reviews and two protocols, one
review on ribavirin (70) and another on surfactant
therapy (71) had been withdrawn from the Cochrane
Library for being out of date and therefore could
not be used in this overview. One review on vita-
min A (72) was excluded as it examined bronchioli-
tis prevention instead of treatment, and one review
on anticholinergic drugs (73) was excluded as it
examined childhood wheeze and excluded children
with bronchiolitis. Also, two protocols on nebulized
deoxyribonuclease (74) and steam or humidified oxy-
gen inhalation (75) were excluded as they were not
yet published in full form. Therefore, 11 reviews
(containing 8,556 participants) were included in this
overview (44–52,76,77). Each review examined a dif-
ferent intervention: antibiotics (AB), bronchodilators
(Broncho), chest physiotherapy (Physio), epinephrine
(Epi), extrathoracic pressure (ETP), glucocorticoids
(Gluco), heliox (Heliox), hypertonic saline (HTS),
immunoglobulin (IG), inhaled corticosteroids (ICS)
and oxygen therapy (O2). Table 1 presents the study
characteristics of the included reviews.

All included reviews were published between 2008–
2010 and were last assessed as up-to-date between
2006–2010. Based on contact with review authors, we
found that four of the 11 reviews were in the process
of being updated (Broncho, Epi, Gluco, HTS). These
four manuscripts (61–63,78) were obtained from the
review authors and were used in place of the original
reviews in order to incorporate the most recent data
into this overview.

Trials

The number of trials included in each review ranged
from one (AB, ETP) to 22 (Broncho). Two reviews
included one trial each (AB, ETP), six reviews
included three to five trials (Heliox, HTS, ICS, IG,
O2, Physio), and three reviews included 17 or more
trials (Broncho, Epi, Gluco). The number of partici-
pants in each review ranged from 33 (ETP) to 2,596
(Gluco).

Copyright  2011 John Wiley & Sons, Ltd. Evid.-Based Child Health 6: 258–275 (2011)
DOI: 10.1002/ebch.673



262 L. Bialy, M. Foisy, M. Smith and R. M. Fernandes

T
ab

le
I.

C
ha

ra
ct

er
is

tic
s

of
in

cl
ud

ed
re

vi
ew

s

R
ev

ie
w

ti
tl

e

A
ut

ho
rs

N
um

be
r

o
fs

tu
di

es
D

efi
ni

ti
o

n
o

f
O

ut
co

m
es

fo
r

w
hi

ch
da

ta
ar

e

L
as

t
as

se
ss

ed
as

up
-t

o
-d

at
e

S
am

pl
e

si
ze

(r
an

ge
)

P
o

pu
la

ti
o

n
br

o
nc

hi
o

lit
is

In
te

rv
en

ti
o

n
C

o
m

pa
ri

so
n

re
po

rt
ed

A
nt

ib
io

tic
s

fo
r

br
on

ch
io

lit
is

in
ch

ild
re

n

Sp
ur

lin
g

G
KP

,F
on

se
ka

K,
D

ou
st

J,
D

el
M

ar
C

N
ov

em
be

r
20

06

1 52

In
pa

tie
nt

C
hi

ld
re

n
<

2
ye

ar
s

Br
on

ch
io

lit
is:

re
sp

ira
to

ry
di

st
re

ss
pr

ec
ed

ed
by

co
ry

za
l

sy
m

pt
om

s
w

ith
or

w
ith

ou
t

fe
ve

r

A
nt

ib
io

tic
s

(o
ra

l,
in

tr
av

en
ou

s,
in

tr
am

us
cu

la
r

or
in

ha
le

d)

Pl
ac

eb
o

co
nt

ro
l

Pr
im

ar
y:

pu
lm

on
ar

y
m

ar
ke

rs
,

re
sp

ira
to

ry
di

st
re

ss
,w

he
ez

e,
cr

ep
ita

tio
ns

an
d

fe
ve

r
Se

co
nd

ar
y:

ho
sp

ita
la

dm
iss

io
ns

,
ad

ve
rs

e
ev

en
ts

an
d

ra
di

ol
og

ic
al

fin
di

ng
s

Br
on

ch
od

ila
to

rs
fo

r
br

on
ch

io
lit

is
(in

pr
es

s)

G
ad

om
sk

iA
M

,B
ha

sa
le

A
L

M
ar

ch
20

10

29 19
12

(1
6

–
18

6)

