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Objective: Physicians providing emergency depart-
ment care to children primarily use nebulizers for the de-
livery of bronchodilators and these physicians have mis-
conceptions regarding the advantages and disadvantages
of using metered-dose inhalers (MDIs) with a spacer
(MDI+S) for acute asthma exacerbations.

Design: Self-administered mail survey.

Setting: Emergency department.

Participants: Emergency medicine section members of
the American Academy of Pediatrics and Canadian
Pediatric Society.

Interventions:Bronchodilator delivery methods in acute
pediatric asthma.

Main Outcome Measures: The 2 principal out-
comes for bivariate analysis were self-reported nebu-
lizer use in all patients and MDI+S use in patients with
mild acute asthma.

Results: Of eligible physicians, 333 (51%) of 567 re-
sponded. The majority were dual trained in pediatrics and
pediatric emergency medicine (72%) and practiced full
time (83%) in an urban (83%) pediatric emergency de-
partment (80%). The most commonly cited advantages of
MDIs were their cost (33%) and speed of use (28%). The
most commonly cited disadvantages were patient or par-
ent dissatisfaction (24%) and relative ease of nebulizer use
(23%). Only 10% to 21% of participants used MDIs in the
emergency department and reserved this delivery method
for children with mild asthma exacerbations. There were
no significant associations between selected respondent
demographic variables and the use of MDIs.

Conclusions: Misconceptions regarding the efficacy and
safety of MDI+S for the treatment of acute asthma ex-
acerbations exist but are limited to a minority of sur-
veyed emergency medicine physicians caring for chil-
dren. Nebulizers remain the preferred method of routine
bronchodilator delivery by physicians providing care to
pediatric asthmatics in the emergency department.
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A STHMA IS the most com-
mon chronic disease of
childhood, affecting an es-
timated 4.8 million chil-
dren in the United States.

Its increasing severity throughout the last
3 decades has been well documented by
an increase in hospitalizations from
386000 to 466000 (1980 to 1994) and
deaths from 1.5 to 6.5 per million (1976
to 1995).1

One area of recent controversy in
asthma therapy is the underuse of me-
tered-dose inhalers (MDIs) in adult and
pediatric patients.1-4 It is well docu-
mented that MDIs with an attached spacer
device (MDI+S) require less equipment
and time to administer, are cheaper, and
are more portable than nebulizers. Fur-
thermore, numerous studies in children
and adults have demonstrated that MDI+S

are clinically as effective as nebulizers in
the delivery of bronchodilators. Clinical
equivalence has been proven in many ran-
domized clinical trials using multiple types
of spacer devices and bronchodilator medi-
cations in children and adults.5-14

The nebulizer system of aerosolized
medication delivery is generally accepted
as the standard of care for children with
acute asthma presenting to the emer-
gency department (ED). This occurs de-
spite the equivalent clinical efficacy and
added cost and inconvenience of a nebu-
lizer. The hypotheses of this study were
that physicians caring for children in the
ED primarily use nebulizers for broncho-
dilator delivery and that these physicians
have misconceptions regarding the ad-
vantages and disadvantages of MDI+S
use in children with acute asthma exac-
erbations.
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RESULTS

Of the 689 subjects contacted, 375 returned surveys.
Forty-two respondents not providing emergency care to
children were ineligible and excluded from analysis. The
overall response rate was 51% (Figure).

DEMOGRAPHICS

The majority of physicians had training in pediatrics and
PEM (72%). They also generally practiced full-time (83%),
commonly in an urban (83%) pediatric ED (80%), and
for 5 to 20 postresidency years (83%). Information re-
garding the characteristics of nonresponders was lim-
ited to region of practice. Subjects in the Midwest had
the highest nonresponse rate of 65% (51/147 physi-
cians) followed by the West (60%, 29/72), the South (49%,
102/202), and the Northeast (47%, 71/134) (Table 1).

