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Abstract
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Introduction: although numerous studies have been published to date on the subject of inpatient management of bronchiolitis and the promising outcomes obtained with hypertonic saline, this subject remains
controversial.
Materials and methods: we conducted a prospective observational study to assess the effectiveness of 3%
hypertonic saline compared to physiological saline in the inpatient management of bronchiolitis, understood
as the achieved reductions in length of stay and clinical severity scores. In a second phase, we analysed the
risk factors associated with readmission due to bronchospasm in the same sample of patients.
Results: we included 67 out of the 73 patients admitted with bronchiolitis in the analysis, of who 9 received
physiological saline and 58 hypertonic saline, with or without an added bronchodilator. The mean length of
stay was 6.07 ± 3.12 days in the physiological saline group and 6.67 ± 4.36 days in the hypertonic saline group.
The mean severity score (Wood-Downes scale modified by Ferrés) was 3.67 ± 1.1 in the physiological saline
group versus 3.16 ± 1.1 in the hypertonic saline group. In the second phase of the study, we found a readmission rate of 8.2%.
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Conclusion: we did not find statistically significant differences between the two groups in the length of stay
or in the improvement in the clinical severity score or duration of oxygen therapy. Although the sample size
was small, we did not find any trends in our sample suggesting the actual presence of significant differences.
The factors associated most strongly with readmission were age of less than 6 months, male sex, having
older siblings and exposure to smoke in the household.
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Introducción: a pesar de los numerosos estudios publicados hasta la fecha sobre el tratamiento hospitalario
de la bronquiolitis y de la prometedora eficacia del suero salino hipertónico, lo cierto es que existe controversia al respecto.
Material y métodos: estudio observacional prospectivo que evalúa la eficacia del suero salino hipertónico al
3% frente al suero fisiológico en el tratamiento hospitalario de la bronquiolitis, en términos de reducción de
estancia y de puntuación de escala clínica de gravedad; en una segunda fase se analizan factores de riesgo
asociados al reingreso por broncoespasmo de los mismos pacientes.
Resultados: se analizan 67 de los 73 pacientes ingresados por bronquiolitis, de los cuales 9 recibieron fisiológico y 58 hipertónico, con o sin broncodilatador asociado. La estancia hospitalaria fue de 6,07 ± 3,12 días
para el grupo fisiológico, y de 6,67 ± 4,36 días para el grupo con hipertónico. La media de la puntuación (WoodDownes modificado por Ferrés) para el grupo con fisiológico fue de 3,67 ± 1,1 y de 3,16 ± 1,1 para los que recibieron hipertónico. Para la segunda fase se obtiene una tasa de reingresos del 8,2%.
Conclusiones: no encontramos diferencias significativas entre ambos grupos en tiempo de hospitalización ni
en mejoría de escala clínica y días de oxigenoterapia. Pese al reducido tamaño muestral no observamos ninguna tendencia a favor de diferencias significativas en nuestra muestra. Los factores más relacionados con el
reingreso han sido la edad menor a 6 meses, el sexo masculino, el tener hermanos mayores y el tabaquismo
familiar.

How to cite this article: Ferrer Vázquez M, Álvarez Martín M, Delgado Vicente A, Álvarez Chamorro L, Tosca Segura R. Tratamiento hospitalario
de la bronquiolitis moderada-grave: ¿suero salino hipertónico o fisiológico? Análisis de factores de riesgo asociados al reingreso. Rev Pediatr
Aten Primaria. 2019;21:e31-e40.
Rev Pediatr Aten Primaria. 2019;21:e31-e40
ISSN: 1139-7632 • www.pap.es

e31

Mario Ferrer Vázquez, et al. Hospital treatment of moderate-severe bronchiolitis, hypertonic or physiological saline? Analysis of risk factors associated with readmission

