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Introduction

Wheeze associated with respiratory tract infection
(WARI) is an extremely common problem in

children less than five years of age with reported attack
rates in the western literature being as high as 11.4 per
100 children in the first year and 6 per 100 children in
the second year of life. Viral respiratory infection in
young children is often associated with small airway
obstruction, secondary to an inflammatory process and/
or spasm of the bronchial musculature. Bronchiolitis,
wheezy bronchitis, infantile asthma and WARI are
common diagnoses in such infants [1]. Acute viral
bronchiolitis is one of the commonest causes in this
cluster especially in children less than two years with
the majority occurring in infancy. In the west, around
1% of healthy infants are hospitalized with bronchiolitis
annually [2,3]. The treatment of infants with bronchiolitis
has been largely supportive, with minimal handling of
infant, supplemental oxygen and the use of intravenous
fluids or ventilatory support where necessary. Despite
the proven role of bronchodilators in children below two
years  [4], its role in bronchiolitis is still controversial
[5]. As mucosal edema is an important component of
airway obstruction in infants with bronchiolitis and WARI,

use of a combined α−adrenergic and β-adrenergic
agonist, such as epinephrine was postulated to offer
better benefit with its effects of reducing the mucosal
edema and achieving satisfactory bronchodilation [3].
There have been several trials of bronchodilators in
bronchiolitis and few in WARI including one from India,
with varied results and conclusion [5]. Many studies
used racemic epinephrine (which is not available in our
country) reported some improvement in short-term
outcomes, although the condition of a few patients
worsened, as measured by clinical scores, pulmonary
mechanics or oximetric findings after they received
epinephrine [6-10].

Use of lung functions would be a good objective
evidence of response to bronchodilators in children.
However, the conventional lung function tests cannot
be used for children less than five years. Researchers
have tried measurement of airway resistance using the
interrupter method. The interrupter technique is a
noninvasive technique for estimating flow resistance,
an important determinant of lung function, especially in
children too young to accomplish forced respiratory
maneuvers in a reproducible manner. The interrupter
technique is easy to use in young children. Several recent
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studies used interrupter resistance (Rint) measurements
in wheezy and/or asthmatic young children, particularly
for testing bronchoreactivity [11,12]. There are no
randomised studies available regarding use of airway
resistance to assess therapeutic response in wheezy
children.

We conducted a randomized study to examine the
effect of nebulized salbutamol versus readily available
laevorotatory form of epinephrine in  children with
wheeze associated respiratory conditions using clinical
parameters and airway resistance.

Material and Methods
The study was conducted in ‘first time’ wheezy children

reporting to the paediatric out patient department of a tertiary
hospital between May 2006 to May 2008. Children chosen
(consecutive sample) were  between 2 to 60 months of age
and were diagnosed as bronchiolitis or WARI based on the
typical clinical profile with history of coryza and/or fever
followed by respiratory distress. Other common differential
conditions were excluded following a hemogram and chest
radiograph. These children underwent blood tests for urea,
creatinine and electrolytes when they were sick enough to be
on IV fluids. Blood culture was done in  cases with high fever
>38.5°C. Children with history of any episode of respiratory
distress in the past; family history of atopy/asthma; history
of prolonged respiratory distress in newborn period; those
with any chronic cardiac/pulmonary illness; those having
received corticosteroids in any form in the preceeding 72
hours and children in respiratory failure were excluded.

A total sample size of 60 was considered adequate based
on ability to detect a difference of at least 5% SpO2, because
of the intervention with a standard deviation of  1.5 based on
an earlier study [1], with alpha (two tailed alpha) of 0.05 and
power (1-beta) of 0.90. The children were   randomly allotted
into two groups (30 each), i.e, salbutamol nebulisation group
(Group 1) and epinephrine nebulisation group (Group 2).
Randomization was done by lottery method with the
prospective cases being allotted serial numbers in cards. The
cards were shuffled and picked to enter Group I or Group II
alternatively.

 Children received periodic (0, 20, 40 minutes) doses of
either salbutamol (0.15mg/kg with 3ml saline subject to a
minimum of 2.5mg) or laevo- epinephrine (1:1000, 0.5ml/kg

subject to a maximum of 2.5ml with 3ml saline)  via nebuliser
along with oxygen (other than standard oxygen/IV fluids when
indicated). Changes in heart rate (HR), respiratory rate (RR),
respiratory distress assessment instrument (RDAI) (Table 1)
and oxygen saturation (SpO2) were assessed along with
measurement of airway resistance (Rint) (Expiratory phase in
kPa/l/s) using interrupter method. The airway resistance was
measured using the MicroRint module of the Micro-Loop
spirometer (Micro Medical Ltd, Rochester, UK), a portable
device including a shutter and pneumotachograph, connected
to a palmtop computer with an online display showing mouth
pressure, time of shutter closure, Rint values and the median
value of all Rint data recorded during one session.  All
measurements were carried out with a filter (Micro Medical
Ltd) in place for reasons of hygiene and to prevent
dysfunction of the pneumotachograph due to any saliva.

