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Misdiagnosis of Pediatric Concussions in
the Emergency Department

A Retrospective Study
Adonis Wazir, MD,* Hani Tamim, PhD,† Cynthia Wakil, MD,* and Rasha Dorothy Sawaya, MD*
Objective:Weaimed to determine the rate and predictors of correctly diag-
nosed concussions in the pediatric emergency department and to describe the
characteristics, presentation, andmanagement of concussions in children pre-
senting for minor head injury.
Methods:We included 186 patients aged 5 to 18 years presenting within
24 hours of minor head injuries and met our diagnostic criteria for concussion.
We compared patients correctly diagnosed with a concussion with those who
were not. Our main outcome was the rate and predictors of misdiagnoses.
Results:Of the patients, 5.4%were correctly diagnosed. Amnesiawas the
only variable associated with correct diagnoses (40.0% vs 10.2%, P = 0.02).
The most common mechanism of injury was fall (8.4%); the most frequent
symptoms were nausea/vomiting (42.5%), and 48.4% had a brain computed
tomography scan done.
Conclusions: The high rate of concussion misdiagnosis puts into ques-
tion the usability of current concussion guidelines, their accuracy, and bar-
riers to translation into clinical practice.
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P ediatric traumatic brain injuries (TBIs) constitute a significant
portion of pediatric emergency department (PED) visits, with

a reported incidence of 47 to 280 per 100,000 children annually.1

Of those, almost 90% are minor TBIs or concussions, and very
few patients have long-term sequalae.2–4 Although a universally
accepted definition for concussion is still needed,5 to date, concussion
is considered as any functional brain injury secondary to trauma,
where neuroimaging plays no role.6 However, its diagnosis is difficult
because it relies on clinical features that are based on awide range
of often vague symptoms ranging from headaches and amnesia to
fatigue, personality change, and depression.7

Properly diagnosing a concussion is essential because returning
to normal activity too soon puts the child at an increased risk of
prolonged concussion symptoms with debilitating long-term ef-
fects and the risk of a second concussion on an already healing
brain.8 With that in mind, efforts by different societies and organi-
zations have focused on developing guidelines and diagnostic
criteria to help clinicians accurately identify concussions.9–12 Al-
though these provide guidance to physicians, they are not wildly
available or adopted, their utility is not yet studied in the emer-
gency department (ED),5 and there are concerns about overdiag-
nosis resulting in unnecessary precautions.7 Although data on
concussion are abundant in North American and European coun-
tries, it lacks in the rest of the world including the Middle East.5,13

In addition, concussion research has focused on pathogenesis and
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outcomes of the disease but not on the ED presentations and diag-
noses, particularly in children.

Given the heterogenous approach to concussion diagnosis
and the limited amount of data on pediatric concussions in the re-
gion, we aimed to determine the rate and predictors of correctly di-
agnosing a concussion, as well as to describe the characteristics,
presentation, and management of concussions in children present-
ing for minor head injury to our ED.
METHODS

Study Design and Setting
This was a planned secondary analysis of a retrospective chart

review done at the American University of Beirut Medical Center,
a Lebanese tertiary care center, that aimed to assess the impact of
the implementation of the Pediatric Emergency Care Applied Re-
search Network (PECARN) head trauma rules on the rates of com-
puted tomography (CT) scans in pediatric patients presenting within
24 hours of a minor head trauma to the PED.14

Ethical approval was obtained from the institutional review
board of the American University of Beirut Medical Center under
the protocol number BIO-2017-0452.

There was no involvement of patients or the public in the de-
sign or conduct of the study.
Study Population
In our primary study population, we retrieved and reviewed all

charts of patients 0 to 18 years of age who presented to the ED be-
tween December 1, 2012, and December 30, 2016, and had any of
the following:

• An ED discharge diagnosis or hospital admission diagnosis of
any head-related injury, any head injury–related complication,
any mechanism of injury that raises suspicion of head injury,
and other complaints that may involve concomitant head trauma

• A head CT, orbital CT, facial CT, or skull x-rays done in the ED
• An intensive care unit admission