INTRODUCTION
Acute respiratory tract infections are the most frequent type of infectious disease in humans.1 In the
field of paediatrics, acute bronchiolitis (AB) is the
most frequent lower respiratory tract infection in
infants,2 and it is the main reason for admission
due to lower respiratory tract infection in children
aged less than 2 years.3 This is particularly significant in infants aged less than 6 months, with this
ag group amounting to up to 93% of total admissions due to AB in some case series.4 Thus, AB is
important on account of the considerable morbidity it causes, in addition to the associated social
and economic costs.5
The diagnostic criteria most widely accepted by
current consensus guidelines are the classic criteria proposed by McConnochie, by which AB is defined as a first acute episode of respiratory distress
with wheezing preceded by a cold-like illness of
the upper respiratory tract (rhinitis, cough, with/
without fever) in children aged less than 2 years,
although it most frequently occurs in the first year
of life, a period that is the main focus of many authors.3,4 A second or later episodes are known as
recurrent wheezing or recurrent bronchospasm.6
It is important to differentiate AB from recurrent
wheezing, since while they may be related due to
the associated risk factors (increased risk of recurrent wheezing in childhood in patients with
AB),5,7,8 the approach to management will differ
depending on the characteristics of the patient.
Numerous interventional studies have been conducted to improve the management of AB, but
there is still considerable controversy, and the current evidence is insufficient to determine which is
the optimal approach to treat paediatric inpatients
with moderate to severe bronchiolitis.9 Most of the
disagreement revolves around the use of bronchodilators (salbutamol and epinephrine) inhaled or
nebulised in solution in physiological saline (PS)
(0.9%) or hypertonic saline (HS) (3%),9,10 as well as
the use of systemic steroids11,12 or HS in isolation
without a bronchodilator.13,14
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We conducted an initial observational study in our
hospital between January 2013 and March 2014.15
The study included patients admitted to hospital
with AB, who were divided into 2 groups based on
whether they were given 3% HS or PS, alone or with
bronchodilators. We analysed the mean length of
stay and found no significant differences between
groups: 5.93 days (standard deviation [SD], ± 3) in
the HS group versus 5.96 (SD, ± 2.64) in the PS group.

MATERIALS AND METHODS
Objectives
The primary objective of the first phase of the
study was to assess whether 3% HS was more effective than PS for treatment of AB in terms of a
reduction in length of stay. The secondary objectives were to compare the effectiveness of 3% HS
versus PS in reducing symptoms, which we assessed by means of clinical severity scales administered at admission and daily thereafter.
The primary objective of the second phase of the
study was to identify the risk factors associated
with recurrent wheezhing16,17 and determine the
readmission rate.
Study design
We conducted a prospective, observational, longitudinal cohort study without an intervention under real world conditions. The study was divided
into 2 phases:
 First phase: patients admitted with a diagnosis
of AB during the period under study, which were
divided into 2 cohorts: patients treated with nebulised 3% HS and patients that received conventional treatment with nebulised PS. Both groups
could receive other treatments with potential
addition of bronchodilators to the nebulised saline, based on the judgment of the physician in
charge. Saline, with or without a bronchodilator,
was administered through a facemask and with
medical air (except in patients that required oxygen therapy) at flow rates of 6-8 bpm, to a total
volume of de 3% HS or PS of 3 ml.
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 Second phase: readmissions of patients initially
included in phase one of the study due to episodes of bronchospasm during the period under
study. We analysed possible risk factors for readmission, as well as possible ongoing treatments
or concomitant circumstances.
The allocation of patients to specific therapeutic
approaches was not predetermined by the study
protocol, but rather by customary clinical practice,
and the decision to prescribe a specific drug was
clearly separated from the decision to include the
patient in the study. The study did not involve performance of any specific intervention, for either
diagnosis or management, outside those used in
everyday clinical practice.
The study was approved by the local ethics and
clinical research committee.
Period under study
We collected data from September 1, 2015 through
March 30, 2016 for the first phase, which corresponds to the period of the year with the highest
incidence of respiratory illness, and collected data
through June 30, 2016 for the second phase of the
study. We extended the period under study for this
second phase to try to include as many patients as
possible for the full academic year that required
readmission to the paediatrics ward of the Hospital General Universitario de Castellón.
Study universe and sample selection
The inclusion criteria for the first phase were: 1)
patient aged less than 2 years admitted to our department with a diagnosis of AB based on the classic criteria accepted by the Spanish consensusbased guidelines3; and 2) initiation of nebulised
treatment based on the judgment of the physician.
All patients underwent testing for detection of respiratory syncytial virus (RSV) in a nasal aspirate
sample, as the test was available and included in
the hospital admission protocol.

