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OBJECTIVE Pediatric sports-related concussions are a growing public health concern. The factors that determine inju-
ry severity and time to recovery following these concussions are poorly understood. Previous studies suggest that initial
symptom severity and diagnosis of attention deficit hyperactivity disorder (ADHD) are predictors of prolonged recovery
(> 28 days) after pediatric sports-related concussions. Further analysis of baseline patient characteristics may allow for a
more accurate prediction of which patients are at risk for delayed recovery after a sports-related concussion.

METHODS The authors performed a single-center retrospective case-control study involving patients cared for at

the multidisciplinary Concussion Clinic at Children’s of Alabama between August 2011 and January 2013. Patient de-
mographic data, medical history, sport concussion assessment tool 2 (SCAT2) and symptom severity scores, injury
characteristics, and patient balance assessments were analyzed for each outcome group. The control group consisted
of patients whose symptoms resolved within 28 days. The case group included patients whose symptoms persisted for
more than 28 days. The presence or absence of the SCAT2 assessment had a modifying effect on the risk for delayed
recovery; therefore, stratum-specific analyses were conducted for patients with recorded SCAT2 scores and for patients
without SCAT2 scores. Unadjusted ORs and adjusted ORs (aORs) for an association of delayed recovery outcome with
specific risk factors were calculated with logistic regression analysis.

RESULTS A total of 294 patients met the inclusion criteria of the study. The case and control groups did not statistically
significantly differ in age (p = 0.7). For the patients who had received SCAT2 assessments, a previous history of con-
cussion (aOR 3.67, 95% CI 1.51-8.95), presenting SCAT2 score < 80 (aOR 5.58, 95% Cl 2.61-11.93), and female sex
(aOR 3.48, 95% Cl 1.43-8.49) were all associated with a higher risk for postconcussive symptoms lasting more than 28
days. For patients without SCAT2 scores, female sex and reporting a history of ADHD significantly increased the odds of
prolonged recovery (aOR 4.41, 95% CI 1.93-10.07 and aOR 3.87, 95% Cl 1.13-13.24, respectively). Concussions result-
ing from playing a nonhelmet sport were also associated with a higher risk for prolonged symptoms in patients with and
without SCAT2 scores (OR 2.59, 95% CI 1.28-5.26 and OR 2.17, 95% Cl 0.99-7.73, respectively). Amnesia, balance
abnormalities, and a history of migraines were not associated with symptoms lasting longer than 28 days.

CONCLUSIONS This case-control study suggests candidate risk factors for predicting prolonged recovery following
sports-related concussion. Large prospective cohort studies of youth athletes examined and treated with standardized
protocols will be needed to definitively establish these associations and confirm which children are at highest risk for
delayed recovery.
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ILD traumatic brain injury is the reason why 16%
M of children require medical attention before the
age of 10 years.! Sports-related concussions in
children represent 25%—-50% of all concussions and are

a significant public health concern.!'® A concussion is de-
fined as a “complex pathophysiological process affecting

the brain, induced by biomechanical forces.”’> Concus-
sions result in many symptoms and may affect a patient
physically, cognitively, and emotionally. Several signs
may accompany a concussion, including headaches, “feel-
ing in a fog,” emotional variability, loss of consciousness
or amnesia, behavioral changes such as irritability, cogni-

ABBREVIATIONS ADHD = attention deficit hyperactivity disorder; CCCOA = Concussion Clinic at Children’s of Alabama; SCAT2 = Sport Concussion Assessment Tool 2.

SUBMITTED June 25, 2014. ACCEPTED August 27, 2015.

INCLUDE WHEN CITING Published online December 18, 2015; DOI: 10.3171/2015.8.PEDS14332.

©AANS, 2016

J Neurosurg Pediatr Volume 17 + April 2016 491

Unauthenticated | Downloaded 08/24/22 08:17 AM UTC



J. H. Miller et al.

tive impairment such as slowed reaction times, or sleep
disturbances.!® The postconcussive syndrome, therefore,
is varied and may not be recognized without close obser-
vation after a mild traumatic brain injury.!

