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Canadian pediatric emergency physician knowledge
of concussion diagnosis and initial management
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ABSTRACT

Introduction: The diagnosis of concussion is a critical step in
the appropriate management of patients following minor
head trauma. The authors hypothesized that wide practice
variation exists among pediatric emergency medicine physi-
cians in the application of physical and cognitive rest
recommendations following an acute concussion.

Methods: The authors developed a 35-item questionnaire
incorporating case vignettes to examine pediatric emergency
physician knowledge of concussion diagnosis, understanding
of initial management using return-to-play/school/work guide-
lines, use of existing concussion protocols, and perceived
barriers to protocol use. Using a modified Dillman technique,
the authors distributed an online survey to members of
Pediatric Emergency Research Canada, a national association
of pediatric emergency physicians.

Results: Of 176 potential participants, 115 (65%) responded to
the questionnaire, 89% (95% confidence interval [CI]: 0.81, 0.93)
of whom reported having diagnosed 20 or more concussions
annually. Although 90% (95% CI: 0.83, 0.94) of respondents
adequately diagnosed concussion, only 64% (95% Cl: 0.54, 0.72)
correctly applied graduated return-to-play guidelines. Cognitive
rest recommendations were also frequently limited: 40% (95%
CI: 0.31, 0.49) did not recommend school absence, 30% (95% CI:
0.22, 0.39) did not recommend schoolwork reduction, and 35%
(95% CI: 0.27, 0.45) did not recommend limiting screen time.
Eighty percent (95% Cl: 0.72, 0.87) of respondents reported
having used guidelines frequently or always to guide clinical
decisions regarding concussion.

Conclusion: Despite a proficiency in the diagnosis of concus-
sion, pediatric emergency physicians exhibit wide variation in
recommending the graduated return to play and cognitive
rest following concussion.

RESUME

Objectif: La pose du diagnostic de commotion cérébrale
constitue une étape cruciale de la prise en charge appropriée

des traumas craniens légers. Les auteurs ont émis I'hypoth-
ese selon laquelle il existe des écarts importants de pratique
parmi les urgentologues pédiatres dans l'application des
recommandations concernant le repos physique et cognitif a
la suite d'une commotion cérébrale aigué.

Méthode: Les auteurs ont élaboré un questionnaire en
35 points comprenant des illustrations de cas dans le but de
vérifier les connaissances des urgentologues pédiatres en
matiere de diagnostic de la commotion cérébrale; de
compréhension de la prise en charge initiale, fondée sur
des lignes directrices relatives au retour au jeu, a I'école ou au
travail; d’application des protocoles existants en ce qui
concerne les commotions cérébrales ainsi que d'obstacles
percus relativement a I'application des protocoles. Les
auteurs ont envoyé un questionnaire en ligne, selon une
version modifiée de la méthode de Dillman, aux membres du
Groupe de Recherche en Urgence Pédiatrique du Canada, une
association nationale d'urgentologues pédiatres.

Résultats: Sur une possibilité de 176 participants, 115 (65 %)
ont répondu au questionnaire, dont 89 % (IC a 95 %: 0,81 —
0,93) ont déclaré diagnostiquer 20 commotions cérébrales ou
plus par année. Tandis que 90 % (IC a 95 %: 0,83 — 0,94) des
répondants ont bien diagnostiqué la commotion cérébrale,
seulement 64 % (IC a 95 %: 0,54 — 0,72) ont appliqué
correctement les lignes directrices concernant le retour
progressif au jeu. Quant aux recommandations relatives au
repos cognitif, elles étaient également peu appliquées dans
de nombreux cas: 40 % des répondants (IC a 95 %: 0,31 - 0,49)
n‘ont pas recommandé I'absence a I'école; 30 % (IC a 95 %:
0,22 - 0,39) n‘ont pas recommandé une diminution des
travaux scolaires, et 35 % (IC a 95 %: 0,27 — 0,45) n‘ont pas
recommandé une limitation du temps passé a |'écran. Quatre-
vingts pour cent (IC a 95 %: 0,72 — 0,87) des répondants ont
indiqué appliquer « souvent » ou « toujours » les lignes
directrices pour prendre des décisions d’ordre clinique en ce
qui concerne les commotions cérébrales.

