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ABSTRACT

Objectives: The objective of this study was to investigate

whether different staffing models are associated with varia-

tion in radiograph use for children seen for bronchiolitis,

croup, and asthma and discharged home from emergency

departments (EDs) in Ontario.

Methods: We surveyed all Ontario EDs regarding physician

staffing models and use of clinical protocols. We used a

population-based ED database to determine radiograph rates

and patient characteristics. Regression techniques that

controlled for patient factors and clustering within EDs were

applied.

Results: From April 2004 to March 2006, 5,186, 10,408, and

35,150 children were discharged home from an ED with

bronchiolitis, croup, and asthma, respectively. Radiograph

rates were 42.7% for bronchiolitis, 10.1% for croup, and 25.9%

for asthma. Over 50% of children were treated in EDs with

nonpediatric front-line care but with consultant pediatricians

available. Compared to children in these settings, those seen

in EDs with front-line pediatric staff were less likely to have

radiographs for all three conditions (adjusted odds ratios

[ORs] 0.47 [95% CI 0.24–0.95], 0.47 [95% CI 0.27–0.82], 0.13

[95% CI 0.02–0.66] for bronchiolitis, croup, and asthma,

respectively). Children in community hospitals with pediatri-

cians were significantly more likely to have a radiograph if

seen by a consultant pediatrician (OR 1.40, 95% CI 1.20–1.63

[bronchiolitis]; OR 2.76, 95% CI 2.16–3.53 [croup]; and OR 1.97,

95% CI 1.64–2.36 [asthma]). We found no association between

clinical protocol use and radiograph rates.

Conclusions: High rates of discretionary radiograph use exist

for common respiratory problems of children seen across ED

settings. Quality improvement efforts should be focused in

this area, and radiograph use in EDs staffed by front-line

pediatrics-trained staff could serve as an initial benchmark

target for other institutions.

RÉSUMÉ

Objectifs: L’étude visait à examiner l’existence d’un lien

entre différents modèles de dotation en personnel et les

différences de recours à la radiographie chez les enfants

souffrant de bronchiolite, de croup ou d’asthme, et ayant

obtenu leur congé du service des urgences pour retourner à

domicile, en Ontario.

Méthode: Une enquête a été menée dans tous les services

d’urgence en Ontario en ce qui concerne les modèles de

dotation en personnel médical et l’application de protocoles

cliniques. Nous avons effectué des recherches dans une base

de données sur les consultations aux services des urgences,

fondée sur la population, afin de déterminer les taux de

radiographies et les caractéristiques des patients. Des

techniques de régression permettant de neutraliser les

facteurs relatifs aux patients et les concentrations de cas

dans les services des urgences ont été appliquées.

Résultats: D’avril 2004 à mars 2006, des enfants atteints de

bronchiolite, de croup, ou d’asthme, au nombre de 5,186,

10,408, et 35,150, respectivement, ont obtenu leur congé du

service des urgences pour retourner à domicile. Les taux de

radiographies se répartissaient comme suit: 42.7 % pour la

bronchiolite, 10.1 % pour le croup, et 25.9 % pour l’asthme.

Plus de 50 % des enfants ont reçu des soins de première

ligne non pédiatriques, mais en consultation avec des
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pédiatres disponibles. Comparativement aux enfants

examinés dans ce contexte, ceux qui l’ont été par du

personnel spécialisé en soins pédiatriques de première ligne,

aux services des urgences, étaient moins susceptibles d’être

soumis à des radiographies, et ce, pour les trois affections

(risque relatif approché [RRA] rajusté 0.47 [IC à 95% 0.24–

0.95], 0.47 [IC à 95% 0.27–0.82], et 0.13 [IC à 95% 0.02–0.66]

pour la bronchiolite, le croup, et l’asthme, respectivement).

Les enfants examinés dans des hôpitaux communautaires

dotés de pédiatres étaient passablement plus susceptibles

d’être soumis à des radiographies s’ils étaient vus par des

pédiatres consultants (RRA 1.40, IC à 95% 1.20–1.63 [bronch-

iolite], RRA 2.76, IC à 95% 2.16–3.53 [croup], et RRA 1.97, IC à

95% 1.64–2.36 [asthme]). Nous n’avons pas trouvé de lien

entre l’application de protocoles cliniques et les taux de

radiographies.

