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Randomized Trial of Salbutamol via Metered-Dose
Inhaler With Spacer Versus Nebulizer for Acute
Wheezing in Children Less Than 2 Years of Age

Lilian Rubilar, wmb,* Jos€é A. Castro-Rodriguez, wb,*?* and Guido Girardi, mp?

Summary. The aim of this study was to compare the efficacy of salbutamol delivered via a
metered-dose inhaler with a spacer and facial mask (MDI-S) vs. a nebulizer (NEB) for the
treatment of acute exacerbations of wheezing in children. In a single-blind, prospective, ran-
domized clinical trial, 123 outpatients (1-24 months of age), presenting with “moderate to se-
vere” wheezing, were seen in the emergency department. Children were randomly assigned to
one of two salbutamol treatment groups. In the first hour, the MDI-S group received 2 puffs (100
ug/puff) every 10 min for 5 doses, and the NEB group received 0.25 mg/kg every 13 min for 3
doses. If the clinical score was >5 at the end of the first hour, the patients received another hour
of the same treatment and also betamethasone (0.5 mg/kg intramuscular). On enrollment and
after the first and the second hour of treatment each child had a validated clinical score assigned
by a blinded investigator.

There were no differences at the time of admission to the emergency department between
groups in clinical score or demographic data. Success (clinical score =5) after the first hour of
treatment was 90% (56/62) in the MDI-S group and 71% (43/61) in the NEB group (odds ratio
3.9, 95% confidence interval 1.5-10.4, P = 0.01). After the second hour, the success was 100%
in the MDI-S and 94% in the NEB (P > 0.05).

We conclude that in this study population, children less than 2 years of age with moderate-
severe exacerbations of wheezing responded faster to salbutamol delivered by MDI with a
spacer and facial mask than to salbutamol delivered by nebulizer. Pediatr Pulmonol. 2000;29:
264—-269.  © 2000 Wiley-Liss, Inc.
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INTRODUCTION domized, not placebo controlled clinical trial has been
reported in an infant population, and it demonstrated that
In Chile, acute respiratory diseases account for neaMDIs with a spacer were as effective a delivery method
80% of children’s visits to health centers during the wirfor salbutamol as nebulizatidii. Another consideration
ter! Moreover, approximately 25% of infants under Which may be an important factor in the ambulatory man-
year of age living in Santiago (capital of Chile) have aagement of this common problem is the fact that beta-2-
least one wheezing episode per year. In addition, wheez-

ing ilinesses together with pneumonia are the leading
cause of hospitalization for children in Chde. 1Pediatric Pulmonology Unit, Department of Pediatrics, Exequiel

- - . . onZdez Cortes Children’s Hospital, University of Chile, Santiago,
Previous studies using a clinical score have demoﬁh”e_

strated the utility of beta-2-agonists administered by me-

tered-dose inhaler (MDI) with a spacer and a face ma&kediatric Puimonary Section, Respiratory Sciences Center, University
in the treatment of acute exacerbations of wheezing ®hArizona, Tucson, Arizona.

infants®# and childrer? Furthermore, studies in aduits . . ) .

. 1 Information herein was presented in part at the Annual American Lung
and children over 2 years of a7gé have shown that Association/American Thoracic Society International Conference,
beta-2-agonists administered by MDI with a spacer dgry 16-21, 1997, in San Francisco, California.
vice and a face mask are as effective as nebulization in
the treatment of asthma or acute exacerbations of whegze'respondence to: José. Castro-Rodiguez, M.D., Instituto

. . . edico Infantil, Barros Errazvrriz 1919 Providencia, Santiago, Chile.
ing and result in fewer adver_se effects (tachycardia, vor%'_—ma”: jacastro.resp-sci.arizona.edu
iting, and oxygen desaturation) than when salbutamol is

delivered by nebulizer. To our knowledge, only one ramReceived 22 April 1999; Accepted 8 September 1999.
© 2000 Wiley-Liss, Inc.
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TABLE 1—cClinical Score *

Respiratory rate (breaths/min) Accessory respiratory

Score <6 months =6 months Wheezing Cyanosis muscle utilization
0 =40 =30 None* None None
1 41-55 31-45 Terminal expiration Circumoral on crying +
with stethoscope only only
2 56-70 46—-60 Entire expiration and Circumoral at rest ++

inspiration with
stethoscope only

3 >70 >60 Expiration and inspiration Generalized cyanosis +++
without stethoscope at rest

validated clinical scoré? If no wheezing is audible due to minimal air entry, score 3*.
Score: “mild” (1-5), “moderate” (6-7), “severe” (8-10), “very severe” (11-1@hw), **(medium),***(high).

