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Association Between Hypertonic Saline
and Hospital Length of Stay in Acute Viral Bronchiolitis
A Reanalysis of 2 Meta-analyses
Corinne G. Brooks, MD, MS; Wade N. Harrison, MPH; Shawn L. Ralston, MD, MS

IMPORTANCE Two previous meta-analyses of nebulized hypertonic saline (HS) on hospital
length of stay (LOS) in acute viral bronchiolitis have suggested benefit. Neither study fully
addressed the issue of excessive heterogeneity in the cohort of studies, indicating that it may
be inappropriate to combine such dissimilar studies to estimate a common treatment effect.

OBJECTIVE To reanalyze the existing data set for sources of heterogeneity to delineate the
population most likely to benefit from HS.

DATA SOURCES We used the previously analyzed cohort of randomized trials from 2 published
meta-analyses comparing HS with normal saline (or, in 1 case, with standard of care) in infants
hospitalized for bronchiolitis. We also repeated the search strategy used by the most recent
Cochrane Review in the Medline database through September 2015.

STUDY SELECTION Eighteen randomized clinical trials of HS in infants with bronchiolitis
reporting LOS as an outcome measure were included.

DATA EXTRACTION AND SYNTHESIS The guidelines used for abstracting data included LOS,
study year, setting, sample size, type of control, admission/discharge criteria, adjunct
medications, treatment frequency, mean day of illness at study enrollment, mean severity
of illness scores, and mean age.

MAIN OUTCOMES AND MEASURES Weighted mean difference in LOS and study heterogeneity
as measured by the I2 statistic.

RESULTS There were 18 studies included of 2063 infants (63% male), with a mean age of
4.2 months. The mean LOS was 3.6 days. Two main sources of heterogeneity were identified.
First, the effect of HS on LOS was entirely sensitive to the removal of one study population,
noted to have a widely divergent definition of the primary outcome. Second, there was a
baseline imbalance in mean day of illness at presentation between treatment groups.
Controlling for either of these factors resolved the heterogeneity (I2 = reduced from 78%
to 45% and 0%, respectively) and produced summary estimates in support of the null
hypothesis (that HS does not affect LOS). There was a weighted mean difference in LOS of
−0.21 days (95% CI, −0.43 to +0.02) for the sensitivity analysis and +0.02 days (95% CI, −0.14
to +0.17) for studies without unbalanced treatment groups on presentation.

CONCLUSIONS AND RELEVANCE Prior analyses were driven by an outlier population and
unbalanced treatment groups in positive trials. Once heterogeneity was accounted for, the
data did not support the use of HS to decrease LOS in infants hospitalized with bronchiolitis.
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V iral bronchiolitis represents a major burden on hospi-
tals caring for children as one of the most common ill-
nesses resulting in hospital admission in infants in the

United States.1,2 Current clinical practice guidelines in the
United States do not recommend the routine use of any medi-
cation for bronchiolitis therapy based on systematic review and
meta-analysis of the available literature.3

Recently, however, nebulized hypertonic saline (HS) has
been proposed to shorten hospital length of stay (LOS) in sev-
eral meta-analyses, although significant heterogeneity was re-
ported across the included studies (I2 = 82.1%), with mean LOS
in the control groups varying from 1.8 to 7.4 days across 15
studies.4-6 In meta-analyses, some variability in treatment ef-
fect is to be expected between studies, whether owing to
chance (ie, sampling effects) or meaningful differences be-
tween trials (eg, patient age, inclusion criteria, or dosing). The
term heterogeneity refers to a statistical measure of the ob-
served variability between study results, specifically in-
tended to measure the likelihood that this variability is ow-
ing to something more than chance. Excessive heterogeneity
indicates that care should be taken to further investigate the
potential for differences in study design, population, or char-
acteristics of the intervention. Random effects modeling is a
statistical response to excess heterogeneity in meta-analysis;
however, many experts believe that random effects model-
ing alone does not solve the problem of study heterogeneity
and that one of the greatest benefits of conducting a meta-
analysis is to more carefully examine sources of heteroge-
neity when present.7

None of the published analyses completely addresses and
accounts for the large amount of study heterogeneity in the
cohort of studies reporting the effect of HS on hospital LOS in
bronchiolitis. Hence, we undertook a reanalysis of this data set
to fully investigate potential study-, treatment-, or patient-
level factors contributing to the heterogeneity to delineate any
population most likely to benefit from HS.