Conclusions: Il existe des taux élevés de radiographies

discrétionnaires pour des troubles respiratoires fréquents

chez les enfants dans tous les services d’urgence. Des efforts

d’amélioration de la qualité s’imposeraient dans le domaine,

et le recours aux radiographies dans les services d’urgence

dotés de personnel formés en soins pédiatriques de

première ligne devrait servir, au début, de cible de référence

dans les autres établissements.

Keywords: asthma, bronchiolitis, croup, emergency care,

quality, radiography

Emergency department (ED) care is an integral
component of acute care for children. In both Canada
and the United States, only a small number of hospitals
with ED physicians are trained specifically in pediatrics
and pediatric emergency medicine.1 The majority of
emergency care for children is provided in EDs where
pediatricians are available for consultation or with no
pediatricians.2 In Canada, nonpediatric teaching hospi-
tals are generally staffed by physicians trained in
emergency medicine, whereas community hospitals
have a mix of general practitioners and physicians with
emergency medicine certification. Despite these funda-
mentally different physician staffing models, only a few
studies have explored whether structural resource
differences impact the nature and quality of care
children receive. The results of these studies have
varied, with some finding no significant difference in
care between pediatric and general emergency medicine
physicians3,4 and others suggesting that front-line staff
trained in pediatrics are more likely than general
physicians to adhere to guideline-based care.5,6 All of
these studies have been limited by being based on a
limited number of sites or self-reporting, and none have
investigated the impact of pediatricians available for
consultation in general EDs. Furthermore, none of
these studies have investigated whether the use of
standardized protocols can overcome differences in staff
training from the perspective of optimizing clinical
processes and outcomes of care for children.

Respiratory illnesses such as bronchiolitis, croup,
and asthma are among the top 10 diagnoses for visits
made by children to Canadian and US EDs.7,8 In
previous work, to systematically define performance
measures for ED care of children, the rates of
radiographs for these conditions were chosen as

indicators of care efficiency, effectiveness, and safety.9

Routine use of radiographs for the diagnosis and
management of these conditions is both unnecessary
and harmful.10–12 Overuse of radiographs leads to
increased cost and ED length of stay, as well as
unnecessary radiation exposure and patient discomfort.
More specific to children with bronchiolitis, radio-
graphs have been shown to increase the inappropriate
use of antibiotics in both the ED13 and inpatient14,15

settings. Based on hospital reporting, considerable site-
to-site variation in the use of these radiographs exists in
Ontario10 and in the United States.16

The objective of this study was to investigate
whether different staffing models are associated with
variation in radiograph use for children seen for
bronchiolitis, croup, and asthma and discharged home
from EDs in Ontario. We hypothesized that EDs
with staff specifically trained in pediatric emergency
medicine and those with access to pediatricians for
consultation would have lower rates of radiograph use.

METHODS

Overall design

We conducted a retrospective cohort study of all
children 3 to 24 months of age with bronchiolitis or
croup and 1 to 19 years of age with asthma who were
seen and discharged from an Ontario ED between
April 1, 2004, and March 31, 2006. Ontario is Canada’s
largest province and has a population of 12 million
persons. We linked data from a survey of Ontario EDs
to a population-based administrative health database of
ED visits to evaluate the effect of different physician
staffing models on radiograph use. The data sets used
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were the Discharge Abstract Database for hospitali-
zations, the National Ambulatory Care Reporting
System (NACRS) for ED visits, and physician billings
from the Ontario Health Insurance Plan (OHIP).
Chart reabstraction studies have shown main dis-
charge diagnoses to be valid in the NACRS.17 These
administrative health data for Ontario are available
for research purposes at the Institute for Clinical
Evaluative Sciences through an agreement with the
Ontario Ministry of Health and Long-Term Care.
Anonymized unique identifiers allowed linkages of
records within the databases. The Research Ethics
Board of Sunnybrook Hospital approved this study.

Measures and data collection

We surveyed the EDs of all 164 acute care hospitals in
Ontario during early 2005 regarding training of front-
line medical staff, availability of consultants, and use
and content of guidelines and order sets for specific
conditions. The details of the survey are available
elsewhere.18

We used International Classification of Diseases version
10-CA final diagnosis codes from our ED data set to
define our cohorts. In the case of multiple visits for the
same diagnosis, we chose the first. We restricted our
final cohort to children who were discharged home
because they have less severe illness than admitted
patients, making radiograph use more discretionary,
and focused on care provided by ED rather than
inpatient physicians. For children who were trans-
ferred to another ED for assessment or treatment, we
included the index visit to the initial ED only.

