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Objectives: To determine which variables predict prolonged (>28 days) duration of symptoms after a
concussion.

Design: We conducted a prospective cohort study of adult (>18yo) patients cared for in a specialty
concussion clinic.

Methods: Symptoms were assessed using the Post-Concussion Symptom Scale (PCSS) developed at the
3rd International Conference on Concussion in Sports. Possible predictors including age, sex, loss of con-

K : . . . . . . . . .
l\/fijl’;vfrradjmatic brain injury sciousness, amnesia, history of prior concussion, prior treatment for headaches, history of migraines, and
Sports family history of concussions, were measured by self-report. We recorded a PCSS score at each clinical

visit and defined time to symptom resolution as the number of days between the date of injury and date
of last symptoms.
Results: Of 64 adult patients included in the study, 53.3% were male; 20.3% reported experiencing a loss
of consciousness at the time of injury while 23.4% reported amnesia. Patients ranged in age from 18 to 27
years (mean 21 + 2 years). Most concussions (92.2%) occurred during sports. The mean initial PCSS score
for those suffering symptoms for longer than 28 days was significantly higher than those who symptoms
resolved within 28 days (42.5 vs. 19.2, p<0.01). Of all potential predictor variables, only the initial PCSS
score was independently associated with the odds of symptoms lasting longer than 28 days (aOR 1.037;
95% C11.011, 1.063).
Conclusions: Among adult patients with concussions, those with a higher symptom burden after injury
have an increased odds of suffering from prolonged symptoms. Other potential predictor variables are
not associated with the risk of prolonged recovery.

© 2015 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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1. Introduction and dizziness, and collective symptom burden.*® In a study by

Chrisman et al, athletes who reported 4 or more symptoms after

While most concussions, especially those sustained during
sports, resolve over the course of a few weeks, some patients suf-
fer prolonged symptoms.!~3 Previous studies have attempted to
identify potential predictors of prolonged recovery after concus-
sion such as age at time of injury, amnesia or loss of consciousness
at the time of injury, sex, history of previous concussions, meas-
ures of cognitive function, individual symptoms such as headaches
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sustaining a sport-related concussion were twice as likely to have
symptoms for greater than one week. Furthermore, history of prior
concussions, amnesia at the time of injury, dizziness, nausea, and
difficulties with concentration were all associated with symptom
duration of greater than 7 days.* In a similar study by McCrea et al.,
loss of consciousness, amnesia, and higher symptom severity levels
all appeared associated with 7 days or more of symptoms.” Other
investigators have found that individual symptoms, such as sub-
jective fogginess, dizziness at the time of injury, as well as amnesia
and neurocognitive test scores, were also associated with symptom
duration.”?

The ability to predict which patients are likely to suffer
prolonged symptoms would allow clinicians to better provide
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anticipatory guidance and prepare for the possibility of offering
various therapies. In addition, the ability to predict a prolonged
recovery would allow patients to make better informed decisions
about various therapies offered by their treating clinicians, put
occupational or academic accommodations in place, and alert co-
workers of the possibility of a prolonged recovery.

Previously, we assessed a largely pediatric population and
showed that score on symptom inventory at the time of initial clinic
visit was independently associated with the odds of suffering the
symptoms of a concussion for more than 28 days. It is possible,
however, that the recovery of pediatric patients differs from that
of adults and that the predictors of prolonged recovery, also differ
between children and adults. Age itself has been proposed as a risk
factor for worse outcomes after a concussion, including prolonged
duration of symptoms, with some analyses suggesting that younger
athletes take longer to recover, although not all studies support this
idea.’-12 Furthermore, there are likely differences between pedi-
atric and adult athletes regarding the biomechanics of concussive
injuries, the pathophysiological response to concussion, and the
effect of concussion on neurobehavioral outcomes.!!-13.14

In this study, we sought to determine if symptom burden at
the time of the initial clinic visit was also a predictor of prolonged
symptoms for adult patients suffering from concussions. To this
end, we analyzed clinical data from 64 adult patients suffering from
concussions to identify independent predictors of prolonged (>28
days) symptoms.

2. Methods

We conducted a prospective cohort study of adult (>18yo)
patients cared for in a specialty concussion clinic at an academic
medical center between October 1, 2009 and July 31, 2011. At the
initial clinic visit, patients completed an intake form, providing
information about their mechanism of injury and past medical his-
tory as well as the Post-Concussion Symptom Scale (PCSS). We used
the definition of concussion endorsed by the international consen-
sus on concussion in sport.!> Therefore, patients with a history of a
trauma followed by the onset of signs or symptoms of concussion
or decreases in neurocognitive function as determined by medical
history and physical examination were diagnosed as a concussion.
The study was approved by the institutional review board of Boston
Children’s Hospital.

