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Paediatric emergency research in Canada:
Using the iterative loop of research as a paradigm
for advancing the field

David W Johnson MD', Martin H Osmond MD?, Nicola Hooton BSc?, Terry P Klassen MD*, Guest Editor

hroughout the 1980s in Canada, paediatric emergency

medicine was gaining momentum as a new subspecialty.
This occurred because a growing number of physicians were
dedicating themselves exclusively to the practice of paediatric
emergency medicine and many saw it as an attractive career
choice. At the same time, fellowship training programs for pae-
diatric emergency medicine were developed.

An interesting phenomenon occured as clinicians dedi-
cated themselves to this area of clinical practice on a full-
time basis; they started questioning why certain approaches
were being employed for the management of the patients
they were assessing. It was apparent that much of standard
clinical practice had been established by other subspecialists
who did not practice in the paediatric emergency depart-
ment (ED). Hence, the patient population on whom these
approaches had been developed were different than the ones
being assessed by paediatric emergency physicians. One early
example of this is the management of the febrile infant. Up
until the early 1990s, hospital-based neonatologists or inpa-
tient general paediatricians provided the recommendations
for the management of febrile infants in emergency rooms.
Their view was that febrile infants had a high risk for serious
and overwhelming sepsis. Hence, many paediatric EDs fol-
lowed a policy of complete septic work-ups, empirical cover-
age with antibiotics and mandatory hospitalization.
However, clinicians in the paediatric ED observed that the
large majority of their children had viral illnesses and did
very well with outpatient management. They started won-
dering whether a diagnostic protocol could be developed
that would identify infants at low risk for serious bacterial
infection. This led to a series of paediatric emergency-based
studies that examined the management of infants with fever.
As a result, most paediatric EDs now employ a selective diag-
nostic protocol so that not all febrile infants younger than
three months are automatically admitted to hospital and
treated with intravenous antibiotics. This is a key example of
why research must occur in the context in which patients
are being managed and why clinicians who care for the
patients in those settings must be involved with the design
and implementation of the studies.

Over the last two decades, many clinical studies con-
ducted in the paediatric ED have been spawned by asking

important and relevant clinical questions. Canadian
researchers have played a key role in this area and are
arguably world leaders in many areas of paediatric emer-
gency medicine research. The reasons for this might be
because clinical research may have fewer impediments in
Canada; because there are dedicated research funds in
Ontario for emergency medicine research, which allows for
more than one fledgling research career to develop; and
because there is a tremendous history of cohesiveness
between emergency departments, allowing collaborative,
multicentre research to flourish in Canada.

Pediatric Emergency Research Canada (PERC) was
formed in 1995 with the aim of developing collaborative,
multicentre research and mentoring young, emerging
researchers. The framework for research was the iterative
loop of research as described by Tugwell et al (Figure 1)
(1,2). In the accompanying “abstract summaries and com-
mentaries” we have chosen ten Canadian paediatric emer-
gency research studies from the past two years. Each study
forms part of the iterative loop of research.

Papers were selected according to quality, interest, impact
and thematic area. We decided to extend our MEDLINE
(1966 to February 2004) search to papers covering the years
2002 and 2003 so as not to miss key papers that made up part
of a research theme. Search terms included but were not lim-
ited to: research, emergency, critical care, Canada, paediatric,
child, teen and elementary school. A full search strategy is
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Figure 1) The iterative loop of research. Adapted from references 1 and 2
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available on request to the authors. In addition, we identified
Canadian paediatric emergency medicine researchers and per-
formed an author search in PubMed (1966 to February 2004)
to incorporate more research; this had the added benefit of
making sure we covered the range of geographic areas in the
country. This search obtained 128 further articles. Ten papers
were selected in the areas of bronchiolitis research, other
respiratory work and injury. These three areas were selected

because of their importance in paediatric emergency room
visits in Canada. This report also draws attention to the value
of decision methodology and the high quality and breadth of
research being done by Canadians in these three areas of pae-
diatric ED care.

ACKNOWLEDGEMENT: Thanks to Ellen Crumley for per-

forming the literature search.

Abstract summaries and commentaries

BRONCHIOLITIS

Given the burden bronchiolitis places on both families and
the health care system, it is both appropriate and laudable
that Canadian pediatricians in the past 15 years have pub-
lished a substantial proportion of the world literature on
bronchiolitis. In particular, members of PERC and Paediatric
Investigators Collaborative Network on Infections in
Canada (PICNIC) have made major contributions regarding
acute therapy, practice variation as well as predicting severe
outcomes and quantifying economic burden. The four arti-
cles summarized below follow on the ‘heels’ of previous
Canadian studies and represent only a few of the many
important articles published by Canadian paediatricians.