Our primary outcome was radiograph use (chest
radiograph for bronchiolitis and asthma, chest or
lateral neck radiograph for croup). Work for the
Ontario Hospital Report has validated against hospital
records that the radiograph rates for these three
conditions are accurate.19

We linked to previous ED visits and hospitaliza-
tions, including birth records, to describe relevant
medical comorbidities (gestational age, chronic lung
disease, complex congenital heart disease, congenital
tracheoesophageal problems, history of croup) and
used a validated population-based asthma registry
(Ontario Asthma Surveillance Information System)20

to assess previous asthma diagnosis and a previous
admission in the past 2 years as a measure of asthma
severity. We used the Canadian Triage and Acuity

Scale score to control for patient acuity on presenta-
tion. This score has been shown to be reliable21 and
valid.22 Postal code was used to capture the mean
neighbourhood income quintile at the level of dis-
semination area (average population of 650) based on
the 2001 Canadian census.23

We categorized hospitals into the following three
groups based on the type of staffing available: 1)
academic hospitals with pediatrics-trained ED physi-
cians, 2) academic hospitals with emergency medicine–
trained ED physicians, 3) community hospitals with
consultant pediatricians available, and 4) other com-
munity hospitals. We used the NACRS to determine
the overall annual volume of pediatric visits and
excluded those with low volumes (# 10th percentile).
We used physician billing data from OHIP to assess
which children in community hospitals had a pediatric
consultation in the ED.

Statistical analyses

A logistic regression model was fit for our primary
analyses, allowing us to account for possible within-ED
homogeneity in patient outcomes using generalized
estimating equations.24 To control for variation in hospital
admission threshold and any resulting difference in the
severity of illness of discharged patients, we developed a
condition-specific measure of each ED’s propensity to
admit using a logistic regression model with admission as
the outcome to derive odds ratios (ORs) for patient factors
from the entire sample. Using the coefficients of this
model, we calculated a hospital rate of observed to
expected admissions. Covariates in our final models
included age, gender, and ED propensity to admit, as
well as any additional variables that significantly altered
the estimates for the hospital types.

To test whether any relationship found with radio-
graph use and being seen in EDs with pediatric
consultants was borne out at the individual patient
level, we did a subgroup analysis of children seen at
community hospitals with pediatricians and investigated
the relationship of receiving a radiograph with having
had a pediatric consultation. Finally, secondary analyses
were conducted to examine within-hospital correlation
between radiograph rates for the different indications.
For each condition, we determined the observed
or predicted radiograph ratio for each hospital. The
predicted number of radiographs was derived from a
logistic regression model using patient factors only. A
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mixed effects model was used to regress the hospital-
specific ratios on variables denoting the diagnoses
(asthma, croup, and bronchiolitis) in addition to other
hospital-specific characteristics. The effect of each
diagnosis was modeled using a random effect, allowing
the effect of that diagnosis to vary across hospitals. The
within-hospital correlation was derived from the
variance-covariance matrix of the random effects.

RESULTS

Hospital survey

We received responses from all 164 EDs surveyed and
excluded 13 low-volume EDs. Of the 15 academic
hospitals, 2 were freestanding children’s hospitals and
1 had a separate ED for children. These three EDs
were the only ones in our sample with front-line
pediatric staff; three of the other teaching EDs had
pediatrician consultants. Within the community set-
ting, most were staffed by family physicians and 41
hospitals had pediatric consultants. Only 1 ED
reported having a guideline for bronchiolitis (so we
did not analyze this effect), 19 reported using guide-
lines for patients with croup, and 58 reported using
guidelines for asthma. Seventeen EDs reported having
standard order sets for asthma.

ED visits for bronchiolitis, croup, and asthma

Table 1, Table 2, and Table 3 describe pediatric ED
visits for bronchiolitis, croup, and asthma, respectively,
by hospital type. Overall, these visits account for almost
6% of total ED visits by children, and just over 50% of
these visits were made to community hospitals with
pediatricians available for consultation. Of the total
study population, 5,186 with bronchioliltis, 10,408 with
croup, and 35,150 with asthma were discharged home.
Among discharged children, hospital-specific radio-
graph rates with interquartile ranges were 42.7%
(22.2–55.4), 10.1% (0–12.8), and 25.9% (10.5–29.8)
for bronchiolitis, croup, and asthma, respectively.