Methods
Included studies were randomized clinical trials of HS (3% or
5%) vs 0.9% saline, with or without adjunct medication use
(ie, bronchodilators), or of HS vs standard care in hospital-
ized children, reporting our primary outcome of LOS and iden-
tified from previously published meta-analyses.4-6 We also re-
peated the search strategy used by the most recent Cochrane
Review in the Medline database through September 2015, re-
vealing no previously unidentified studies. The search terms
included the following: (1) exp Bronchiolitis/; (2) (bronchiolit*
or wheez*).tw.; (3) respiratory syncytial viruses/ or respiratory
syncytial virus, human/; (4) Respiratory Syncytial Virus Infec-
tions/; (5) (respiratory syncytial virus* or rsv).tw.; (6) parain-
fluenza virus 1, human/ or parainfluenza virus 3, human/;
(7) Parainfluenza Virus 2, Human/; (8) Respirovirus Infec-
tions/; (9) Adenovirus Infections, Human/; (10) Rhinovirus/;
(11) Influenza, Human/; (12) exp influenzavirus a/ or exp influ-
enzavirus b/; (13) (parainfluenza* or respirovirus* or adenovi-
rus* or rhinovirus* or influenza*).tw.; (14) or/1-13; (15) Saline So-

lution, Hypertonic/; (16) (hypertonic adj3 (saline or solution*))
.tw.; (17) Sodium Chloride/; (18) (sodium chloride or saline).tw.;
(19) or/15-18; (20) exp “Nebulizers and Vaporizers”/; (21) (nebuli*
or vapor* or vapour* or atomi*).tw.; (22) Administration, Inha-
lation/; (23) inhal*.tw.; (24) Aerosols/; (25) aerosol*.tw.;
(26) or/20-25; and (27) 14 and 19 and 26.

Data extracted included study year, setting, sample size,
control group, and the mean (SD) LOS. If a study reported out-
comes as median LOS, we abstracted a mean using publicly
available software.8 Additionally, potential drivers of study
heterogeneity were extracted, which included study-level fac-
tors (admission/discharge criteria, adjunct medications used,
and treatment frequency), individual-level factors (day of ill-
ness [DOI] at study enrollment, severity of illness scores, and
age), and treatment group–level factors (imbalance between
treatment groups in individual patient factors). As different re-
spiratory distress severity scores were used, scores were stan-
dardized prior to analysis.

We preplanned the following steps: (1) qualitative survey
of the articles for potentially important differences in study de-
sign and associated sensitivity or subgroup analyses on those
factors; (2) single-variable meta-regression against each of the
following variables: control group LOS, use of adjunct medica-
tions, treatment frequency, DOI at study enrollment, clinical
score, and mean age; and (3) multivariable meta-regression
against variables found to be significant contributors to hetero-
geneity in the previous step. Meta-regression extends standard
regression techniques to meta-analyses to examine heteroge-
neity and the association between potential moderator variables
and treatment effect (similar to subgroup analysis) but allows
the inclusion of continuous variables.

Weighted mean difference in LOS between treatment arms
represented the summary statistic in our analyses and were cal-
culated using the random effects model for meta-analysis. Study
heterogeneity was assessed using the Cochran Q test (homo-
geneity assumption rejected if P < .10) and quantified using the
I2 statistic. Consistent with guidance given by the Cochrane Col-
laboration, heterogeneity is interpreted as potentially unimport-
ant (0%-40%), moderate (30%-60%), substantial (50%-90%),
and considerable (75%-100%).9 Funnel plot symmetry was as-
sessed visually and by the Egger test. Statistical analysis was
performed using Stata version 14 (StataCorp).