agonists administered by MDI with a spacer and faalysplasia, cystic fibrosis, or antecedent adenovirus pneu-
mask require less time and cost less than drug delivery impnia); foreign body aspiration; neurological alteration;
nebulizationt*+12 and “very severe” wheezing attack (clinical score from
The aim of the present study was to compare the retht—12).
tive efficacy of salbutamol administered by nebulizer vs. During the winter and the beginning of spring (from
an MDI with a spacer and a face mask in the managemednine to November in the Southern Hemisphere), 132
of “moderate to severe” acute exacerbations of wheeziohildren who satisfied the inclusion criteria were enrolled
in children less than 2 years of age treated in the eman-the study. All had a chest roentgenogram performed.
gency department. In this open study, one investigator (L.R.) blindly en-
rolled and evaluated all patients without knowledge of
which treatment modality they would receive. Baseline
) demographic data were collected from the parents of all
Study Population eligible children. Patients were randomly allocated to ei-

This study was conducted in the Emergency Depamer group, using a table of random numbers, i.e., salbu-
ment, Exequiel Gonzalez Cortes Children’s Hospitai@mol by nebulizer (NEB), or salbutamol by metered-
Santiago, Chile, an inner-city facility with approximatel)ﬂOse inhaler with a spacer and a face mask (MDI-S). The
90,000 patient visits per year. Nearly 65% of the visie"®Sent study did not include a control group, as the
are for acute exacerbations of wheezing during the wingeiandard of care in our hOSpI§a| ft_)r “mpdera'ge to severe”
months. acute exacerbation of wheezing in children is the use of

Children 1-24 months of age who came to the emépeta—Z—agon!sts. It was felt to be unethi_cal to withhold
gency department with “moderate to severe” wheezifR§t@-2-agonists treatment from these children.

(clinical score from 6-1%) were eligible for the study. A 1he Ethics Committee of the hospital reviewed and
validated clinical scof® (Table 1) was taken after a.approved the protocoI: Informed consent for participation
period of adjustment of at least 5 min and with the chil the study was obtained from the parents.
quiet, not crying, without fever, and breathing room air.
Respiratory rate was determined by observation of the
thoracic movement over a full minute. The degree d¥0sage and Administration
accessory muscle use was based on the degree of inter-
costal or subcostal retractiéf.We did not distinguish ~ The NEB group received a 0.5% salbutamol aerosol
between infantile asthma and bronchiolitis, and did ngblution (0.25 mg/kg weight, up to a maximum of 5 mg,
assess the specific etiologic agents responsible for tBetotal®, Danes-Graenthal, Santiago, Chile) in 3.5 mL
illness. Exclusion criteria included clinical or radiologiamf normal saline solution. Aerosols were generated by jet
pneumonia; pulmonary and/or cardiac congenital malfoiebulizer (Hudson UP Draft Il, model 1730, Hudson
mations; chronic pulmonary disease (bronchopulmonafxygen Sales Co., Temecula, CA) powered by either
compressed-air (if the clinical score was between 6 and
7) or oxygen (if the clinical score was between 8 and 10)
and delivered via a face mask for 7 min every 20 min
MDI Metered-dose inhaler _ _ during the first hour (a total of three nebulizations/hr). A
MDI-S Salbutamol del!vered via metered-dose inhaler with a flow rate of 7 L/min was used as measured by a rotameter

spacer and facial mask .
NEB  Salbutamol delivered via nebulizer (Thor_pe 1';5 L/min, model 2562, Hgdson).

Children in the MDI-S group received 2 puffs of sal-

MATERIALS AND METHODS
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butamol MDI (100 wg/puff, ButotaP, Danes-
Grunenthal) every 10 min 5 times over 1 hr (a total of 10
puffs/hr), using a spacer device with a face mask (volumg
of 500 mL, 15 cm long and with a one-way valve; Aero-
cell®, Danes-Granenthal). Following each puff the chil-

At admission if:
clinical score
from 6 to 10

No Excluded

dren took eight breaths from the spacer device held in Yes
placel4 Most of the children cried when the spacer was ¢
applied, but there were no problems in administering the

complete dose. Oxygen was administered by nasal can- Sa‘(‘i’;‘z‘l‘i‘:i"cl;l‘fgie";’f‘*
nulae whenever the clinical score was between 8 and 10.|  a4d oxygen therapy)
The doses used in the NEB and MDI-S groups were
similar to those recommended by Chile’s Acute Respi-
ratory Infection National Progradf. In both groups,
therapy and oxygen were administered by a certified reg-
istered chest physiotherapist (M.M.) without informing
the enrolling physician of which treatment modality was

used.