In the second phase, we included patients previously included in the first phase, in this instance
through age 3 years, who required readmission
during the study followup due to wheezing, bronchial spasms, obstructive bronchitis or illness related to secondary bronchial hyperresponsiveness..
Primary and secondary outcomes
In the first phase of the study, the primary outcome was the length of stay in days.
We also collected data for the following variables:
 Dichotomous variables: aerosol therapy, use of
other treatments (bronchodilators, antibiotherapy, steroid therapy), demographic characteristics (smokers in the household, personal or family history of atopy, asthma, preterm birth before
35-32 weeks’ gestation, bronchopulmonary dysplasia, treatment with palivizumab, infection by
RSV, sex, crowding, enrolment in child care centre, birth weight < 2500 g, maternal age < 25
years and older siblings).
 Categorical qualitative variables: ethnicity, trimester of birth.
 Ordinal quantitative variables: score in clinical
prediction rule (Wood-Downes modified by
Ferrés); although the evidence supporting the
use of a severity scale in patients with bronchiolitis is insufficient, this scale is widely used, 18
which is why we include it in our study.
 Discrete quantitative variables: duration of oxygen therapy (in days) and age (in months).
In the second phase, the primary outcome was the
number of readmissions. We analysed this outcome taking into account the variables studied in
the previous phase, analysing their role as risk factors, also adding the presence or absence of treatment for an underlying condition and the mean
length of stay during the initial hospitalization.
Although both phases may have overlapped in
time, we analysed them separately.
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Statistical analysis
For the first phase, we performed a descriptive
analysis of the variables under study, summarising
the data as percentages or means or medians. The
null hypothesis was the absence of difference in
the mean length of stay between the two groups.
We tested the assumption of normality by means
of the Kolmogorov-Smirnov test.
In the bivariate analyses, we first assessed the correlation between the use of PS or HS and clinical
improvement (clinical severity scale) by means of
the Student t test. Subsequently, we analysed the
association between different risk factors and
length of stay by means of the Student t test in
case of qualitative variables and linear regression
in case of quantitative variables. We used multivariate linear regression to analyse the association
of different risk factors and length of stay, calculating the odds ratio. We controlled for potential confounders and interactions.
When it came to the second phase of the study, given
the small sample size, we simply performed a descriptive analysis of the children that were readmitted.
We calculated the statistics with the corresponding 95% confidence intervals. We defined statistical significance as a p-value of less than 0.05. The
statistical analysis was performed with the software SPSS® version 22.

RESULTS
General data
Between September 1, 2015 and March 30, 2016,
a total of 73 patients aged less than 2 years were
admitted to our hospital with a diagnosis of AB. Of
this total, 46 were boys (63%) and 27 girls (37%).
Extending the followup period through September
30, 2016, a total of 6 patients were readmitted due
to bronchospasm (8.2 %).
First phase
Table 1 summarises the risk factors and epidemiological characteristics of the patients. None of the
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patients in the sample had been born before 32
weeks’ gestation or had lung malformations, cystic fibrosis, immunodeficiency, bronchopulmonary
dysplasia or neuromuscular or metabolic disorders.
Table 2 summarises the most common treatments
used during the acute phase of bronchiolitis. Six
patients received both types of saline solutions, so
we considered them lost to followup in the analysis of the first phase of the study, although they
were included in the analysis of the second. The
analysis of the first phase included patients treated with PS or 3% HS with or without a bronchodilator and the type of bronchodilator, if one was used,
among other treatments. Oxygen therapy was delivered with nasal prongs or a Venturi mask.
We recorded the clinical severity scores (WoodDownes scale modified by Ferrés18 at admission,
from day 1 through 4 of admission and the mean),
the duration of oxygen therapy in days and the
length of stay. We highlight as most relevant the
scores obtained on the second day of admission, as
it provides additional information on the response
to treatment and was measured under more homogeneous circumstances.
In the analysis of the clinical severity scores and
the age of the patients, we found that 23 patients
had mild bronchiolitis (score, 1-3 points), 43 moderate bronchiolitis (score, 4-7 points) and 3 severe
bronchiolitis (score, 8-14 points). The ANOVA revealed that at the time of admission, patients with
mild bronchiolitis had a mean age of less than 3
months, patients with moderate bronchiolitis a
mean age of 5 months and patients with severe
bronchiolitis a mean age of less than 2 months,
although the differences were not statistically significant (p = 0.74).
Table 3 shows the length of stay values in relation
to the different risk factors for bronchiolitis and
the treatments received. We did not find statistically significant differences in length of stay based
on the use of PS versus HS. We ought to highlight
that in our study, we did not find an association
between the detection of RSV and the length of
hospitalization.
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Table 1. Epidemiological characteristics of the sample
N
%
Sex
Male
46
63
Female
27
37
86.3
63
Age
<6 months
12.3
9
6-12 months
5.4
1
>12 months
15.1
11
Trimester of
1st trimester
9.6
7
birth
2nd trimester
24.7
18
3rd trimester
50.7
37
4th trimester
8.2
6
Ethnicity
Maghrebi
83.6
61
Caucasian
6.8
5
Roma
1.4
1
Latin American
Enrolment in child care services
8
11
Smoking in household
32
43.8
Older siblings

