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Computerized Assessment of Wheezing in Children With Respiratory
Syncytial Virus Bronchiolitis Before and After Hypertonic

Saline Nebulization

Tina E Faber MD, Arvid WA Kamps MD PhD, Machtelt H Sjoerdsma MD,
Stephanie Vermeulen MD, Nic JGM Veeger PhD, and Louis J Bont MD PhD

BACKGROUND: Studies suggest an effect of nebulized hypertonic saline solution on air-flow
limitation in subjects with respiratory syncytial virus (RSV) bronchiolitis, but results are based on
subjective scores of clinical severity and are not clear. In this observational study, we used a
noninvasive computerized tool to quantify wheezing before and after nebulization with hypertonic
saline in children admitted for RSV infection. METHODS: Twenty-seven children (< 24 months
old) admitted to the pediatric ward of the Medical Center Leeuwarden with polymerase chain
reaction-confirmed RSV bronchiolitis were included. Subjects were simultaneously assessed both
clinically and by computerized acoustic monitoring before and 15 min after treatment with nebu-
lized hypertonic saline solution. RESULTS: Clinical assessment, defined by the Respiratory Distress
Assessment Instrument score, did not change after nebulization (n � 27, 5.0 vs 4.7, P � .17).
Computerized acoustic monitoring showed no improvement in wheezing (n � 27, 3.4% vs 2.0%,
P � .05) or inspiration/expiration ratio (0.85 vs 0.85, P � .93) after nebulization. CONCLUSIONS:
Hypertonic saline nebulization does not improve air flow, as assessed by both clinical and comput-
erized acoustic scores, in children admitted for RSV. Key words: RSV; bronchiolitis; hypertonic
saline; digital acoustic monitoring; nebulization; wheeze. [Respir Care 2015;60(9):1252–1256. © 2015
Daedalus Enterprises]

Introduction

Treatment of respiratory syncytial virus (RSV) bronchi-
olitis, a disease that affects almost all children by the time
they reach their second year of life, remains supportive.

Approximately 40–50% of infected infants develop infec-
tion of the lower respiratory tract, leading to hospitaliza-
tion in 1–2% of cases.1 Numerous therapies have been
tried, such as bronchodilators, nebulized adrenaline, in-
haled or systemic steroids, cromoglycate, immunoglobu-
lins, and antiviral treatment, but meta-analyses have failed
to show evidence of effect.2-5 Several studies suggest a
beneficial effect from nebulization with hypertonic saline
solution on clinical severity scores, but results are not
entirely clear.2,6,7 The main rationale for hypertonic saline
treatment in bronchiolitis is rehydration of the airway sur-
face liquid, leading to increased airway surface thickness,
decreased epithelial edema, improved mucus rheologic
properties such as elasticity and viscosity, and acceleration
of mucus transport rates, thus increasing mucus clearance.8

Due to possible beneficial effects, lack of adverse effects,
and limited cost, pediatricians often use this mode of ther-
apy on a trial-and-error basis.

The PulmoTrack (KarmelSonix, Haifa, Israel), a respi-
ratory acoustic monitor, is a validated tool to digitally
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quantify lung sounds such as wheezing and cough.9 Com-
puterized wheeze detection has been shown to be fea-
sible in young children.10 In healthy adult volunteers,
specificity and sensitivity for detection of cough events
are high (94% and 96%, respectively).11 In children
with asthma, this method has been used to provide quan-
titative information about wheezing and efficacy of treat-
ment, and it correlates well with conventional indices of
bronchial obstruction such as FEV1 and FVC.12 In the
pediatric ICU, the PulmoTrack was significantly more
sensitive than physicians in detecting wheezing.13 Re-
spirosonography was successfully used in children with
RSV bronchiolitis to evaluate wheeze patterns14 and to
assess treatment efficacy of nebulized salbutamol and
epinephrine.9,15 The authors concluded that it provided
a noninvasive method for objective clinical assessment
of young children with wheezing.

There are no objective diagnostics assessing the direct
effects of any treatment on air-flow limitation in children
with RSV bronchiolitis. Results of previous studies are
unclear and based on subjective measurements such as
clinical severity scores. We therefore performed an obser-
vational study and used the PulmoTrack to quantify air-
way obstruction in children admitted for RSV bronchioli-
tis before and after nebulization with hypertonic saline
solution.

Methods

The study protocol was approved by the institutional
review board at the Medical Center Leeuwarden in The
Netherlands (TPO787a). In this observational study, in-
fants � 24 months old admitted to the pediatric ward at the
Medical Center Leeuwarden with a polymerase chain re-
action-confirmed diagnosis of RSV bronchiolitis were el-
igible to enroll. Symptoms of bronchiolitis were coughing,
wheezing, rales, use of accessory muscles, and/or nasal
flaring.16 Exclusion criteria included preexisting lung dis-
ease such as asthma, cystic fibrosis, or laryngomalacia;
use of bronchodilators or corticosteroids, and severe ill-
ness requiring mechanical ventilation. The following sub-
ject characteristics were recorded: sex, gestational age, age
at admission, antibiotic use before admission, temperature
and oxygen saturation at time of admission, and comor-
bidity (non-respiratory).