Previously, most pediatric patients were presumed to
fully recover after a concussion, but its long-term neuro-
psychological impacts are poorly understood. The length
of the recovery process depends on many factors, includ-
ing severity of the concussion, age, presence of comor-
bidities, and a patient’s postconcussive treatment. Most
pediatric patients who incur a concussion recover within
3 weeks, whereas some experience symptoms that persist
for longer than 1 month.26-8.16.17

Many states have passed legislation that requires physi-
cians to evaluate all patients after a concussion. This study
was conducted in Alabama after a sports-related concus-
sion law was passed in June of 2011. A multidisciplinary
concussion clinic was instituted to medically examine and
clear a large number of patients for return to play. On the
basis of this experience, it became clear that the ability
to predict which patients will have prolonged symptoms
after a concussion would be a very useful clinical tool in
determining prognosis and guiding therapy (such as physi-
cal and psychological rest periods).'®

Although factors such as on-field dizziness, visual im-
pairment, and migraines have been associated with longer
recovery times after a sport-related concussion,''> other
factors such as amnesia at the time of the injury,®!3!# his-
tory of concussions,’” and an athlete’s age at the time of
the injury**!® have also been postulated as possible fac-
tors that could predict longer symptom severity.'® To the
best of the our knowledge, no case-control study has ever
been performed in the pediatric population to objectively
evaluate the risk factors associated with delayed recovery
following a sports-related concussion.

Methods

Study Design

A single-center unmatched case-control study of pe-
diatric sports-related concussions was performed. All
patients were seen in the multidisciplinary Concussion
Clinic at Children’s of Alabama (CCCOA). Only children
who sustained a concussion after the implementation of
an institution-wide multidisciplinary concussion manage-
ment program with a dedicated sports concussion clinic
were included in this study. The University of Alabama
at Birmingham Institutional Review Board approved the
study.

All patients included in this study were seen at CCCOA
between August 3, 2011, and January 23, 2013. The in-
clusion criteria of this study required that all the patients
present within 4 weeks of their injury and had to have a
dated follow-up visit more than 28 days from the time of
injury. The Sport Concussion Assessment Tool 2 (SCAT?2;
from the Third International Consensus Conference on
Concussion in Sport'®) was used at the initial patient en-
counter and was not repeated for follow-up appointments.
All types of sports-related concussions were included in
this study except for those sustained from more severe in-
jury mechanisms such as motor vehicle accidents. Patients
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with concussions from motor sports such as motocross
and scooters or bikes were included in this study.

Any patient who exhibited a head injury resulting from
a sport or nonsport activity and that caused a temporary
loss of brain function followed by the onset of signs and
symptoms of a concussion had a diagnosis of concussion
and was referred to Sports Concussion Clinic for initial
evaluation. In this study, the CCCOA emergency room
attending physician or the Sports Concussion Clinic at-
tending physician diagnosed concussions according to the
definition outlined in the 2008 Zurich International Con-
sensus on Concussion in Sport.!>16

For the analysis, the patients were divided into 2
groups. The case group consisted of patients with post-
concussive symptoms that persisted longer than 28 days,
indicating a delayed recovery outcome, and the control
group comprised patients who had symptom resolution
within 28 days, indicating an early recovery outcome.
Symptom resolution was defined as the return of a patient
to his or her preconcussion state of health with complete
resolution of postconcussive symptoms. Recovery was de-
fined as patients who were free of these symptoms both
at rest and with exertion. The patient reported the time of
symptom resolution at his or her last clinical follow-up.
Patient demographic data, medical history, SCAT?2 score
and symptom severity score on presentation, injury char-
acteristics, and balance assessment results were analyzed
for each outcome group.