Hartling L, Wiebe N, Russell K, Patel H, Klassen TP.

A meta-analysis of randomized controlled trials evaluating

the efficacy of epinephrine for the treatment of acute viral

bronchiolitis. Arch Pediatr Adolesc Med 2003;157:957-64.
This meta-analysis by Hartling et al sought to clarify the con-
troversy surrounding the use of epinephrine for bronchiolitis
by systematically reviewing the available evidence from ran-
domized controlled trials (RCTs) comparing epinephrine to
placebo or other bronchodilators. Data sources were MED-
LINE, EMBASE, Cochrane Central Register of Controlled
Trials, primary authors and reference lists of selected articles.
RCTs were selected if they evaluated the efficacy of epi-
nephrine against placebo or other bronchodilators; involved
infants and children two years of age or younger with bron-
chiolitis; and presented quantitative outcomes. Fourteen
studies were included, of which seven were inpatient studies,
six were outpatient studies, and one was unknown.
Epinephrine and placebo were compared in five inpatient
and three outpatient studies. Only one of 10 inpatient out-
comes (change in clinical score at 60 min) showed a signifi-
cant difference between treatment groups (standardised
mean difference —0.81, 95% CI -1.56 to —0.07) and it
favoured epinephrine. Among outpatients, five of 10 out-
comes were significant. Four outcomes (change in clinical
score at 60 min, change in oxygen saturation at 30 min, res-
piratory rate at 30 min after treatment, and improvement)
favoured epinephrine, while heart rate at 60 min after treat-
ment favoured placebo. Epinephrine and albuterol were
compared in four inpatient and four outpatient studies.
Among outpatients, results favoured epinephrine for oxygen
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saturation at 60 min (weighted mean difference [WMD]
1.91, 95% CI 0.38 to 3.44), heart rate at 90 min (WMD
—14.00; 95% CI -=22.95 to —5.05), respiratory rate at 60 min
(WMD -7.76, 95% CI —11.35 to —4.17) and improvement
(odds ratio 4.51, 95% CI 1.93 to 10.53). Among inpatients,
results favoured epinephrine over albuterol for respiratory
rate at 30 min (WMD -5.12, 95% CI -6.83 to —3.41). Some
evidence suggests that epinephrine may be favourable com-
pared with albuterol and placebo among outpatients. There
is insufficient evidence to support the use of epinephrine
among inpatients. The review concludes that large, multi-
centred trials are needed to examine the effectiveness of epi-
nephrine compared with placebo and albuterol before
routine use among outpatients can be strongly recommended.

Comment: The first two randomized trials that suggested
nebulized epinephrine might be more effective than nebu-
lized beta-agonists in bronchiolitis were conducted in
Winnipeg and Ottawa (3,4). Since then, another 10 studies
have been published, including an additional trial conducted
in Montreal (5). In contrast to the initial promising results
from the first two small single centre studies, subsequent
studies, as summarized by Hartling’s meta-analysis, have
suggested little or no benefit from nebulized epinephrine.
Our experience with trying to answer this clinical question
highlights one of the major problems resulting from con-
ducting relatively small randomized trials in a single centre:
reported results are more likely (by chance alone) to yield
inaccurate information. For important clinical questions
like this, there is a strong case for conducting larger multi-
centre trials that are much more likely to yield a clear,
definitive answer. In line with this, a paediatric emergency
physician, Amy Plint, has recently been funded by the
Canadian Institutes of Health Research to conduct a ran-
domized trial comparing nebulized epinephrine and oral
dexamethasone with placebo in 800 children enrolled from
eight PERC hospitals over two bronchiolitis seasons.

Patel H, Gouin S, Platt RW. Randomized, double-blind,
placebo-controlled trial of oral albuterol in infants with
mild-to-moderate acute viral bronchiolitis. ] Pediatr
2003;142:509-14.

Infants with bronchiolitis are commonly prescribed oral
albuterol for five to six days; however, there is little evidence to
support this practice. Patel et al conducted in Montreal an
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RCT to determine whether oral albuterol is effective in reduc-
ing the time to symptom resolution of acute viral bronchiolitis
in infants with mild to moderate illness. One hundred twenty-
nine infants younger than one year were studied; 64 were allo-
cated to receive albuterol and 65 to receive placebo syrup three
times per day for seven days. The mean time (+ SD) to resolu-
tion of illness (primary outcome) was similar in the two groups;
8.9+4.0 days for albuterol and 8.4+3.7 days for placebo
(Student’s t-test P=0.5). There were no significant differences
for the secondary outcomes (duration of poor feeding, cough,
coryza and noisy breathing). Moreover, there were no signifi-
cant differences in the median time in days to normal infant
sleeping or normal parental sleeping. Due to the lack of signif-
icant difference in both primary and secondary outcomes
between placebo and treatment groups, the authors do not rec-
ommend the widespread use of oral albuterol in infants.

