
Duration and Course of Post-Concussive Symptoms

WHAT’S KNOWN ON THIS SUBJECT: Although there has been
increasing research into the effects of concussion on the
developing brain in recent years, little is known about the
expected duration and clinical course of individual post-
concussive symptoms in children.

WHAT THIS STUDY ADDS: Children and adolescents have
a significant burden of disease after concussion, with typical
patients experiencing physical effects such as headache
immediately after the injury, emotional symptoms later in the
recovery period, and cognitive symptoms that may be present
throughout.

abstract
OBJECTIVES: To examine the incidence, duration, and clinical course
of individual post-concussive symptoms in patients presenting to a
pediatric emergency department (ED) with a concussion.

METHODS: We conducted secondary analysis of a prospective cohort
study of patients 11 to 22 years old presenting to the ED of a children’s
hospital with an acute concussion. The main outcome measure was
duration of symptoms, assessed by the Rivermead Post-Concussion
Symptoms Questionnaire (RPSQ). Patients initially completed a
questionnaire describing mechanism of injury, associated symptoms,
past medical history, and the RPSQ, then were serially administered
the RPSQ for 3 months after the concussion or until all symptoms
resolved.

RESULTS: Headache, fatigue, dizziness, and taking longer to think were
the most common symptoms encountered at presentation, whereas
sleep disturbance, frustration, forgetfulness, and fatigue were the
symptoms most likely to develop during the follow-up period that
had not initially been present. Median duration of symptoms was
the longest for irritability (16 days), sleep disturbance (16 days),
frustration (14 days), and poor concentration (14 days), whereas
nausea, depression, dizziness, and double-vision abated most
quickly. One month after injury, nearly a quarter of children still
complained of headache, .20% suffered from fatigue, and nearly
20% reported taking longer to think.

CONCLUSIONS: Among patients presenting to a pediatric ED after a con-
cussion, physical symptoms such as headache predominate immedi-
ately after the injury, emotional symptoms tend to develop later in the
recovery period, and cognitive symptoms may be present throughout.
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Mild traumatic brain injury (mTBI)
remainsoneof themostcommonreasons
children present for medical care in the
United States,1–3 and concerns about its
effects on the developing brain have led to
a large number of recent studies exam-
ining pediatric concussion. Despite this,
the expected course of individual post-
concussive symptoms in children has
not been well described. There is thus
little evidence to help guide physicians,
patients, and their families regarding in-
cidence and duration of such typical
complaints after a head injury as fatigue,
poor concentration, and irritability.

Estimates as to duration of post-
concussive symptoms in children range
widely, with reports showing as few as
10% of patients symptomatic 7 days after
sport-related concussion4 to as many as
43% still with symptoms 3 months after
being hospitalized for mTBI.5 One cohort
study conducted in the emergency de-
partment (ED) setting showed 29.3% of
children aged 5 to 18 years still symp-
tomatic 3 months after sustaining a
concussion, with the most common
symptoms being headache, fatigue,
and frustration.6 Another study of chil-
dren 18 years and younger demonstrated
that 11% of patients who had a concus-
sion were symptomatic at the 3-month
mark, with fatigue, emotional lability, and
irritability being the most common en-
during symptoms.7 In a smaller group of
adolescents hospitalized for mTBI, sleep
issues, difficulty concentrating, and feel-
ing “slower” were the most common
symptoms reported at a 2- to 3-week
follow-up visit.5

To our knowledge, only 1 study has
attempted to delineate the course of
specific post-concussive symptoms in
children. This prospective cohort study
of patients aged 5 to 17 years who had
mTBI focused exclusively on headaches,
finding the prevalence of this symptom
was 43% 3 months after injury and
41% a full 12 months later.8 For con-
cussed children, their families, and their

physicians, an understanding of the
time course over which specific symp-
toms resolve after a head injury is
important to optimally manage and set
expectations for recovery. In a pre-
vious study of children and adolescents
presenting to a pediatric ED after an
acute concussion, we sought to identify
demographic and injury factors that
would predict a prolonged recovery
period. Our previous results showed
that themedian time to resolution from
all post-concussive symptoms was 13
days, with .30% of patients still
symptomatic 4 weeks after injury.9 In
this study, we performed a secondary
analysis of this same cohort, to exam-
ine individual post-concussive symp-
toms and better define their incidence,
duration, and clinical course.