PERCEIVED ADVANTAGES AND
DISADVANTAGES TO MDIs

When asked the open-ended question, “What do you
think are the advantages to the use of high-dose MDIs
(6-8 puffs per treatment) over nebulizers in the emer-
gency department management of pediatric asthma?” the
most commonly cited answers addressed cost, speed, and
portability. Eighty-five (33%) of 256 respondents stated
that MDIs are cheaper. Seventy-two (28%) felt that MDIs
are faster to administer. Twenty-two (8%) felt that MDIs
require less staff time to use. Sixty-two respondents (24%)
stated that the use of MDIs in the ED allows for an op-
portunity to teach MDI technique to patients and par-
ents. Forty-one (16%) felt that the portability of MDIs is
an advantage to their use, and 77 respondents (21%) gave
no response.

When subsequently asked: “What do you think are
disadvantages to using high-dose MDIs (6-8 puffs per
treatment) over nebulizers in the emergency depart-
ment management of pediatric asthma?” responses most
commonly addressed issues of patient dissatisfaction and
inconvenience in administration. Sixty-five (24%) of 272
respondents felt that patients and parents expect nebu-
lized therapy when they arrive in an ED and that the use
of MDIs would result in patient and parent dissatisfac-
tion. Sixty-two (23%) felt that nebulizers are easier to ad-
minister. Similarly, 51 (19%) felt that MDIs would re-
quire more staff supervision, 44 (16%) felt MDIs were
too difficult to use in the young, and 30 (11%) felt that
children are poorly compliant with MDI medication de-
livery. Some clinical considerations were also voiced.
Twelve percent (32/272) felt that nebulizers were supe-
rior to MDIs because they can be administered with
supplemental oxygen, and 26 (10%) felt that MDIs are
less effective than nebulizers when used in children suf-
fering from severe asthma exacerbations. Sixty-one re-
spondents (16%) gave no response.

689 Mailed
United States, 636
Canada, 53

333 Complete
United States, 301
Canada, 32

34 Declined to 
Participate
United States, 32
Canada, 2

42 Ineligible
United States, 41
Canada, 1

10 Wrong 
Addresses
United States, 9
Canada, 1

270 No Response
United States, 253
Canada, 17

Flowchart of survey responses.

PARTICIPANTS AND METHODS

PARTICIPANTS

We obtained a list of members of the emergency medi-
cine (EM) sections of the American Academy of Pedi-
atricsandtheCanadianPediatricSociety.A15-question
surveyandself-addressedstampedenvelopeweremailed
to each subject (available from the principal investiga-
tor on request). Second and third mailings were sent to
those not responding within a month of the previous
mailing.Surveysreturnedbyself-identifiedpediatricians
not caring for children in an ED setting were excluded.
This survey was piloted by a group of 9 pediatric EM
physicians and revised prior to the first mailing.

SURVEY INSTRUMENT

The 15-question survey instrument addressed profes-
sional characteristics of the respondent and his or her
clinical practice, the presence of asthma manage-
ment guidelines in their EDs, attitudes toward MDI+S
use, self-reported patterns of MDI+S and nebulizer use,
and information influencing their choice of broncho-
dilator delivery method. The survey included mul-
tiple choice, Likert scale, and open-ended questions.

DATA ENTRY AND ANALYSIS

Data were entered into a Microsoft Excel 97 spread-
sheet (Microsoft Corp, Redmond, Wash) and ana-
lyzed using Epi Info 6.015 and SPSS (Statistical Prod-
uct and Service Solutions; SPSS Inc, Chicago, Ill)
software. Bivariate associations between the indepen-
dent variables and principal outcomes were analyzed
using the �2 test. Multivariate analysis was planned to
test the associations between principal outcomes and
independent variables. The 2 principal outcomes were
self-reported nebulizer use in all patients and MDI+S
use in patients with mild acute asthma. Respondent-
related independent variables included the average
number of clinical hours worked per week (�16 hours
vs �16 hours), number of years of postresidency prac-
tice (�5 years, 5-10 years, 10-20 years, and �20 years),
position at his or her primary institution (full-time,
part-time, or fellow), residency training (EM vs pedi-
atrics), fellowship training (pediatric EM [PEM] vs non-
PEM training), country of practice (United States or
Canada), setting of practice (general ED or pediatric
ED/pediatric area in a general ED), environment in
which the respondent’s ED was located (urban or sub-
urban/rural), and training programs offered in the re-
spondent’s institution (EM residency, pediatrics resi-
dency, or PEM fellowship).