Success
(discharge from
emergency dept.)

After 1* hour if:
clinical score >3

Assessment ¢

7 . Salbutamol: MDI or NEB
After the first hour of treatment, the patients were plus betamethasone

reevaluated. We considered the therapy a success whery plus oxygen therapy
the clinical score was:5. If the clinical score was >5, the
children received another hour of the same treatment and
also betamethasone (0.5 mg/kg intramuscular) and oxy-
gen therapy. When the clinical score was still >5 after the
second hour of treatment we considered the treatment a
failure, and the children were hospitalized. The scoring
system and the indications for hospitalization were pre
viously validated* Chile’s Acute Respiratory Infection
National Program uses the same protocol throughout the
country. Figure 1 provides the flowchart of the treatment
protocol and patient assessment. In addition, during the Yes
first hour of treatment, all patients received one session
of chest therapy with vibration and compression-
decompression techniques (without clapping) executed Failure

. . (hospitalized)
by the same chest physiotherapist.

Success
(discharge from
emergency dept.)

After 2 hour if:
clinical score > 5

Statistical Analysis Fig. 1. Flowchart of treatment.

To evaluate differences between groups, the CH4DI-S grouup. All patients completed the study, and
square test was used for categorical variables and Studemte were studied twice. Most of the children were under
t-test for continuous variables. The sample size of @0year of age (mean + SD, 8.5 + 5.4 months for the NEB
patients in each group provided greater than 90% powgnoup and 7.2 + 4.7 months the MDI-S group> 0.5;
to detect a difference in the clinical score of 1, given @able 2). The distribution of children under 6 months of
standard deviation (SD) of 1.5 with arlevel of 0.05 and age was also similar: 22 in the NEB and 27 in the MDI-S
assuming a two-tailed test. groups.

The groups did not differ significantly in demographic
characteristics, exposure to indoor pollution, or a history
of asthma and atopy in first-degree relatives (Table 2).

One hundred thirty-two patients were initially enThere were no significant differences between groups in
rolled. The parents of two children declined to participatierms of age at first wheezing episode, percentage of
in the study. Seven children were excluded from therior hospitalizations for wheezing, or number of previ-
study because of radiologic evidence of pneumonia. ©@fis wheezing episodes (Table 2). The number of first-
those remaining, 61 were in the NEB group and 62 in thizne wheezing children was 17 in the NEB group and 19

RESULTS
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TABLE 2—Demographic and Historical Characteristics of TABLE 3—Comparison of Treatments
*
the Two Study Groups NEB MDI-S
NEB MDI-S (n = 61) (n = 62) P
(n = 61) (n = 62) Respiratory rate (mir)

Gender (M/F) 41/20 42/20 On admission 55.3+7%8 56.2+7.1 NS
Age (months) 8554 7.2+4.7 After first hour 45.1+6.9 38.8+x6.0 0.0001
Birth weight (g} 3,420 + 684 3,511 +823  After second hour 43.8+3.8 37.3+6.8 0.01
Asthma and atopy in Clinical score: On admission

first-degree relative (%) 18 20 Score from 6 to 7 37/61 (61%) 43/62 (69%) NS
Indoor pollution Score from 8 to 10 24/61 (39%) 19/62 (31%) NS

Parental smoking (%) 67 52 Mean score £ SD 7.4+09 7.1+1.0 NS

Kerosene stove (%) 70 58 After first hour
History of wheezing Score=5 (success) 43/61 (71%) 56/62 (90%) 0.01

Age at first attack (month3) 40+25 3.6+0.8 Mean score £ SD 44+15 3.3+14 0.01

Previous attacks (nd.) 3.3+32 2.6 £2.0 After second hour

Previous hospitalizations (%) 33 32 Score=5 (success) 17/18 (94%) 6/6 (100%) NS
1 Mean score + SD 42+1.0 35+0.8 NS
Mean + SD.
*P > 0.5 (no significance), for all comparisons between the twéVlean + SD. NS, no significance.
groups.