METHODS

Study Design and Population

We conducted secondary analysis of
a prospective cohort study of consec-
utive patients aged 11 to 22 years who
presented to the ED of a tertiary care
children’s hospital within 72 hours of
a concussion from September 1, 2011
to August 31, 2012.

Definition

Concussion was defined as a blunt in-
jury to the head or to the body with
impulsive force transmitted to the head
that resulted in either (1) alteration of
mental status, or (2)anyof the following
symptoms that started after the injury
and were not present before the injury:
headache, nausea, vomiting, dizziness/
balance problems, fatigue, drowsiness,
blurred vision, memory difficulty, or
difficulty concentrating, without evi-
dence of intracranial hemorrhage. We
chose this broad definition to include
both those who had alteration of con-
sciousness and those who presented
with typical post-concussive symptoms
following a head injury.10–12

Patients were excluded from the study
if any of the following were present:
(1) Glasgow Coma Score (GCS),13 on
arrival to the ED, (2) coexisting frac-
ture of skull or long-bone, (3) coex-
isting injury to intra-abdominal or
intrathoracic organ or spinal cord, (4)
cognitive or developmental disability
preventing patient from completing the
questionnaire, or (5) involvement of
either law enforcement or ED social
workers for victims of an assault.
These criteria were designed to dis-
tinguish post-concussive symptoms
from symptoms related to other inju-
ries or psychological stresses related
to major trauma or assault.

Outcomes

The primary outcome was time course
of recovery of individual post-concussive
symptoms assessed via the Rivermead
Post-Concussion Symptoms Ques-
tionnaire (RPSQ). The RPSQ is a 16-
item concussion symptom inventory
checklist that has been used exten-
sively in both adult and pediatric
studies of mTBI,7,13,14 has shown a high
degree of inter-rater and test-retest
reliability,15,16 and is valid and unbi-
ased in young children.14,17 The ques-
tionnaire was available to study
participants in both English and Span-
ish. Symptom duration was defined as
the amount of time between the date
that the patient first reported the
symptom present at greater than pre-
injury baseline (score of 2 or higher on
the symptom inventory) and the date
that the patient first reported that the
symptom was no longer present or
was back to pre-injury level (score of
0 or 1 on the symptom inventory). On
follow-up questionnaires, patients ad-
ditionally were asked to report their
amount of cognitive and athletic activity
on a 5-point scale ranging from full rest
to full participation, and to compare
current school and athletic perfor-
mance to their pre-injury performance.
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Enrollment and Consent

Study participants were enrolled dur-
ing their ED visit by trained research
coordinators after informed consent
(and assent for patients age ,18
years) was obtained. Eligible patients
who were not contacted during their
ED visit were offered enrollment after
ED discharge via phone if they were still
within 72 hours of the injury. On
enrollment, patients completed an
electronic questionnaire asking for
demographic information, mechanism
of injury, associated symptoms, past
medical history, and the RPSQ. Data
regarding patient medical history was
culled from this self-report and
a questionnaire filled out by the ED
provider, with selective chart review
performed to clarify discrepancies.

Follow-Up

An online follow-up questionnaire con-
tainingtheRPSQwassentelectronically to
patients or their parent, depending on
familypreference,1,2,4,6,8,and12weeks
after theirEDvisitoruntil theymetcriteria
for symptom resolution, defined as all
indices of the RPSQ scored a 0 or 1. Study
participation terminated with the week-
12 questionnaire. Instructions requested
that the patient fill out the surveywith the
assistance of the parents as needed.
Patients who reported resolution of
symptoms were prompted to provide the
last date on which any symptoms oc-
curred. Patients who had incomplete or
inconsistent data were called to resolve
these issues. Patients who failed over
2 consecutive intervals to fill out the
questionnaire were considered lost to
follow-up. Study data were collected and
managed by using REDCap (Research
Electronic Data Capture, Nashville, TN)
electronic data capture tools hosted at
Boston Children’s Hospital.18

