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Summary A randomized clinical trial was conducted on young children with bronchiolitis admitted to
hospital with moderate illness to determine the efficacy of the bronchodilators Salbutamol and ipratropium
bromide, either as a single drug or in combination, given as a nebulized solution, compared with a normal
saline placebo. Eighty-nine patients, aged from 23 days to 11 months, were randomized into four groups,
depending on administered drug or placebo, as follows: group 1—Salbutamol (n= 20); group 2—iprat-
ropium bromide (n=23); group 3—combined Salbutamol and Ipratropium bromide (n= 24); group
4—normal saline (n=22). The groups were identical with respect to age, sex, family history of atopy,
respiratory syncytial virus (RSV) positivity and enrolment score. They were scored using the clinical
parameters of wheezing, retractions and respiratory rate at enrolment, at 30 and 60 minutes after the first
nebulization, and after 60 minutes following completion of subsequent nebulization at 6, 12, 24 and 36
hours. We did not find any significant difference in the rate of improvement and the final score (p = 0.49)
in the four groups. The same finding was also noted in children aged more than 3 months (p = 0.35) and
in those positive for RSV infection (p = 0.18). The lengths of hospitalization in the four groups were also
similar (p = 0.79). It is concluded that there is no role for the nebulized bronchodilators Salbutamel and
Ipratropium bromide, either as a single agent or in combination, compared with normal saline placebo in
treating young children in hospital with bronchiolitis.

Introduction chodilator therapy,’'> but some report
benefit, at least in the short-term.'** How-
ever, there is a widespread impression among
clinicians that bronchodilators do work in at

Bronchiolitis is a major cause of morbidity in
young infants requiring outpatient and in-

patient management. There is still great
controversy regarding which symptomatic
treatment would be both effective and safe in
improving the clinical status or shortening the
duration of hospitalization in such patients.
There are numerous publications: most of
them establish the ineffectiveness of bron-
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least some cases, and these drugs are in rou-
tine use in inpatients and outpatients in many
hospitals, including our hospital.!®

In most of the studies which failed to show
any effect of bronchodilator drugs, patients
were studied by tests of pulmonary function,
which are not used in routine clinical practice
in following up bronchiolitis patients. Further-
more, some of these babies needed sedation
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and were in the recovery phase of their illness,
which makes interpretation of their response
to treatment less straightforward. In addition,
in most of the patients, a reasonable frequency

" of scoring was not maintained for long enough
to reveal a meaningful outcome in terms of
real clinical benefit and period of hospitaliza-
tion. This is also true of clinical trials which
show the beneficial effects of bronchodilators.
The contrast between the evident effectiveness
of bronchodilators in a pulmonary function
test and the lack of it in the clinical trial by the
same investigators was also demonstrated in
the case of ipratropium bromide.*!? In routine
hospital practice, patients with bronchiolitis
are commonly assessed using clinical parame-
ters regarding day-to-day improvement and
decisions about discharge. A recent study
which used clinical parameters and pulse
oxymetry failed to show significant improve-
ment in hospitalized patients with bronchioli-
tis who were treated with commonly used
nebulized bronchodilators. However, the pa-
tients had mild disease and had been receiving
treatment with a Salbutamol nebulizer before
admission, which led the authors to comment
that only patients unresponsive to this agent
might in fact have been studied. Considering
these facts, we conducted a clinical trial in
patients not previously on bronchodilators us-
ing a well tried clinical scoring method'? and
the commonly used bronchodilators Salbuta-
mol, ipratropium bromide and a combination
of both for a reasonably long period, and com-
pared their efficacy with a normal saline
placebo. We also chose to score the patients
with sufficient frequency to detect the onset of
any bronchodilator effect.