We included all patients aged 0 to 18 years presenting to the
PED with minor head trauma as per the PECARN study defini-
tion.15 Patients with trivial injuries and those with severe trauma
or known neurologic or bleeding disorders, or those who pre-
sented after being evaluated at other hospitals were excluded.
For the present study, we only included patients 5 years or older
with signs or symptoms of a concussion (as per the definition
mentioned hereinafter). We further excluded patients who had a
positive head CT scan defined as hemorrhage, contusion, edema,
pneumocephalus, fracture, or infarction.
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Definition of Concussion
To be inclusive, based on the US Centers for Disease Control

and Prevention guidelines,16 the consensus statement of the Berlin
Fifth International Conference on Concussion in Sport,11 and the
Sport Concussion Assessment Tool—Fifth Edition (SCAT5)/child
SCAT5,17,18 we agreed that any of the following symptoms in a
patient being evaluated for a TBI was sufficient for a diagnosis
of concussion in the ED: altered level of consciousness, loss of
consciousness, vomiting (at least 2 episodes), nausea, seizure (at
least 1 episode), drowsiness, headache, fatigue, ataxia, hypoactivity,
amnesia, and vision changes per primary caregiver.

We considered a patient as being correctly diagnosed with
concussion by the ED team if the patient had a discharge diagnosis
of concussion documented for that visit or discharge instructions
specific for concussion. Our system did not have International
Classification of Diseases (ICD) codes at that time.
Outcomes
The primary outcome of this study identified predictors of pe-

diatric concussion misdiagnosis by the providers in our ED based on
the aforementioned definition. Other outcomes included the rates of
concussion and concussion misdiagnosis, as well as a description of
characteristics, presentation, and management of children with a
concussion.
Data Collection
Data were collected into standardized forms and included pa-

tient demographics, historical information including mechanisms
of injury and symptoms, physical examination findings, manage-
ment, disposition, discharge instructions, and revisits to the ED. De-
tails of the data collection manual are found in the parent study.15
TABLE 1. Patient Characteristics and Mechanisms of Injuries Associ
Correctly Diagnosed, and Those Who Were Misdiagnosed

Variable All (186)

Female sex, n (%) 75 (40.3)
Age, mean ± SD, y 10.65 ± 3.94
Age categories, n (%)
5–7 y 54 (29.0)
8–12 y 66 (35.5)
>13 y 66 (35.5)

Mechanism of injury, n (%)
Fall to ground from standing, walking, or running 43 (23.1)
Head struck by object (unintentionally) 35 (18.8)
Fall, unspecified 25 (13.4)
Sports related 22 (11.8)
Motor vehicle accident 22 (11.8)
Fall from height 20 (10.8)
Trauma, unspecified 17 (9.1)
Bicycle collision or fall 7 (3.8)
Walked or ran into stationary object 6 (3.2)
Assault 4 (2.2)
Other wheeled transport crash 3 (1.6)
Pedestrian struck by vehicle 3 (1.6)
Fall downstairs 2 (1.1)
Bicycle struck by vehicle 1 (0.5)

e1642 www.pec-online.com

Copyright © 2022 Wolters Kluwer H
Data Analysis
Based on the aforementioned definition, we compared the pa-

tients with symptoms of concussion who were correctly diagnosed
with a concussion (“correctly diagnosed” group)with thosewhowere
not diagnosed with concussion by the ED team (“misdiagnosed”
group). Data were reported as mean ± SDs for continuous data and
as frequencies (number and percentages) for categorical data. Sta-
tistical analysis was done with the SPSS 25 (Statistical Package
for Social Sciences) software. Because the data were nonparamet-
ric, the Mann-Whitney test was used for continuous data, and
Fisher exact tests were used for categorical data. Statistical signif-
icance was set at P values of less than 0.05.

RESULTS

Patient Characteristics
In total, 1362 patients were included in the primary study; of

which 219 (16%) were 5 years and older and had signs or symp-
toms of a concussion. Thirty-three (15%) were excluded for posi-
tive brain CT findings. Therefore, 186 (13.7%) patients with acute
minor TBI and symptoms of concussion were included in this sec-
ondary analysis; of which 75 patients (40.3%) were female, with a
mean age of 10.65 ± 3.94 years, and only 10 (5.4%) were correctly
diagnosed with a concussion in the ED (Table 1).