n th_e MDI'.S group._The percentage of ch||d_ren Whoided into children with a first wheezing episode and
received antiasthmatic medications in the previous 48 hir ith a hi f h hoeri isod
was 24.6% in the NEB group and 27.4% in the MDI- ose with a history of more than one wheezing episode.
) . : ; n the subanalysis of children with more than one wheez-
groups. Moreover, the duration of symptoms prior to th|% episode (n= 44 in the NEB and n= 43 in the
current wheezing episode was similar in both groupﬁg P » S
(mean + SD, 3.7 + 2.0 vs. 3.6 + 3.0 days, NEB vs DI-S group), the success after the first hour of treat-
MDI-S Fespe’cti\./eI;P S 0 5)' T ys: ment was 72.7% in the NEB group vs. 90.7% in the

Children in both groups had similar clinical scores or'¥|D|'S group = 0.03); after the second hour, the

entry (mean + SD, 7.4 # 0.9 in the NEB group vs. 7.1 2UCCESS Was 97.7% vs. 100%, respectively-(>0.5). In

: ) . the subanalysis of first-time wheezing childrenn17
l_.O in the MDI-S,P > 0.5; Table 3). Howeve_r, afte_r thein the NEB and n= 19 in the MDI-S group), the success
first hour of treatment, 90% (56/62) of patients in th%\fter the first hour of treatment was 72.7% in the NEB
MDI-S group had clinical scores5 (success) vs. only '