Patients and methods

Suleimania Children’s Hospital is a major
Ministry of Health referral centre in Riyadh
City, with its population of about two million,
and is the paediatric teaching hospital of King
Saud University. During the period from 15
October 1992 to 30 January 1993 all children
admitted with a diagnosis of bronchiolitis were
screened for eligibility to enrol in the study,

and those who met the following criteria were
included: (i) age less than 2 years; (ii) presence
of wheezing, audible and/or on auscultation;
(iii) no previous history of wheezing or use of
bronchodilator; (iv) no chronic pulmonary
disorder such as cystic fibrosis, bronchopul-
monary dysplasia, immunodeficiency, etc.; (v)
no congenital heart disease; (vi) no radiologi-
cal evidence of significant pulmonary consoli-
dation; (vii) patients who were judged by the
admitting resident to be not sufficiently sick to
require intensive monitoring or therapy. The
diagnosis of bronchiolitis was made on the
basis of a history of cough and/or wheeze,
tachypnoea, intercostal retractions and, on
auscultation, ronchi and riles. We excluded
patients with a previous history of wheezing or
use of a bronchodilator in order to exclude
cases of probable asthma.

The Hospital Scientific Committee ap-
proved the project and informed consent by
the parents was obtained. All study patients
were admitted to the Respiratory Care Unit
(RCU) and to two other general wards under
physicians who were not involved in the study.
The resident on duty in the emergency room
referred patients eligible for enrolment to the
admitting wards. After their arrival, the head
nurse or charge nurse called one of the investi-
gators (either DC or SC) who took the history,
performed the physical examination and
scored the patient, which was the enrolment
score at 0 hours. Then the nurse randomly
selected one of the four following modes of
therapy, using coded envelopes: 1. Salbutamol
respiratory solution (Ventolin, 5 mg/ml, Allen
& Hanbury Ltd, England), 0.15 mg/kg (0.03
ml/kg); 2. ipratropium bromide (Altrovent,
0.025% solution, Boehringer Ingelheim), 12.5
ugl/kg; 3. a combination of both the above
drugs at doses given; 4. normal saline, 0.3
ml/kg. All these medications were mixed with
two ml normal saline and delivered by 100%
oxygen at a rate of 6-7 litres/minute, using
64095 Ped Aerosol Mist Nebulizer, B&M
Medical nebulizer system. The medications or
the placebo were administered 6-hourly for 36
hours. After the enrolment score at 0 hours, all
the patients were scored at 30 and 60 minutes
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TaBLE 1. Modified respiratory distress assessment instrument

0 1 2 3 4 Points
Wheezing:
Expiratory None End 172 3/4 All 4
Inspiratory None Partial All v
Location None <2of <3 of 2
4 lung 4 lung
fields fields
Retraction
Supraclavicular None Mild Moderate Marked 3 %
Intercostal None Mild Moderate Marked 3
" Subcostal None Mild Moderate ~ Marked 3
Resp. rate 20-25 26-35 3645 >45 3
Total

79

Modified from Lowell DI, Lister G, Von Koss H, McCarthy P. Pediatrics 1987;
79:939-45. Reproduced by kind permission of Pediatrics, copyright 1987.

after the first nebulization, and after 60 min-
utes following completion of subsequent neb-
ulization at 6, 12, 24 and 36 hours. The
investigator knew which drug had been used
after 36 hours, i.e. after the seventh scoring,
after which all patients, for ethical reasons,
were switched to a Salbutamol nebulizer sol-
ution, 0.15 mg/kg 6-hourly mixed with 2 ml
normal saline, delivered by the same method.

Discharge of patients was at the discretion
of the treating physician. Nasopharyngeal as-
pirates were collected on the morning follow-
ing admission and sent to the laboratory in
viral culture media for culture and also for
immunofluorescence study. We used the
modified Respiratory Distress Assessment In-
strument (RDAI) (Table I) which uses the
clinical parameters of intercostal retractions
and wheezing in addition to respiratory rate.
These three parameters were assessed in a
total score of 20 points. We did not analyze
the blood gases routinely, but according to the
severity of the case.

All patients were given a score on enrolment
and subsequently after medication at 6 am, 12
noon, 6 pm and midnight so that for any
patient admitted between these times scoring
began at the next 6-hourly set time. If the
admitting physician felt that the child required
urgent attention and medication before the
investigator could score the patient, treatment
was started immediately and the patient was

excluded from the study. We considered a
score of 0-7 indicated mild illness, 8-14 mod-
erate illness and 15-20 a severe illness.