Conclusion: Malgré une connaissance approfondie des
urgentologues pédiatres en matiére de diagnostic de la
commotion cérébrale, des écarts importants se dégagent des
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recommandations en ce qui concerne le retour progressif au
jeu et le repos cognitif a la suite d’'une commotion cérébrale.

Keywords: Concussion, Pediatric, Adolescent, Practice
Variation, Guidelines

INTRODUCTION

The diagnosis of concussion is a critical step in the
appropriate management of patients following minor
head trauma.'”* The International Conference on
Concussion in Sport defines concussion as a “complex
pathophysiologic process affecting the brain, induced
by biomechanical forces” due to either a direct or
indirect blow, resulting in the impairment of neurologic
function with clinical symptoms.” The diagnosis of
concussion is particularly challenging because acute
symptoms, which are likely caused by functional
disturbances rather than gross structural injury, are
associated with normal standard structural neuroima-
ging (e.g., computed tomography scan).” Symptoms of
concussion may overlap with more severe pathologic
traumatic brain injury or mimic other medical condi-
tions, such as posttraumatic stress disorder, depression,
and headache syndromes.”'® The identification of
concussion is critical to deliver appropriate care and
support to patients and their families."" ™ Persistent
symptoms following concussion can have a devastating
impact.'*"> Consequences of concussion can include
school absenteeism, depression, loss of social activities,
and lower quality of life.'® Children and adolescents
may miss weeks or even months of their school year,
which can affect marks and jeopardize a promotion to
the next grade level.'”'® Slowed cognition, decreased
attention, and memory impairment may make school-
work a challenge upon return and require educational
interventions.'>"*1?2% Given the serious short- and
long-term effects following mild traumatic brain injury,
the application of appropriate initial management
practices is essential.”' ¢

Numerous guidelines for the management of con-
cussion have been released from specialty groups
(including sports medicine, neurology, pediatrics, and
family medicine) and from large medical associations.
There is a collective agreement across all guidelines that
the initial management should include removal from
play, physical and cognitive rest, and graduated return
to normal activities following medical clearance.’"~**
The 2012 Zurich Consensus statement (of the 4th
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International Conference on Concussion in Sport)
concluded that there should be no return to play on the
day of injury for the child or adolescent athlete, and it
recommended a stepwise progression to return to play.
Cognitive rest was described as a need to modify school
attendance and activities.” This consensus statement
noted that it is appropriate to have an extended time
of asymptomatic rest in children and adolescents.
Similarly, the American Academy of Neurology
guidelines recommend a more conservative return to
play in children and adolescents than in adults, but the
guidelines do not specify cognitive rest.*’

The incidence of pediatric concussion has increased
by over 50% in the past decade, resulting in a pro-
portional increase in pediatric emergency department
(ED) visits. There are approximately 250,000 pediatric
concussion ED visits annually in the United States.*’
The objective of this study was to examine the ability of
Canadian pediatric emergency physicians to diagnose a
concussion and evaluate the scope of practice variation
for recommendations of physical and cognitive rest.
The authors hypothesized that wide practice variation
exists among pediatric emergency medicine physicians
in the application of physical and cognitive rest
recommendations following an acute concussion.

MATERIALS AND METHODS

Study design

A survey of Canadian pediatric emergency physicians
was carried out to assess the knowledge of pediatric
concussion and initial management, specifically
regarding the application of physical and cognitive rest.

Instrument development

A multidisciplinary team of physicians with expertise in
concussion diagnosis and management, pediatric
emergency medicine, neuropsychology, allied health,
assessment tool design, and medical education research
established the questionnaire’s length, format, and
content. Four domains were identified: 1) knowledge of
concussion diagnosis; 2) initial management using
return-to-play/school/work recommendations (includ-
ing subgroups Bl: same-day return-to-play, B2:
graduated return-to-play, and B3: cognitive rest [e.g.,
school attendance, homework, reading, screen time]);
3) knowledge of existing concussion guidelines or
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recommendations; and 4) perceived barriers to
guideline use.