Comment: Despite the ongoing controversy regarding the
effectiveness of nebulized beta-agonists, many clinicians
have made the ‘leap’ by assuming that if nebulized beta-
agonists provide some benefit, then oral beta-agonists must
as well (6). This is despite the lack of any evidence for ben-
efit of beta-agonists when delivered by the oral route (7).
Patel et al designed and conducted an elegant randomized
trial that went beyond the assessment of a clinical score
assessed shortly after treatment and followed children over
the course of their illness. Outcomes assessed were time to
resolution of illness, normal feeding, normal sleeping, quiet
breathing and resolved cough. These issues are more likely
to be of practical importance to the parents’ of children
with bronchiolitis than a one time assessment of respiratory
distress score 30 min after treatment.

In line with Steps 3 to 5 of the iterative loop of research
(Figure 1), we think that outpatient trials assessing these
kinds of ‘real world’ outcomes are urgently needed for a host
of other outpatient therapies routinely prescribed for bron-
chiolitis and several other common childhood diseases.
Therefore, we urge other paediatric investigators to consider
emulating Patel et al’s choice of study outcomes.

Schuh S, Coates AL, Binnie R, et al. Efficacy of oral
dexamethasone in outpatients with acute bronchiolitis.

J Pediatr 2002;140:27-32.

Schuh et al from Toronto studied the efficacy of oral dex-
amethasone in acute bronchiolitis in a randomized, double
blind, placebo-controlled trial of children younger than
24 months old seen in the ED with moderate to severe respi-
ratory distress (respiratory disease assessment instrument rat-
ing of six or greater at baseline). Children were randomly
assigned to receive dexamethasone syrup or placebo (patients
were given a single dose in hospital and continued to receive
either dexamethasone or placebo for five days after dis-
charge). In addition, all children received nebulized
albuterol, four times during a 4 h observational period in
hospital and four times daily after discharge. Seventy chil-
dren were analysed, with 36 receiving dexamethasone and 34
receiving placebo. Outcomes were assessed at baseline and
at 1 h periods until 4 h. They were also assessed at the
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patient’s home on day 7. The primary outcome measure was
a clinical score, Respiratory Assessment Change Score
(RACS), with a decrease indicating improvement. In the
ED, RACS from baseline to 4 h showed a significantly
greater improvement in the dexamethasone group (dex-
amethasone RACS -5.0+3.1, placebo RACS -3.2+3.7,
P=0.029). The rate of hospitalization from the ED was much
lower in the dexamethasone group (19% versus 44% in the
placebo group, P=0.039). However, there was no difference
in RACS between dexamethasone and placebo groups on
day 7 (P=0.75). The authors concluded that treatment of
children with moderate to severe bronchiolitis with oral dex-
amethasone in the first 4 h of therapy is beneficial, resulting
in fewer hospitalizations, but that in the long term, its bene-
fit is unclear.

Comment: Numerous clinical trials, including another
conducted in Canada (8), have examined whether cortico-
steroids are effective in the treatment of bronchiolitis. The
results of all these previous trials, when examined individu-
ally, have suggested no benefit. However, the results of a
meta-analysis of these trials suggest that corticosteroids
reduce the duration of hospitalization by a modest amount
— approximately 10 h (9).

Schuh et al’s findings, though consistent with the results of
this meta-analysis, suggest a significantly greater benefit for
the use of corticosteroids than any other trial reported to date.
Potential explanations for the differences in findings include
the use of a very large dose of corticosteroid (dexamethasone
1 mg/kg), treatment of children relatively early in the course
of their disease (on average slightly less than 48 h of symp-
toms), use of a clinical outcome (hospitalization rate) that has
not been previously employed, and greater percentage of
patients in the dexamethasone group having a family history
of atopy (83% versus 53%).

Schuh et al’s study was well-designed and reported, but
because it involved only a single centre, it was relatively
small. Given our recent experience (discussed above) with
the use of epinephrine in bronchiolitis, it is clear that we need
the results of a large multicentre RCT with the same study
design before we fully accept that steroids are effective in
bronchiolitis. Fortunately, two large multicentre trials (Amy
Plint’s randomized trial discussed above and another paedi-
atric ED-based trial in the United States) are underway.

Johnson DW, Adair C, Brant R, Holmwood J, Mitchell 1.
Differences in admission rates of children with bronchioli-
tis by pediatric and general emergency departments.
Pediatrics 2002;110:e49.