This study was approved by the Boston Univer-
sity (Boston, Mass) institutional review board.
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SELF-REPORTED METHOD OF
BRONCHODILATOR USE

The majority of physicians deliver bronchodilators by
nebulization to all children in the ED. When given a
checkbox question asking for which age groups of chil-
dren (�2 years, 2-5 years, 5-7 years, 7-18 years) they used
either nebulizers, MDI+S, or MDI without spacers, 76%
of respondents stated that they use nebulizers for all acute

patients with acute asthma between 7 and 18 years old.
This proportion increased as the age of the patients de-
creased. Seventy-nine percent, 87%, and 90% of respon-
dents use nebulizers for children in the 5- to 7-year old,
2- to 5-year old, and younger than 2-year-old age groups,
respectively. In contrast, a significant minority of re-
spondents stated that they use MDI+S in selected chil-
dren. The proportion of respondents using MDI+S in chil-
dren with mild acute asthma decreased with age. Twenty-
one percent, 20%, 15%, and 10% stated that they would
selectively use MDI+S in children with mild acute asthma
aged 7 to 18 years, 5 to 7 years, 2 to 5 years, and younger
than 2 years, respectively. The small minority of respon-
dents (3%) who reported selective MDI without spacer
use do so only for those with mild acute asthma in the
7- to 18-year-old age group (Table 2).

When asked the open-ended question, “How do you
decide which method of bronchodilator delivery you use
for any particular child in the emergency department with
an asthma exacerbation?” 159 (58%) of 275 respon-
dents stated that they always use nebulized bronchodi-
lators, and 59 (22%) of 275 decide based on the severity
of the child’s exacerbation. Twenty-five (9%) of 275 re-
ported that they only use the MDI for teaching prior to
discharge, 23 (8%) decide based on the age of the pa-
tient, and 15 (6%) use their judgment of the patient’s abil-
ity to cooperate with an MDI to decide (Table 3).

ASTHMA PATHWAYS AND MDI+S USE

Of the 19 respondents from 16 institutions who provided
a copy of their asthma pathway, 3 specified the MDI+S as
an option for bronchodilator delivery in the ED.

Table 1. Profile of Respondents*

Variable
Patients, No. (%)

(N = 333)

Average hours worked per week
0-16 69 (21)
�16 264 (79)

No. of postresidency years in practice
�5 33 (10)
5-10 150 (45)
�10-20 125 (38)
�20 25 (7)

Position at primary facility
Full-time 276 (83)
Part-time 44 (13)
Fellow 10 (3)
Other 3 (1)

Respondents’ specialty training
EM residency only 1 (0.3)
Pediatrics only 38 (11)
EM residency + PEM fellowship 10 (3)
Pediatrics + PEM fellowship 238 (72)
EM residency + pediatrics 12 (4)
EM residency + pediatrics + PEM fellowship 31 (9)
PEM fellowship only 3 (1)

Country in which respondent practices PEM
United States 301 (90)
Canada 32 (10)

Region in which respondent practices PEM†
Northeastern United States 63 (19)
Midwest United States 96 (29)
Southern United States 99 (30)
Western United States 43 (13)

Setting in which respondent practices PEM
General ED: one ED in which patients of all

ages are seen by the same practitioners
26 (8)

Pediatric: an area in a general ED where
pediatric patients are seen by practitioners
separate from adult patients

39 (12)

Pediatric only: a separate ED where only
pediatric patients are seen

266 (80)

Other 2 (1)
Environment in which the ED is located

Urban 275 (83)
Suburban 53 (16)
Rural 5 (1)

Residency/fellowship training offered at the
institution where the respondent works

EM 138 (41)
Pediatrics 251 (75)
PEM 189 (57)

*EM indicates emergency medicine; PEM, pediatric emergency medicine;
and ED, emergency department.