Statistical Analysis

Statistical analysis was performed by
using PASW Statistics 18 (SPSS, Inc,

Chicago, IL). Continuous data were ana-
lyzed by Student’s t test orWilcoxon Rank
Sum test as appropriate. Median
symptom duration was assessed as
a continuous variable from 0 to 90 days
using Kaplan-Meier analysis, a measure
that takes into account expected dura-
tion of symptoms for censored patients
(those who were either lost to follow-up
or still symptomatic at the end of the
study period). Percent of patients symp-
tomatic at each time point was cal-
culated by dividing the number of
patients reporting the symptom at the
specified time by the number of patients
who either met criteria for symptom
resolution or were still actively being
followed at that time point. Values were
considered statistically significant if
P # .05. The Boston Children’s Hospital
Institutional ReviewBoard approved this
study before onset of data collection.

RESULTS

Study Population

Of 302 patients approached for the
study, 280 (93%) were enrolled; 235
(84%) of these patients completed at
least 1 follow-up questionnaire, and 45
(16%) were lost to follow-up. Sixty-six
percent were enrolled on the calen-
dar day their concussion occurred,
24.7% thenext calendarday, 7.2%2days
later, and 1.7% 3 days later. Demographics
and characteristics of patients who
were included in the study and those
whowere lost to follow-up are shown in
Table 1.

Course of Symptoms

Although headache, fatigue, dizziness,
and taking longer to think were the
most common symptoms encountered
at presentation, sleep disturbance,
frustration, forgetfulness, and fatigue
were the symptoms most likely to de-
velop during the follow-up period that
had not been present initially after the
injury (Table 2).

Duration of Symptoms

Irritability, sleep disturbance, frustra-
tion, and poor concentration persisted
the longest, whereas nausea, de-
pression, dizziness, and double vision
abated the most quickly (Table 2). One
month after injury, nearly one-quarter
of children still complained of head-
ache,.20% suffered from fatigue, and
nearly 20% reported taking longer to
think (Figs 1 and 2).

Cognitive Rest, School, and Athletic
Performance

One week after the injury, 197 subjects
completed the questionnaire regarding
cognitive and sports activity and school
and athletic performance. Fifty-seven
percent of patients reported at least
moderately limiting cognitive activity,
whereas15.2% limitedcognitiveactivity
only minimally and 27.4% had not
limited cognitive activity at all. Eighteen
percent of patients reported worse
school performance than before their
concussion, whereas 48.2% reported
no decline in school work (the remain-
der had not attended school or done
any school work in the interim). Only
8.2% of patients had returned to full
athletic activity, with the majority
(63.8%) reporting no athletic activity at
all except for walking.

DISCUSSION

To our knowledge, this is thefirst report
to describe the precise duration of in-
dividual symptoms after pediatric
concussion. Previous studies have
demonstrated that post-concussive
symptoms can be broadly categorized
into physical, emotional, and cognitive
clusters, with a high degree of overlap
between them,19–22 but neither the in-
cidence of these symptoms nor their
relative burden throughout the re-
covery period have been well de-
scribed in children.23,24 Here we show
that although the majority of chil-
dren initially present to care after
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a concussion with symptoms of head-
ache, dizziness, and fatigue, new symp-
toms often develop during the recovery
course, particularly those that have
a substantial emotional component.
Whether this secondary symptom de-
velopment is attributable to the un-
derlying pathophysiology of mTBI or
the psychosocial consequences of the
concussion and the restrictions placed
on children during their recovery is not
known. Understanding the recovery
course for children after concussion
is important for caregivers and fami-
lies who will be managing symptoms,
as well as for academic and athletic
accommodations.