Statistical analysis

SPSSPC V4 was used for statistical analysis.
The 7* and Fisher’s exact tests were used to
compare the four intervention groups where
analysis of variance was used to compare the
age and length of stay between the groups.
The clinical score at enrolment and the change
in score after treatment compared with that
at 0 hours which were not normally distri-
buted were analyzed using the Kruskal-Wallis
analysis.

Results

During the period of study, 278 children were
admitted with a diagnosis of bronchiolitis. Of
that number, 102 were considered eligible for
inclusion in the study according to the eligi-
bility criteria previously stated. Thirteen chil-
dren were subsequently excluded because 12
of them developed pulmonary consolidation
and were put on antibiotics by the treating
physician and in one deterioration of the clini-
cal status required transfer to the intensive
care unit. A total of 89 patients therefore com-
pleted the study.

The demographic criteria of the patients
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TasLE I1. Characteristics of the four groups

1 2 3 4
(Salbutamol +
(Ipratropium Ipratropium Normal
Groups (Salbutamol) bromide) bromide) Saline
Number of patients 20 23 24 22
Sex—Male/female 14/6 16/7 18/6 17/5
Age:
Mean (SD) (mths) 3.88 (2.3) 4.16 (2.4) 3.64 (1.8) 3.72 (2.27)
No. of patients >3 months 11 11 11 12 .
Saudis T 18 21 19
Positive consanguinity 9 13 9 12
Family history of atopy 9 12 10 9
RSV positivity 12/16 15/18 14/21 11/19
Median enrolment score 10.5 12 11 10
(quartiles) (10-12.75) (10-12) (10-12.75) (9-12.25)

regarding numbers, age, sex, family history of
atopy, positive RSV results, either by culture
or immunofluorescence, nationality, parental
consanguinity and initial scores were not
significantly different in all the four groups
(Table II). There was a high rate of consan-
guinity, which is usual in Saudi Arabia.
Nasopharyngeal aspirates from all 89 patients
were examined; 52 patients proved to be RSV-
positive,  either by culture or im-
munofluorescence, 22 were negative and in
the remaining 15 aspirated material was inad-
equate. No other viral agents were identified,
although we also looked for parainfluenza,
influenza and adenovirus. So we had an RSV-
positive result in 70.2%, which is comparable
with results in other studies.'"!*

The changes in the clinical score were calcu-
lated from the differences between the scores
at 30 and 60 minutes, at 6, 12, 24 and 36
hours, and the enrolment score at 0 hours.
There was no significant difference in the me-
dian change of score between the four groups
of patients (p = 0.49) (Table III). This lack of
difference was observed both in the rate of
improvement at different scoring intervals and
in the final difference in score. But there was a
gradual improvement in the scores in all the
four groups over 36 hours, again without a
significant difference between the groups,
probably an effect of the natural history of the
disease.

When we analyzed patients older than 3
months we again failed to note any significant
difference in the median score between the
four groups (p=0.35) (T able IV). The same
results were observed in the patients positive
for RSV infection (p =0.18). Nor was the pe-
riod of hospitalization significantly different in
the four groups (F=0.34, »=0.79) (Table
V). We noted that the most marked improve-
ment occurred after the first nebulization fol-
lowing enrolment at 30 minutes and that it
was similar in all four groups (p= 0.23). Al-
though an improvement at the same rate was
not noted in the subsequent scoring, there was
a gradual improvement in the score till the last
score at 36 hours.

Discussion

While bronchiolitis is a major cause of illness
and hospitalization in young infants, the
efficacy of bronchodilator agents in relieving
symptoms and shortening the duration of hos-
pitalization has been debated for more than 2
decades.™"'® In the absence of any solid clini-
cal and laboratory evidence supporting the
usefulness of these drugs, bronchodilators
such as B-2 agonist and ipratropium bromide
are still commonly prescribed for both outpa-
tients and inpatients.'® It has been noted that
a significant proportion of patients with bron-
chiolitis continue to wheeze for a long time



Role of bronchodilators in bronchiolitis 81

TaBLE III. Median change in the clinical score of different treatment groups

Group 1 Group 2 Group 3 Group 4
(n=120) (n=123) (n=24) (n=22)

Time of Median Median Median Median

assessment (quartiles) (quartiles) (quartiles) (quartiles) ?