Mechanism of Injury
The most common mechanisms of injury in our sample were

falls (90; 48.4%), which included falls from standing, walking, or
running; falls from a height; falls downstairs; and other unspeci-
fied falls. Head struck unintentionally by an object was the next
most common mechanism (35; 18.8%). None of the presenting
mechanisms of injury predicted a correct diagnosis of concussion
(Table 1).
ated With Concussion for the Whole Sample, Those Who Were

Correctly Diagnosed (10) Misdiagnosed (176) P

4 (40.0) 71 (40.3) 1
12.50 ± 3.27 10.54 ± 3.96 0.13

1 (10.0) 53 (30.1) 0.43
4 (40.0) 62 (35.2)
5 (50.0) 61 (34.7)

1 (10.0) 42 (23.9) 0.46
2 (20.0) 33 (18.8) 1
1 (10.0) 24 (13.6) 1
3 (30.0) 19 (10.8) 0.1
0 (0.0) 22 (12.5) 0.28
2 (20.0) 18 (10.2) 0.29
2 (20.0) 15 (8.5) 0.23
0 (0.0) 7 (4.0) 1
0 (0.0) 6 (3.4) 1
1 (10.0) 3 (1.7) 0.2
0 (0.0) 3 (1.7) 1
0 (0.0) 3 (1.7) 1
0 (0.0) 2 (1.1) 1
0 (0.0) 1 (0.6) 1

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. ED Management, Disposition, and Revisits of
Children With Concussion for the Whole Sample, Those Who
Were Correctly Diagnosed, and ThoseWhoWereMisdiagnosed

Management,
Disposition,
Revisits, n (%) All (186)

Correctly
Diagnosed (10)

Misdiagnosed
(176) P

CT imaging 90 (48.4) 8 (80.0) 82 (46.6) 0.05
Neurosurgery
consults

39 (21.0) 3 (30.0) 36 (20.5) 0.44

Analgesics 22 (11.8) 1 (10.0) 21 (11.9) 1
Blood tests done 16 (8.6) 0 (0.0) 16 (9.1) 1
Admissions 11 (5.9) 0 (0.0) 11 (6.3) 1
IV fluids 7 (3.8) 0 (0.0) 7 (4.0) 1
ED revisit within
72 h

6 (3.2) 1 (10.0) 5 (2.8) 0.29

ED revisit within
2 wk

5 (2.7) 1 (10.0) 4 (2.3) 0.24

IV indicates intravenous.
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Signs and Symptoms
In our group, nausea and vomiting were the most frequently

reported symptoms of concussion (796; 42.5%), followed by diz-
ziness (68; 36.6%), and worsening headache (62; 33.3%). When
stratified into correctly diagnosed and misdiagnosed groups, am-
nesia was the only symptom associated with being correctly diag-
nosed with a concussion (40.0% vs 10.2%, P = 0.02; Table 2).

Management and Outcomes
As many as 48.4% (90) of our patients with minor TBI and

symptoms of concussion had a brain CT scan done. Eleven
(5.9%) were admitted, and the total 2-week return visits were
5.9% (11 of 186). Obtaining a CT scan was associated with a cor-
rect diagnosis; however, it did not reach statistical significance
(80.0% vs 46.6%, P = 0.05; Table 3).

Physician Specialty
Most patients were seen by family medicine physicians

working in the ED (78 of 186 [41.9%]), followed by surgical spe-
cialists (49 of 186 [26.3%]). Emergency physicians saw 19.4%
(36 of 186), and pediatricians saw 10.8% (20 of 186). The
physician's specialty was not associated with a correct or incorrect
diagnosis of concussion (P = 0.52). Moreover, no significant dif-
ferences were found when we compared each specialty to the rest
(data not shown; Table 4).
DISCUSSION
Our study shows that around 13% of our pediatric ED pa-

tients 5 years and older with minor head injury had signs or symp-
toms of concussion. The majority were secondary to a fall and had
nausea or vomiting as the most frequent complaint, and half had a
head CT done in the ED. Remarkably, most (94.6%) were
misdiagnosed, with amnesia being the only variable associated
with a correct diagnosis of concussion.

