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CLINICAL ARTICLE

J N S PEDIATRICS

J Neurosurg Pediatr 27:538-547, 2021

Persistent postconcussive symptoms in children and
adolescents with mild traumatic brain injury receiving
initial head computed tomography

Lennart Riemann,' Daphne C. Voormolen, PhD,? Katrin Rauen, MD,*

Klaus Zweckberger, MD, PhD,' Andreas Unterberg, MD, PhD,' Alexander Younsi, MD,' and
the Collaborative European NeuroTrauma Effectiveness Research in Traumatic Brain Injury
(CENTER-TBI) Investigators and Participants

"Department of Neurosurgery, University Hospital Heidelberg, Germany; 2Department of Public Health, Erasmus MC—University
Medical Center Rotterdam, The Netherlands; and *University Hospital of Psychiatry Zurich, Department of Geriatric Psychiatry
and Institute for Regenerative Medicine, University of Zurich, Switzerland

OBJECTIVE The aim of this paper was to evaluate the prevalence of postconcussive symptoms and their relation to
health-related quality of life (HRQOL) in pediatric and adolescent patients with mild traumatic brain injury (mTBI) who
received head CT imaging during initial assessment.

METHODS Patients aged between 5 and 21 years with mTBI (Glasgow Coma Scale scores 13-15) and available
Rivermead Post Concussion Questionnaire (RPQ) at 6 months of follow-up in the multicenter, prospectively collected
CENTER-TBI (Collaborative European NeuroTrauma Effectiveness Research in TBI) study were included. The preva-
lence of postconcussive symptoms was assessed, and the occurrence of postconcussive syndrome (PSC) based on the
ICD-10 criteria, was analyzed. HRQOL was compared in patients with and without PCS using the Quality of Life after
Brain Injury (QOLIBRI) questionnaire.

RESULTS A total of 196 adolescent or pediatric mTBI patients requiring head CT imaging were included. High-energy
trauma was prevalent in more than half of cases (54%), abnormalities on head CT scans were detected in 41%, and ad-
mission to the regular ward or intensive care unit was necessary in 78%. Six months postinjury, 36% of included patients
had experienced at least one moderate or severe symptom on the RPQ. PCS was present in 13% of adolescents and
children when considering symptoms of at least moderate severity, and those patients had significantly lower QOLIBRI
total scores, indicating lower HRQOL, compared with young patients without PCS (57 vs 83 points, p < 0.001).

CONCLUSIONS Adolescent and pediatric mTBI patients requiring head CT imaging show signs of increased trauma
severity. Postconcussive symptoms are present in up to one-third of those patients, and PCS can be diagnosed in 13% 6
months after injury. Moreover, PCS is significantly associated with decreased HRQOL.
https://thejns.org/doi/abs/10.3171/2020.9.PEDS20421

KEYWORDS mild traumatic brain injury; pediatric; postconcussive symptoms; CT imaging; Rivermead Post
Concussion Symptoms Questionnaire; RPQ; health-related quality of life; HRQOL; trauma

ILD traumatic brain injury (mTBI) is a common
M injury in children and adolescents that frequently

leads to clinical presentation. An epidemiologi-
cal study including children ranging from O to 17 years old
requiring medical contact reported an estimated incidence
of 304 cases per 100,000 child-years.! Ninety-seven per-
cent of included patients in that study were classified as

having mTBI,! which was defined according to the Ameri-
can Congress of Rehabilitation Medicine by a Glasgow
Coma Scale (GCS) score of 13—15, a maximum loss of
consciousness (LOC) of 30 minutes, and posttraumatic
amnesia (PTA) less than 24 hours after the brain impact.??
Acute postconcussive symptoms after mTBI can be severe
and might include somatic symptoms such as headaches,