All children were assessed in the beginning and at 10
minutes post nebulisation for the initial three nebulisations
with special emphasis on heart rate (HR), respiratory rate
(RR), respiratory distress assessment instrument (RDAI) score
[13],  oxygen saturation by pulse oximetry (SpO2) and airway
resistance (Rint) followed by closed monitoring based on the
clinical condition. A comparison between observations before
and after intervention in the given groups and between the
two groups was done.

Data was recorded on a predetermined proforma and
analysed using the Student’s t-test.

Results
A total of 60 children in the age range of 2 to 60 months

were included in the study with 30 in each group. The mean
age of children was 16.13 ±14.26 months in Group 1 and 16.9
±14.85 months in Group 2. A total of 59.4%  children in Group
1 and 52.8% in Group 2 were males. The two groups were
comparable with respect to their mean initial HR, RR, RDAI
score, SpO2 and airway resistance (Rint) (Table 2).The trends
of the various parameters through the initial three
nebulisations (based on mean values at 0,10,30 and 50
minutes) in the two groups are shown in Figs.1-5. At the end
of three nebulisations, the mean (SD) changes in parameters
in both groups are given in Table 3. In Group 1, the post
nebulisation mean heart rate/min increased by 9.63 ± 2.58,
the mean respiratory rate/min decreased by 8.13 ±1.63, the
mean respiratory distress assessment score decreased by
4.40 ± 0.86, the mean  SpO2% increased by 4.27 ± 0.94, the

Table 1
Respiratory distress assessment instrument

0 1 2 3 4 Max (17) points

W h e e z e
Expiration None End 1/2 3/4 Complete 4
Inspiration None Part Complete 2
Location None Segmental : Diffuse: 2

≤ 2 of 4 lung fields ≥ 3 of 4 lungfields
Retractions
Supraclavicular None Mild Moderate Marked 3
Intercostal None Mild Moderate Marked 3
Subcostal None Mild Moderate Marked 3
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mean airway resistance (Rint) in kPa/l/s decreased by
0.31 ± 0.05. In Group 2 also there was a similar change after
initial nebulisations with mean heart rate/min increasing by
9.50 ±2.46, mean respiratory rate/min falling by 14.3 ± 3.39,
mean respiratory distress assessment instrument score falling
by 5.57 ± 0.82, mean SpO2% increasing by 6.13 ± 1.91, the
mean Rint in kPa/l/s decreased by 0.39 ± 0.03. All the
parameters in both the groups (within the groups) had
registered a statistically significant change (p<0.0001).

On comparing the two groups  for difference in the change
of parameters brought about, it was noticed that there was
no significant difference in change of HR, there was a
significant difference in change in RR, RDAI, SpO2 and Rint
favouring   epinephrine group (p<0.0001) (Table 3).

There were no significant side effects such as
tachyarrythmia, irritability, tremors or facial blanching with
either epinephrine /salbutamol initially or during subsequent
nebulisations.

Discussion
Use of bronchodilators in bronchiolitis and first time

WARI has been surrounded with controversy ever since
it was tried as early as the late 1960’s/early 1970’s [1,7].
Somehow, even after 30 years and many trials with
bronchodilators, a consensus on their use in the
management of bronchiolitis remains elusive till date
though salbutamol is widely used for WARI. A variety
of agents ranging from parenteral epinephrine to
nebulised racemic epinephrine, albuterol, salbutamol and
routinely available laevo-epinephrine have been tried
[14-15]. The interest in epinephrine has been significant
owing to the following: (i) α− adrenergic vasoconstrictor
action that can decongest the mucosa, limit its own
absorption and regulate pulmonary blood flow, with little

effect on ventilation–perfusion matching (ii) β2-
adrenergic bronchial muscle relaxant effect (iii) β-
adrenergic action to suppress release of chemical
mediators (iv) physiological antihistamine effect that can
reverse histamine effects, such as edema and (v)
reduction of catarrhal secretions[16,17].

Over the last 15 years the authors have come across
12 randomised controlled trials evaluating the effect of
salbutamol or albuterol on bronchiolitis. Nine (75%) have
shown that bronchodilators have no effect. There have
been around five recent randomised trials evaluating the
effect of nebulised epinephrine on bronchiolitis. All five
(100%) have shown significant clinical improvement,
with reductions in oxygen requirement, respiratory rate
and wheeze after nebulised epinephrine [5]. The closest
Indian study compared nebulised epinephrine and
salbutamol in WARI and found short-term beneficial
effects of both and more so with epinephrine [1]. This
study however used 0.1ml/kg of 1:10000 epinephrine
which is much lesser than the recommended useful dose.