Statistical Analysis

The relationship between potential risk factors and re-
covery outcome status was assessed with both univariate
and multivariate methods. For categorical variables, chi-
square tests and Fisher exact test, where appropriate, were
used to determine the statistical significance of any differ-
ences according to recovery status. Categorical variables
included sex; presence or absence of SCAT?2 score assess-
ment; and a history of conditions, including attention defi-
cit hyperactivity disorder (ADHD), migraines, previous
concussion, amnesia, loss of consciousness, and balance
problems. Two-sample independent t-tests were used to
assess significance of differences in the continuous vari-
ables age, number of previous concussions, total SCAT2
score, and SCAT?2 symptom severity score.

Simple logistic regression was used to identify inde-
pendent associations with delayed recovery outcome and
unadjusted odds ratio and 95% confidence intervals were
calculated for each predictor variable. Covariates with a p
< 0.2 on univariate analysis were considered for inclusion
in evaluating multivariate models, with the exception of
total SCAT2 score and number of previous concussions,
which were excluded because they exhibited colinear re-
lationships with a SCAT?2 score less than 80 and with a
history of previous concussion, respectively.

Because the SCAT? score was strongly associated with
delayed recovery in patients who were given this assess-
ment tool but SCAT2 scoring was obtained for only 57%
of the study cohort, we were concerned that pooling data
from patients with and without SCAT?2 scores would bias
the predictive models. The potential for effect modifica-
tion was assessed, and this assessment confirmed a sig-
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nificant association of delayed recovery with SCAT?2 score
availability; potential covariates were therefore stratified
by presence or absence of a SCAT2 score assessment.
Multivariate logistic regression was used to estimate sepa-
rately adjusted stratum-specific ORs for delayed recovery
outcomes among patients with SCAT?2 scores and among
patients without SCAT2 scores. All statistical analyses
were performed with JMP Version 11.0 and SAS Version
9.3 (SAS Institute).

Results

Between August 2011 and January 2013, in total 562
patients had a concussion and presented to CCCOA. Sixty-
seven of these patients presented more than 4 weeks after
having his or her initial concussion, and 198 patients did
not follow-up with CCCOA until symptom resolution was
reported. These 265 patients were excluded from further
analysis. Three additional patients who were older than 18
years were also excluded from this study. The remaining
294 patients were included in the case-control analysis.
The control group, consisting of patients whose symptoms
resolved within 28 days, had 189 patients (64%), and the
case group, comprising patients whose symptoms did not
resolve within 28 days, had 105 patients (36%) (Table 1).

Baseline Characteristics

Total SCAT2 and SCAT2 symptom severity scores
were missing for 43% and 82% of the study patients, re-
spectively. Overall, the case and control groups did not
statistically significantly differ in available SCAT?2 scores
(p = 0.08). However, because the p value of the latter anal-
ysis almost reached statistical significance and because we

Recovery predictors after pediatric sports-related concussions

were concerned that the patients without SCAT2 scores
might have had characteristics affecting delayed recovery,
the effect of an available SCAT2 score on recovery was
analyzed. This additional analysis showed that the esti-
mates of the effects of potential risk factors on delayed
recovery were significantly affected by whether or not the
patient had received a SCAT?2 score. Because the SCAT2
score was an effect modifier, all descriptive and inferential
analyses were conducted separately for patients with and
without SCAT?2 scores.

The baseline characteristics of the patients with and
without SCAT?2 scores are presented in Table 1. The age
of the patients in the SCAT2-score group ranged from 6
to 18 years (mean 13.7 years) and in the group without
SCAT?2 scores, from 4 to 18 years (mean 12.6 years), and
this difference was not statistically significant (p = 0.7).
Among the patients who had undergone a SCAT? assess-
ment, delayed recovery was statistically significantly as-
sociated with female sex (p = 0.001), a history of previous
concussion(s) (p = 0.006), a SCAT2 score of less than 80
(p < 0.0001), loss of consciousness at the time of injury
(p = 0.04), a lower initial total SCAT?2 score (p < 0.0001),
a higher presenting SCAT2 symptom severity score (p <
0.0001), and incurring the concussion in a nonhelmet sport
(p = 0.008). In contrast, among patients without SCAT2
assessments, only female sex was significantly associated
with delayed recovery (p = 0.001), and the association of
delayed recovery with participation in a nonhelmet sport
was borderline statistically significant (p = 0.05).