Although this is a retrospective study with a small sample,
data on ED diagnostic accuracy of concussion are sparse. In fact,
to our knowledge, this is the second study looking at the accuracy
TABLE 2. Signs and Symptoms of Concussion at ED
Presentation for the Whole Sample, Those Who Were Correctly
Diagnosed, and Those Who Were Misdiagnosed

Signs and
Symptoms,
n (%) All (186)

Correctly
Diagnosed (10)

Misdiagnosed
(176) P

Nausea/Vomiting 79 (42.5) 4 (40.0) 75 (42.6) 1
Dizziness 68 (36.6) 4 (40.0) 64 (36.4) 1
Headache 62 (33.3) 4 (40.0) 58 (33.0) 0.73
LOC 36 (19.4) 4 (40.0) 32 (18.2) 0.1
Amnesia 22 (11.8) 4 (40.0) 18 (10.2) 0.02
Altered LOC 21 (11.3) 3 (30.0) 18 (10.2) 0.09
Altered mental
status

17 (9.1) 1 (10.0) 16 (9.1) 1

Vision changes 15 (8.1) 1 (10.0) 14 (8.0) 0.58
Not acting normally 11 (5.9) 0 (0.0) 11 (6.3) 1
Fatigue 5 (2.7) 0 (0.0) 5 (2.8) 1
Ataxia 3 (1.6) 1 (10.0) 2 (1.1) 0.15
Hypoactivity 2 (1.1) 0 (0.0) 2 (1.1) 1
Seizure 2 (1.1) 0 (0.0) 2 (1.1) 1
Vertigo 2 (1.1) 0 (0.0) 2 (1.1) 1

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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of ED discharge diagnosis of concussion in children; the first be-
ing in the United States.7 This is significant to identify target areas
because an early and correct diagnosis of concussion helps with
recovery, by allowing early implementation of treatment recom-
mendations.19 In addition, literature on pediatric concussions
lacks in the Middle East, where the focus has been mostly on
adults, major TBI, and war injuries.13 Understanding the charac-
teristics of pediatric concussion in this region is important because
the type of sports and activities may be different from those in the
United States and Europe, where concussion, attributed mostly to
contact sports, has been more widely described.5
Characteristics of Children With Concussion
Overall, our sample of children with concussion from minor

head injuries seems different from those reported in the literature.
Although the majority of our patients were male, only 11.8% of
the concussions were sports related compared with 30% in the
global literature, with fall being the most common mechanism
of injury, which stands in contrast with most published data.3,20–22

This difference may have been impacted by the denominator we
chose, which includes only children with minor head injuries as
per the PECARN rule, specifically excluding major trauma. How-
ever, most sports injuries are minor. More importantly, the typical
contact sports described in US literature, such as American foot-
ball, hockey, and wrestling, are not typically played in our country.
In addition, we found the most frequent symptoms to be nausea
TABLE 4. Medical Training of the Physician Caring for the
Children From the Whole Sample, Those Who Were Correctly
Diagnosed, and Those Who Were Misdiagnosed

Physician
Training All (186)

Correctly
Diagnosed (10)

Misdiagnosed
(176) P

Emergency
medicine

36 (19.4) 4 (40.0) 32 (18.2) 0.52

Pediatrics 20 (10.8) 0 (0.0) 20 (11.4)
Family medicine 78 (41.9) 4 (40.0) 74 (42.0)
Internal medicine 3 (1.6) 0 (0.0) 3 (1.7)
Surgery 49 (26.3) 2 (20.0) 47 (26.7)
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and vomiting, followed by dizziness and headaches. These are
similar to the symptoms reported in other studies, albeit headache
and dizziness were the most common.1,23

Diagnosis of Concussion
Our primary objective was to identify the rate of correct

ED concussion diagnoses using a combination of published
definitions.11,16–18 We found an alarmingly high rate (94.6%) of
patients misdiagnosed, although they met our diagnostic criteria.
In a similar study by Boutis et al,7 which looked at patients pre-
senting to the ED after a head injury, only 40% of those patients
were diagnosed with a concussion, although 90% met their
criteria. These results put into question the diagnostic accuracy
and knowledge of the ED physicians, the appropriateness of the
available definitions and guidelines, the ease of use of these avail-
able tools, and barriers to knowledge translation into clinical prac-
tice. On one hand, children in our ED with head injuries are cared
for by a variety of physicians (pediatrics, emergency medicine,
family medicine, and surgery). Although it has been reported that
pediatricians diagnose concussion better than other specialties,24–26

we did not find that one group did better than the rest. In addition,
the typical pediatric and adolescent contact sports described in the
United States and Europe such as American football, rugby, and
hockey are not common in Lebanon. This may be a reason why
these physicians are not highly suspicious of and knowledgeable
about concussions.