†Northeast: Conn, Me, Mass, NH, NJ, Pa, RI, Vt; Midwest: Ill, Ind, Iowa,
Kan, Mich, Minn, Mo, Neb, ND, Ohio, SD, Wis; South: Ala, Ark, Del, DC, Fla,
Ga, Ky, La, Md, Miss, NC, Okla, SC, Tenn, Tex, Va, WV; West: Alaska, Ariz,
Calif, Colo, Hawaii, Idaho, Mont, Nev, NM, Ore, Utah, Wash, Wyo.

Table 2. “Please Check Off the Method You Most Commonly
Use to Deliver Bronchodilator Medication to Children
in the Emergency Department Based on Age
and Your Definition of Asthma Severity.”*

Delivery Mechanism

Age Group, No. (N = 328)

�2 y 2-5 y 5-7 y 7-18 y

Nebulizer use
Mild acute asthma 0 0 1 �1
Moderate-severe acute asthma 8 11 15 18
Severe acute asthma 2 2 4 5
All acute asthma 90 87 79 76
Not used for acute asthma 0 0 �1 �1

MDI + S use
Mild acute asthma 10 15 20 21
Moderate acute asthma 0 �1 0 �1
Mild to moderate acute asthma 3 3 5 6
Moderate to severe asthma 0 0 �1 �1
All acute asthma 1 2 3 4
Not used for acute asthma 86 80 72 69

MDI without spacer use
Mild acute asthma 0 0 0 3
Mild to moderate acute asthma 0 0 0 2
Moderate to severe acute asthma 0 �1 �1 �1
All acute asthma �1 0 0 �1
Not used for acute asthma 100 100 100 95

*Five respondents left this entire question blank. MDI + S indicates
metered-dose inhaler with an attached spacer.
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BIVARIATE ANALYSES

No differences emerged in bivariate analyses of the in-
dependent variables and the principle outcomes of nebu-
lizer use for all patients, and MDI+S use for patients pre-
senting with mild acute asthma. Results of a multivariate
analysis are not reported due to small sample size.

COMMENT

The results of this survey suggest that the majority of phy-
sicians use nebulizers as their primary method of deliv-
ering bronchodilators to children in the ED setting. De-
spite this, the majority of those surveyed do use MDI+S
in some capacity in select children in the ED. Addition-
ally, while some are unaware of the benefits of MDIs, in-
cluding quicker delivery, lower cost, and increased effi-
cacy in medication delivery, most of the physicians
surveyed did not cite inaccurate opinions regarding the
efficacy of MDIs in the pediatric acute asthma setting.

The data supporting the use of MDI+S in acute
asthma are not new. Meta-analyses reviewing adult and
pediatric literature conclude that the 2 methods are equally
effective.16,17 These data have been consistent across mul-
tiple prospective studies in adults16-21 and children.6-12 Le-
versha et al22 clearly demonstrated the cost-benefit of us-
ing MDI+S in the ED. Williams et al5 also showed that
using MDI+S in the pediatric ED was feasible. The 1997
National Heart Lung and Blood Institute and 1993 Brit-
ish Thoracic Society asthma management guidelines both
acknowledged the clinical equivalence of MDI+S and
nebulizers.23,24 They suggested that MDIs be considered
in the ED setting to deliver bronchodilators to children
who do not have severe asthma and are able to cooper-
ate. Even this conservative recommendation, however,
does not seem to have translated into practice.