Key Points
Question Does hypertonic saline affect hospital length of stay in
acute viral bronchiolitis once heterogeneity was resolved from
recent meta-analyses?

Findings In this reanalysis, the appearance of a reduction in
hospital length of stay for patients with bronchiolitis treated with
hypertonic saline was entirely sensitive to the removal of an outlier
study population as well as a baseline imbalance in day of illness at
presentation between treatment groups.

Meaning Hypertonic saline cannot be expected to reduce
hospital length of stay in acute viral bronchiolitis in a typical US
population.
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Table. Characteristics of Included Studies Comparing HS With NS for Reducing Length of Stay in Children With Bronchiolitis

Study and Country

Treatment Patients, No. Mean Age, mo
Mean Clinical
Scorea Mean DOI, db

Discharge CriteriaC I C I C I C I C I
Mandelberg et al,10

2003; Israel
0.9% NS with
epinephrine every
4 h

3% HS with
epinephrine every
4 h

25 27 2.6 3.0 8.1 8.3 3.0 3.9 Discretion of attending
physician blinded to
treatment based on
“clinical grounds alone”

Tal et al,11 2006;
Israel

0.9% NS with
epinephrine every
8 h

3% HS with
epinephrine every
8 h

20 21 2.3 2.8 7.6 7.4 4.5 4.0 No oxygen requirement,
minimal or no chest
retractions, and feeding
adequately

Kuzik et al,12 2007;
UAE and Canada

0.9% NS every 2 h
then 4 h then 6 h

3% HS every 2 h
then 4 h then 6 h

49 47 4.6 4.4 8.1 7.8 4.0 4.5 Oxygen saturation ≥95%
on room air for 4 h and
RDAI score <4

Al-Ansari et al,13

2010; Qatar
0.9% NS with
epinephrine every
4 h

3% or 5% HSc with
epinephrine every
4 h

56 115 3.3 3.9 5.8 5.9 3.6 4.7 No oxygen requirement,
adequate feeding, and
minimal or absent
symptoms with a severity
score <4

Luo et al,14 2010;
China

0.9% NS with
salbutamol every
8 h

3% HS with
salbutamol every
8 h

43 50 5.6 6.0 5.7 5.8 3.1 3.2 Absence of respiratory
signs or symptoms for 12 h

Luo et al,15 2011;
China

0.9% NS every 2 h
then 4 h then 6 h

3% HS every 2 h
then 4 h then 6 h

55 57 5.8 5.9 8.5 8.8 3.2 3.4 Absence of respiratory
signs or symptoms for 12 h

Espelt et al,16 2012;
Argentina

0.9% NS with
albuterol every 6 h

3% HS with
albuterol every 6 h

45 37 NR NR NR NR NR NR NR

Miraglia del Giudice
et al,17 2012; Italy

0.9% NS with
epinephrine every
6 h

3% HS with
epinephrine every
6 h

54 52 4.2 4.8 8.8 8.5 3 3.6 Clinical determination of
attending physician

Ojha et al,18 2014;
Nepal

0.9% NS every 8 h 3% HS every 8 h 28 31 8.5 8.6 7.4 8.1 NR NR No oxygen requirement,
feeding adequately, and
with minimal or absent
respiratory signs and
symptoms

Mahesh Kumar
et al,19 2013;
India

0.9% NS with
salbutamol every
6 h

3% HS with
salbutamol every
6 h

20 20 5.9 6.1 5.6 NR NR Afebrile, oxygen saturation
>96% on room air and
without respiratory
distress, and tolerating
oral feeds

Pandit et al,20 2013;
India

0.9% NS with
epinephrine every
6 h

3% HS with
epinephrine every
6 h

49 51 NR NR 11.7 12.3 NR NR NR

Sharma et al,21

2013; India
0.9% NS with
salbutamol every
4 h

3% HS with
salbutamol every
4 h

123 125 4.2 4.9 6.0d 6.0d 3.8 3.6 No oxygen requirement
with saturation >92%,
feeding adequately, absent
respiratory distress, and
severity score ≤3