Association of patient factors with radiograph rates

Table 4 shows the adjusted ORs of radiograph use in
discharged patients by condition. After adjustment for
triage level, none of the other comorbidities were
associated with radiograph use for croup or bronchiolitis.

For asthma, younger age and no previous asthma diagnosis
were associated with radiograph use. Socioeconomic status
as measured by neighbourhood income was not associated
with radiograph use for bronchiolitis or asthma.

Association of hospital resources with radiograph rates

The adjusted models across all three conditions
indicated that patients seen at EDs with front-line
pediatric staff were significantly less likely to receive
a radiograph compared to children seen at community
hospitals with pediatricians (p , 0.05 for the clustered
model). A similar trend was seen for children treated at
community hospitals without pediatricians, although
for asthma, this was not statistically significant. Overall
findings were very consistent for bronchiolitis
and croup. Compared to children seen in community
hospitals with pediatricians, children seen in EDs with
front-line pediatric physicians were approximately
63% less likely and those seen in community hospitals
without pediatricians were 27% less likely to receive a
radiograph. The effect of pediatric front-line staffing
was most pronounced for children with asthma
(adjusted OR 0.12, 95% CI 0.02–0.62). No difference
was found for children being seen in a nonpediatric
teaching hospital compared to a community hospital
with pediatricians.

No association was found between being seen in an
ED that used guidelines for croup or asthma or order
sets for asthma and receiving a radiograph. Overall
pediatric patient volume was not found to be associated
with radiograph use except in asthma, where a very
small increased risk was seen with increasing volume.
A subgroup analysis of community hospitals with
pediatricians found that at an individual level, after
controlling for age, gender, and triage, children were
significantly more likely to have a radiograph (OR
1.40, 95% CI 1.20–1.63 [bronchiolitis]; OR 2.76, 95%
CI 2.16–3.53 [croup]; and OR 1.97, 95% CI 1.64–2.36
[asthma]) if seen by a consultant pediatrician. There
was a moderate correlation of radiograph use within
EDs: 0.49 (bronchiolitis and asthma), 0.39 (croup and
asthma), and 0.31 (croup and bronchiolitis).

DISCUSSION

Our findings indicate that high rates of discretionary
radiograph use exist for common respiratory problems
of children seen across ED settings. Our analysis

Discretionary use of radiographs

2013;15(1) 11CJEM N JCMU



controlled for patient comorbidity and other ED
resources, such as clinical protocols, that could explain
this finding. A recent study suggests that such
discretionary radiograph use is even higher in US
EDs.16 Across all three conditions, we found a
consistent relationship involving less radiograph use
in EDs with front-line pediatric staff and, contrary to
our hypothesis, increased radiograph use in those with
pediatrician consultant availability. The former finding
is in keeping with other studies documenting higher
compliance with pediatric guideline care by ED

physicians trained in pediatrics.5,6 One previous study
found a sixfold increase in adjusted radiograph rates for
children with croup seen in EDs staffed by general
versus pediatric emergency medicine physicians.25

However, to our knowledge, ours is the first study to
find an increase in radiograph use associated with the
availability of pediatric consultant staff. Our data
cannot explore at what point in care children who are
seen by consultants receive radiographs or which
physician ordered it. It is possible that a culture of
‘‘do everything before you call the consultant’’ could

Table 1. Characteristics of study population seeking ED care for bronchiolitis (N 5 6,808) by hospital type

Hospital type, n (%)

Characteristic

Front-line

pediatric care

(n 5 1,544)

Other academic

(n 5 231)

Community with

pediatricians

(n 5 3,681)

Community with

no pediatricians

(n 5 1,352) Overall

Male 948 (61.4) 150 (64.9) 2,319 (63.0) 811 (60.0) 4,288 (62.0)

Age (mo)

3–12 1,126 (73.0) 153 (66.2) 2,425 (65.9) 857 (63.4) 4,561 (67.0)

12–24 418 (27.0) 78 (33.8) 1,256 (34.1) 495 (36.6) 2,247 (33.0)

Gestational age (wk)

. 36 1,281 (83.0) 185 (80.1) 3,013 (81.8) 1,122 (83.0) 5,601 (82.3)