Recovery Differences Between SCAT2 Score Groups
Among both the SCAT2-score and no-SCAT2-score

TABLE 1. Baseline characteristics stratified by SCAT2 score availability and recovery status*

Patients w/ SCAT2 Scores Patients w/o SCAT2 Scores
Controls Cases w/ Controls Cases w/
w/ Early Delayed w/ Early Delayed
All Patients ~ Recovery Recovery All Patients ~ Recovery Recovery
Variable (n=168) (n=115) (n=53) p Value (n=126) (n=174) (n=52) p Value
Mean age + SD 13.7+£25 13.7+25 138+25 0.77 126+31  126+31 128129 044
No. of patients (%)
Female sex 39(23.2) 20 (17.4) 19 (35.8) 0.001 38 (30.2) 14 (18.9) 24 (46.2) 0.001
Hx of ADHD 14 (8.3) 7(6.1) 7(13.2) 0.14 13 (10.3) 5(6.8) 8(15.4) 0412
Hx of migraines 8 (4.8) 6(5.2) 2(3.8) 1.00 6 (4.8) 1(1.4) 5(9.6) 0.08
Previous concussion 39 (23.2) 20 (17.4) 19 (35.8) 0.006 33 (26.2) 17 (23.0) 16 (30.8) 0.37
Loss of consciousness 43 (25.6) 24 (20.9) 19 (35.8) 0.04 28 (22.2) 17 (23.0) 11(21.2) 0.78
Loss of balance 7(4.2) 5(4.4) 2(3.8) 1.00 5(4.0) 1(1.4) 4(7.7) 0.16
Nonhelmet sportt 57 (37.5) 32 (30.5) 25(53.2) 0.008 50 (46.7) 24 (38.7) 26 (57.8) 0.05
Mean + SD
No. of previous concussions 04+£09 0307 0712 0.03 0307 0.31£0.6 04£07 0.43
Total SCAT2 score 81.2+109 851186 729+109  <0.0001 — — — —
SCAT2 score <80 69.8+78 714+53 679%89 <0.0001 — — — —
SCAT2 symptom severity score  18.0 + 20.1 821123 352+197 <0.0001 — — — —

— =not applicable; Hx = history.

* Ap <0.05 was considered statistically significant.

T Inthis row, for patients with SCAT2 scores, data from 10 control and 6 case observations are missing, and for patients without SCAT2 scores, data from 12 control
and 7 case observations are missing.
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groups, most of the patients were boys (77% and 70%,
respectively), and univariate logistic regression indicated
that in both groups, female sex was associated with sig-
nificantly greater odds of delayed recovery (Table 2). In
addition, among the patients with SCAT2 scores, cases
were also significantly more likely than controls to have
reported a history of previous concussion, experienced loss
of consciousness, or to have participated in a nonhelmet
sport. Patients with SCAT?2 scores less than 80 also had
significantly greater odds of having a prolonged recovery
than patients with higher SCAT2 scores. The univariate
logistic regression also indicated that among patients with-
out a SCAT?2 assessment, no statistically significant dif-
ferences in recovery existed between the case and control
groups in having previous concussion, loss of conscious-
ness, or other potential predictors shown in Table 2, except
for the aforementioned higher risk for delayed recovery in
girls.

Effects of Sports Played

Most of the patients incurred concussions during or-
ganized sports such as football, basketball, soccer, and
cheerleading (Table 3). Of note, concussions acquired in
a nonhelmet sport resulted in a higher risk for delayed
recovery among both patients with and without SCAT2
scores. A statistically significant association of participa-
tion in a nonhelmet sport during the injury with delayed
recovery was observed only among patients with SCAT2
scores (Table 2). The patients in the nonhelmet sport group
reported loss of consciousness (n = 73), amnesia (n = 64),
and balance difficulties (n = 12) after their concussions.