It is worth noting that, although we had a high rate of misdi-
agnosis in our sample, our return visits (at 72 hours or 2 weeks)
were low and with no statistical difference in both groups. Al-
though this is a retrospective study and we did not follow up these
patients, we are one of the main tertiary care hospitals in our city,
and patients tend to return to our hospital for follow-up care. This
low rate of returnvisits in such a high number ofmisdiagnosed pa-
tients adds to the question of the specificity of the present diagnos-
tic criteria.

Predictors of Correct Concussion Diagnosis
Interestingly, the only variables associated with a correct di-

agnosis of concussion were amnesia (P < 0.05) and obtaining a
head CT (P = 0.05). These 2 variables are not surprising because,
on the one hand, amnesia, previously described as a predictor,7 is
not a mild symptom but one that would heighten the medical
provider's suspicion of a concussion. On the other hand, ordering
a head CT suggests that the physician recognizedmoreworrisome
signs or symptoms in the patient, which, given a negative CT find-
ing, prompted her/him to think of an alternate diagnosis, which is,
in this case, a concussion. Other factors previously shown to play a
predictive role in a correct diagnosis of concussion include age
≥10 years, presentation more than 1 day after injury, collision
sports, and headache.7 However, these did not appear in our sam-
ple, but we only included patients who sustained a head injury
within 24 hours of presentation, and we did not report the specific
type of sport injury.

Utility of Published Guidelines for Diagnosis of
Concussions in the ED

On the other hand, there are several guidelines published that
can help a clinician diagnose concussion. However, their criteria
are vague and nonspecific, making the clinician's diagnosis quite
subjective.9,11,16,18,27 For example, these guidelines do not men-
tion severity or duration of specific symptoms such as vomiting
and headache. Therefore, in our sample, we opted to include only
children with 2 or more episodes of vomiting to avoid overdiagno-
sis, and others may choose a different number. Specific assess-
e1644 www.pec-online.com
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ment tools such as the Child SCAT528 have been developed, but
these are long and time-consuming, have not been validated in
the ED, and include variables that cannot be evaluated in the im-
mediate acute setting, making them impractical for ED use.29–33

Because of the difficulty diagnosing concussion, new tools are be-
ing developed such as an eye tracking software postulated to be a
useful screening and monitoring tool,34 and new serum biomark-
ers.35 The utility of these tools in the ED is yet to be studied.

Translation of Guidelines Into Practice
Finally, our data show that ED physicians may need more ed-

ucation in concussion diagnosis, but more importantly, a simple,
user-friendly tool to help diagnose this disease. Knowledge trans-
lation into practice is key. This could be achieved by linking
known and already used head injury guidelines to the manage-
ment of concussions. For example, the PECARN rule for detect-
ing patients at low risk of clinically important TBI has been well
translated into practice,14,36–42 adding to this rule a pathway to
consider that concussion may trigger the physician to inform the
family of the diagnosis and ultimately the next steps for home care
to avoid long-term morbidity.8

A few limitations of our study are inherent to its retrospective
design. This was evident by some missing details about the signs
and symptoms on presentation, such as duration or severity, as
well as the time to presentation from the injury. However, these
are not required in the guidelines. Moreover, patients might have
been diagnosed with a concussion without properly documenting
it. However, to avoid this limitation, we did not only rely on the
primary diagnosis listed but included all diagnoses and the dis-
charge instructions. Furthermore, our study took place in a single
tertiary care center, thus limiting its generalizability. However,
given the paucity of data on this topic specifically in the region,
we think that the information is still valuable. Lastly, our correctly
diagnosed group had a small sample size of 15 patients; therefore,
we used nonparametric analysis to alleviate this bias.

Our study provides a snapshot into pediatric concussions in
the Middle East, with a focus on misdiagnoses. Our high rates
of misdiagnosis, with amnesia being the only predictor for a pos-
itive diagnosis, put into question the usability of current concus-
sion guidelines, which may need to be adapted to the ED setting.
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