ABBREVIATIONS CENTER-TBI = Collaborative European NeuroTrauma Effectiveness Research in TBI; ED = emergency department; HRQOL = health-related QOL; GCS
= Glasgow Coma Scale; LOC = loss of consciousness; mTBI = mild TBI; PCS = postconcussion syndrome; PTA = posttraumatic amnesia; QOL = quality of life; QOLIBRI =
Quality of Life after Brain Injury; RPQ = Rivermead Post Concussion Symptoms Questionnaire; TBI = traumatic brain injury.
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cognitive symptoms such as difficulty concentrating, and
affective symptoms such as irritability. In a considerable
fraction of patients, symptoms can chronically persist for
weeks, months, or even years.* The prevalence of pro-
longed postconcussive symptoms in young patients varies
depending on the diagnostic criteria used and the popula-
tion studied but has been reported to be as high as 31%.
Although the knowledge about such postconcussive symp-
toms in the pediatric and adolescent population has con-
siderably increased over the past years and now includes
insights from large, multicenter studies,’¢ there remains
an important subgroup of patients who have not been stud-
ied in detail: young mTBI patients requiring head CT dur-
ing initial assessment following the brain injury. While, to
avoid radiation exposure, the majority of adolescents and
children do not receive CT imaging after mTBI, it might
be nevertheless indicated when, for example, a history of
high-energy injury mechanisms, suspicious clinical find-
ings, or other risk factors are present. In such patients, a
more severe subtype of mTBI might therefore be present.
Mild TBI in general can already have profound negative
impacts on the lives of affected adolescents and children.’
Moreover, young patients experiencing a combination of
persistent postconcussive symptoms of somatic, cognitive,
and affective nature can be diagnosed with postconcus-
sion syndrome (PCS), a diagnosis encoded in the ICD-10.8
Between 11% and 55% of adolescents and children have
been reported to develop postconcussive symptoms fol-
lowing mTBI. In those patients, the persistent postconcus-
sive symptoms can have serious consequences and could
significantly decrease their overall health-related quality
of life (HRQOL).!"” The objectives of this study, therefore,
were to examine the prevalence of such persistent post-
concussive symptoms, to analyze the occurrence of PCS,
and to assess its association with HRQOL in the potential-
ly more complicated subgroup of adolescent and pediatric
patients who were classified as having mTBI but who re-
quired head CT imaging after presenting to the emergency
department (ED).

Methods

Study Design and Patient Selection

For the present study, data from the Collaborative
European Neurolrauma Effectiveness Research in TBI
(CENTER-TBI) core study was analyzed. CENTER-TBI
is a multicenter, observational, longitudinal cohort study
of patients with a clinical diagnosis of TBI (all severities)
and, notably, the indication for head CT imaging (defined
at the discretion of each study center), who presented to a
participating study center within 24 hours after the injury.
Patients for the CENTER-TBI core study were enrolled
from December 2014 to December 2017 in 59 centers
across Europe and Israel.'"'> The study protocol was ap-
proved by national and local ethics committees for each
recruiting site (https://www.center-tbi.eu/project/ethical-
approval), and informed consent was obtained by the le-
gal representative or next of kin for all enrolled patients.
For this analysis, we included all pediatric and adoles-
cent patients between the ages of 5 and 21 years from the
CENTER-TBI core study database who presented with
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mTBI (GCS scores 13—-15) and had completed the River-
mead Post Concussion Symptoms Questionnaire (RPQ) at
6 months postinjury.

Data Collection

Data were accessed through the clinical study data
management tool Neurobot (INCF-Neurobot, RRID:
SCR_017004). The CENTER Core version 2.1 was used
for this study. The variables age, sex, GCS score at ad-
mission, seizures, intubation, reason for admission, reason
for CT imaging, presence of any intracranial abnormali-
ties on initial CT brain imaging (CT abnormalities), post-
traumatic amnesia (PTA), LOC, major extracranial injury,
admission to the ICU, high-energy trauma and RPQ and
Quality of Life After Brain Injury (QOLIBRI) scores at
6 months were collected. Major extracranial injury was
defined as an abbreviated injury scale score of at least 3 in
any body region. High-energy trauma was defined as an
accelerating/decelerating trauma of high velocity or falls >
1 m. The variable “CT abnormality” refers to any trauma-
related abnormality found on CT imaging.