32–36 146 (9.5) 20 (8.6) 369 (10.0) 126 (9.3) 661 (9.7)

, 32 39 (2.5) 9 (3.9) 116 (3.2) 33 (2.4) 197 (2.9)

No birth record 78 (5.0) 17 (7.4) 183 (5.0) 71 (5.1) 349 (5.1)

History of chronic lung disease

No 1,457 (94.4) 213 (92.2) 3,477 (94.5) 1,273 (94.1) 6,420 (94.3)

Yes 9 (0.6) 1 (0.5) 21 (0.6) 8 (0.6) 39 (0.6)

No birth record 78 (5.0) 17 (7.3) 183 (4.9) 71 (5.3) 349 (5.1)

Complex congenital heart disease

No 1,479 (95.8) 221 (95.5) 3,565 (96.9) 1321 (97.7) 6,586 (96.7)

Yes 65 (4.2) 10 (4.5) 116 (3.1) 31 (2.3) 222 (3.3)

Neighbourhood income quintile

Missing 3 (0.2) 1 (0.5) 39 (1.1) 30 (2.2) 73 (1.1)

1 (lowest) 464 (30.0) 72 (31.2) 808 (22.0) 311 (23.0) 1,655 (24.3)

2 295 (19.1) 42 (18.1) 725 (19.7) 280 (20.7) 1,342 (19.7)

3 245 (15.9) 46 (19.9) 723 (19.6) 278 (20.6) 1,292 (19.0)

4 264 (17.1) 37 (16.0) 807 (21.9) 240 (17.8) 1,348 (19.8)

5 (highest) 273 (17.7) 33 (14.3) 579 (15.7) 213 (15.7) 1,098 (16.1)

CTAS score

1-2 (resuscitation, emergent) 259 (16.8) 85 (36.8) 1,417 (38.5) 178 (13.2) 1,939 (28.5)

3 (urgent) 1,088 (70.4) 113 (48.9) 1,931 (52.4) 646 (47.8) 3,778 (55.5)

4–5 (semiurgent, nonurgent) 197 (12.8) 33 (14.3) 333 (9.1) 528 (39.0) 1,091 (16.0)

Disposition

Admitted 162 (10.5) 76 (32.9) 1,156 (31.4) 228 (16.9) 1,622 (23.8)

Discharged 1,382 (89.5) 155 (67.1) 2,525 (68.6) 1,124 (83.1) 5,186 (76.2)

Chest radiograph (admitted patients) 122 (75.3) 53 (69.7) 888 (76.8) 142 (62.2) 1,205 (74.3)

Chest radiograph (discharged

patients)

404 (29.2) 86 (55.5) 1,291 (51.1) 432 (38.4) 2,213 (42.7)

Overall radiograph rate 526 (34.1) 139 (60.2) 2,179 (59.2) 574 (42.5) 3,418 (50.2)

CTAS 5 Canadian Triage and Acuity Scale; ED 5 emergency department.
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be responsible for our findings. Consultations may also
reflect diagnostic uncertainty, which may lead to
increased use of radiographs. Any efforts to reduce
unnecessary radiograph use in hospitals with these
arrangements will need to focus on the complex
interaction of front-line and consulting staff, assess at
which point of care radiographs are ordered, and

determine whether any institutional practices might
contribute to radiograph overuse.

Using the mean radiograph rate of front-line
pediatric hospitals as a benchmark, strategies to reduce
radiograph use in community hospitals with pediatric
consultants could reduce the overall numbers of
discharged children receiving radiographs by 1,570 in

Table 2. Characteristics of study population seeking ED care for croup by hospital type (N 5 11,051)

Hospital type, n (%)

Characteristic

Front-line

pediatric care

(n 5 1,851)

Other academic

(n 5 458)

Community with

pediatricians

(n 5 5,611)

Community with

no pediatricians

(n 5 3,131) Overall

Male 1,166 (63.0) 308 (67.2) 3,563 (63.5) 1,983 (63.3) 7,020 (63.5)

Age (mo)

3–12 700 (37.8) 171 (37.3) 2,007 (35.8) 1,138 (36.3) 4,016 (36.3)

12–24 1,151 (62.2) 287 (62.7) 3,604 (64.2) 1,993 (63.7) 7,035 (63.7)

Gestational age (wk)

. 36 1,582 (85.5) 383 (83.6) 4,906 (87.4) 2,726 (87.1) 9,597 (86.8)