We monitored symptoms using the PCSS developed by the
international consensus on concussion in sports, which patients
completed at each visit. The PCSS is a symptom inventory contain-
ing a total of 22 symptoms that patients rank on a scale from O,
when not experiencing a given symptom, to 6, when the symptom
is “severe.” The PCSS is part of the Sport Concussion Assessment
Tool 2 (SCAT 2), which was proposed by the 3rd international con-
sensus on concussion in sport.'® The total score on the PCSS is the
sum of the severity score (0-6) for each of the 22 symptoms. Thus,
the maximum possible score on the PCSS is 132 (6 x 22). The symp-
toms included on the PCSS are not specific to concussion, but can
be caused by many other etiologies.!®!7 Therefore, as with other
studies, patients were instructed to rate only those symptoms that
started at the time of their concussion and that they were still expe-
riencing within the 24 h prior to their clinic visit.'®1° Symptom-free
was defined as a post-concussion symptom score of 0. The initial
PCSS score used for our analyses was obtained at their first clinic
visit.

When assessing potential predictors of symptom duration, we
included only those patients seen in clinic within 21 days of injury.
We chose to exclude those who presented later than 21 days after
injury as (1) we expect that most patients who sustain a concus-
sion will be able to obtain an initial clinic appointment within
that time frame and (2) we felt we needed at least one week of

time between presentation to clinic and our outcome of interest,
symptom duration for 28 days, in order for potential predictor
variables to have an association. We included all sport-related con-
cussions as well as patients who sustained injuries by comparable
mechanisms and forces similar to those observed in sports, such
as falling from a standing position or fist-fighting. We excluded
patients with more severe injury mechanisms and forces, such as
motor vehicle collisions and falls from higher than ground level.
Simple descriptive statistics were used to describe our population
and the sports played at the time of injury. As in previous studies,
we identified potential predictor variables from the available med-
ical literature, including age, scores on symptom inventory (PCSS)
at initial visit, total number of symptom reported at time of initial
visit, sex, loss of consciousness or amnesia at the time of injury, his-
tory of prior concussion, prior medical treatments for headaches,
history of migraines, and family history of concussion.'® Migraine
headaches were analyzed as a separate category, in addition to
headaches not otherwise specified, as some previous literature
has suggested headaches with migrainous characteristics may be
associated with outcomes after concussion.62%21 Although com-
puterized neurocognitive data have been suggested as possibly
predictive of recovery from concussion, pre- and post-injury tests
are not routinely available for adult patients outside of those in
the military or those who participate in organized sports. Further-
more, in our sample, only 17 of the 64 patients eligible for analysis
of predictors of symptom duration had computerized neurocogni-
tive data performed at their initial visit. Therefore, neurocognitive
scores were not included in our analyses.

Since previous studies have shown that the majority of athletes
will recover within 4 weeks of injury,>22 we sought to identify risk
factors for having symptoms that last longer than 4 weeks. Univari-
ate comparisons were made between the 2 groups: those whose
symptoms resolved within 28 days and those whose symptoms
persisted beyond 28 days, using Student’s t-test for continuous
variables and the Fischer’s exact test for dichotomous variables.
Any potential predictor variable that appeared different between
the 2 groups with a statistical probability of p<0.2 was entered
into a logistic regression model in order to generate adjusted odds
ratios. This allowed us to assess the independent effect of symptom
burden on duration of symptoms after adjusting for other poten-
tial confounding variables. As is common when building a logistic
regression model, we used a less stringent threshold for signifi-
cance when deciding which variables to enter into the multivariate
model, since the true size and significance of the effect of certain
variables may be masked by potential confounding variables, and
revealed after adjusting for those variables in the model.? No infer-
ences are drawn from these univariate analyses; they are simply a
screening to determine which independent variables are included
in the model. Any variable with an adjusted odds ratio with a 95%
confidence interval that did not cross 1 in the multivariate model
was considered statistically significant.

3. Results

There were 131 adult patients cared for in clinic during the study
period. The initial visit for 60 patients occurred more than 21 days
after injury. For an additional 7, it could not be definitively estab-
lished whether or not their symptoms resolved within 28 days of
injury. Therefore, 64 patients, none of whom were lost to follow up,
were included in the study.

The majority (53.3%) were male. More than 1 in 5 (20.3%)
patients reported experiencing aloss of consciousness at the time of
injury while 23.4% reported amnesia; 6.3% experienced both amne-
sia and a loss of consciousness. Most concussions (92.2%) occurred
during sports. The most common sports played at the time of injury
were soccer and ice hockey (Table 1). Nearly half (46.9%) had been
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