After parents agreed to participate and gave written in-
formed consent, the PulmoTrack was put in place. The
study was performed on the day of admission, and all
included subjects received hypertonic saline administrated
via jet nebulizers with continuous flow of 100% oxygen.
Similar to previous studies, a concentration of 3% was
used with a 4-mL volume.9,17-20 The PulmoTrack system
consists of two acoustic sensors attached to the skin over
the trachea and chest with disposable insulating adhesive

pads, a pneumograph belt sensor to document breathing
activity, and an ambient microphone to filter environmen-
tal noises, all attached to a laptop. Wheezing was detected
using the KarmelSonix software with advanced algorithms
that apply strict criteria to determine the presence of wheez-
ing. Wheezing, as defined by computerized respiratory
sound analysis guidelines, is characterized by periodic
waveforms with a dominant frequency of � 100 Hz with a
duration of � 100 ms.21 The wheeze rate (percent of time
wheezing/total breath time), breathing frequency, inspira-
tion/expiration (I:E) ratio, and cough events (frequency
content between 50 and 3,000 Hz) were measured via the
PulmoTrack in all subjects for a period of 5 min both
before and 15 min after single nebulization with 4 mL of
hypertonic (3%) saline solution. Considering the duration
of nebulization of �10 min, actual assessment was per-
formed at 25–35 min after start of nebulization. Simulta-
neously during both 5-min intervals of PulmoTrack re-
cording, disease severity was clinically assessed using the
modified Respiratory Distress Assessment Instrument score
once before and once 15 min after nebulization. The Re-
spiratory Distress Assessment Instrument score has a range
of 0–12 and evaluates breathing frequency, use of acces-
sory muscles, color, and auscultation.22,23 Heart rate and
breathing frequency before and after nebulization were
also noted. Care was taken to ensure that all infants were
relatively settled and not crying during the assessment.
According to standard care in our hospital for patients with
bronchiolitis, laboratory tests and x-rays were not rou-
tinely performed.

QUICK LOOK

Current knowledge

Treatment of respiratory syncytial virus (RSV) bron-
chiolitis remains largely supportive. Limited data sug-
gest a potential beneficial effect from nebulization of
hypertonic saline solution on clinical severity scores
with unclear mechanisms. The rationale for hypertonic
saline treatment is rehydration of the airway surface
liquid, decreased epithelial edema, improved mucus
rheologic properties, and enhanced mucus clearance.

What this paper contributes to our knowledge

Both clinical assessment and acoustic monitoring dem-
onstrated that hypertonic saline nebulization had no
short-term effect on wheezing, breathing frequency, or
inspiration/expiration ratios in children admitted for
RSV. Cough episodes increased after nebulization, but
the clinical implications of this result are unclear and
could be secondary to airway irritation.
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In the statistical analysis, the Wilcoxon signed-rank test
for paired samples was used. P � .05 was considered sta-
tistically significant.

Results

A total of 30 infants with bronchiolitis were eligible to
enroll in the study during the winter season of 2012–2013.
Three subjects were excluded for being RSV-negative.
The average age at time of admission was 4.9 months. All
but one child were younger than 12 months. There was a
larger percentage of male infants (67%, n � 18), and most
were term babies (85%, n � 23). Almost half of the infants
presented with fever and needed oxygen therapy (Table 1).

Clinical assessment before and after nebulization with
hypertonic saline showed no improvement in total Respi-
ratory Distress Assessment Instrument scores. Analysis of
the individual parameters showed slight improvement in
accessory muscle use, but no improvement in breathing
frequency, color, or auscultation. Heart rate did not differ

after nebulization. Digital acoustic monitoring showed large
individual differences in efficacy of nebulization for wheez-
ing; 9 of 27 (33%) subjects showed a clear decrease in
wheezing, and 5 of 27 (18%) subjects showed a clear
increase in wheezing. Overall, no improvement in wheez-
ing, breathing frequency, or I:E ratio was found after neb-
ulization. Percentage of cough increased after nebuliza-
tion. No other side effects occurred. In a subgroup analysis
of subjects with more severe disease (Respiratory Distress
Assessment Instrument score � 5, n � 15), results were
comparable (Table 2).