32–36 153 (8.3) 34 (7.4) 356 (6.4) 233 (7.4) 776 (7.0)

, 32 21 (1.1) 14 (3.1) 55 (1.0) 37 (1.2) 127 (1.2)

No birth record 95 (5.1) 27 (5.9) 294 (5.2) 135 (4.3) 551 (5.0)

History of chronic lung disease

No 1,752 (94.7) 430 (93.9) 5,310 (94.7) 2,993 (95.6) 10,485 (94.9)

Yes 4 (0.2) 1 (0.2) 7 (0.1) 4 (0.1) 16 (0.1)

No birth record 95 (5.1) 27 (5.9) 294 (5.2) 134 (4.3) 550 (5.0)

History of congenital

tracheoesophageal problems

No 1,851 (100.0) 457 (99.8) 5,610 (100.0) 3,130 (100.0) 11,048 (99.9)

Yes 0 (0.0) 1 (0.2) 1 (0.0) 1 (0.0) 3 (0.1)

History of croup

No 1,845 (99.7) 450 (98.3) 5,528 (98.5) 3,111 (99.4) 10,934 (98.9)

Yes 6 (0.3) 8 (0.7) 83 (1.5) 20 (0.6) 117 (1.1)

Neighbourhood income quintile

Missing 11 (0.6) 3 (0.7) 37 (0.7) 24 (0.8) 75 (0.7)

1 (lowest) 366 (19.8) 125 (27.2) 888 (15.8) 553 (17.7) 1,932 (17.5)

2 342 (18.5) 97 (21.2) 981 (17.5) 624 (19.9) 2,044 (18.5)

3 337 (18.2) 81 (17.7) 1,052 (18.8) 691 (22.1) 2,161 (19.6)

4 371 (20.0) 75 (16.4) 1,453 (25.9) 639 (20.4) 2,538 (22.9)

5 (highest) 424 (22.9) 77 (16.8) 1,200 (21.3) 600 (19.1) 2,301 (20.8)

CTAS score

1–2 (resuscitation, emergent) 168 (9.1) 114 (24.9) 1,763 (31.4) 313 (10.0) 2,358 (21.3)

3 (urgent) 1,135 (61.3) 259 (56.6) 3,264 (58.2) 1,525 (48.7) 6,183 (56.0)

4–5 (semiurgent, nonurgent) 548 (29.6) 85 (18.5) 584 (10.4) 1,293 (41.3) 2,510 (22.7)

Disposition

Admitted 26 (1.4) 25 (5.5) 487 (8.7) 105 (3.4) 643 (5.8)

Discharged 1,825 (98.6) 433 (94.5) 5,124 (91.3) 3,026 (96.7) 10,408 (94.2)

Chest radiograph (admitted patients) 8 (30.8) 11 (44.0) 185 (38.0) 43 (41.0) 247 (38.4)

Chest radiograph (discharged

patients)

95 (5.2) 75 (17.3) 643 (12.6) 235 (7.8) 1,048 (10.1)

Overall radiograph rate 103 (5.6) 86 (18.8) 828 (14.8) 278 (8.9) 1,295 (11.7)

CTAS 5 Canadian Triage and Acuity Scale; ED 5 emergency department.
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2 years in Ontario and would likely also reduce
radiograph use in those children admitted to hospital.
More importantly, however, if all EDs could meet the
benchmark of the lowest radiograph use by EDs with a
high volume of children, 5,500 fewer children would
receive a radiograph over a 2 year period for which
there is no benefit and potential harm.

Common strategies across all ED types could also
reduce radiograph use. Clinical pathways, standard
order sets, and other clinical decision tools to bring
guideline care into practice have been shown to
improve inpatient care for bronchiolitis15,26 and
asthma,18,27,28 as well as ED care for croup29,30 and
asthma.18,31 Provider education on indications for

radiographs in asthma32 and the use of a clinical
practice guideline worksheet33 show promise in
reducing radiograph rates in asthma. Our findings
of almost nonexistent use of clinical practice guide-
lines for ED care of bronchiolitis suggest that
Ontario has a large gap in the implementation of
these tools for common childhood conditions.
However, we also found no association of current
clinical practice guideline use in croup and asthma
and radiograph rates. This lack of effect may relate to
a lack of focus on radiograph use in the guideline’s
current form, as well as most guidelines not being
formatted as ‘‘force functions,’’ which have been
found to improve uptake and the effectiveness of