Teunissen et al,22

2014,
The Netherlands

0.9% NS with
salbutamol every
8 h

3% or 6% HS with
salbutamol every
8 hc

80 167 3.6 3.5 6.2 6.2 4d 4d No oxygen requirement
and feeding adequately

Everard et al,23

2014; UK
Usual supportive
care

3% HS every 6 h 149 142 3.4 3.3 NR NR NR NR Oxygen saturation ≥92%
on room air for 6 h and
feeding adequately

Tinsa et al,24 2014;
Tunisia

0.9% NS every 4 h 5% HS with or
without
epinephrine every
4 hc

26 67 3.1 3.5 4.3 5.6 3.6 4.3 No oxygen requirement,
severity score <3, and
adequate fluid intake

Wu et al,25 2014;
US

0.9% NS with
albuterol every 8 h

3% HS with
albuterol every 8 h

84 61 6.4 6.6 6.2 6.0 5.2 5.8 Clinical determination of
attending physician

Flores et al,26 2015;
Portugal

0.9% NS with
salbutamol every
6 h

3% HS with
salbutamol every
6 h

35 33 3.8 3.3 6.1 5.7 2.4 2.3 No oxygen requirement for
8 h, minimal or no chest
retractions, and feeding
adequately

Silver et al,27 2015;
US

0.9% NS every 4 h 3% HS every 4 h 97 93 4.4 3.9 3.5 3.2 4d 5d Stable respiratory status
without supplemental
oxygen for 12 h and
feeding adequately

Abbreviations: C, control; DOI, day of illness; HS, hypertonic saline;
I, intervention; NR, not reported; NS, normal saline; RDAI, Respiratory Distress
Assessment Instrument; UAE, United Arab Emirates; UK, United Kingdom;
US, United States.
a Clinical scoring systems used by different studies. Respiratory Distress

Assessment Instrument: Kuzik et al,12 Pandit et al,20 Silver et al,27 and
Wu et al.25 Wang Respiratory score28: Al-Ansari et al,13 Flores et al,26 Luo et al,14

Luo et al,15 Mahesh Kumar et al,19 Mandelberg et al,10 Miraglia del Giudice,17

Sharma et al,21 Tal et al,11 Teunissen et al,22 and Tinsa et al.24 Modified: Ojha et al.18

b Patient DOI at study entry.
c For 3-arm studies, both treatment groups were combined in our analysis:

Al-Ansari et al13 (3% and 5% HS), Teunissen et al22 (3% and 6% HS), and
Tinsa et al24 (5% HS and 5% HS with epinephrine).

d Median, not mean.
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Results

Study-Level Sources of Heterogeneity
Eighteen total studies were included in this reanalysis
(Table).10-27 The studies included 2063 infants (63% male), with
a mean age of 4.2 months. The mean LOS was 3.6 days. Initial
review of studies for qualitative study-level differences re-
vealed that the 2 studies performed in the same center in China
had strikingly different criteria for hospital discharge—12 hours
without respiratory symptoms—a far more stringent require-
ment than any other trial. Comparing the mean (SD) LOS for

the control groups between these 2 studies (6.8 [1.4] days) and
all others (2.8 [1.6] days) further confirms this population’s sta-
tus as a statistical outlier for LOS. We verified that there were
no appreciable differences in severity of illness in this popu-
lation through a comparison of normalized severity scores at
study entry by t test (P = .72). Additionally, it was noted that
most (>70%) of the children enrolled in these studies were re-
ceiving systemic corticosteroids prior to admission, rates not
seen in other settings. Sensitivity analysis revealed that re-
moval of this study population improved heterogeneity to a
level considered moderate to acceptable (I2 decreased from 78%
to 45%) and rendered the summary weighted mean differ-
ence statistically insignificant (−0.21 days; 95% CI, −0.43 to
+0.02); thus, the results are sensitive to inclusion/exclusion
of this population (Figure 1).