Discussion

This is the first study to use computerized acoustic mon-
itoring to assess the acute effect of hypertonic saline neb-
ulization in children with RSV bronchiolitis. Clinical as-
sessment by Respiratory Distress Assessment Instrument
scores showed no effect of nebulization. Results were con-
firmed by digital acoustic monitoring showing that hyper-
tonic saline nebulization had no short-term effect on wheez-
ing, breathing frequency, or I:E ratios in children admitted
for RSV. The number of cough episodes increased after
nebulization, but the clinical implications of this result are
not clear. Increased cough reflex is due either to direct
stimulation of cough receptors by hypertonic saline or to
increased mucus clearance. Increased cough may cause
increased dyspnea in some subjects, whereas others may
benefit from loosening of mucus plugs.8,20

Previous studies have used respirosonography to assess
treatment modalities (other than hypertonic saline) in

Table 1. Subject Characteristics

Clinical and Demographic Data Values

Age at admission, mean � SD mo 4.9 � 4.8
Males, n (%) 18 (67)
Gestational age � 37 wk, n (%) 4 (15)
Temperature � 38.5°C at admission, n (%) 13 (48)
Oxygen saturation � 92% at admission, n (%) 11 (41)
Comorbidity (non-pulmonary), n (%) 2 (7)
Antibiotics prescribed preadmission, n (%) 5 (19)

N � 27.

Table 2. Clinical and Quantified Effects of Hypertonic Saline Nebulization in Respiratory Syncytial Virus Bronchiolitis

Pre-Nebulization
(N � 27)

Post-Nebulization
(N � 27)

P*

Respiratory Distress Assessment Instrument scores
Total No. 5.00 � 1.59 4.74 � 1.61 .17
Breathing frequency 0.70 � 0.61 0.52 � 0.70 .23
Accessory Muscle 1.67 � 0.88 1.44 � 0.85 .01
Color 0.81 � 1.00 0.81 � 1.00 .99
Auscultation 1.85 � 0.36 1.93 � 0.27 .16

Heart rate, beats/min 147 � 14.0 145 � 12.9 .53
Breathing frequency, breaths/min 50 � 11.0 51 � 12.8 .61
Digital acoustic monitoring†

Percentage wheezing 3.4 � 3.84 2.0 � 2.74 .05
I:E ratio 0.85 � 0.15 0.85 � 0.18 .93
No. of cough episodes 1.44 � 2.42 2.63 � 3.36 .03

Values are presented as mean � SD.
* Wilcoxon signed-rank test.
† Values are presented as mean � SD during a 5-min interval.
I:E � inspiration/expiration
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children with bronchiolitis. In a study including 16 infants
with bronchiolitis, 7 infants showed a decrease in propor-
tion of wheezing (time spent wheezing/total respiratory
time) after nebulization with salbutamol.9 Another study
including 27 children with RSV bronchiolitis found no
significant change in objective quantification of wheezing
and crackles 10 min after nebulization with epinephrine
and albuterol.15 Both studies concluded that computerized
lung sound analysis is feasible in young infants with bron-
chiolitis and that it provides a noninvasive, quantitative
measure of wheezing.

Regarding previous studies that used clinical scores to
assess effects of hypertonic saline nebulization, a Cochrane
review analyzed 7 double-blind parallel-group randomized
controlled trials including 581 infants with bronchiolitis.
Combined results showed an �1-day reduction in hospital
stay and an improvement in clinical severity scores in
subjects treated with nebulized hypertonic saline compared
with normal saline.6 Two of the included studies were
performed in the emergency department and assessed short-
term effects,17,24 as in our study. In one study, clinical
scores improved, whereas in the other study, they did not.
In both studies, hypertonic saline was combined with ei-
ther salbutamol or epinephrine. Considering heterogeneity
in effect sizes and combined treatment modalities in all
studies, the effect of monotherapy with nebulized hyper-
tonic saline remains unclear. The results from our study
indicate, by quantitative assessment, that monotherapy with
nebulized hypertonic saline has no short-term effects. This
is in accordance with a recent study that found no clinical
improvement in infants with bronchiolitis and respiratory
distress in the emergency department after administration
of a single dose of nebulized hypertonic saline.7

Although clinical severity scores are generally accepted
as relatively objective measurements to assess severity of
illness, the greatest strength of this study is the comput-
erized acoustic monitor, which allows objective assess-
ment of treatment efficacy. Limitations of this study lie in
the observational design and small sample size. Further-
more, the aim of our study was to evaluate short-term
effects �30 min after start of nebulization, but repeat as-
sessments were not performed. Therapeutic effects 2 h
post-nebulization cannot be ruled out, although a previous
study found no difference in clinical outcome after
120 min.24 Future studies should use digital acoustic mon-
itoring to assess therapeutic effects 2 h post-nebulization
or effects of multiple nebulizations. Studies in ventilated
infants could include specific measurements of airway re-
sistance, oxygenation, and ventilation index.25 Caution is
also warranted in extrapolation of data to out-patients and
those with severe bronchiolitis requiring ventilation, as
these patients were excluded from the study.

Conclusions

Computerized acoustic monitoring shows that mono-
therapy with nebulized hypertonic saline has no short-term
effect on wheezing, breathing frequency, or I:E ratios in
children admitted for RSV. The PulmoTrack is a useful
noninvasive tool to quantify airway obstruction in young
children with RSV bronchiolitis and enables objective eval-
uation of treatment modalities in both clinical and exper-
imental settings.
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