For themajority of patients in our study,
symptoms resolved within 2 weeks of
the injury. During that recovery period,
however, patients experienced a large
symptomburdenandsignificant impact
on subjective functioning. One week
after the injury, more than two-thirds of

the patients still had a headache;
a majority complained of poor con-
centration, dizziness, fatigue, and tak-
ing longer to think; and.40% struggled
with forgetfulness, light sensitivity, and
noise sensitivity. Few patients had
returned to full cognitive activity or
sports participation 1 week after the
injury, although we cannot say whether
these limitations were attributable to
symptoms or to clinician advice to rest.
Taken together, these findings show
that although concussion symptoms
often resolve quickly, they can be de-
bilitating in the short term for many
patients.

Our study adds to previous inves-
tigations that have demonstrated that
headache is themost commonly reported
post-concussive symptom,5,6,8,25–28 pres-
ent in 85.1% of children in our cohort
on presentation to the ED and in 88.9%
of patients at any point during the
follow-up period. We found that the

median duration of headache was 13
days, with 5.3% still having headache at
3 months, notably less than the 43%
reported by Blume and colleagues in
a previous pediatric mTBI cohort.8 We
believe differing survey methodology
explains these discrepant findings, as
participants in Dr Blume’s study were
asked to rate their pain on a scale of
0 to 10, with any score $1 considered
positive for presence of headache. In
our study, on the other hand, we con-
sidered a patient to have ongoing
headache only if they indicated that
their pain was greater than their pre-
injury baseline on the RPSQ.

After headache, fatigue was the second
most common presenting symptom in
our study, reported by 64.2%of patients
on initial evaluation. Notably, an addi-
tional 15.4% of children who did not
initially report fatigue subsequently
developed this symptom. A substantial
number of children (21.6%) also de-
veloped sleep disturbance after their
initial evaluation. This finding suggests
that children who have a concussion
should be warned about the possibility
of developing fatigue and sleep issues,
and these symptoms should be spe-
cifically assessed during follow-up
evaluation. Moreover, despite being
characterized as somatic symptoms,
both sleep issues and fatigue may have
a significant emotional component, so
careful attention should be paid to co-
incident emotional symptoms in chil-
dren who have these complaints.21

The emotional symptoms of concussion
(frustration, depression, irritability,
and restlessness) were not commonly
reported on presentation, but did de-
velop in large numbers of patients
during follow-up and were among the
symptoms that lasted the longest. An
exception to thiswas depression, which
developed in only 8.6% of patients who
did not report it initially. It is unclear
whether this reflects the fact that de-
pression itself did not develop as

TABLE 1 Patient Demographics

Included in Study (N = 235) Lost to Follow-up (N = 45) P Value

Mean age (y) 14.3 13.6 .05
Male gender 57.4 62.2 .55
Non-white race 21.3 42.2 .003
Hispanic ethnicity 8.5 22.2 .005
LOC 22.1 22.2 .97
Amnesia 43.0 33.3 .22
Previous concussion 28.9 24.4 .54
PMH migraine 12.3 20.0 .17
PMH LD 12.8 11.1 .75
PMH ADHD 14.9 28.9 .02
PMH depression 6.4 11.1 .34
PMH anxiety 8.9 11.1 .58
Mean total RPSQ score 18.83 18.13 .75
Mechanism of injury
Collision 34.0 22.2 .12
Fall 41.3 37.8 .60
Struck by object 18.7 33.3 .03
Motor vehicle collision 2.6 4.4 .49
Bicycle/scooter accident 4.3 4.4 .95
Playing sport 63.8 51.1 .11

Imaging performed
CT 23.4 13.2 .25
MRI 0.5 0 .84

GCS .59
GCS 15 95.2 100
GCS 14 3.4 0
GCS 13 1.4 0
Admitted 4.8 2.6 .55

All data are presented as percentages unless otherwise noted. ADHD, attention-deficit/hyperactivity disorder; CT, computed
tomography; GCS, Glasgow Coma Scale; LD, learning disability; LOC, loss of consciousness; PMH, previous medical history.
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frequently as other complaints, or that
patients were reticent to endorse de-
pression owing to the stigma associ-
ated with this symptom. Pediatricians
and specialists in concussion care
should continue to carefully evaluate
patients for the emotional symptoms of
concussions attributable to both the
physical injury and the psychosocial
sequelae that often follow these head
injuries.