The team developed three case vignettes featuring
common pediatric minor head injury scenarios of
varying complexity (Appendix 1). The first vignette
described a preadolescent male who developed a
headache, dizziness, visual disturbances, and mild cog-
nitive changes after an indirect blow to the head caused
by an accidental collision to his chest during a hockey
game. His symptoms partially improved over the
20 minutes subsequent to the collision. The purpose of
this vignette was to determine whether a concussion
would be recognized without a direct blow to the head
and to determine the knowledge of same-day return-to-
play contraindications. The second vignette described
an adolescent female who developed amnesia, dizziness,
and nausea after a nonsports-related fall at school in
which her head struck a wall in a stairwell. The purpose
of this vignette was to determine recognition of a
nonsports concussion and to ensure that recommen-
dations were made for cessation of physical exertion
(even noncontact such as running) until the child was
asymptomatic. The final vignette described an adoles-
cent male who had a football helmet-to-helmet collision
resulting in a 1-minute loss of consciousness, amnesia,
headache, vision changes, and nausea. This classic case
was included to correspond with the more constrained
pre-2002 definition of a concussion.* All three vignettes
exceeded the lowest threshold for the diagnosis of a
concussion.™ To assess the respondents’ knowledge of
concussion diagnosis and management, four closed-
ended questions were posed for each of the case vign-
ettes. The first question inquired whether the child
suffered a concussion (correct answer: yes). Subsequent
questions queried whether same-day return to play was
possible (correct answer: no) or whether athletic compe-
titions were possible in the next 2 to 5 days (correct
answer: mno), and suggested cognitive rest options
(choices included school absence; reduction of school-
work; and avoidance of computer use, text messaging,
playing video games, and watching the television). Five
demographic questions were also included. Prior to
distribution, the questionnaire was pilot tested for
clarity and appropriateness by 10 emergency physicians
and members of the Concussions Ontario: Diagnosis
and Early Education working group (which included
allied health and physician representatives) and revised
as necessary.”* All reviewers were excluded from the
participant population.
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OUTCOMES

The primary outcome was the application of the
Zurich Consensus definition to diagnose a concussion.
Secondary outcomes included practice variation for
physical rest recommendations (no same-day return-to-
sport and graduated return-to-play) and practice variation
for cognitive rest.

Participants

The authors enrolled pediatric emergency medicine
physicians who are members of the Pediatric Emer-
gency Research Canada (PERC). PERC is a network of
15 pediatric or teaching hospitals across Canada with
diverse geographic membership: 38% from Ontario,
21% from Alberta, 17% from Quebec, 8% from Nova
Scotia, 5% from British Columbia, 4% from Manitoba,
3% from Saskatchewan, and 3% from Newfoundland.
After the exclusion of study investigators and pilot
survey participants (z = 6), the questionnaire was dis-
tributed to the remaining 176 PERC members. Survey
respondents who were not attending physicians or did
not regularly diagnose or manage children and adoles-
cents with concussions were excluded.**

Ethical considerations

Prior to survey distribution, the study was approved by
the PERC Executive Committee and the Research Ethics
Board of the Children’s Hospital of Eastern Ontario.
This project was funded by a grant from the Ontario
Neurotrauma Foundation, Toronto, Ontario, Canada.

Data collection procedure

The questionnaire and accompanying information
letter were distributed electronically from November
15, 2012, to January 15, 2013, using FluidSurveys
(Fluidware, Ottawa, ON), a Canadian Web-based
questionnaire system.”’ Based on a modified version
of Dillman’s tailored design method,’® two reminder
emails were sent in an attempt to maximize the response
rate. All questionnaire responses were kept confidential,
and only aggregated data were reported.

Data analysis

Analyses of the questionnaire data were performed
using the statistical software tool, SPSS (Version 20).*”
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Standard descriptive statistics were calculated, with
95% confidence intervals (CI) using the Wilson method
when appropriate.