Eleven percent of our respondents cited a concern
for patient cooperation in MDI medication delivery, and
16% felt the method was too difficult to use in the very
young. Clearly, prior to significant improvements in aero-
sol reservoir technology, MDIs were difficult to use even
in cooperative adults and children.25,26 The develop-
ment of valved spacers has allowed medication delivery
to occur efficaciously even when delivered via tidal breath-
ing.5,6,11,12,22,27 Child and infant studies have also docu-

mented the equivalence of pulmonary medication deliv-
ery using MDI+S and nebulizers to deliver radioactively
labeled aerosol vehicles.27-29

Studies have also demonstrated that MDI+S bron-
chodilator administration requires less staff time.5,12 While
it may seem that nebulizers, in practice, require less staff
attention, all of the studies comparing these 2 modali-
ties use a facemask with the nebulizer to minimize wasted
aerosol. In our opinion, keeping a facemask on an un-
cooperative young child’s face for 10 to 15 minutes re-
quires more effort and supervision than holding a face-
mask attached to an MDI+S for 3 minutes.

Despite the evidence supporting the use of MDI+S
over nebulizers in acute asthma, it does not seem to be
the current standard of care in practice. Our attempt to
identify populations of pediatric ED physicians who are
using MDI+S did not yield any predictive variables by
bivariate analysis. Respondent residency or fellowship
training, years of practice, and location of practice did
not seem to affect how often they used MDI+S in the ED.
This, in addition to statements of uniform use of nebu-
lizers, suggests that it is perhaps the culture of the ED
and not the individual physician that influences the ini-
tial bronchodilator delivery technique used in children.
However, it can also be the individual physician who
strives to change the culture of the ED.

Changing physician behavior and practicing evidence-
based medicine has become an important focus for medi-
cine over the past decade. Evidence-based medicine origi-
nates from the ongoing concerns about quality of care,
including variation in hospitalization rates, therapeutic in-
terventions, and patient outcomes.30 Despite the over-
whelming data suggesting that MDI±S are equivalent and
possibly superior to nebulizers, the results from this sur-
vey suggest that they are not being used. As we have pre-
viously described, physician decisions are governed by 3
domains: evidence, physician experience, and patient fac-
tors.31 The participants in our survey demonstrated a gen-
erally good grasp of the evidence supporting the use of
MDIs for acute asthma exacerbations. Additionally, the lit-
erature suggests a preference for MDIs by patients and par-
ents in the ED. This, in our opinion, suggests that the larg-
est barrier to the routine use of MDIs is the lack of
motivation for physicians to change their practice and the
culture of their practice environment. Additional envi-
ronmental barriers to adoption of this technique, includ-
ing perceived staff reluctance to change, departmental fi-
nancial barriers, and barriers at the hospital administration
level most likely also contribute to the sluggish adoption
of new technologies. Changing physician behaviors is quite
difficult. The myriad reviews have suggested that educa-
tion alone is insufficient, and that reminders, opinion lead-
ers, audit and feedback, and administrative interventions
can work in specific situations.30-32 While we will need to
adopt some of these techniques to encourage the use of
MDI+S, motivating physicians to strive for evidence-
based practice is ultimately of the utmost importance.

As with any survey, there are limitations of this meth-
odology, including self-reporting bias that may not ac-
curately reflect current practice patterns. However, it is
difficult to imagine that the use of MDI+S is greater than
reported. Secondly, our response rate was 51%, which

Table 3. “How Do You Decide Which Method
of Bronchodilator Delivery You Use for Any
Particular Child in the Emergency Department
With an Asthma Exacerbation?”*

Response
Patients, No. (%)

(N = 275)

I always use a nebulizer. 159 (58)
I decide based on the severity of the exacerbation. 59 (22)
I use an MDI for teaching prior to discharge. 25 (9)
I decide based on age. 23 (8)
I decide based on the patient’s ability to cooperate. 15 (6)
I use the standard practice for the ED I am working in. 12 (4)

*Fifty-eight respondents left this question blank. MDI indicates
metered-dose inhaler; ED, emergency department.
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may limit generalizability. We have few data on nonre-
sponders, although there is no reason to think that MDI
use is greater in nonresponders.