30 min 3 2 2 2 0.23
(1.254.75) (1-3) (1-3) (1-3)

60 min 2.5 3 25 2.5 0.93
(1-4) (1) (1.25-3.75) (1-4)

6 hrs 2.5 2 3 2.5 0.92
(1-4.75) (2-5) (1-5) (2-3.25) .

12 hrs 3.5 2 4 2.5 0.54
(2-6) (2-4) (2-4.75) (1.75-4.25)

24 hrs 2.5 4 4 2.5 0.58
(1.25-4.5) (1-6) (2-4.75) (1.75-4)

36 hrs 4.5 5 4 3 0.49
(3-6) (2-7) (2.25-5.75) (1.75-5)

Group 1—Salbutamol; group 2—Ipratropium bromide; group 3—Combined Salbutamol and

ipratropium bromide; group 4—Normal saline.

after an initial attack, that the wheezing may
also be intermittent,'®?° and that on long-term
follow-up over 10 years some of these patients
had asthmatic symptoms.'® These findings
have led some observers to believe that a bron-
chodilator would work in some of these pa-
tients. But, on the other hand, the cause of the
symptoms and signs in bronchiolitis is mainly
acute inflammation of the bronchiolar epithe-
lium with widespread small airway obstruc-
tion, which does not make the prospect of a
response to bronchodilator drugs®' particularly
promising. There is also evidence that upper
airway obstruction plays a major part in the
symptomatology of bronchiolitis.?’ An ideal
easy pulmonary function test for routine use
which will assess accurately lower and upper
airway obstruction has still not been devel-
oped. Techniques for measuring airway ob-
struction, and its relief or otherwise following
the use of bronchodilators, especially in
sedated patients in the recovery phase, may
not always reflect adequately the actual clinical
picture of an acutely ill patient, and has been
criticised.?*%° But it is clinical judgment which
is used in the day-to-day monitoring of pa-
tients and in making decisions regarding dis-
charge from hospital. Silverman noted the lack
of an appropriately designed clinical trial using

a drug and a placebo for a significantly long
time and in multiple doses.”’ Most studies
assessing the effects of bronchodilators used
either a single dose or multiple doses over a
relatively short period of time.!>!*!5 One study
demonstrated improvement, after treatment
with a Salbutamol nebulizer, at 30 minutes,
but the improvement failed to continue to 60
minutes.'*

After considering all these facts, we decided
to embark upon this study, using clinical cri-
teria and a well established scoring system,
measuring the response to bronchodilators
and placebo with sufficient frequency in rela-
tion to the duration of treatment. Although a
total of 278 patients were admitted with a
diagnosis of bronchiolitis, in accordance with
our strict selection criteria only 102 were
eligible for study. The selection criteria were
defined with the aim of excluding other poss-
ible causes of wheezing such as bronchial
asthma, chronic pulmonary disease such as
cystic fibrosis, bronchopulmonary dysplasia,
pulmonary manifestations of immuno-
deficiency, and congenital heart disease. Pa-
tients with radiological evidence of pulmonary
consolidation were excluded as they required
antibiotics, and acutely ill patients were also
excluded because they required in-
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TaBLE IV. Median change in the clinical score of different treatment groups (only children >3

months were included)

Group 1 Group 2 Group 3 Group 4

Time n=9) (n=12) (n=13) (n=10)

after the Median Median Median Median

0 score (quartiles) (quartiles) (quartiles) (quartiles) ?

30 min 3 2 2 3 0.5
(1-3.5) (2-3) (1-3) (0.75-3.25)

60 min 1 3 2 S 0.12
(0.5-4) (1.54) (0-3) (1.75-6)

6 hrs 2 2 2 2.5 0.76 :

3 (0-5.5) (2—4) (0.54) (2-4.5)

12 hrs 4 2 B 3 0.73
(1.5-8.5) (2-3.75) (1.5-4) (2-4.75)

24 hrs 3 4 4 4 0.64
(1.5-5) (1.22-6) (3-5) (2—4.25)

36 hrs 5 4 4 35 0.35
(3-7) (2-5.75) (2-7) (3-8)

Group 1—Salbutamol; group 2—Ipratropium bromide; group 3—Combined Salbutamol and

ipratropium bromide; group 4—Normal saline.