Cognitive symptoms were particularly
burdensome inourcohort, as theywere
present in substantial percentages
initially, still went on to develop inmany
additional patients, and had greater
than average duration of symptoms,
with the exception of forgetfulness,
which resolved on average within 11
days. These findings support the im-
portanceofacademicaccommodations
for children after concussion.

Allowing for overlap between domains
and some notable exceptions outlined
above, our study shows that the phys-
ical symptoms of concussion present
early and resolve early after the injury,
emotional symptomsdevelop later than
the other domains, and cognitive

symptoms impair many patients both
immediately after their head trauma
and long into the recovery period. Un-
derstanding this expected progression
of symptoms has several potential
benefits. For patients, it may help to
normalize the experience of recovery
from concussion, preventing the addi-
tional stress that comes from worrying
that symptoms are unusual or exces-
sive. For families and school personnel,
this knowledge may help them better
prepare the home and school envi-
ronment for expected obstacles to re-
covery and return to normal academic
and athletic participation. For health
care providers, it may help reduce
unnecessary testing and referrals ow-
ing to concern that a patient’s course is
atypical, better target post-concussive
evaluations to expected symptoms, and
better inform the anticipatory guid-
ance given to patients and their fami-
lies.

There are several limitations to our
study. We did not include a control
group, so we cannot conclude with
certainty that the symptoms experi-
enced by patients in our cohort are

attributable to the head injury and not
part of the recovery from injury in
general, the psychosocial conse-
quences of illness, or malingering. A
wide body of literature, however, has
established that post-concussive symp-
toms are more frequent in mTBI patients
than in other injured patients, and that
post-concussion syndrome should be
recognized as a unique and valid di-
agnosis apart from other forms of re-
covery from trauma.7,29–31

An additional limitation is that we
studied only self-reported symptoms,
and patient reports may have been
influenced by a desire to either ex-
pedite or, conversely, avoid return
to school or sports. Furthermore,
although we surveyed patients fre-
quently during the study period, our
primary focus was on pinpointing the
date on which all symptoms resolved,
not individual symptoms. As a result, we
defined the duration of a symptom as
the time from which a patient first
reported the symptom until the time
that the patient first reported that the
symptom was no longer present. This
number may have been shorter or

TABLE 2 Time to Resolution of Individual Post-Concussive Symptoms

% Reporting Symptom
at Presentation

% Developing Symptom
After Initial Assessment

% With Symptoms
on Day 7 (N = 234)a

% With Symptoms
on Day 28 (N = 218)a

% With Symptoms
on Day 90 (N = 207)a

Median Days of
Symptom (95% CI)

All symptoms n/a n/a 77 32 15 13 (11–15)
Physical symptoms
Blurry vision 32 5.4 31.6 6 1.4 11 (9–13)
Dizziness 61.3 6.8 53 14.2 3.9 10 (8–12)
Double vision 13.2 2.1 12.8 1.8 0.5 10 (9–11)
Fatigue 64.2 15.4 59.8 21.6 3.4 13 (11–15)
Headache 85.1 3.8 69.2 24.8 5.2 12 (10–14)
Light sensitivity 42.5 10.7 44 13.8 1.9 13 (10–16)
Nausea 41.6 3.9 37.2 8.7 2.4 9 (8–10)
Noise sensitivity 40.4 14 43.2 12.4 1.9 11 (10–12)
Sleep disturbance 11.6 21.6 24.8 10.1 1 16 (10–22)

Cognitive symptoms
Forgetfulness 42.1 15.8 44 14. 1.9 11 (8–14)
Poor concentration 52.4 13.1 56.8 17 3.4 14 (12–16)
Taking longer to think 57.8 11.1 54.3 18.3 4.3 13 (10–16)

Emotional symptoms
Depression 22.9 8.6 25.6 8.3 1.4 9 (7–11)
Frustration 27.7 17.4 37.6 14.7 1.4 14 (8–20)
Irritability 25.5 14.5 30.3 14.2 1.9 16 (9–23)
Restlessness 24.6 14.1 31.6 10.6 1.4 12 (9–15)