Johnson et al in Calgary performed a retrospective review of
ED visits involving children with bronchiolitis to quantify the
differences in admission practices between paediatric and
general EDs in a metropolitan area. In a larger context, this has
implications for health care costs, since it would be expected
that with a greater base of experience in evaluating children,
there would be greater certainty about which children to admit
and therefore lower rates of admission in children’s hospitals.
The main outcome was population-standardized estimates of
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admission rates. Three thousand ninety-one charts for chil-
dren with an International Classification of Diseases, 9th
Rewision (10) diagnosis of bronchiolitis were reviewed. Two
thousand four hundred ninety-six of these children were eval-
uated at paediatric EDs and 595 at general EDs, with 629
(25%) and 221 (37%) of these children admitted, respec-
tively. When factors such as age, sex, estimated family
income, comorbidity rate and clinical severity (estimated by
oxygen saturation and respiratory rate) were controlled for
with the multiple logistic regression model, population stan-
dardized estimates for admission rates at the paediatric and
general EDs were 24% (standard error 1%) and 43% (stan-
dard error 2%) respectively. Therefore, children diagnosed
with bronchiolitis at a paediatric ED, after adjusting for
important demographic and clinical information, were
approximately half as likely to be admitted to hospital as chil-
dren diagnosed at general EDs.

Comment: This study by Johnson et al examining differ-
ences in admitting practices between paediatric and general
EDs relied heavily on findings from studies published in the
1990s by PICNIC investigators (11-15). PICNIC data sug-
gests that, overall, approximately 1% of Canadian children
with bronchiolitis are hospitalized and hospitalizations
account for more than 60% of health care expenditures for
this disease (11). The implication of this finding is that any
variation in hospitalization rates would have a significant
impact on total health care expenditures. So in the context
of this research, the findings by Johnson et al provide an
example of how the experience and expertise provided by a
paediatric ED may yield cost savings for the health care sys-
tem without any decrease in quality.

RESPIRATORY

Asthma remains a major disease burden in children, result-
ing in many ED visits and hospital visits. This has generated
an enormous amount of research interest with industry-
sponsored research playing a key role. With such a crowded
playing field, it is impressive that Canadian researchers
have been able to make a significant mark in advancing
knowledge in this area. Croup is a respiratory disease that
usually peaks in the fall of each year, showing marked
increase every other year; and here, Canadian researchers
have led the world in performing some of the key RCTs and
transforming the management of this disease.

Neto GM, Kentab O, Klassen TP, Osmond MH. A ran-
domized controlled trial of mist in the acute treatment of
moderate croup. Acad Emerg Med 2002;9:873-9.

This RCT by Neto et al took place in the ED of the
Children’s Hospital of Eastern Ontario. The purpose was to
determine whether the use of mist improves clinical symp-
toms in children aged three months to six years who pre-
sented to the ED with moderate croup. Although the use of
mist (humidified air) is routine in many EDs, there have
been a limited number of studies investigating its effect.
Seventy-one patients were enrolled in the study with 35
receiving mist and 36 receiving no mist. The main outcome
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measure was croup score. The median baseline croup score
was four in both groups and croup scores were measured
every 30 min for up to 2 h. Outcomes were measured as
change from baseline at each of these time points.
Secondary outcomes included heart rate, respiratory rate,
oxygen saturation and croup score. The results showed no
significant difference in change in croup score between the
mist and no mist groups (P=0.39), or in improvement of
any other variable. Although there were no adverse affects
to using mist, there was no proven benefit of mist in the ED
treatment of children with moderate croup.

Comment: Some of the important advances in paediatric
emergency medicine have occurred in the management of
croup and many have been produced by Canadian researchers.
This study by Neto et al is exciting because it addresses the
effectiveness of a treatment that has been widely adopted by
many centres. The use of mist therapy for children presenting
to the ED was thought to be an intervention that was obvi-
ously effective. However, mist therapy has never been ade-
quately studied in a clinical trial. In this rigorous study, where
Neto et al randomized children to mist or no mist, one of the
long held medical myths was debunked. While mist therapy
cannot be double blinded, she adopted a sound methodologi-
cal approach by ensuring outcome assessors (of the croup
score) and decision makers (paediatric emergency physicians)
were blinded to treatment allocation. In the end, there was no
evidence that mist therapy was better than the control in
dexamethasone-treated patients with croup.

Before this study, Canadian researchers had done much
of the work demonstrating that glucocorticoids (dexam-
ethasone or budesonide) are more effective than placebo in
hastening the resolution of croup symptoms, reducing time
spent in the ED and significantly decreasing the probability
of hospitalization (16). As a ‘real world’ example of how
radically the routine use of steroids has had on the manage-
ment of the disease, in western Australia, the rate of intu-
bation in patients with severe disease was reduced by
approximately fivefold (17). Where steroids have been
widely adopted, the management of croup has been trans-
formed into largely an outpatient disease, with very few
children requiring hospital admission. Furthermore, a
recently completed multicentre PERC trial shows that dex-
amethasone is clearly effective, even in children with the
mildest symptoms (18).