Quantitative assessment of study-level factors that might
account for heterogeneity included expected LOS (as defined
by LOS in control groups), use of adjunct medications (eg,
β-agonists), and frequency of HS treatments. Adjustment for
these factors did not substantially resolve heterogeneity with
2 exceptions. First, as reported by Badgett et al,5 meta-
regression against expected LOS was significant (coefficient,
−0.25 days; 95% CI, −0.37 to −0.12; P = .001) but the signifi-
cance was sensitive to the removal of the studies from China
(−0.14 days; 95% CI, −0.32 to +0.04; P = .13). Second, epineph-
rine use appeared to potentiate the effect of HS (−0.61 days;
95% CI, −0.94 to −0.25; P = .003) (eTable in the Supplement).

Figure 2 presents a funnel plot, which further supports the
identification of the Chinese studies as statistical outliers.

Figure 2. Funnel Plot With Pseudo 95% CIs
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Figure 1. Mean Difference in Length of Stay (LOS) Between Hypertonic Saline and Normal Saline
Treatment Groups

–2.46 2.460
Weighted Mean Difference (95% CI)

Weight, %

Favors
Hypertonic

Saline

Favors
Normal
Saline

Control
Group
LOSStudy

Studies in order of increasing LOS

Weighted Mean
Difference (95% CI)

6.431.8Ojha et al,18 2014 0.05 (–0.52 to 0.62)
6.581.9Al-Ansari et al,13 2010 –0.40 (–0.94 to 0.14)

Chinese population
6.836.4Luo et al,15 2011 –1.60 (–2.08 to –1.12)
6.487.4Luo et al,14 2010 –1.40 (–1.96 to –0.84)

7.202.0Silver et al,27 2015 0.10 (–0.30 to 0.50)
6.762.4Teunissen et al,22 2014 0.46 (–0.04 to 0.96)
7.832.6Sharma et al,21 2013 0.02 (–0.20 to 0.24)
5.032.9Mahesh Kumar et al,19 2013 –0.63 (–1.49 to 0.23)
4.543.5Kuzik et al,12 2007 –0.90 (–1.88 to 0.08)
4.633.5Tal et al,11 2006 –0.90 (–1.86 to 0.06)
5.893.7Everard et al,23 2014 0.06 (–0.62 to 0.74)
3.613.9Wu et al,25 2014 –0.76 (–1.99 to 0.47)
5.004.0Mandelberg et al,10 2003 –1.00 (–1.87 to –0.13)
5.744.1Pandit et al,20 2013 –0.16 (–0.87 to 0.55)
2.774.5Tinsa et al,24 2014 –0.93 (–2.46 to 0.60)
3.994.7Flores et al,26 2015 0.20 (–0.92 to 1.32)
4.205.5Espelt et al,16 2012 0.33 (–0.73 to 1.39)
6.505.6Miraglia del Giudice et al,17 2012 –0.70 (–1.25 to 0.15)

86.70Subtotal: I2 = 44.6%, P = .03 –0.21 (–0.43 to 0.02)

13.30Subtotal:  I2 = 0.0%, P = .60 –1.51 (–1.88 to –1.15)
100.00Overall: I2 = 78.0%, P<.001 –0.43 (–0.74 to –0.12)

The overall and sensitivity analyses,
excluding outlier population, are
shown here. Weights are from
random effects analysis.
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Visual inspection reveals the presence of asymmetry with the
absence of smaller negative studies and is confirmed by a posi-
tive Egger test result (all studies: P < .001; with the outlier
population removed: P = .045). Such asymmetry may be
owing to small study effects, publication bias, or true
heterogeneity.

Patient-Level Sources of Heterogeneity
Assessment of individual patient–level factors that might ac-
count for heterogeneity focused on patient age, DOI at study
entry, and clinical severity score. Adjustment for these fac-
tors did not substantially resolve heterogeneity (eTable in the
Supplement).