In
pa

tie
nt

,o
ut

pa
tie

nt
an

d
IC

U

C
hi

ld
re

n
<

2
ye

ar
s

Br
on

ch
io

lit
is:

ac
ut

e
LR

TI
w

ith
w

he
ez

in
g

Br
on

ch
od

ila
to

r
th

er
ap

y
(n

eb
ul

iz
ed

,o
ra

lo
r

su
bc

ut
an

eo
us

)

Pl
ac

eb
o

co
nt

ro
l

Pr
im

ar
y:

ox
yg

en
sa

tu
ra

tio
n

Se
co

nd
ar

y:
cl

in
ic

al
sc

or
e,

ad
m

iss
io

n
to

ho
sp

ita
l,

du
ra

tio
n

of
ho

sp
ita

ls
ta

y
an

d
tim

e
to

re
so

lu
tio

n
of

illn
es

s

C
he

st
ph

ys
io

th
er

ap
y

fo
r

ac
ut

e
br

on
ch

io
lit

is
in

pa
ed

ia
tr

ic
pa

tie
nt

s
be

tw
ee

n
0

an
d

24
m

on
th

s
ol

d

Pe
rr

ot
ta

C
,O

rt
iz

Z
,R

oq
ué
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Participants

Age ranges and clinical definitions of bronchioli-
tis varied slightly between reviews. Eight reviews
(AB, Broncho, Epi, Gluco, Heliox, HTS, ICS, Physio)
included children less than two years old with ‘bron-
chiolitis’ or ‘acute bronchiolitis’ and one review (IG)
included children less than three years old with a lab-
oratory documented RSV infection (i.e. bronchiolitis,
pneumonia or other lower respiratory tract infection).
The last two reviews included a wider range of ages
and illnesses: children aged one month to 18 years
with acute hypoxemic respiratory failure (ETP) and
children aged three months to 15 years with lower res-
piratory tract infections (O2). Four reviews restricted
inclusion criteria to children experiencing their first
episode of wheezing (Epi, Gluco, HTS, ICS).

Of the 11 included reviews, three included both
outpatients and inpatients (Epi, Gluco, HTS), four
looked at inpatients only (AB, ICS, O2, Physio), three
looked at ICU patients only (ETP, Heliox, IG) and
one included outpatients, inpatients and ICU patients
(Broncho). In total, the four outpatient reviews con-
sisted of 32 trials, the eight inpatient reviews consisted
of 49 trials and the four ICU reviews consisted of 11
trials. The majority of participants for outpatient tri-
als were enrolled from emergency departments, with
some recruitment from ambulatory clinics.

Interventions

Seven reviews compared an active treatment to
placebo (AB, Broncho, Epi, Gluco, Heliox, ICS,
IG), two reviews compared an active treatment to
standard care (ETP, Physio) and five reviews com-
pared an active treatment to another active treat-
ment (Epi, Gluco, HTS, O2, Physio). Some reviews
included more than one type of comparison (Epi,
Gluco, Physio).

Outcome measures

Ten reviews specified primary outcomes (AB, Bron-
cho, Epi, Gluco, Heliox, HTS, ICS, IG, O2, Physio),
with the most frequently reported primary outcomes
being outpatient rate of admission (Epi, Gluco, HTS)
and inpatient length of stay (Epi, Gluco, Heliox, HTS,
IG). Other common primary outcomes were adverse
events (Broncho, O2), oxygen saturation (Broncho,
O2), need for mechanical ventilation (Heliox, IG), pul-
monary markers (AB, O2) and wheeze (AB, ICS).
Timing of measurements for all primary outcomes var-
ied across reviews.

Search methods

All 11 reviews searched the CENTRAL, EMBASE
and MEDLINE databases, and all but one review
(HTS) hand-searched reference lists. Eight reviews
contacted experts and/or authors (AB, Broncho, Epi,
ETP, Gluco, Heliox, ICS, IG), six reviews searched

the LILACS database (Epi, Gluco, Heliox, HTS,
O2, Physio) and five reviews searched for published
abstracts (AB, Broncho, ETP, ICS, Physio).