However, the existence of high-quality evidence does not
guarantee that the evidence will be used. David Johnson,
funded by Canadian Institutes of Health Research, is exam-
ining three methods of changing provider behaviour in croup
management. In a cluster RCT, the evidence-based guide-
lines produced by the Alberta Medical Association (19) have
been disseminated using three approaches, ranging from
sending out a pamphlet outlining the guidelines (most pas-
sive) to a complex, multi-facetted intervention, using opin-
ion leaders along with a series of educational workshops. It
has already been demonstrated that the admission rate for
croup and the use of effective interventions such as dex-
amethasone vary significantly across Alberta (20).
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Ducharme FM, Chabot G, Polychronakos C, Glorieux F,
Mazer B. Safety profile of frequent short courses of oral
glucocorticoids in acute pediatric asthma: Impact on
bone metabolism, bone density, and adrenal function.
Pediatrics 2003;111:376-83.

This study by Ducharme et al in Montreal was a cross-
sectional study aiming to establish the safety profile of
repeated short courses of oral glucocorticoids in children
with asthma. Oral glucocorticoids are frequently used to
reduce airway inflammation in acute paediatric asthma exac-
erbations. The factors evaluated were impact on bone miner-
alization, bone metabolism and adrenal function. Children
were evaluated in one to all three of these areas. The study
enrolled 83 children between the ages of two and 17. Forty-
eight children had been exposed to oral glucocorticoids
(median exposure level = four courses, range of three to 11
courses) and 35 had not. For the study, children that had
been exposed were also prescribed a new burst of glucocorti-
coids for the index exacerbation. Impact on bone metabolism
was measured through levels of serum osteocalcin, calcium,
phosphorus, alkaline phosphatase, urine calcium/creatinine
ratio, renal threshold phosphate concentration and urine
pyridinoline cross-links. These were measured on day 1, last
day of the burst, which was day 4 or 5, and day 30. Impact on
bone density was evaluated through determination of bone
age and bone mineral density of the lumbar spine, which
were obtained one month after the glucocorticoids burst.
Adrenal function was evaluated by examining adrenal
reserve using basal cortisol and cortisol response to adreno-
corticotrophic hormone stimulation one month after the
exacerbation. The main finding was that baseline serum
osteocalcin level was 30% lower (95% CI 25 to 34) in the
exposed children compared with the unexposed. There was a
41% decrease in the baseline serum osteocalcin level
between the first and last day of the burst, and then a return
to baseline by day 30. There was no such change in the lev-
els of the unexposed group. There was no significant differ-
ence in urine pyridinoline levels between the two groups.
Bone density scores were similar in the two groups (Z score
exposed [+ SD] —0.61+1.0; Z score unexposed —0.67+0.9),
both of which had scores lower than expected.
Measurements of adrenal function were similar between the
exposed and unexposed groups. The authors concluded that
the practice of giving a short course of oral glucocorticoids for
acute asthma was not associated with any lasting effect on
bone metabolism, mineralization or adrenal function.

Comment: While glucocorticoids have been shown to have
an important role for children with acute asthmatic exacer-
bations, the safety of this intervention has always been
brought into question. This study by Ducharme et al goes a
long way to clarifying the question about osteopenia and
adrenal suppression. There was no evidence of either of
these adverse effects in this study of 83 children (48 of
whom had been exposed to short courses of oral glucocorti-
coids). The implication is that with the evidence support-
ing the effectiveness of glucocorticoids for patients
presenting to the ED, clinicians can now feel somewhat

Paediatr Child Health Vol 9 No 6 July/August 2004

Review

reassured about the safety of this approach.

In 1996, Canadian researchers, Patel et al (21), using a
case-control study design determined that in immunocompe-
tent children, recent corticosteroid use did not increase the
risk of complicated varicella infection. This study demon-
strated that this potential risk was perhaps not as high as pre-
viously thought and, hence, judicious and appropriate use of
steroids for children with respiratory problems, where the
evidence has demonstrated effectiveness, may be used.

Cates CC, Bara A, Crilly JA, Rowe BH. Holding chambers

versus nebulisers for beta-agonist treatment of acute asthma.

Cochrane Database Syst Rev 2003;(3):CD000052.