RESULTS
Characteristics of respondents

In total, 115 health care providers (65%) responded to
the questionnaire; 109 providers replied to questions for
all three case vignettes; and 108 answered all questions
for the three vignettes. Of those, 105 provided demo-
graphic information and identified their highest level of
postgraduate training in pediatric emergency medicine
(n = 76), pediatrics (n = 16), emergency medicine
(n = 11), family medicine (z = 1), and sports medicine
(n = 1). Three respondents declined to provide demo-
graphic information. The great majority of respondents
(89% [95% CI: 0.81, 0.93]) reported having diagnosed
greater than 20 concussions per year. Demographic

Table 1. Demographic characteristics of study participants

characteristics of the study participants are provided in
Table 1.

Knowledge of concussion diagnosis and understanding
of initial management using return-to-play guidelines

The great majority of respondents (98 out of 109; 90%
[95% CI: 0.83, 0.94]) were able to properly diagnose
a concussion correctly in all three clinical vignettes.
Similarly, 102 of 108 (94% [95% CI: 0.87, 0.97]) of
respondents correctly applied the recommended guide-
lines to disallow return to play on the same day of injury
(domain B1).>?*° Respondents demonstrated a larger
practice variation in the application of graduated return-
to-play recommendations in a conservative stepwise
progression, defined as 24 hours between successive steps.
Correct application would result in an asymptomatic
patient requiring 1 week to proceed through the six steps’
(domain B2). Only 69 of 108 respondents (64% [95% CI:
0.54, 0.72]) applied a conservative graduated return-to-
play recommendation in all three vignettes when queried
about the possibility of return to full-contact sport
competition at day four. For example, for vignette one,
33% of respondents would have possibly allowed a child

Item N n (%) to return to a hockey tournament 4 days after the initial
. . o .
Number of concussions diagnosed annually 105 concussion. In vignette two, %2./0 Wqﬂd have p0551b1y
<5 10 allowed the adolescent to participate in a 5-km running
5-10 2(2) race in 2 days. For vignette three, only 7% would have
11-15 22 allowed participation in a hockey game in 4 days.
16-20 77 Permission (or possible permission) to participate in these
>20 93 (89) e . c o
o activities was deemed to be an incorrect application of
Number of years practicing independently 105 . . .
- 30 (29) conservative stepwise progression.
5-10 26 (25) . o . ..
11215 24 (23) Practice variation of recommendations for cognitive rest
16-20 11 (1)
>20 14 (13) Respondents showed wide practice variation in recom-
Population of catchment area 105 mendations for cognitive rest (domain B3, Table 2). Of
<50000 1) note, 35% of respondents (95% CI: 0.27, 0.45) did not
?8;88;1285880 12 (?)2 recommend a reduction of screen time (aggregate of
- 2 computer, text messaging, video game, and television
500 001-1 000 000 19 (18) . o o
1000000 72 (69) reductions). In total, only 40 of 108 (37%, 95% CI:
Primary work setting 105 0.29, 0.46) recommended thorough cognitive rest,
Solo practice 0 (0) defined as a reduction of school, schoolwork, and all
Group practice 0(0) forms of screen time (Appendix 2 [Supplementary table
Academic practice (educational institution) 33 (31) of the remaining recommendations]).
Private practice 0 (0)
Hospital setting 6 (6) Use of existing concussion protocols
Walk-in or Acute Care clinic 0(0)
Emergency Department 66 (63) o o
Other 0 0) Only 22% (95% CI: 0.15, 0.30) of respondents reported
having used common concussion scoring scales frequently
118 2015;17(2) CJEM - JCMU



Table 2. Participant recommendations for cognitive rest

Iltem

Cognitive rest recommendations
Stay home from school
Avoid computer screen
Avoid text messaging
Avoid video games
Limit television
Decrease schoolwork
Rest in a quiet, dark environment
Perfect screen-time advice (aggregate of computer,
text message, video game, and television reduction)

Table 3. Concussion scoring scales used “frequently” or “Always”

Concussion scoring scale
Standardized Assessment of Concussion
Sport Concussion Assessment Tool
Post-concussion Symptom Scale
Graded Symptom Checklist/Scale
McGill Abbreviated Concussion Evaluation
Head Injury Scale
Post-concussion Symptom Inventory
Rivermead Post-concussion Symptom Questionnaire