Treatment Arm–Level Sources of Heterogeneity
Because many of the trials of HS were small, there remained
the possibility that, despite randomization, important base-
line differences between infants assigned to each treatment
arm could be influencing results. We assessed the effect on
heterogeneity of within-study differences between the treat-
ment groups in mean age, DOI at study entry, and clinical se-
verity score. There was a difference in DOI between treat-
ment arms in studies reporting the information (N = 1661;
summary difference, +0.32 days; 95% CI, −0.04 to +0.68) with
HS treatment arm patients admitted later in illness. Later DOI
was correlated with shorter LOS (coefficient, −0.54 days; 95%
CI, −0.97 to −0.10; P = .02; eTable in the Supplement). Sub-

grouping by baseline imbalance in DOIs resolved the remain-
ing heterogeneity (I2 = 0; Figure 3). Studies with balanced or
unreported DOIs demonstrated no significant effect of treat-
ment (+0.02 days; 95% CI, −0.14 to +0.17), while those with
unbalanced treatment groups did show a benefit from HS
(−0.67 days; 95% CI, −0.98 to −0.36). The apparent potenti-
ating effect of epinephrine disappeared after baseline DOI im-
balance was corrected (coefficient, −0.07 days; 95% CI, −0.64
to +0.50; P = .79).

Threshold Response
As noted previously, Badgett et al5 identified a threshold re-
sponse in which HS was effective when LOS in the control group
exceeded 3 days. Our sensitivity analysis excluding the 2 out-
lier studies attenuates this threshold effect, decreasing the ef-
fect on LOS from −0.65 days (95% CI, −1.04 to −0.26) to −0.45
days (95% CI, −0.76 to −0.15) (Figure 4A). Adjusting for total
duration of illness removed the appearance of a threshold ef-
fect (−0.11 days; 95% CI, −0.44 to 0.22; Figure 4B), further dem-
onstrating that the apparent benefit of HS is sensitive to the
bias introduced by unbalanced treatment arms.

Discussion
Our reanalysis revealed significant concerns about the gener-
alizability of the published summary statistics for this cohort

Figure 3. Mean Difference in Length of Stay (LOS) Between Hypertonic Saline (HS) and Normal Saline
Treatment Groups

–2.46 2.460
Weighted Mean Difference (95% CI)

Weight, %

Favors
Hypertonic

Saline

Favors
Normal
Saline

Control
Group
LOSStudy

Mean DOI balanced or not reported

Weighted Mean
Difference (95% CI)

6.511.8Ojha et al,18 2014 0.05 (–0.52 to 0.62)
7.302.0Silver et al,27 2015 0.10 (–0.30 to 0.50)

Chinese population
6.916.4Luo et al,15 2011 –1.60 (–2.08 to –1.12)
6.557.4Luo et al,14 2010 –1.40 (–1.96 to –0.84)

5.952.4Teunissen et al,22 2014 0.46 (–0.22 to 1.14)
7.962.6Sharma et al,21 2013 0.02 (–0.20 to 0.24)
5.062.9Mahesh Kumar et al,19 2013 –0.63 (–1.49 to 0.23)
4.653.5Tal et al,11 2006 –0.90 (–1.86 to 0.06)
5.943.7Everard et al,23 2014 0.06 (–0.62 to 0.74)
5.794.1Pandit et al,20 2013 –0.16 (–0.87 to 0.55)
4.004.7Flores et al,26 2015 0.20 (–0.92 to 1.32)
4.215.5Espelt et al,16 2012 0.33 (–0.73 to 1.39)

57.36Subtotal: I2 = 0.0%, P = .52 0.02 (–0.14 to 0.17)
HS arm DOI ≥0.5 d later in illness

6.661.9Al-Ansari et al,13 2010 –0.40 (–0.94 to 0.14)
4.563.5Kuzik et al,12 2007 –0.90 (–1.88 to 0.08)
3.613.9Wu et al,25 2014 –0.76 (–1.99 to –0.47)
5.024.0Mandelberg et al,10 2003 –1.00 (–1.87 to –0.13)
2.764.5Tinsa et al,24 2014 –0.93 (–2.46 to 0.60)
6.575.6Miraglia del Giudice et al,17 2012 –0.70 (–1.25 to –0.15)