45

61.6

Preterm birth before 35-32 weeks

8

11

Birth weight <2500 g

14

19.2

N
4

%
5.5

6

8.2

Crowding

7

9.6

History of atopy Personal
Familiar

7
19

9.6
26

Family history of asthma
Infection by RSV:

22
43

30.1
58.9

Prophylaxis with palivizumab:

3

4.1

Admission to ICU

3

4.1

Significant heart disease
Maternal age < 25 years

N: number of patients; %: percentage over the total sample.

We assessed the effectiveness of HS and PS. Table
4 shows that there were no significant differences
between the 2 types of saline solution in terms of
bronchiolitis symptom reduction, assessed by
means of the severity score at admission and every
day during hospitalization (Wood-Downes scale
modified b y F errés) a nd t he d uration i n d ays o f
oxygen therapy.
We conducted a bivariate analysis to assess the
impact of risk factors on the length of stay, and
found that length of stay was associated most
strongly with age and the severity score on day 2

of admission: the lower the age and the higher the
second-day severity score, the longer the length of
stay; this association was significant for the latter
risk factor.
Figure 1 shows the linear correlation between age
and the clinical severity score on day 2 of admission on one hand, and length of stay on the other:
the length of stay decreased with increasing patient age (expressed in months), and increased
with increasing clinical severity scores. With each
month of age, the length of stay decreased by 0.36
days (95% confidence interval [95 CI]: 0/66 to 0.07,

Table 2. Treatments used
%
13.4
86.6

Only HS

N
17

%
25

Epinephrine + HS

N
9
58
6
25

37.3

Macrolides

9

12.3

Epinephrine + PS
Salbutamol + HS
Salbutamol + PS
Only PS

2
16
7
0

3
23.9
10.4
0

Intravenous corticosteroids
Oxygen therapy
Other antibiotics

3
36
12

4.1
49.3
16.4

Saline treatment:

PS
HS
Lost to followup

N: number of patients; %: percentage over the total sample; HS: hypertonic saline (3%); PS: physiological saline (0.9%).
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Table 3. Risk factors associated with length of stay
Aerosol therapy
Epinephrine
Salbutamol
Intravenous steroids
Macrolides
Sex
Older siblings
Preterm birth 32-35 wk
Exposure to smoke
RSV
Allergy
Birth weight < 2500 g
Maternal age < 25 years
Family history of asthma
Crowding

HS
PS
Yes
No
Yes
No
Yes
No
Yes
No
Male
Female
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Mean ± SD (days)
6.07 días ± 3.12
6.67 días ± 4.36
8.19 ± 4.07
4.93 ± 1.99
5.81 ± 3.33
6.33 ± 3.32
10.33 ± 2.52
5.96 ± 3.23
8.50 ± 4.23
5.67 ± 2.92
6.11 ± 3.48
6.19 ± 3.05
6.73 ± 3.34
5.18 ± 3.08
7.13 ± 4.58
6.02 ± 3.14
6.53 ± 3.57
5.83 ±
6.72 ± 3.14
5.3 ± 3.02
6.19 ± 3.27
6.11 ± 3.36
7.14 ± 3.92
5.9 ± 3.14
7±3
6.06 ± 3.34
6.32 ± 3.87
6.06 ± 3.07
6.8 ± 2.85
6.06 ± 3.36