Table 4. Reported Use of Concussion Guidelines/Policies
Iltem

Guideline/Policy
1. Hospital/Practice policy
. American Academy of Neurology
. Cantu Guidelines
. Centre for Disease Control
. Colorado Medical Society
. 39 International Conference on Concussion in Sport (Zurich)
. 2" International Conference on Concussion in Sport (Prague)
. 1°% International Symposium on Concussion in Sport (Vienna)
9. Roberts
10. ThinkFirst Canada
11. Ontario Neurotrauma Foundation mTBI guidelines
12. Canadian Academy of Sports Medicine
13. Other

W N O O WwN

or always (Table 3); 70% (95% CI: 0.61, 0.78) of respon-
dents reported having used balance-testing tools frequently
or always. In additon, 100% (95% CI: 0.97, 1.00) of
respondents reported that they do not use computerized
testing tools. Most (80% [95% CI: 0.72, 0.87]) reported

CJEM - JCMU
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Proportion, %

N n (95% ClI)
108
65 60% (0.51, 0.69)
85 79% (0.70, 0.85)
75 69% (0.60, 0.77)
88 81% (0.73, 0.88)
86 80% (0.71, 0.86)
76 70% (0.61, 0.78)
58 54% (0.44, 0.63)
70 65% (0.55, 0.73)
N n Proportion, % (95% CI)
106
2 2% (0.01, 0.07)
18 17% (0.11, 0.25)
1 % (0.002, 0.05)
3 % (0.01, 0.08)
2 % (0.01, 0.07)
0 % (0.00, 0.03)
1 % (0.002, 0.05)
0 % (0.00, 0.03)
N n Proportion, % (95% CI)
106
49 46% (0.37, 0.56)
28 26% (0.19, 0.36)
4 4% (0.01, 0.09)
6 6% (0.03, 0.12)
1 % (0.00, 0.05)
40 8% (0.29, 0.47)
9 8% (0.05, 0.15)
2 % (0.00, 0.07)
0 % (0.00, 0.03)
56 53% (0.43, 0.62)
3 % (0.01, 0.08)
31 29% (0.21, 0.39)
18 17% (0.11, 0.25)

that they use published guidelines frequently or always to
guide clinical decisions regarding concussion, with only
one person (1% [95% CI: 0.00, 0.05]) reporting having
never used guidelines. Table 4 summarizes the reported
use of commonly known concussion guidelines/policies.
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Conclusions

Only 18% (95% CI: 0.12, 0.26) of respondents reported
that they frequently or always refer patients to concussion
specialists. Respondents who refer to concussion spe-
cialists most often refer to sports medicine specialists
(67% [95% CI: 0.57, 0.75]) and neurologists (50% [95%
CI: 0.41, 0.60]). The most common barrier reported by
those who never refer to concussion specialists (3% [95%
CI: 0.01, 0.08]) is the lack of concussion specialists in
their region (67% [95% CI: 0.21, 0.94]).

DISCUSSION
Summary

This is the first broad Canadian analysis of pediatric
emergency medicine physicians’ knowledge of concus-
sion diagnosis and initial management practice patterns.
The results in this study indicate that knowledge of
concussion diagnosis is adequate for pediatric emer-
gency providers in Canada. However, a wide-practice
variation for the appropriate use of physical rest
(return-to-play) recommendations and cognitive rest
advice was found.

Although several previous studies demonstrate that
knowledge gaps exist in the diagnosis and management
of concussion by athletes, coaches, and trainers,’ >
few have examined practicing physicians’ knowledge of
concussion diagnosis and early management. The
findings in this study are consistent with other literature,
suggesting that concussion knowledge and management
deficiencies are pervasive. Recently, Zonfrillo et al.
examined the self-reported knowledge and attitudes of
145 pediatricians and pediatric emergency physicians
affiliated with a single institution at an urban, academic,
tertiary-care centre in the United States, and reported
that inadequate knowledge existed of pediatric concus-
sion diagnosis and initial management.*' Boggild and
Tator reported that gaps in general knowledge of con-
cussion (e.g., concussion definition, signs/symptoms,
initial management, and sequelae) existed in a survey of
graduating medical students and postgraduate trainees in
neurology and neurosurgery.* Lebrun et al. found that
family physicians in Alberta and North Dakota rarely
recommended cognitive rest (47.5% and 28%, respec-
tively), despite existing guidelines.” Bazarian et al.
examined pediatric, family, and emergency providers in
Rochester, New York, on their knowledge of concussion
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grading and similarly found that the correct application
of return-to-play guidelines was below 57%. That study
examined knowledge of the pre-2002 definition of con-
cussion.** Giebel et al. similarly noted a low rate of
guideline use (23%) in a survey of emergency providers
in Kalamazoo, Michigan.*