Table 3. Characteristics of study population seeking ED care for asthma by hospital type (N 5 39,462)

Hospital type, n (%)

Characteristic

Front-line

pediatric care

(n 5 5,668)

Other academic

(n 5 1,410)

Community with

pediatricians

(n 5 19,485)

Community with

no pediatricians

(n 5 12,899) Overall

Male 3,525 (62.2) 811 (57.5) 12,062 (61.9) 7,597 (58.9) 23,995 (60.8)

Age (yr)

1–4 3,124 (55.1) 444 (31.5) 7,962 (40.9) 3,864 (30.0) 15,394 (39.0)

5–9 1,581 (27.9) 334 (23.7) 5,423 (27.8) 3,619 (28.0) 10,957 (27.8)

10–14 712 (12.6) 255 (18.1) 3,363 (17.3) 2,815 (21.8) 7,145 (18.1)

15–19 251 (4.4) 377 (26.7) 2,737 (14.0) 2,601 (20.2) 5,966 (15.1)

History of asthma

No 1,841 (32.5) 404 (28.7) 4,841 (24.8) 3,838 (29.8) 10,924 (27.7)

Yes 3,827 (67.5) 1,006 (71.3) 14,644 (75.2) 9,061 (70.2) 28,538 (72.3)

History of asthma admission in 2 yr

pre-ED visit

No 5,285 (93.2) 1,307 (92.7) 17,450 (89.6) 12,174 (94.4) 36,216 (91.8)

Yes 383 (6.8) 103 (7.3) 2,035 (10.4) 725 (5.6) 3,246 (8.2)

Neighbourhood income quintile

Missing 25 (0.4) 21 (1.5) 188 (1.0) 226 (1.7) 460 (1.2)

1 (lowest) 1,503 (26.5) 392 (27.8) 4,093 (21.0) 2,736 (21.2) 8,724 (22.1)

2 1,132 (20.1) 309 (21.9) 3,940 (20.2) 2,745 (21.3) 8,126 (20.5)

3 971 (17.1) 258 (18.3) 3,791 (19.5) 2,719 (21.1) 7,739 (19.6)

4 1,032 (18.2) 233 (16.5) 4,192 (21.5) 2,385 (18.5) 7,842 (19.9)

5 (highest) 1,005 (17.7) 197 (14.0) 3,281 (16.8) 2,088 (16.2) 6,571 (16.7)

CTAS score

1–2 (resuscitation, emergent) 1,425 (25.2) 394 (27.9) 6,764 (34.7) 1,260 (9.8) 9,843 (25.0)

3 (urgent) 3,176 (56.0) 706 (50.1) 9,906 (50.8) 5,278 (40.9) 19,066 (48.3)

4–5 (semiurgent, nonurgent) 1,067 (18.8) 310 (22.0) 2,815 (14.5) 6,361 (49.3) 10,553 (26.7)

Disposition

Admitted 520 (9.2) 180 (12.8) 3,052 (15.7) 560 (4.3) 4,312 (10.9)

Discharged 5,148 (90.8) 1,230 (87.2) 16,433 (84.3) 12,339 (95.7) 35,150 (89.1)

Chest x-ray (admitted patients) 352 (67.1) 140 (77.8) 2,263 (74.5) 376 (67.1) 3,131 (72.6)

Chest x-ray (discharged patients) 1,345 (26.1) 452 (36.7) 4,897 (29.8) 2,413 (19.6) 9,107 (25.9)

Overall x-ray rate 1,697 (29.9) 592 (42.0) 7,160 (36.7) 2,789 (21.6) 12,238 (31.0)

CTAS 5 Canadian Triage and Acuity Scale; ED 5 emergency department.
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guideline care.34 Our finding that ED asthma order
sets were not associated with reduced radiograph use
illustrates challenges in implementing strategies in
this area. Such order sets typically lay out every
option for care (including radiographs), and most
have no parameters for use. Pathways or more explicit
criteria for radiograph use would need to be
incorporated in such tools to change practice
patterns. For asthma specifically, our finding that
children with no previous history of wheezing are
more likely to receive a radiograph in the absence of
any evidence to support this practice35 speaks to the
need for provider education and explicit evidence-
based parameters for use. Therefore, although a mix
of staffing models across EDs is likely to continue to
exist for structural reasons, all institutions can
implement strategies aimed at rationalizing the use
of radiographs. Our findings suggest that refining the
use of clinical care pathways (e.g., making the explicit

omission of a radiograph the default order, instituting
watchful waiting for children treated with steroids to
allow time for a clinical effect or improvement prior
to ordering radiographs), reinforcement through
education and auditing, and an exploration of the
interaction between front-line and consulting staff are
three routes to optimize the use of radiographs for
these common pediatric conditions.