Data analysis

Eight reviews conducted at least one meta-analysis.
Two of the remaining reviews (AB, ETP) could not
meta-analyze results as there was only one included
trial in each review. The final review (Physio) did not
contain a meta-analysis, but based on outcomes listed
in the review it appeared there was data within the
three included trials that would contribute to two a pri-
ori outcomes (length of stay and clinical score). The
overview authors thus extracted the relevant data from
the trials, and for two of the trials standard deviations
were not reported and had to be imputed from ranges
(79).

Methodological quality of included reviews
Various instruments were used to evaluate the method-
ological quality of studies within each review, with
four reviews using more than one type of instrument
(Epi, Gluco, ICS, IG). Two reviews (ICS, IG) used
the five-point Jadad scale to assess trial quality based
on randomization technique, double-blinding proce-
dure and documentation of losses to follow-up and
withdrawals (80). The average Jadad scores for trials
included in the two reviews were 3.6 and 4, respec-
tively.

Five of the reviews (ETP, ICS, IG, O2, Physio)
assessed the quality of allocation concealment to
treatment groups (81). Altogether, these five reviews
assessed allocation concealment as adequate in 29%
of trials and unclear in 71%.

Another five reviews (Broncho, Epi, Gluco, Heliox,
HTS) used the Cochrane Risk of Bias tool to assess
trial quality based on sequence generation, alloca-
tion concealment, blinding, incomplete outcome data,
selective outcome reporting and other sources of bias
(i.e. study design or stopping early) (66). Based on the
Risk of Bias criteria, 42% of trials in the five reviews
were assessed as low risk of bias, 24% as unclear and
34% as high risk of bias.

One review (AB) assessed methodological quality
using a published method based on an 11-point scale
consisting of blinding, treatment assignment, control
of selection bias and outcome assessment (82). The
single study included in this review was assigned six
of 11 points and was judged to be of high quality.

Lastly, two of the reviews (Epi, Gluco) used
GRADE methodology to assess the strength of evi-
dence for the trials’ primary outcomes (67,68). All
GRADE assessments for all included reviews can be
found in Tables 2, 3 and 4.

Effect of interventions
Outpatients

Table 2 presents outpatient data for hospitalization
rate, length of stay and clinical severity score.
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Data was available for eight outpatient comparisons,
and relevant results for each outcome are presented
below.

Hospitalization rate: Results were significant for hos-
pitalization rates on day one and within seven days.
Compared with placebo, treatment with nebulized
epinephrine significantly decreased hospitalization rate
on day one by 33% (RR: 0.67; 95% CI: 0.50, 0.89; 4
trials; 920 participants) and treatment with epinephrine
and glucocorticoid combined significantly decreased
hospitalization rate within seven days by 35% (RR:
0.65; 95% CI: 0.44, 0.95; 1 trial; 400 participants).
The number needed to treat to prevent one additional
hospital admission was 16 on day one and 11 by
day seven.

Length of stay: Only two comparisons measured
outpatient length of stay in the emergency department,
and neither was significant.

Clinical severity score: For outpatients with bronchi-
olitis, clinical score was measured at 60 minutes and
120 minutes. Compared to placebo, both epinephrine
and epinephrine and glucocorticoid combined led to
statistically significant small or moderate decreases in
clinical severity scores at 60 minutes (SMD: −0.45;
95% CI: −0.66, −0.23; 4 trials; 900 participants, and
SMD: −0.34; 95% CI: −0.54, −0.14; 1 trial; 399 par-
ticipants). At 120 minutes, epinephrine versus placebo
led to a large, significant decrease in clinical sever-
ity (SMD: −0.83; 95% CI: −1.58, −0.08; 1 trial; 30
participants).

Inpatients

Table 3 presents inpatient data for length of stay,
re-admissions and clinical severity scores. Data was
available for seven inpatient comparisons, and all rel-
evant outcomes are described below.

Length of stay: Nebulized epinephrine significantly
decreased inpatient length of stay by almost seven
hours when compared to bronchodilator (MD:
−0.28 days; 95% CI: −0.46, −0.09; 4 trials; 261 par-
ticipants), but not when compared to placebo. Also,
3% hypertonic saline versus 0.9% saline significantly
decreased length of stay by more than one full day
(MD: −1.16 days; 95% CI: −1.55, −0.77; 4 trials;
282 participants).

Re-admissions: Three treatments were compared to
placebo, and none were found to decrease hospital re-
admissions during follow-up periods ranging from two
days to one year.

Clinical severity score: Clinical score was measured
at 60 minutes, 120 minutes, 1–3 days and 3–10 days.