tensive monitoring as well as therapy other
than bronchodilators. We also excluded those
who had received bronchodilators prior to ad-
mission because their inclusion might have
influenced the outcome of the study. Thus,
many patients were excluded because they had
received bronchodilators, which is the usual
practice in the study hospital. Of the 102 pa-
tients, 13 were subsequently excluded because
12 of them were treated for pneumonia which
developed after they had been recruited into
the study and one required transfer to the
intensive care unit. So a total of 89 patients
completed the study. We failed to detect any
efficacy of the bronchodilators Salbutamol,
ipratropium bromide or their combination

TABLE V. Average length of hospital stay of the
treatment group (in days)

Group Mean (SD)

1. Salbutamol 4.5 (1.3)

2. Ipratropium bromide 4.4 (1.4)

3. Salbutamol + 4.6 (1.4)
Ipratropium bromide

4. Normal saline 43 (1.1)

Total 4.3 (1.3)

Analysis of variance: F = 0.3445; p = 0.79.

when compared with normal saline placebo in
treating young children with bronchiolitis in
terms of improvement of their median clinical
scores. When we compared the subgroup of
children aged more than 3 months our
findings were similar.

With regard to RSV positivity, either in cul-
ture and/or immunofluorescence, again all the
four groups showed no significant difference
in improvement in median clinical scores. The
bronchodilator therapy had no effect on the
duration of hospitalization in these groups.
The demographic' characteristics of our pa-
tients were similar in all the four groups. The
mean age of our patients was lower than that
in other studies, owing mainly to the enrol-
ment criteria by which we excluded previous
wheezers or recipients of bronchodilators. It
also reflects our policy of admission of acutely
ill younger patients to our hospital.

When we observed the pattern of improve-
ment in all the groups over the 36-hour per-
iod, we found that there was an improvement
of two to three points in the score of all four
groups after the first nebulization, i.e. after the
enrolment score at 0 hours, but that this rate
of improvement did not continue in sub-
sequent scoring. However, there was a gradual



improvement in score over the 36-hour period
which was not as marked as the first response,
i.e. three to five points improvement between
0 and 36 hours compared with two to three
points between 0 and 30 minutes. All these
findings were similar in all the four groups. It
is possible that the improvement in score was
in fact due to inhalation of the oxygen used to
deliver the drugs rather than the effect of any
particular agent, and that the gradual increase
in improvement was an additional effect of the
natural history of the disease on the scoring.
The studies showing deterioration of oxygen
saturation after bronchodilator therapy used
chloral hydrate as sedation.'®’ This may
cause respiratory depression and lower oxygen
saturation in infants whose baseline oxygen
saturation is less than 94%.?* Recent studies
have shown that Salbutamol does not cause a
decrease in oxygen saturation;"!* another
shows improvement of oxygen saturation after
nebulized Salbutamol.’® All used oxygen as a
vehicle to deliver drugs. As we did not mea-
sure the blood gas routinely, we cannot
confirm but can postulate that there was an
improvement in clinical scoring when the oxy-
gen treatment was used as a vehicle for the
drugs. Thus, the improvement noted after a
single nebulization of a bronchodilator drug
using oxygen as a vehicle may give a false
impression of the efficacy of the drug.

We conclude that the bronchodilators
Salbutamol and ipratropium bromide are no
more effective, when used alone or in com-
bination, than a normal saline placebo in
treating hospitalized young infants with bron-
chiolitis. There is no difference in efficacy in
patients older than 3 months of age or in
patients positive for RSV. The use of bron-
chodilators does not significantly reduce the
duration of hospitalization more than a
placebo.

Acknowledgment

We extend our thanks and appreciation to Dr
Aminur Rahman and Dr Alauddin Abbas for
monitoring the patients, to Miss Lydia Mede-
nilla for secretarial assistance, and to the

Role of bronchodilators in bronchiolitis 83

nurses of wards RCU, 1C and 2C to which the
study patients were admitted.

References

1 Wang EEL, Milner R, Allen U, Maj H. Bron-
chodilators for treatment of mild bronchiolitis: a
factorial randomised trial. Arch Dis Child 1992;
67:289-93,

2 Lenny W, Milner AD. Alpha and beta adrenergic
stimulants in bronchiolitis and wheezy bronchitis in
children under 18 months of age. Arch Dis Child
1978; 53:707-9.