CI, 95% confidence interval; n/a, not applicable.
a Number of patients in the study minus patients censored before given time interval.
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longer than the actual symptom dura-
tion, depending on the timing of the
questionnaire being filled out. However,

because we surveyed patients fre-
quently during the follow-up period,
we believe these estimates are likely

to more closely approximate symp-
tom duration than a single follow-
up questionnaire administered at 1

FIGURE 1
Percent of patients reporting individual physical symptoms during study period. Bars represent 95% CI.

FIGURE 2
Percent of patients reporting individual cognitive and emotional symptoms during study period. Bars represent 95% CI.
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given time point after the injury.
Another limitation may come from the
small number of patients who were
enrolled after their ED visit, and whose
initial questionnaire may therefore re-
flect the symptomspresent in the hours
to days after the initial injury, rather
than those present at the time of their
ED evaluation. Given the small number
of patients in this category and the
short time window in which they were
required to fill out the questionnaire
after thehead injury,we think this effect
is likely to be small.

There were differences between our
study population and the group that
was lost to follow-up in terms of race,
ethnicity, and presence of attention-
deficit/hyperactivity disorder, although
there were no differences in other
factors that have been shown to in-
fluence concussion outcome, such as
age, gender, loss of consciousness,
previous concussion, or initial symp-
tom burden. Finally, our study pop-
ulation consisted of children and

adolescents referred to a tertiary care
pediatric ED. This group likely repre-
sents amore severely injured subset of
concussion patients than those who
are treated on the field, in an outpatient
clinic, or in a community ED, as patients
may be treated initially in these latter
settings and then be referred to a pe-
diatric ED owing to severity of symp-
toms or need for imaging, subspecialty
consultation, or admission. As a result,
these results may not be generalizable
to all children and adolescents after
a concussion.

Despite these limitations, our study had
several strengths, including a large
sample size and prospective method-
ology. We enrolled a high percentage of
eligible patients and a majority of
patients continued participation until
symptom resolution. Finally, unlike
previous studies that focused on par-
ticular subgroups of patients, such as
participants in a particular sport, our
studyexaminedall eligiblepatientswho
presented to a tertiary care ED.

CONCLUSIONS

Among children and adolescents pre-
senting to a pediatric ED after a con-
cussion, there is a significant burden of
disease, particularly during the first 2
weeks after injury. The typical patient
will see physical effects such as head-
ache immediately after the injury,
emotional symptoms that develop later
in the recovery period, and cognitive
symptoms may be present throughout.
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LIGHT FOR CLEAN WATER: Here in Vermont we rarely have significant drought
conditions. That, unfortunately, has not been the case in the western United
States. Several areas have experienced severe drought conditions for many
years. Water scarcity is a huge issue for ranchers, farmers, and city dwellers
alike. As reported in The New York Times (Technology: February 16, 2014), at least
one company has developed an innovative solution that could eventually help
alleviate water problems for some farmers in California’s Central Valley. Instead
of using solar panels to generate electricity, engineers use standard, easily ac-
quired technology to generate heat to desalinate contaminated ground water.
The Central Valley relies on irrigation to supply water for crops. There is ground
water in the area, but it is so heavily tainted with toxic levels of salt and heavy
metals that it cannot be used for crop irrigation and must be drained away from
the fields.
Rather than using costly mirrors to focus the sun, one approach has been to use
a reflective film to heat oil suspended in long tubes over the reflective coating. The
heated oil goes through evaporators to generate steam. As the steam condenses,
fresh water, salts, and heavy metals are separated. The process can be repeated
several times. The method has great promise as the Central Valley has plenty of
both unplanted land and sunshine, and the technology is for the most part non-
proprietary. While still an expensive way to generate cleanwater, at least farmers
would have access to water, and the costs are still far less than conventional
desalinization. So, in the future, there may be desalinization farms in addition to
solar and windmill farms in California all trying to harness clean energy.
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