Treatment with epinephrine versus bronchodilator led
to a statistically significant, moderate reduction in
clinical severity at both 60 minutes (SMD: −0.79;
95% CI: −1.45, −0.13; 4 trials; 248 participants) and
120 minutes (SMD: −0.52; 95% CI: −0.86, −0.18; 1
trial; 140 participants). No data was provided beyond
these time-points, and comparisons with placebo were
not significant. Note that there is evidence of signif-
icant (p = 0.0002) and substantial (I2 = 79%) high
heterogeneity for clinical score at 60 minutes.

Clinical severity score at 1–3 days showed a signif-
icant, moderate decrease when children were treated
with chest physiotherapy versus standard care (SMD:
−0.55; 95% CI: −0.98, −0.12; 1 trial; 87 partic-
ipants), but this difference was not significant at
3–10 days. 3% hypertonic saline versus 0.9% saline
also led to a large, significant decrease in clinical
severity at 1–3 days but not 3–10 days (SMD: −0.84;
95% CI: −1.39, −0.30; 3 trials; 183 participants).

ICU patients

Table 4 presents ICU data for length of stay and
need for invasive or non-invasive ventilation. Data
was available for three interventions, and relevant out-
comes are presented below.

Length of stay: A comparison of immunoglobulin
versus placebo found that immunoglobulin treatment
significantly decreased the number of days spent in
the ICU by almost one day (MD: −0.85 days; 95%
CI: −1.56, −0.14; 2 trials; 163 participants). The
only other comparison (heliox versus air or oxygen
inhalation) was not significant.

Need for ventilation: Neither heliox nor extrathoracic
pressure significantly decreased the need for invasive
and/or non-invasive ventilation in ICU patients.

Adverse events

Table 5 presents all available adverse events data
divided by outpatients, inpatients and ICU patients.
Adverse events data was reported in six reviews exam-
ining bronchodilators, epinephrine, glucocorticoids,
immunoglobulin, inhaled corticosteroids and oxygen
therapy. For outpatients, no general or intervention-
specific adverse events were significantly different
between groups. For inpatients, only one adverse
event was significant: when comparing oxygen deliv-
ery methods, use of nasal prongs versus nasopha-
ryngeal catheters decreased nasal obstruction due
to severe mucous production by 81% (RR: 0.19;
95% CI: 0.09, 0.43; 3 trials; 338 participants).
Lastly, for ICU patients, likelihood of experiencing
a drug-associated adverse event was almost two times
higher when receiving immunoglobulin versus placebo
(RR: 1.96; 95% CI: 1.06, 3.64; 1 trial; 33 partici-
pants).
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Discussion

This overview presents the most current Cochrane
evidence regarding the efficacy and safety of interven-
tions for acute viral bronchiolitis in different treatment
settings. Treatment of bronchiolitis is a controversial
topic in pediatrics, and current best practice guidelines
recommend supportive measures as the mainstay of
management (9,57,58). In both ambulatory and hospi-
tal settings, this includes adequate oxygenation com-
bined with attention to nasal obstruction, fluid intake
and nutrition. However, there are many additional ther-
apies that clinicians try in an effort to reduce the
tremendous number of hospital admissions, and this
may explain the wide variation in bronchiolitis treat-
ment, despite the absence of clear evidence for many
therapeutic approaches. Recent evidence presented in
this overview provides some clarity as to the current
most effective interventions for outpatients, inpatients,
and ICU patients. This evidence must be weighed
against possible harms, and its interpretation must be
viewed in light of the methodological limitations of
research within the field.

Summary of main results

Outpatients

There is moderate quality evidence that inhaled
epinephrine substantially improves short-term out-
comes for outpatients presenting with bronchiolitis,
when bronchiolitis is defined as the first episode
of wheezing in children under two years of age.
Epinephrine substantially reduces hospital admissions
within the first day of treatment, and these findings
are supported by positive results from other clini-
cal outcomes, especially an improvement in clinical
score within the first one and two hours of treat-
ment. Most direct comparisons between epinephrine
and other active interventions (bronchodilators and
glucocorticoids) were not significant, and compared
to placebo, neither bronchodilators nor glucocorticoids
improved short-term outcomes. In this overview, we
did not include outpatient measures of clinical severity
at 24, 48 or 72 hours, as these time-points are often
too delayed to be clinically relevant in an outpatient
setting. However, it is worth noting that for outpatients
with bronchiolitis, 3% hypertonic saline leads to large,
statistically significant reductions in clinical severity at
all three of the indicated time-points (78).