Our study has a number of limitations. The survey
data were reported by a single respondent at each
hospital. Although these had been previously selected by
the institution as being the most appropriate respon-
dent, we did not verify the data provided. We did not
capture the diversity of staff training (e.g., family
physicians with or without additional emergency
medicine training) in community hospitals. As most
of our analyses were not at the provider level, we did
not account for this variability but instead focused on
the availability of pediatric providers, either front-line

Table 4. Adjusted odds ratios for radiograph use in discharged patients by condition

Characteristic
Adjusted odds ratio (95% confidence interval)*

Bronchiolitis Croup Asthma3

Male 1.02 (0.91–1.14) 0.96 (0.83–1.11) 0.96 (0.90–1.02)

Age

3–12 mo 1.00 (reference) 1.00 (reference) N/A

12–24 mo 1.21 (1.07–1.37) 1.01 (0.89–1.14) N/A

1–4 yr N/A N/A 1.00 (reference)

5–9 yr N/A N/A 0.86 (0.78–0.94)

10–14 yr N/A N/A 0.82 (0.75–0.90)

15–19 yr N/A N/A 0.89 (0.81–0.98)

CTAS score

1–2 2.61 (2.07–3.30) 2.75 (2.15–3.52) 2.65 (2.35–3.00)

3 1.76 (1.48–2.09) 1.52 (1.21–1.90) 1.65 (1.49–1.82)

4–5 1.00 (ref) 1.00 (reference) 1.00 (reference)

Income quintile

1 (lowest) N/A 1.00 (reference) N/A

2 N/A 0.98 (0.80–1.20) N/A

3 N/A 0.75 (0.61–0.94) N/A

4 N/A 0.90 (0.75–1.09) N/A

5 (highest) N/A 0.73 (0.59–0.89) N/A

Missing N/A 0.86 (0.36–2.08) N/A

History of asthma N/A N/A 0.53 (0.50–0.56)

Hospital type

Front-line pediatric care 0.47 (0.24–0.95) 0.47 (0.27–0.82) 0.13 (0.02–0.62)

Other academic 1.24 (0.83–1.84) 1.47 (0.86–2.52) 1.78 (1.23–2.56)

Community with pediatricians 1.00 (reference) 1.00 (reference) 1.00 (reference)

Community without pediatricians 0.74 (0.56–0.96) 0.73 (0.55–0.97) 0.81 (0.59–1.12)

CTAS 5 Canadian Triage and Acuity Scale; N/A 5 not available.

*All models adjusted for emergency department–level propensity for admission.
3Adjusted for volume of children seen in the emergency department.
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or in consultation. Some criteria for radiograph use
relate to factors on the history or physical examina-
tion, such as a history consistent with foreign body
aspiration, signs of pneumothorax in asthma, or
drooling or other symptoms suggestive of obstruction
in croup. Our lack of clinical data precluded an
assessment of these indications or the use of standard
severity risk adjustment tools for pediatric emergency
patients.36 We based our analyses on the final
discharge diagnosis rather than the presenting com-
plaint. Many of our study population would have
presented with signs of undifferentiated respiratory
distress. Although there is little evidence to suggest
that radiographs are required to manage associated
underlying causes (reactive airway disease, bronchio-
litis), we appreciate that diagnostic imaging may be
clinically indicated to rule out problems such as
pneumothorax. We restricted our examinations to less
ill patients (those discharged home) and attempted to
control for acuity by triage scoring.

CONCLUSION

High rates of discretionary radiograph use exist for
common respiratory problems of children seen across
ED settings. Quality improvement efforts should be
focused in this area, and radiograph use in EDs staffed
by frontline pediatrics-trained staff could serve as an
initial benchmark target for other institutions. Quality
improvement strategies would need to include an
assessment of the interaction between front-line ED
staff and pediatric consultants and specifically focus on
decreasing routine radiograph use when using tools
such as order sets and pathways.
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