In conclusion, we found that many ED physicians
are familiar with the benefits of MDIs. However, a ma-
jority do not use them. No differences in MDI+S and
nebulizer use patterns were noted based on respondent
demographics. External factors may be primarily respon-
sible for the observed underuse of MDI+S in the ED set-
ting among children. Further research is needed to ex-
plore ED culture and systems barriers to MDI+S use.

Accepted for publication June 25, 2001.
This study was supported in part by grant

#5T32PE1001406 from the Institutional National Research
Service Award.

The authors would like to thank Robert Vinci, MD, for
his input toward the preparation of the manuscript.

Corresponding author and reprints: Irene Tien, MD,
Division of Pediatric Emergency Medicine, Boston Medical
Center, 1 Boston Medical Center Place, Maternity 6, Bos-
ton, MA 02118 (e-mail: irene.tien@bmc.org).

REFERENCES

1. Mannino DM, Homa DM, Pertowski CA, et al. Surveillance for asthma: United
States 1960-1995. MMWR Morb Mortal Wkly Rep. 1998;47;1-28.

2. Newhouse MT. Asthma therapy with aerosols: are nebulizers obsolete? a con-
tinuing controversy. J Pediatr. 1999;135:5-8.

3. Kercsmar CM. Aerosol treatment of acute asthma: and the winner is. . . . J Pe-
diatr. 2000;136:428-431.

4. O’Callaghan C, Barry PW. How to choose delivery devices for asthma. Arch Dis
Child. 2000;82:185-191.

5. Williams JR, Bothner JP, Swanton RD. Delivery of albuterol in a pediatric emer-
gency department. Pediatr Emerg Care. 1996;12:263-267.

6. Kerem E, Levinson H, Schuh S, et al. Efficacy of albuterol administered by nebu-
lizer vs spacer device in children with acute asthma. J Pediatr. 1993;123:313-
317.

7. Liu YZ, Hsieh KH. Metered dose inhaler and nebulizer in acute asthma. Arch Dis
Child. 1995;72:214-218.

8. Ruggins NR, Milner AD, Swarbrick A. An assessment of a new breath-actuated
inhaler device in acutely wheezy children. Arch Dis Child. 1993;68:477-480.

9. Schuh S, Johnson DW, Stephens D, Callahan S, Winders P, Canny GJ. Compari-
son of albuterol delivered by MDI with spacer vs a nebulizer in children with mild
acute asthma. J Pediatr. 1999;135:22-27.

10. Fugelsang G, Pedersen S. Comparison of nebuhaler and nebulizer treatment of
acute severe asthma in children. Eur J Respir Dis. 1986;69:109-113.

11. Ba M, Spier S, Lapiere G, Lamarre A. Wet nebulizer versus spacer and metered
dose inhaler via tidal breathing. J Asthma. 1989;26:355-358.

12. Chou KJ, Cunningham SJ, Crain EF. Metered-dose inhalers with spacers vs nebu-
lizers for pediatric asthma. Arch Pediatr Adolesc Med. 1995;149:201-205.

13. Parkin PC, Saunders NR, Diamond SA, Winders PM, MacArthur C. Randomized
trial spacer vs nebuliser for acute asthma. Arch Dis Child. 1995;72:239-240.

14. Pendergast J, Hopkins J, Timius B, VanAsperer PP. Comparitive efficacy of ter-
butaline administered by nebuhaler and by nebulizer in young children with acute
asthma. Med J Aust. 1989;151:406-408.

15. Dean AG, Dean JA, Coulombier D, et al. Epi Info [computer program]. Version 6.
Atlanta, Ga: Centers for Disease Control and Prevention; 1994.

16. Turner MO, Patel A, Ginsburg S, Fitzgerald JM. Bronchodilator delivery in acute
airflow obstruction: a meta-analysis. Arch Intern Med. 1997;157:1736-1744.