p
0.99

95 CI
-2.44 to 2.42

0.0005

-4.95 to -1.5

0.52

-1.09 to 2.12

0.024

-8.15 to -0.59

0.045

-5.58 to -0.07

0.92

-1.68 to 1.5

0.05

-3 to 0

0.52

-4.596 to 2.45

0.37

-2.26 to 0.86

0.07

-2.96 to 0.12
-1.7 to 1.5

0.92
0.21

-3.19 to 0.709

0.51

-3.76 to 1.83

0.76

-1.95 to 1.4

0.55

-3.43 to 1.83

CI: confidence interval; SD: standard deviation; RSV: respiratory syncytial virus.

p = 0.02) and with each additional point in the
clinical severity score, the length of stay increased
by 0.78 days (95 CI: 0.36 to 1.21).
We included the most significant variables in the
multivariate analysis and found that age and the
clinical severity score at day 2 of admission continued to be significant. We did not find a significant

association with any of the other variables or with
the type of treatment received (PS versus HS).
We analysed the clinical severity score on the second day of admission, which we considered to be
most representative, as it was available for nearly
the entire sample and was calculated when treatment had already started.

Table 4. Clinical improvement with fluid therapy (in terms of score in WDF scale)
Mean ± SD
Score at admission
PS
4.33 ± 1.32 points
HS
4.12 ± 1.76 points
Mean score
PS
3.67 ± 1.1 points
HS
3.16 ± 1.1 points
Oxygen therapy
PS
2.33 ± 2.06 days
HS
2.34 ± 3.55 days

p
0.73

95 CI
-1.01 to 1.43

0.2

-0.28 to 1.30

0.99

-2.44 to 2.42

CI: confidence interval; HS: hypertonic saline (3%); PS: physiological saline (0.9%); SD: standard deviation; WDF: Wood-Downes score
modified by Ferrés.
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Figure 1. Simple linear regression: age – length of stay and severity score on day 2 – length of stay
R2 (linear)=0.077

20
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Second phase
Of the 73 patients admitted in the first phase of
the study, 6 were readmitted during the followup.
Table 5 presents the main demographic characteristics of these patients. We ought to highlight that
only 1 of these patients had infection by RSV in the
initial admission and that none was receiving
maintenance treatment. The mean length of stay
after admission for a first episode in these 6 pa-

0

0

2

4
Day 2 score

6

8

tients was of 5 days, with a median clinical severity
score in the first admission of 3 (which was the
same in the second day).

DISCUSSION
There is still considerable controversy and a dearth
of data on the optimal approach to the management of children hospitalised due to bronchiolitis,

Table 5. Epidemiological characteristics of readmitted patients
N
%
Age < 6 months
4 out of 6
66.66%
Fourth trimester of year
3 out of 6
50%
Male sex
5 out of 6
83.33%
Child care centre
1 out of 6
16.67%
Older siblings
4 out of 6
66.67%
Preterm birth > 32 wk
0
0
Preterm birth < 32 wk
0
0
Birth weight < 2500 g
2 out of 6
33.33%
Significant heart disease
0
0
Maternal age < 25 years
0
0
Crowding
1 out of 6
16.67%
PHx of atopy
0
0
FHx of atopy
3 out of 6
50%
Exposure to smoke
4 out of 6
66.67%
FHx of asthma
2 out of 6
33.33%
HS
4 out of 6
66.66%
PS
2 out of 6
33.33%
Palivizumab
0
0

< 6 months
3 out of 3 (100%)
3 out of 5
no
3 out of 4
0
0
2 out of 2 (100%)
0
0
1 out of 1
0
2 out of 3
3 out of 4
2 out of 2
3 out of 4
1 out of 2
0