There has been no study trying to analyse the

Table 2
Initial Mean and Standard deviation (SD) of parameters in the two groups

Mean ± SD
HR/min RR/min RDAI score SpO2% Rint (kPa/l/s)

Group 1 147.9 ±17.34 70 ± 16.52 11.83 ± 1.53 89.1 ± 2.14 1.63 ± 0.17
Group 2 149.5 ± 16.71 71.2 ± 17.13 12.13 ± 1.46 88.8 ± 2.01 1.59 ± 0.11
      t 0.36 0.28 0.77 0.56 0.9
      p Not significant Not significant Not significant Not significant Not significant

Table 3
Change in parameters after three initial nebulisations in both groups

Mean ± (SD) change in parameters
            HR/min            RR/min   RDAI   score        SpO2%. Rint (kPa/l/s)

Group1 9.63 ± 2.58      8.13 ± 1.63     4.40 ± 0.86     4.27 ± 0.94 0.31 ± 0.05
   t=20.45, p<0.0001     t=22.50, p<0.0001   t=29.8, p<0.0001     t=24.74, p<0.0001 t=34.50, p<0.0001

Group2 9.50 ± 2.46 14.3 ± 3.39 5.57 ± 0.82 6.13 ± 1.91 0.39 ± 0.03
t=21.15, p<0.0001 t=22.50, p<0.0001 t=37.3, p<0.0001 t=17.36, p<0.0001 t=85.11, p<0.0001

      t      0.19      8.98      5.39     4.78 7.50
      p Not significant     <0.0001     <0.0001    <0.0001 <0.0001

Time
Fig. 1 : Trend of study parameter-Heart Rate (HR)
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usefulness of bronchodilators in wheezy children using
airway resistance which is a good objective method of
assessment. First time wheezers between the ages of
2-60 months were included to widen the spectrum of
cases to include WARI other than bronchiolitis.

Analysis of the results showed a significant
improvement in respiratory status (RR, RDAI, SpO2
and Rint) with both epinephrine and salbutamol with the
benefit more marked in the epinephrine group. Unlike
other studies [1,18], this study did not see any significant
difference in increase in heart rate in the two groups
while there was a significant short term rise in HR in
both groups after the intervention. There were no side
effects of the bronchodilators used during the study
which was similar to what was observed by other
workers including those that did not find any benefit
with the bronchodilators [1,19,20]. These findings are
at variance to what has been mentioned in a recent
multicentric trial which points to a lack of benefit of
nebulized epinephrine in infants hospitalized with acute
bronchiolitis , in either short-term or long-term clinically
relevant outcomes [10]. The study mentions of a
possibility of increased oxygen consumption with
epinephrine based on the finding that among their infants
with bronchiolitis who required supplemental oxygen and
intravenous fluids, the time until the infant was ready
for discharge was significantly longer in the epinephrine
group than in the placebo group. This, however, doesn’t
explain the findings in infants in whom only oxygen was

required (without IV fluids), wherein the epinephrine
group consumed lesser oxygen than the placebo group.
They also had more infants with moderately severe
illness assigned to epinephrine than to placebo group
which could have affected their results.

 Cochrane analysis describes that there is insufficient
evidence to support the use of epinephrine for the
treatment of bronchiolitis among inpatients while there
was some evidence to suggest that epinephrine may be
favourable to salbutamol and placebo among outpatients
[21]. The lack of consensus on usefulness of
bronchodilators in bronchiolitis especially epinephrine is
surprising when one considers the fact that approximately
68 to 96% of infants with bronchiolitis at tertiary
paediatric centres in Canada are treated with
bronchodilators [22,23]. In a European survey of 88
paediatric centres, 54 centres reported using
bronchodilators in all patients with bronchiolitis and 15
centres reported using bronchodilators only in high-risk
patients [24]. In an Australian survey, 88% paediatricians
used bronchodilators in infants with bronchiolitis  [25].

This is the first study to conduct a randomized trial
with inhaled bronchodilators using airway resistance
apart from clinical parameters in first time wheezers. A
study by Sanchez et al [6] using clinical scores and
pulmonary mechanics in bronchiolitis comparing
epinephrine and salbutamol had found epinephrine to be
superior. A smaller study using only clinical parameters
in cases of bronchiolitis was done by the author which

Time
Fig. 3 : Trend of study parameter-Oxygen Saturation (SpO2)
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Fig. 4 : Trend of study parameter-Respiratory Distress
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Fig. 5 : Trend of study parameter-Airway Resistance (Rint)
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showed a benefit of epinephrine over salbutamol [26].
The current study has demonstrated superiority of
epinephrine over salbutamol in both bronchiolitis and
WARI. The main drawbacks of this study is that at least
few children in the study presenting with respiratory
distress could be due to a first episode of bronchial
asthma rather than bronchiolitis/WARI particularly as
the age group taken was till 60 months and WARI is
more likely to respond to bronchodilators than
bronchiolitis. However attempts were made to exclude
bronchial asthma by looking into the past and family
history.

In conclusion, while it can be inferred that nebulised
epinephrine and salbutamol are safe and useful in wheezy
children with bronchiolitis/WARI, with epinephrine
comparing   better than salbutamol in relieving respiratory
distress, there is a need for large multicentric randomized
blinded studies to confirm our results .
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