71% (43/61) in the NEB group (odds ratio (OR) 3.9, 95 0P Y- 3%5’0/;’ '&éhse '(\:"CZ'S;Q’ 9;‘;“%(0;/ ‘?'noggcﬁ“er;
confidence interval (Cl) 1.5-10.4#, = 0.01). Also, the ur; u w ol group.
mean + SD of the clinical score was significantly differ-
ent between groups (mean SD, 3.3 £ 1.4 in the MDI-§1scuUsSION
group vs. 4.4 £ 1.5 in the NEB group, = 0.01; Table
3). At the end of the second hour of treatment, the suc-The results of this randomized trial suggest, for the
cess was 100% in the MDI-S group vs. 94.4% in the NEfst time to our knowledge, that delivery of salbutamol
group P > 0.5; Table 3). Changes in clinical score fronby MDI with a spacer and a face mask results in equiva-
admission to 1 hour after treatment also showed a signt improvement, but faster symptom resolution com-
nificant difference between children in the NEB groupared to a higher dose of salbutamol delivered by nebu-
vs. MDI-S group (mean £ SD, 2.9 + 1.2 vs. 3.8 + 1.0lzer for treatment of children less than 2 years of age
respectivelyP < 0.0001); changes from admission to thevho present with an acute “moderate to severe” exacer-
second hour after treatment were 4.0 £ 0.8 in the NHBf&ation of wheezing to the emergency department. Suc-
group vs. 5.3 + 0.8 in the MDI-S grougP(= 0.002). cess after the first hour of treatment (clinical scetb)
Finally, one patient in the NEB group was hospitalizedas 90% in the MDI-S group vs. 71% in the NEB group
due to treatment failure. Transitory tremor was found i(P = 0.01); however, both methods were 99.2% success-
3 children in the NEB group and in 1 in the MDI-Sful after 2 hr of treatment. In terms of hospitalization rate,
group; no children worsened following either treatmentur results were similar to a previously published se-
Results did not change in the subanalysis of childreies!* The present study did not include patients with
under 6 months of age (& 22 in the NEB and n= 27 “very severe” wheezing (clinical score from 11 to 12),
in the MDI-S group). After the first hour of treatment, thebecause according to the policy of our National Pro-
success was 72.7% in the NEB group vs. 96.0% in tigeam4those children must be hospitalized immediately;
MDI-S group P = 0.035); after the second hour oftherefore, we cannot extrapolate our results to the entire
treatment the success was 100% in both groups. Témectrum of severity of illness.
results also did not change when the population was di-To evaluate the severity of acute wheezing, we se-
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lected a clinical score because this method is simpler aredapses. Yung-Zen and Kue-Hsiuhgn a randomized
more reproducible than pulmonary function tests, whictudy with 111 children from 5 to 16 years of age with
are cumbersome and require sedation in this agethmatic crises, demonstrated that a beta-2-agonist ad-
group?~2:15 Although our clinical scores had subjectiveministered by MDI with a spacer device and a face mask
parameters, most of the changes in score were duewas superior (based on forced expired volume in 1 sec
respiratory rate, which is an objective parameter with lessid peak expired flow) and was associated with fewer
observer bias. Moreover, our group recently demoadverse effects (desaturation) than when delivered by
strated a good correlation ¢ —0.76, 95% CIl —0.68 to nebulizer. Finally, our results are an agreement with
-0.83,P = 0.0001) between this modified tal's clinicalthose Closa et at& who found that terbutaline adminis-
score and pulse oximet?f.Pulse oximetry or pulmonary tered by an MDI with a spacer had the same efficacy
function tests were not used in this study because it is fasing a clinical score and pulse oximeter) as when the
always available in the primary care center, where maditug was administered by nebulizer in infants with acute
children with acute wheezing are seen in Chfl&he use wheezing.
of chest therapy in acute bronchial obstruction is contro- Other differences worth noting between use of a nebu-
versial, with one study showing no benefit in using peltizer vs. an MDI with a spacer and a face mask are that
cussion technigue in infants with bronchiolittHow- nebulizer devices are more expensive, more cumbersome
ever, the present study was done in children with sevetaluse, and require electrical powef.It is also known
clinical conditions (children with asthma or bronchiolthat a nebulizer device is an inefficient method of drug
itis) and used a different chest therapy technique thdelivery; up to 90% of the administered medication re-
does not include percussion and is part of our Acuteains in the apparatus or is lost to the atmospfere.
Respiratory Infection National Program protoéél. Finally, there are many factors that influence the effi-
In our study, the dose of nebulized salbutamol (0.28ency of drug delivery by nebulizer, namely the type of
mg/kg weight, maximum of 5 mg) was higher than imebulizer, and the volume, temperature, concentration,
other studies (0.15 mg/kg, maximum of 5 ng). Pre- and osmolarity of the solutions us&t?* An MDI with
vious studies showed a wide ratio of beta-2-agonist dosespacer and a face mask also has advantages when large
administered by MDI with a spacer and a face mask vgopulations are treated in a primary care cehtévDls
by nebulizer (ratio from 1:1 to 1:13)%1*In the present with a spacer and a face mask are simpler to use, more
study, the ratio had a range from 1:3 to 1:7 (according tmmpact, and more portable, and take less time to give a
total doses/body weight). treatment than nebulizefs? In addition, the spacer with
Kerem et al’ demonstrated in 33 children over 6 yeara face mask is less expensive than a nebulizer, and it can
of age that salbutamol administered by MDI with de reused after sterilization in the emergency department
spacer had the same efficacy (using a clinical score andat home. Likewise, Bowton et &f.found a 25% re-
spirometry) and fewer side effects (tachycardia) than saliction in monthly costs after substitution of nebulizers
butamol administered by nebulizer in the treatment @fith MDIs in a large adult tertiary care center. It has been
acute asthma exacerbation. Similarly, Chou et &h.,a demonstrated that the use of MDI systems in the pediatric
randomized study with 152 children over 2 years of agamergency department and health center services helps
with acute asthma exacerbation, found the same efficaalyildren learn correct inhalation techniguiédJtilization
with shorter delivery time and fewer side effects fronof spacer devices with face masks eliminates young chil-
albuterol administered by MDI with a spacer and moutldren’s inability to coordinate inspiration with aerosol de-
piece or face mask than salbutamol delivered by a nebivery and thereby increases aerosol deposition in the
lizer. In our study, the patients who received salbutamhing2? However, recent studies have shown a substantial
by MDI with a spacer improved in a shorter time thamvithin-subject variability in children using MDI-S with
when the drug was given by nebulizer. Moreover, Parkislastic or metal spacers at horfianaking it important to
et al*? studied 60 hospitalized children under 5 years éfhow the performance of the different inhalation de-
age (mean * SE, 35 + 1.9 months) with moderate acutEes and also the correct doses of the drtiid treat-
asthma and showed that salbutamol administered iment is to be optimized. Therefore, when dealing with a
MDI with a spacer device was as effective as when giveommon symptom like wheezing, all of these concerns
by nebulizer. In that study the incidence of relapse wase important factors and need to be taken into consid-
similar in both groups during 2 weeks of follow-up. Inerationt*
our study population, only one child given NEB treat- In conclusion, this study suggests that children less
ment failed to achieve resolution of symptoms with théhan 2 years of age who were treated in the emergency
treatment given as part of this study and required admiepartment with a standardized protocol for “moderate to
sion. We did not follow our population after dischargsevere” acute wheezing responded faster to salbutamol
from the emergency department; since our children wedelivered by an MDI and a spacer and a face mask than
discharged with very low clinical scores, we expected nehen delivered by nebulizer.
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