Sex M/F
3/1
3/0
1/0
3/1
0
0
1/1
0
0
1/0
0
3/0
3/1
2/0
4/0
1/1
0

F: female; FHx: family history; HS: hypertonic saline (3%); M: male; PHx: personal history; PS: physiological saline (0.9%).
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which requires intervention at the local level and
comparisons between hospitals of each cohort of
patients, data that could be later used in multicentre studies or systematic reviews.
A systematic review about HS19 published in 2013
reported initial results that were promising; it
seemed at that point that an effective, safe and
inexpensive treatment had been found. But later
on, the controversy regarding its routine use reemerged in several studies and guidelines.20-23
At present, the routine clinical practice of different
hospitals, our own among them, includes the use
of nebulised bronchodilators in PS or 3% HS or the
use of nebulization without bronchodilators as a
therapeutic trial, in addition to supportive measures such as standard and high-flow oxygen therapy, nutritional management and hydration.
First phase
As expected, 83% of the patients admitted due to
AB were aged less than 6 months. Given the age of
the patients and that the prescription of fluid therapy depended on the judgment of the clinician in
charge, 86% were treated with 3% HS. The small
sample size in our study and the difference between the number of patients given 3% HS versus
PS made it difficult to find statistically significant
differences and also precludes the generalization
of results to the general population. Nevertheless,
we believe that obtaining samples in our hospital
and analysing the subsequent results will contribute significantly to the management of disease in
our hospitalised patients, and that the findings
may be useful to other health care facilities and
researchers.
When we analysed the association of different
epidemiological factors with length of stay, we did
not find statistically significant differences, even in
the case of RSV infection, but we ought to mention
that the presence of older siblings corresponded to
a p-value that neared the threshold of significance,
with children without siblings having longer
lengths of stay. On the other hand, our analysis of
the treatment received revealed that patients
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treated with nebulised adrenaline, intravenous
steroids and non-macrolide antibiotics had longer
lengths of stay. This is probably because the patients that received these treatments were younger and had higher severity scores, and were therefore more ill. We found that age and the severity
score on the second day of admission were the factors most strongly correlated with length of stay:
younger age and a higher severity score were associated with longer stays.
Second phase
We analysed the episodes of recurrent wheezing,
which are frequent after bronchiolitis. Given the
considerable prevalence and impact of readmission, it is important to thoroughly investigate the
risk factors associated with it that lead to its occurrence.
In 2006, a prospective observational study was
conducted in the Hospital de Cabueñes (Gijon)17
with the aim of identifying the risk factors for poor
outcomes and readmission with recurrent wheezing in young children. In the group of readmitted
patients, there was a higher proportion of girls (a
finding that diverges from other reports in the literature and with our study), smoking parents and
a prolonged length of stay in the first hospital admission, and all of these differences were statistically significant. The rate of readmission during
the followup period of this study was 5.8%.17
In our sample, 6 out of the 73 patients that were
admitted with an initial episode were readmitted,
corresponding to a readmission rate of 8.2%, which
was slightly higher. The epidemiological factors
most frequently identified in the cases of readmission in our sample were male sex, age of less than
6 months, smoking in the household and the presence of older siblings.
Our findings were pretty consistent with those reported in the previous literature.24 One of the risk
factors for readmission that was not identify in our
study was atopy, which is considered a good indicator of the response to certain treatments (salbutamol, inhaled steroids) but may not be a good
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predictor of readmission. This may suggest the
presence of a different underlying physiological
mechanism in atopic patients that renders them
more vulnerable to the development of asthma
but, on the other hand, would also result in an improved response to inhaled steroids, which would
in turn improve the management of these patients
while reducing the readmission rate. These ideas
are currently being debated and researched.

CONCLUSIONS
There are still more doubts than certainties in the
management of AB, and we have yet to find a
treatment that is truly effective or generalizable. In
our reduced sample, we did not find significant differences in length of stay or improvement of daily
clinical severity scores between treatment with HS
and treatment with PS. While the sample was
small, we also did not find any trends in our results
suggesting there could be real significant differences between these two treatments. Lastly, the
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improving clinical manifestations in our patients,
and also to improve our ability to predict, prevent
and treat recurrent cases.
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ABBREVIATIONS
AB: acute bronchiolitis • BE: bronchospasm • CI: confidence
interval • HS: hypertonic saline • PS: physiologic saline • RSV:
respiratory syncytial virus • SD: standard deviation.
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