Results of Multivariate Analysis

Evaluation of all multivariate models that included fe-
male sex indicated that being female was consistently the
strongest risk factor associated with postconcussive symp-
toms lasting longer than 28 days. The results of the final
multivariate logistic models after stratification by presence
or absence of SCAT?2 scores are shown in Table 4. In the
predictive model for patients with a SCAT2 assessment,

female sex, a history of previous concussion, and SCAT2
score less than 80 remained significantly associated with
delayed recovery. The multivariate analysis for predicting
delayed recovery in patients without a SCAT2 assessment
indicated that being female and having had a diagnosis
of ADHD were the key risk factors associated with pro-
longed recovery from concussion.

Discussion

Concussions are a significant public health concern,
and many states have passed legislation requiring all chil-
dren that have a sports-related concussion to be evaluated
by a physician. The physician is then required to medically
clear the patient for return to play. Sports-related concus-
sions are thus a unique medical entity in that the physi-
cian is required by law to provide prognostic information
and take steps to medically clear the patient. The Alabama
sports-related concussion law of 2011 requires that student
athletes obtain medical clearance for return to play after
a concussion and led to the development of the multidis-
ciplinary concussion clinic at CCCOA. The concussion
clinic was tasked with clearing patients for return to play
over a large urban and rural area. To our knowledge, no
previous case-control study has been conducted to help
clinicians make key diagnostic and prognostic decisions
in pediatric sports-related concussions.

The results of the present study show that female sex,
a previous history of concussion(s), previously diagnosed
ADHD, lower initial total SCAT2 score, higher present-
ing SCAT?2 symptom severity score, and participation in
a nonhelmet sport were all associated with a higher risk
for postconcussive symptoms lasting more than 28 days.
Other selected variables such as loss of consciousness,
balance difficulties, and amnesia were not significantly
associated with prolonged symptoms after a concussion.
These findings provide useful prognostic information for
patients and their parents, coaches, and athletic trainers.
Additionally, these observations may result in a change in
physician expectation of when a player may be allowed
to return to play. The current recommendations require a

TABLE 2. Univariate logistic regression with potential predictors of delayed recovery for patients with or without

SCAT2 scores*
Pts w/ SCAT2 Scores (n = 168) Pts w/o SCAT2 Scores (n = 126)
Predictor No. of Pts OR (95% ClI) p Value No. of Pts OR (95% ClI) p Value
Age 168 1.02 (0.90-1.16) 0.76 126 0.96 (0.85-1.07) 0.44
Female sex 168 2.65 (1.27-5.56) 0.01 126 3.67 (1.66-8.15) 0.001
Hx of ADHD 168 2.35(0.78-7.07) 0.15 126 2.51(0.77-8.16) 0.13
Hx of migraines 168 0.71 (0.14-3.65) 0.68 126 7.77 (0.88-68.56) 0.07
Previous concussion 165 2.79 (1.32-5.88) 0.007 124 1.44 (0.65-3.21) 0.38
Total SCAT2 score 168 0.89 (0.85-0.92) <0.0001 — — —
SCAT2 score <80 168 6.90 (3.36-14.18)  <0.0001 — — —
Loss of consciousness 167 210 (1.02-4.30) 0.04 125 0.88 (0.37-2.09) 0.79
Loss of balance 168 0.86 (0.16-4.60) 0.86 126 3.08 (0.66-56.09) 0.11
Nonhelmet sport 152 2.59 (1.28-5.26) 0.008 107 217 (0.99-7.73) 0.05

Pts = patients.
* Ap <0.05 was considered statistically significant.
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TABLE 3. Sport played at the time of concussion for patients with or without SCAT2 scores stratified by symptom

duration
No. Patients w/ SCAT2 Scores (%) No. of Patients w/o SCAT2 Scores (%)
Sport Symptoms <28 Days Symptoms >28 Days Symptoms <28 Days Symptoms >28 Days

Football 65 (56.6) 14 (26.4) 34 (45.9) 12 (23.1)
Basketball 10 (8.7) 5(9.4) 8 (10.8) 8 (15.4)
Soccer 9(7.8) 3(5.7) 4 (5.4) 1(1.9)