The objective of this Cochrane systematic review by Cates
et al in both the United Kingdom and Canada was to assess
the effects of holding chambers versus nebulisers for the
delivery of beta-2 agonists for acute asthma. The RCTs cov-
ered in this review were identified through searches of the
Cochrane Airways Group trials register (last searched
November 2002) and the Cochrane Central Register of
Controlled trials (The Cochrane Library, Issue 3, 2002). The
review analyses 1076 children and 44 adults included in
22 trials worldwide. In the latest update, five trials on inpa-
tients with acute asthma (184 children, 28 adults) were
added to the review. The primary outcome measures were
admission to hospital, or duration of stay in the case of inpa-
tients. Other outcomes were duration in ED, change in respi-
ratory rate, blood gases, pulse rate, tremor, symptom score,
lung function, use of steroids and relapse rates. For the pri-
mary outcome, method of delivery of medication did not sig-
nificantly affect hospital admission rates. In adults, relative
risk of admission for holding chamber compared with nebu-
liser was 0.88 (95% CI 0.56 to 1.38); in children, the relative
risk was 0.65 (95% CI 0.4 to 1.06). In adults, there was no
significant difference between the two methods for length of
stay in the ED, whereas in children, length of stay was signif-
icantly shorter with use of the holding chamber (WMD
—0.47 h, 95% CI -0.58 h to —0.37 h). Also in children, pulse
rate was lower for holding chamber (WMD —7.6% baseline,
95% CI -9.9 to —5.3% baseline). Peak flow and forced expi-
ratory volume were similar for holding chamber and nebuliser.
In conclusion, the two methods were at least equivalent for
most outcomes, but holding chambers may have some advan-
tages over nebulisers for use in children with acute asthma.

Comment: The treatment of acute asthma in ED has been
greatly advanced by paediatric emergency researchers.
Through their work on demonstrating the effectiveness of
frequent, high dose beta-2 agonists, Schuh et al (22) had a
major impact in this area, defining the role of ipratropim
bromide (23) and examining the role of inhaled steroids in
the ED (24). Historically, the switch from injected epi-
nephrine to nebulized salbutamol occurred when Dr Allen
Becker (a paediatric allergist) et al (25) demonstrated that
injected epinephrine was not superior to nebulized salbuta-
mol with an RTC in the ED.

The Cochrane collaboration is committed to synthesiz-
ing all the existing evidence on interventions in health
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care. Systematic reviews form the basis of this. Canadian
researchers have played an important role in the develop-
ment of Cochrane, with major contributions in the Airways
Group and Acute Respiratory Infection review groups. Drs
Brian Rowe and Francine Ducharme, co-editors in the
Airways groups, have both made important contributions
in this area.

This review, which included 1076 children, demonstrated
that holding chambers were as effective as standard delivery
of beta-2 agonists via nebulization. Indeed, in children, the
stay in the ED was shortened by 0.47 h. A cost effectiveness
study has shown that holding chambers are less costly than
nebulizers for delivery of beta-2 agonists. As with many
pieces of evidence, now the key is to ensure that clinicians
do use the best evidence for their patients.

INJURY

Injury is the number one killer of children older than one year
and is responsible both for significant morbidity in the paedi-
atric population and a large number of visits to the ED. The
sheer magnitude of the problem and the fact that many of
these children are first seen in the ED, make injury research a
priority for many paediatric emergency researchers. Studies
range from injury surveillance studies that recognize new
injury patterns (ie, snowboard or all-terrain vehicle injuries),
to clinical management trials (such as the derivation of clini-
cal decision rules), to interventional trials in injury preven-
tion (ie, comparing playground surface materials). The three
articles summarized below are recent additions to the paedi-
atric emergency medicine literature that have changed clini-
cal practice and improved child health.

Bulloch B, Neto G, Plint A, et al. Validation of the
Ottawa Knee Rule in children: A multicenter study.
Ann Emerg Med 2003;42:48-55.

This multicentre validation study by Bulloch et al evaluated
the sensitivity and specificity of the Ottawa Knee Rule (26)
when applied to children and determined whether use of
the rule would decrease the number of knee radiographs
ordered in the ED. The study included children between
the ages of two and 16 years presenting to the ED with an
acute injury to the knee occurring within the last seven
days and evidence of bony injury to the knee on physical
examination. Seven hundred fifty children were enrolled.
The mean age (= SD) was 11.8+3.1 years and 59% were
male. The children were assessed by physicians or fellows
according to the Ottawa Knee Rule, which states that a
knee x-ray is required only for patients who have acute knee
injury and at least one of the following: tenderness at head
of fibula, isolated tenderness of patella, inability to flex to
90 degrees, and inability to bear weight (at least four steps),
both immediately and in the ED. Radiographs were ordered
at the physicians’ or fellows’ discretion. A positive outcome
was defined as any fracture seen on x-ray, regardless of size.
A negative outcome was defined as children who had no
fracture on radiograph, or were asymptomatic after 14 days
if no radiograph was obtained. Seventy children had a pos-
itive outcome (fracture). The Ottawa Knee Rule was 100%
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sensitive (95% CI 94.9% to 100%) and had a specificity of
42.8% (95% CI 39.1% to 46.5%). Radiography was per-
formed for 670 children. If radiographs had been performed
according to the Ottawa Knee Rule, 460 children would
have required a radiograph, resulting in an absolute reduc-
tion of 210 radiographs, or 31%. This study provides evi-
dence that the Ottawa Knee Rule is valid in children and,
if used, it could decrease the use of radiography in children
with acute knee injuries.