Results suggest that combining inhaled epinephrine
with the systemic glucocorticoid dexamethasone (as
opposed to stand-alone therapy with either drug alone)
may be effective in improving the longer-term out-
come of outpatient admissions within seven days.
However, this finding should be interpreted with cau-
tion as this conclusion was based on a small number
of events from a single trial, therefore resulting in low
strength of evidence.

These positive results should be balanced against
data on harms. There are safety concerns when

considering the widespread use of epinephrine, and
especially glucocorticoids, in young children with
viral wheezing. High-dose glucocorticoids (i.e. dex-
amethasone), such as the dosages used in the glu-
cocorticoid and epinephrine reviews (0.6–1.0 mg/kg),
are potentially dangerous, and the effects of gluco-
corticoids and/or epinephrine on children with co-
morbid illnesses are currently unknown (83,84). The
results from the randomized control trials (RCTs)
included in this overview do not suggest any seri-
ous short-term adverse effects of epinephrine adminis-
tered either with or without glucocorticoids, and data
from RCTs and observational studies on a related
illness – croup – also suggest a favorable short-term
safety profile for both epinephrine and dexametha-
sone (85,86). However, it should be noted that no
studies had long-term follow-ups assessing the harms
of glucocorticoids, and many of the studies would
have been unable to detect important differences in
adverse events due to limited power. Furthermore,
RCTs do not adequately address all drug safety con-
cerns (87).

In summary, epinephrine is the most effective treat-
ment for outpatients presenting with bronchiolitis, and
appears to be superior to both bronchodilators and
glucocorticoids. The benefits and risks of adding glu-
cocorticoids to epinephrine for longer-term benefits
needs to be further clarified, along with whether results
from combination therapies are generalizable to lower
doses of glucocorticoids and glucocorticoids other than
dexamethasone. The above findings likely apply to
outpatients presenting to the emergency department
with moderate to severe bronchiolitis.

Inpatients

Hypertonic saline was the only inpatient treatment
that resulted in a clinically meaningful reduction in
length of stay, supported by improvements in the
clinical severity score at one to three days (moderate
strength of evidence). Adverse events were rare in
trials of hypertonic saline, which is consistent with the
favorable safety profile shown in infants with cystic
fibrosis (88).

While chest physiotherapy also improved clinical
severity score at one to three days, evidence was weak
and the magnitude of improvement small. No other
interventions for short-term outcomes were found to
be superior to placebo, including epinephrine, gluco-
corticoids and bronchodilators. Therefore, the direct
comparisons showing the superiority of epinephrine
to other bronchodilators are of questionable relevance.
For long-term outcomes, inhaled corticosteroids did
not show any significant reduction in post-bronchiolitis
symptoms and related re-admissions within the first
year after the acute episode.

The differences in the effectiveness of epinephrine
with or without glucocorticoids for outpatient and
inpatient populations may be due to many factors. For
example, inpatients might have been non-responsive
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to initial, short-term outpatient interventions in the
emergency department (i.e. inhaled therapies) due to
increased illness severity and duration of symptoms,
thus making them less likely to respond to the same
therapies in an inpatient setting.

ICU patients

Only immunoglobulin was found to improve ICU
patient outcomes by reducing length of stay; how-
ever, evidence was hampered by the limited number of
studies and methodological limitations of the system-
atic review. No other interventions, including heliox
therapy and extrathoracic pressure, improved length
of stay or need for ventilation. Although treatment
with surfactant was not included there is previous evi-
dence indicating its usefulness in this overview in ICU
settings (64,71).

Limitations

The limitations of this overview are partially due to
the difficulties inherent to the field of bronchiolitis
research. There is no standard definition of bronchioli-
tis, as definitions and classification of clinical and epi-
demiological findings vary worldwide (15). Therefore,
the definitions of bronchiolitis used by the included
reviews varied based on age, clinical findings and viral
etiology. It is also possible that bronchiolitis is a first
manifestation of heterogeneous wheezing phenotypes
that appear later on in childhood and that respond dif-
ferently to treatment (84). Most studies included in
this overview were restricted to healthy infants, which
makes it difficult to apply these findings to children
with chronic conditions or prematurity, even though it
is these children who are at increased risk of devel-
oping bronchiolitis and experiencing adverse effects
(22,27,89).