3 Lenny W, Milner AD. At what age do bronchodila-
tor drugs work? Arch Dis Child 1978; 53:532-5.

4 Stokes GM, Milner AD, Hodges IGC, er
al.Nebulized therapy in acute severe bronchiolitis in
infancy. Arch Dis Child 1980; 58:279-83.

5 Hughes DM, Lesonef RN, Landan LI. Effect of
Salbutamol on respiratory mechanics in bronchioli-
tis. Pediatr Res 1987; 22:83-6.

6 Tal A, Bavilski C, Yohai D, er al. Dexamethasone
and Salbutamol in the treatment of acute wheezing
in infants. Pediatrics 1983; 71:13-18.

7 Phelan PD, Williams HE. Sypathomimetic drugs in
acute viral bronchiolitis: their effects on pulmonary
resistance. Pediatrics 1969; 44:493-7.

8 Rutter N, Milner AD, Hiller EJ. Effect of bron-
chodilators on respiratory resistance in infants and
young children with bronchiolitis and wheezy bron-
chitis. Arch Dis Child 1975; 50:719-22.

9 Silverman M, Prendiville A. Airway responsiveness
in infancy. Am Rev Resp Dis 1987; 136:571-3.
10 O’Callaghan C, Milner AD, Swarbrick A. Para-
doxical deterioration of lung function after nebu-
lized Salbutamol in wheezy infants. Lancet 1986;

2:1424-5.

11 Prendiville A, Rose A, Maxwell DL, Silverman M.
Hypoxaemia in wheezy infants after bronchodilator
treatment. Arch Dis Child 1987; 62:997-1000.

12 Henry RL, Milner AD, Stokes GM. Ineffectiveness
of ipratropium bromide in acute bronchiolitis. Arch
Dis Child 1983; 58:125-6.

13 Lowell DI Lister G, Koss HV, McCarthy P.
Wheezing in infants: the response to epinephrine.
Pediatrics 1987; 79:939-45.

14 Klassen TP, Rowe PC, Sutcliffe T, Ropp L], Mc-
Dowell IW, Li MM. Randomized trial of Salbuta-
mol in acute bronchiolitis. ] Pediatr 1991;
118:807-11.

15 Schuh S, Canny G, Reisman JJ, e al. Nebulized
albuterol in acute bronchiolitis. J Pediatr 1990;
117:633-7.

16 Newcomb RW. Use of adrenergic bronchodilators
by pediatric allergists and pulmonologists. Am ] Dis
Child 1989; 143:481-5.

17 Reynolds EOR, Cook CD. The treatment of bron-
chiolitis. J Pediatr 1963; 63:1205-7.



84 D. Chowdhury et al.

18 Henry RL. The use of bronchodilators in young
infants. Aust Paediatr ] 1988; 24:269-70.

19 Pullan CR, Hey EN. Wheezing, asthma and pul-
monary dysfunction ten years after infection with
respiratory syncytial virus in infancy. Br Med ]
1982; 284:1665-9.

20 Mok JYQ, Simpson H. Outcome of acute lower
respiratory tract infection in infants; preliminary
report of seven year follow-up study. Br Med |
1982; 285:333-7.

21 Silverman M. Bronchodilators for wheezy infants?
Arch Dis Child 1984; 59:84-7.

22 Mallol J, Hibbert ME, Robertson CF, Olinsky A,
Phelan PD, Sly PD. Inherent variability of pul-

monary function tests in infants with bronchiolitis.
Pediatr Pulmonol 1988; 5:152-7.

23 Godfrey S, Beardsmore C, Maayan C, Bar-Yishay
E. Can thoracic gas volume be measured in infants
with airways obstruction? Am Rev Respir Dis 1986;
133:245-51.

24 Mallol ], Sly PD. Effect of chloral hydrate on
arterial oxygen saturation in wheezy infants. Pediatr
Pulmonol 1988; 5:96-9.

25 England S]. Current techniques for assessing pul-
monary function in the newborn and infant. Pediatr
Pulmonol 1988; 4:48-53.