17. Amirav I, Newhouse MT. Metered dose inhaler accessory devices in acute asthma.
Arch Pediatr Adolesc Med. 1997;151:876-882.

18. Rodrigo C, Rodrigo G. Salbutamol treatment of acute severe asthma in the ED:
MDI vs hand-held nebulizer. Am J Emerg Med. 1998;16:637-642.

19. Colacone A, Afildo M, Wolkove N, Dreisman H. A comparison of albuterol ad-
ministered by metered dose inhaler (and holding chamber) or wet nebulizer in
acute asthma. Chest. 1993;104:835-841.

20. Idris AH, McDermott MF, Raucci JC, Morrabel A, McGonray S, Hendeles L. Emer-
gency department treatment of severe asthma: metered dose inhaler plus hold-
ing chamber is equivalent in effectiveness to nebulizer. Chest. 1993;103:665-
672.

21. Hodder RV, Calcutt LE, Leech JA. Metered dose inhaler with spacer is superior
to wet nebulisation for emergency room treatment of acute, severe asthma [ab-
stract]. Chest. 1998;94:52.

22. Leversha AM, Campanella SG, Aickin RP, Asher MI. Costs and effectiveness of
spacer vs nebulizer in young children with moderate and severe acute asthma.
J Pediatr. 2000;136:497-502.

23. National Heart Lung and Blood Institute. The expert panel report 2: guidelines
for the diagnosis and management of asthma. 1997;115:111.

24. British Thoracic Society. Guidelines for the management of asthma. Thorax. 1993;
48(suppl):S1-S24.

25. Larsen JS, Hahn M, Ekholm B, Wick KA. Evaluation of conventional press- and
breathe metered-dose inhaler technique in 501 patients. J Asthma. 1994;31:
193-199.

26. Pedersen S, Frost L, Arnfred T. Errors in inhalation technique and efficiency in
inhaler use in asthmatic children. Allergy. 1986;41:118-124.

27. Fok TF, Monkman S, Dolovich M, et al. Efficiency of aerosol medication delivery
from a metered dose inhaler versus jet nebulizer in infants with bronchopulmo-
nary dysplasia. Pediatr Pulmonol. 1996;21:301-309.

28. Wildhaber JH, Dore ND, Devadason SG, LeSouef PN. Inhalation therapy in asthma:
nebulizer or metered-dose inhaler with holding chamber? in vivo comparison of
lung deposition in children. J Pediatr. 1999;135:28-33.

29. Tal A, Golan H, Grauer N, Aviram M, Albin D, Quastel MR. Deposition pattern of
radiolabeled salbutamol inhaled with a mask in young children with airway ob-
struction. J Pediatr. 1996;128:479-484.

30. Bauchner H. Evidence-based medicine: a new science or an epidemiologic fad?
Pediatrics. 1999;103:1029-1031.

31. Bauchner H, Simpson L, Chessare J. Changing physician behavior. Arch Dis Child.
In press.

32. NHS Centre for Reviews and Dissemination. Getting the evidence into practice.
Eff Health Care. 1999;5:1-16.

What This Study Adds

Published literature supports the use of MDI+S for the
treatment of acute asthma exacerbations in children; how-
ever, our anecdotal experience is that they are rarely used
in the ED. To our knowledge to date, there is no pub-
lished literature regarding current practice by physi-
cians caring for children in an ED setting regarding the
type(s) of delivery system(s) used for brochodilator
therapy, and attitudes and knowledge toward MDI use
for acute asthma exacerbations.

This study defines the current attitudes, knowl-
edge, and use of MDI in the ED for acute asthma exac-
erbations in children. A majority of physicians caring for
pediatric patients with asthma in the emergency depart-
ment do not use MDIs despite evidence in the literature
supporting their use. This study demonstrates the un-
derutilization of evidence-based decisions regarding bron-
chodilator delivery methods in the ED and will hope-
fully raise awareness and help to catalyze change of
behavior in this area.
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