Comment: This study is an example of the growing number
of publications in the emergency medicine literature devoted
to the developing and testing of clinical decision rules.
Clinical decision rules (prediction rules) are designed to
help physicians with diagnostic or therapeutic decisions at
the bedside. They are derived from original research (as
opposed to consensus-based clinical practice guidelines),
and incorporate features from history, physical examination
or simple tests. These tools help clinicians cope with the
uncertainty of medical decision making and improve their
efficiency. It has been shown that improved physician effi-
ciency results in better patient care and a more cost-effective
medical practice (27).

Dr Ian Stiell, a professor of emergency medicine at the
University of Ottawa, is a world-renowned expert in devel-
oping clinical decision rules and has contributed in the
development of clinical decision rules in adults for the use
of radiography for acute ankle and knee injuries, minor
head injuries and neck injuries (26,28-32). However, as
most pediatricians would not feel comfortable using clinical
decision rules derived and validated in adults on the paedi-
atric population, independent validation studies need to be
performed in children.

In 1999, Plint et al (33) showed the Ottawa Ankle Rules
to be valid in children. In 2001, in an international collab-
oration involving the ED of The Hospital for Sick Children
in Toronto and the Children’s Hospital in Boston, Boutis et
al (34) found a “low risk clinical examination” of the ankle
to be effective in reducing ankle radiography without miss-
ing any “high risk fractures”. The study by Bulloch et al
abstracted above has shown that the Ottawa Knee Rule can
be confidently used in children older than five years. These
findings should improve physician efficiency in the use of
ankle and knee radiographs for children with acute injuries.
It is interesting to note that to quickly accrue the needed
patients, all three studies were multicentre studies, with the
Plint et al and Bulloch et al studies using a network of
Canadian paediatric emergency medicine researchers
known as PERC.

Currently, Dr Martin Osmond is leading a Canadian
Institutes of Health Research funded PERC study involving
nine paediatric EDs across Canada, working toward deriv-
ing a clinical decision rule for the use of CT scan in chil-
dren with minor head injury. In the future, in an effort to
improve physician efficiency and keep down health care
costs, we should expect to see the derivation and validation
of many more clinical decision rules for use in the acute
care of children.

Paediatr Child Health Vol 9 No 6 July/August 2004



Farion KJ, Osmond MH, Hartling L, et al. Tissue adhesives
for traumatic lacerations: A systematic review of random-
ized controlled trials. Acad Emerg Med 2003;10:110-8.
This systematic review by Farion et al from Ottawa and
Edmonton summarizes the evidence for the use of tissue
adhesives for the management of traumatic lacerations in
children and adults. Studies were selected for review if they
were RCTs that enrolled patients of any age with acute (less
than 12 h old) linear lacerations managed in an ED or other
primary care setting; compared a tissue adhesive (TA) ver-
sus standard wound closure (SWC), or two or more TAs;
and reported on any measured clinical or physiological out-
come. Nine studies, represented by 13 articles, were identi-
fied through a comprehensive search of electronic
databases, citations and contacting authors. Cosmetic out-
come was the principal outcome assessed. Secondary out-
comes were pain, procedure time, ease of use and
complications. In the eight studies comparing TA with
SWC, there was no significant difference in cosmesis at var-
ious time points. Subgroup analysis comparing paediatric
and adult studies for cosmesis showed no significant differ-
ence. Pain scores, as assessed by visual analog scales, signif-
icantly favoured TAs. Time to complete the procedure in
minutes also favoured TAs with physicians being able to
complete the procedure approximately 5 min faster with
TAs. In terms of complications, there was a small signifi-
cant risk of increased dehiscence using TAs (approximately
one extra dehiscence for every 25 lacerations treated), and
a risk increase for erythema using SWC (one wound with
significant erythema for every eight wounds sutured). Only
one study compared two TAs (butylcyanoacrylate
[Histoacryl Blue, B Braun Melsungen AG, Germany] versus
octylcyanoacrylate [Dermabond, Ethicon Inc, USA]) and
no significant difference resulted for cosmesis, pain, proce-
dure time or complications. TAs are an acceptable alterna-
tive to SWC for repairing simple traumatic lacerations, but
further research is needed looking at the characteristics that
result in the small increase in dehiscence with TAs and
whether this has an effect on cosmetic outcome.