Cheerleading 2(1.7) 1(1.9) 1(1.4) 4(7.7)

Other sports 19 (16.5) 24 (45.3) 15 (20.3) 20(38.4)
Unspecified sport 10 (8.7) 6 (11.3) 12 (16.2) 7(13.5)
Helmet sport 73 (69.5) 22 (46.8) 38 (61.3) 19 (42.2)
Nonhelmet sport 32(30.5) 25(53.2) 24 (38.7) 26 (57.8)

graduated return-to-play protocol and specify a minimum
of 1 week for return to play. Prospective studies of this pe-
diatric population may indicate that certain patients could
benefit from extended cognitive and physical rest period to
improve the long-term outcomes of a concussion.

The study was designed to provide clinicians with pre-
dictors that could be used to determine if a pediatric pa-
tient with concussion is more likely to exhibit prolonged
postconcussive symptoms. The only modifiable variable
analyzed in this study was use of a helmet. We found that
concussions acquired in a helmet-requiring sport lasted for
a shorter time than those incurred in a nonhelmet sport.
Whether this observation represented decreased concus-
sion severity or merely reflected reporting bias (e.g., foot-
ball players might be more likely to deny symptoms and
return to play early than players in nonhelmet sports) re-
mains unclear and merits further study.

Multiple studies have examined the relationship be-
tween age and recovery from concussion and have report-
ed a longer postconcussive recovery time in younger than
in older athletes.>*!° Our study was conducted at a pedi-
atric hospital whose patients have a mean age of 13 years.
Age within this pediatric population was not found to be
associated with delayed recovery. Although some studies
have suggested that concussive amnesia may predict an in-
dividual having postconcussive symptoms for longer than
28 days, our study reinforced another study’s finding that
amnesia is not associated with prolonged symptom dura-
tion.*6:19

The present study has certain limitations that require
further prospective study. The study was performed retro-
spectively, and initial documentation relied on patient and
family recalls. The potential for selection bias is another
possible concern because among the 562 patients present-
ing to CCCOA during the study period, 52.3% met all of
the study eligibility criteria and were enrolled in the study.
In addition, not all of our patients underwent SCAT?2 and
SCAT?2 symptom severity score testing. A potential limi-
tation of this study was that most participants were seen
in a multidisciplinary clinic, and these findings may not
be generalizable to other outpatient settings. An additional
concern is that in a state like Alabama, where participa-
tion in sports, particularly in football, is associated with
significant social pressure, patients may not be entirely
honest in their reporting of symptoms, as such reporting
will preclude them from returning to play.

Conclusions

In this case-control study, a history of previous
concussion(s), a presenting SCAT?2 score of less than 80,
a history of ADHD, female sex, and playing a nonhelmet
sport were all associated with a higher risk for prolonged
recovery (> 28 days) after a concussion. Large prospec-
tive cohort studies are needed to definitively establish any
associations between clinical predictors and prolonged
recovery following concussion. Data from these studies
may then be used to develop clinical prediction models to

TABLE 4. Multivariate logistic regression with predictors of delayed recovery for patients with or without SCAT2

scores*
Patients w/ SCAT2 Scores (n = 168) Patients w/o SCAT2 Scores (n = 126)
Predictor aOR (95% ClI) p Value aOR (95% Cl) p Value
Female sex 3.48 (1.43-8.49) 0.006 4.41(1.93-10.07) 0.0004
Hx of ADHDt — — 3.87 (1.13-13.24) 0.03
Previous concussion 3.67 (1.51-8.95) 0.004 — —
SCAT2 score <80t 5.58 (2.61-11.93) <0.0001 — —

aOR = adjusted OR.
* Ap<0.05 was considered statistically significant.

t Dashes in this row indicate noninclusion in the final multivariate model because no statistical significance was detected in multivariate

analysis.
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further guide clinicians in the optimal treatment of youth
athletes diagnosed with concussion.
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