29.18Subtotal: I2 = 0.0%, P = .87 –0.67 (–0.98 to –0.36)

13.46Subtotal: I2 = 0.0%, P = .60 –1.51 (–1.88 to –1.15)
100.00Overall: I2 = 76.8%, P<.001 –0.44 (–0.75 to –0.13)

The subgroup analysis by imbalance
in day of illness (DOI) at presentation
is shown here. Weights are from
random effects analysis.
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Figure 4. Mean Differences in Length of Stay (LOS) and Illness Duration Between Hypertonic Saline (HS)
and Normal Saline (NS)Treatment Groups
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of studies on HS in bronchiolitis. One study population was a
significant outlier using both quantitative and qualitative as-
sessments, with very different criteria for discharge and sub-
stantially longer expected LOS. The statistical significance of
the weighted mean difference in LOS attributed to HS is sen-
sitive to the removal of this study population. Furthermore,
heterogeneity resolves to moderate to acceptable levels when
this outlier population is removed, suggesting that removal im-
proves the likelihood that the summary statistic reflects a gen-
eralizable treatment effect (or lack thereof in this case).

We also found baseline differences between treatment
arms in DOIs at study enrollment resulting in the presence of
systematic bias favoring the treatment group. Patients pre-
senting later in their illness were more likely to be allocated
to the HS treatment arm in 6 of the 18 studies including most
of the small positive studies, making DOI imbalance a prob-
able mechanism of bias representing small study effects. Pre-
senting at a later DOI has biologic plausibility for an associa-
tion with shorter LOS in this self-limited viral illness, hence
the reason for collecting and reporting the information in most
of the study tables of baseline characteristics.

A significant correlation between LOS/duration of therapy
and HS efficacy was noted by Badgett et al,5 with the sugges-
tion of a threshold response at longer than 3 days of treat-
ment. Our analysis does not rule out the possibility of a thresh-
old effect, although such an effect is substantially attenuated
with the outlier population excluded. Moreover, the hypoth-
esis that a threshold exists in this data set is sensitive to the
correction of systematic bias in baseline characteristics in treat-
ment allocation groups.

The outlying patient population and the baseline charac-
teristic imbalance account thoroughly for the heterogeneity
in this cohort of studies. While our intention in investigating
heterogeneity in this study cohort was to identify which pa-

tient populations benefitted from HS and thereby to contrib-
ute to the design of future studies, exploring the heteroge-
neity ultimately resolved any appearance of a treatment effect.
Furthermore, the studies representative of a US population
(where LOS is typically <3 days)2 did not show any benefit from
hypertonic saline (difference, −0.01 days; 95% CI, −0.22 to
+0.20). We also note a trend of regression to the mean on the
summary statistic as the newer US and European studies
emerged (decrease in published summary statistic for reduc-
tion of LOS from −1.15 in the earliest meta-analysis4 to −0.44
days in the most recent).6 The addition of our finding of im-
balanced treatment arm allocations on DOI in a significant pro-
portion of studies, a factor clearly correlated with LOS, fur-
ther supports a hypothesis that early small study effects were
the major driver of the appearance of a treatment effect.

The chief limitation of our findings was related to the eco-
logical fallacy, in that a meta-analysis lacks the granularity of in-
dividualpatient–leveldatatoinvestigatethepossibilitythatother
factors, such as patient age or adjunctive treatments, have a po-
tentiatingeffectonanyefficacyofHS.Furtherstudies,orreanaly-
sis of the data from existing studies, could help definitively an-
swer this question, although our own assessment of the state of
the evidence is that further clinical trials are likely unwarranted.

Conclusions
The appearance of a meaningful summary treatment effect on
LOS in the cohort of studies on HS in acute viral bronchiolitis
is a result of inappropriately combining studies with mean-
ingful differences in outcome definitions and previously un-
noticed systematic bias in treatment group allocation. Hyper-
tonic saline cannot be expected to shorten LOS in bronchiolitis
in typical US hospital settings.
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