Comment: This systematic review by Farion et al summarizes
the evidence for using TAs for simple laceration closure in
children and adults. The evidence is clear that the use of TAs
for children with acute lacerations would result in a quicker,
less painful procedure that results in an equal long-term cos-
metic outcome, though none of the original RCTs showed a
significant difference in wound dehiscence rates between the
two methods of closure, Farion et al have shown that by ana-
lyzing the combined data, that there is a slight increased risk
of dehiscence with TA closure versus sutures. It is not known
whether this results in a poorer cosmetic outcome or whether
changes in wound selection, operator technique or type of
TA used could minimize the dehiscence rate. Very large
RCTs would be needed to evaluate these rare events.

Much of the early research in the area of TA closure was
carried out in EDs in Canada. A study by Quinn et al (35) at
the University of Ottawa was the first RCT to show the effec-
tiveness of a TA in wound closure in children. Quinn et al
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(36) were also the first to determine the interrater reliability
and validity of the Visual Analog Scale as a tool to assess
cosmetic outcome. Another Canadian study by Osmond et al
(37) was the first to demonstrate the cost-effectiveness of
TAs as an alternative to sutures. As a result of this and other
research, TAs are now used daily for laceration closure in
most EDs across North America.

The Farion et al’s systematic review was carried out under
the aegis of the Cochrane Collaboration, and was also pub-
lished in The Cochrane Database of Systematic Reviews
(38). The Cochrane Library consists of a regularly updated
collection of evidence-based medicine databases, including
The Cochrane Database of Systematic Reviews, which pro-
vided high-quality information to people providing and
receiving care and those responsible for research, teaching,
funding and administration. As part of the Cochrane Library,
this tissue adhesive review will be frequently updated, incor-
porating new RCTs when they become available. Thus, the
review will remain current and will be an excellent source of
information for practicing physicians.

Macpherson AK, To TM, Macarthur C, Chipman ML,
Wright JG, Parkin PC. Impact of mandatory helmet
legislation on bicycle-related head injuries in children:

A population-based study. Pediatrics 2002;110:e60.
Macpherson et al from Toronto studied the impact of helmet
legislation on bicycle-related head injuries in Canadian chil-
dren. This was a population-based study including all
Canadian children aged five to 19 years who were hospitalized
for bicycle-related injuries from 1994 to 1998. Rates of head
injury over time were compared among provinces with and
without mandatory helmet legislation. The legislation was
introduced in four provinces between October 1995 and July
1997. In the four provinces with legislation (Ontario, New
Brunswick, British Columbia, and Nova Scotia) there was a
45% reduction in the rate of bicycle-related head injuries
from 1994/1995 to 1997/1998. In the remaining provinces
without legislation, the rate of head injury also declined but
significantly less (27%). Other bicycle-related injury rates also
declined in the population but there were no significant dif-
ferences between provinces with and without legislation.

Comment: Bicycle crashes are a major cause of injury and
death among school-aged children and adolescents, with most
hospitalizations and deaths attributed to head injuries. It has
been well demonstrated that helmets reduce the risk of head
injury by up to 88% and reduce the risk of facial injury by 65%
among child cyclists. The difficulty lies in how to get children
to wear helmets. Studies examining educational initiatives
have shown little increase in bicycle helmet ownership and
use. Legislation is felt to be the most effective way to imple-
ment injury prevention strategies. In their study, Macpherson
et al elegantly show the effectiveness of mandatory helmet leg-
islation in the most important outcome — reduction of head
injury. By comparing children with head injuries with children
without head injuries, they control for potential differences in
the children’s bicycling habits and demonstrate that a decrease
in head injuries was not likely due to a decrease in cycling.
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Other Canadian studies have added to the bicycle helmet
literature in the past. Harlos et al (39) observed 2629 cyclists
in Winnipeg to identify the demographic characteristics of
those not using bicycle helmets. They found a very low usage
rate (21.3%) in Winnipeg and reported that adolescents,
males, rural cyclists and those in low income areas were less
likely to wear helmets. In a similar study carried out in
Sudbury, Ontario, Rowe et al (40) observed helmet usage
rates of 20% and determined that only 49% of those were
worn correctly. They found a high level of support for helmet
legislation for children (81%) and for all ages (57%). It is
local Canadian studies such as these that identify populations
that may benefit from interventions to increase helmet use. In
addition, this data is used to make the case to municipal and
provincial leaders for the need for legislation. It is encourag-
ing that over the last few decades there has been a decline in
the overall childhood injury rate in Canada; however, much
work still needs to be done in the future to continue to iden-
tify and eliminate potential injury hazards.
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