Given strong recommendations by the Zurich Con-
sensus and American Academy of Neurology for a more
conservative application of return-to-sport guidelines in
children and adolescents,’* it seems clear that further
knowledge translation is required to improve clinician
application of guidelines. The development and
implementation of easy-to-use tools and management
pathways have been demonstrated to be effective in
aligning clinical practice with the best available evidence.
Integrated knowledge translation with key end-users and
stakeholders is essential to permit broad implementation
of future guidelines for concussion.

This study reveals wide practice variation regarding
cognitive rest advice. There is little evidence beyond
expert opinion for the ideal cognitive and physical
recommendations, and the observed wide practice
variation may reflect the lack of high level (level A or B)
evidence in this area.”® A comparative trial is needed for
both return-to-activity and return-to-school guidelines
to determine the ideal components to improve out-
comes after concussion.

"This study employed a broad distribution in an effort
to obtain a baseline understanding of how concussion is
currently being diagnosed and managed. The majority
of respondents indicated that they diagnose more than
20 concussions per year; therefore, our results reflect
the practice for in excess of 2000 acute pediatric con-
cussions across Canada annually. This study is the first
examining practicing pediatric emergency providers’
practice variation of cognitive rest. Zonfrillo et al.
examined the barriers to providing education to families
following a pediatric concussion across pediatric pro-
viders at the Children’s Hospital of Philadelphia, but
they did not describe the practice variation of cognitive
rest instructions provided.”’ The development of our
questionnaire was systematic, and it strengthened by
involving a group of experts from various fields.

Limitations
The nature of this study involved the potential for

selection bias, specifically that those who chose to
respond may have been more likely to have a greater
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concussion knowledge or familiarity. It has been found
that in surveys of the health care professionals, response
rates are often influenced by respondents’ character-
istics and high workload demands.*” Other limitations
are similarly inherent to the use of surveys examining
practice variation. For example, respondents may not
practice in the manner that they indicate in the survey.
Recall that bias may also have been a factor in this
study’s findings (e.g., physicians may under- or over-
report the number of concussion patients treated per
year). The potential for variation in the interpretation
of graduated scale questions also exists (e.g., different
respondents may have different interpretations of the
words sometimes or frequently). A prospective examina-
tion of discharge instructions by providers would pro-
vide a more accurate representation of practice
variation. The lack of a single gold standard guideline
for pediatric concussion is also a limitation, which is
further limited by the large proportion of level C
(expert opinion) evidence related to return-to-play and
cognitive rest recommendations. There is a need for a
large comparative trial examining the benefit of apply-
ing gradations of rest. The authors recognize that it is
likely that the majority of children in Canada with a
concussion are treated by general practitioners and at
non-tertiary EDs. A recent study estimated the inci-
dence of concussion to be approximately 6 of 1000.*
The authors’ team carried out a similar study of family
doctors, general emergency physicians, nurse practi-
tioners, and general pediatricians practicing in Ontario
and found that similar gaps in knowledge existed across
all provider types.*’

Conclusion

Gaps in knowledge and broad practice variation in
recommending graduated return to play and cognitive
rest following concussion exist among Canadian
pediatric emergency physicians. The development and
implementation of easy-to-use pediatric-specific con-
cussion guidelines and management pathways have the
potential to standardize clinical practice based on best-
available evidence. Integrated knowledge translation
with key end-users and stakeholders is essential to
encourage the broader implementation of future
pediatric concussion guidelines. Future research should
address how best to overcome barriers to knowledge
uptake and protocol application for the diagnosis and
management of pediatric concussion.
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