Another limitation is the heterogeneity in primary
outcomes and the way these outcomes are measured.
The absence of standardized and validated patient-
important outcomes and outcome scales has been a
serious threat to bronchiolitis trial validity (90). For
example, admissions and length of stay are often
influenced by factors aside from treatment (i.e. volume
of patients per day), and clinical severity scales are
limited by their inconsistency and unknown clinical
relevance (90).

In this overview, we included side-by-side compar-
isons of all relevant data from separate meta-analyses,
but were unable to numerically quantify the benefits of
one treatment versus another. Currently, new develop-
ments in statistics allow for the simultaneous analysis
of all treatments versus each other in networks that
make it possible to rank order the effectiveness of
each treatment (91), and integration of evidence using
these network meta-analysis techniques is currently
being performed elsewhere in bronchiolitis research
(92). However, even without these new statistical pro-
cedures, we were able to analyze the available data and

reach statistically sound conclusions to recommend the
most effective treatments for outpatients and inpatients
with acute bronchiolitis.

Authors’ Conclusions

Implications for practice

Outpatients

For patients initially presenting to a health care
setting (usually an emergency department or ambu-
latory clinic) with wheezing as the major manifes-
tation of bronchiolitis, nebulized epinephrine (either
L-epinephrine or racemic epinephrine) may be tried in
an effort to avoid hospitalization. Observation facili-
ties need to be available for two to three hours after
treatment to monitor changes in symptoms. Given
the rapidly changing nature of this acute illness,
rapid follow-up should be available should deterio-
ration occur. If there is clinical improvement such as
decreased wheezing, decreased indrawing and better
feeding, then discharge back home is possible.

Glucocorticoids and bronchodilators (other than
epinephrine) cannot be recommended as a routine ther-
apy given the current level of evidence and potential
for adverse events.

Inpatients

For patients admitted to hospital with acute bronchi-
olitis, nebulized hypertonic saline (3%) driven using
oxygen may be given to improve respiratory distress
from accumulated secretions in the upper and lower
airways. The ideal dose frequency is currently unclear,
but most studies administer the treatment three to six
times daily. This treatment is likely to be most bene-
ficial during the first three days of admission.

Routine chest physiotherapy cannot be recom-
mended given the weak evidence for this maneu-
ver. Similarly, nebulized epinephrine cannot be re-
commended for regular use, although there may be
some benefit in improving short-term clinical sever-
ity, which may be useful in an acutely deteriorating
infant. Systemic and inhaled glucocorticoids have not
been shown to reduce re-admissions and should not be
used for this purpose.

ICU patients

For the sickest patients who are transferred to inten-
sive care units, intravenous immunoglobulin reduced
length of stay in one review, but is not recommended
due to high risk of adverse events and low method-
ological quality of the review. Due to sparse and low
quality data, there is insufficient evidence to support
the use of heliox or extrathoracic pressure; however,
data on extrathoracic pressure look promising and
more studies are needed.
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Implications for research

In outpatient settings, further research is necessary to
examine the effectiveness of epinephrine compared
to placebo and salbutamol, as well as treatment
with epinephrine and glucocorticoid combined. These
interventions also need to assess the benefits and
risks for different subsets of patients. Furthermore, 3%
hypertonic saline also needs to be tested in outpatient
settings using clinically relevant time-points.

For both outpatient and inpatient populations, stud-
ies should examine the potential of using epinephrine/
glucocorticoid combinations along with hypertonic
saline to provide additional clinical benefit. Research
should also focus on the frequency, concentration
and mode of administration of hypertonic saline that
confers the greatest clinical benefit, as well as the
mechanism of action of nebulized hypertonic saline
in patients with viral bronchiolitis. For inpatients with
bronchiolitis, further studies assessing the benefits of
chest physiotherapy need to be conducted.

For very ill patients in intensive care, further
research should examine the benefits of promis-
ing therapies such immunoglobulin and surfactant,
with attention paid to standardized ventilation proto-
cols. Further studies on immunoglobulin could assess
effects of using different titres of neutralizing or mon-
oclonal antibodies. More evidence is also required
around the effectiveness of non-invasive ventilation
strategies.

Lastly, there is also a need to develop a validated
and reliable scoring system that is sensitive to impor-
tant clinical changes in patients with bronchiolitis.
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