Outcome Measurements
Rivermead Post Concussion Symptoms Questionnaire

The RPQ was used to assess the presence and sever-
ity of postconcussive symptoms following mTBL."* This
assessment instrument evaluates 16 different symptoms
that can be divided into 3 categories: somatic symptoms
(headaches, blurred vision, double vision, noise sensitivity,
light sensitivity, dizziness, nausea, sleep disturbances, and
fatigue), affective symptoms (irritability, depression, frus-
tration, and restlessness), and cognitive symptoms (forget-
fulness, poor concentration, and slowed thinking). Patients
rate the severity of each symptom on a 5-point Likert scale
(not experienced at all [0], no more of a problem [1], a mild
problem [2], a moderate problem [3], and a severe problem
[4]). Patients were specifically instructed to rate the sever-
ity of their symptoms over the last 7 days in comparison
with their preinjury levels, thus giving the instrument a
time and an event anchor."* For the analysis, scores 0 and
1 were combined into one category as proposed in previ-
ous works, 1316 yielding a 4-point scale ranging from cur-
rently absent symptoms (0), mild symptoms (2), moderate
symptoms (3), and severe symptoms (4). The total RPQ
score was calculated by adding the scores of each RPQ
symptom to a sum, with a maximum total score of 64.
The presence of PCS was defined according to ICD-10
criteria, which meant that patients had to experience at
least 3 of the following symptoms: headaches, dizziness,
sleep disturbance, fatigue, being irritable/easily angered,
forgetfulness/poor memory, and poor concentration.® As
there is currently no consensus on whether to include only
symptoms of at least moderate severity (rating score = 3)
or even of mild severity (rating score = 2) when assessing
patients for PCS, the prevalence of PCS was analyzed for
both definitions in this study.

Health-Related Quality of Life

To assess HRQOL, the QOLIBRI questionnaire was
used, which consists of 37 items covering 6 aspects of dis-
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Total number patients
in core study available

for analysis
n = 4509
Patients after moderate
- or severe TBI
Y n = 1554

Patients after mTBI
n= 2955

Patients after mTBI <5
P years(n=11)or>21
\ 4 years (n = 2602)

Patients after mTBI
aged 5-21 years

n= 342
Incomplete RPQ
>
\ 4 n=146
Patients after mTBI

aged 5-21 years with
complete RPQ

n =196

FIG. 1. Flowchart of patient selection.

ease-specific HRQOL after TBI (cognition, self, daily life
and autonomy, social relationships, emotions, and physical
problems).”” The QOLIBRI instrument is a health-related,
disease-specific, internationally validated instrument to
assess HRQOL in patients after brain injury.”!8 The re-
sponses to each questionnaire item were summed to the
QOLIBRI total score ranging from 0, meaning worst, to
100, meaning best possible HRQOL (https:/qolibrinet.
com/scoring/). A QOLIBRI total score of 60 or greater
represents good HRQOL; a score below 60 indicates an
unsatisfactory outcome with an increased risk for one or
even two psychiatric disorders.'s

Statistical Analysis

Baseline demographic and clinical variables are pre-
sented as the median and IQR for continuous variables
and numbers and percentages for categorical variables.
Correlation between total RPQ scores and total QOLIBRI
scores were tested using Spearman’s rank-sum test. Dif-
ferences in QOLIBRI total scores between patients with
and without PCS were tested using the nonparametric
Mann-Whitney U-test. The level of significance was set at
p < 0.05. All analyses were conducted with the statistical
software R (version 3.6.1, https://www.r-project.org/).

Results
Patient Characteristics

Among recruited CENTER-TBI core study partici-
pants, 342 mTBI patients were between the age of 5 and
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TABLE 1. Characteristics of the study population

Characteristic Value

Demographic characteristics

Median age, yrs [IQR] 17 [14-19]

Sex (male) 142 (72)
Stratum

ED 44 (22)

Admission 96 (49)

ICU 56 (29)
High-energy trauma 106 (54)
Preinjury health status

Previous history of headaches 10 (5)

Previous psychiatric history 8 (4)

Previous TBI 24 (12)
Clinical presentation

GCS score 15 144 (73)

PTA 102 (52)

LOC 114 (58)

Major extracranial injury 37 (19)

CT abnormalities 80 (41)
Influence of alcohol & drugs

Blood alcohol >80 mg/dL 6(3)

Drug abuse 5(3)

Values represent the number of patients (%) unless stated otherwise.

21 years at the time of enrollment, of whom 196 patients
(60%) completed the RPQ at 6 months after the brain im-
pact and were included in this study (Fig. 1). These patients
were enrolled at 32 different centers across Europe and by
definition of the CENTER-TBI core study inclusion crite-
ria had undergone head CT scanning during their initial
assessment in the ED. The median age was 17 years (IQR
14-19 years, range 621 years), and 72% of included pa-
tients were male. A GCS score of 15 was recorded for 144
patients (73%). LOC and PTA were very common in this
cohort, in 58% and 52% of patients, respectively. Overall,
54% of patients were involved in a high-energy trauma,
and 19% additionally had major extracranial injuries with
an abbreviated injury scale score = 3. Three patients had
seizures (1 partial, 1 generalized, and 1 status epilepticus).
Of all patients, 22% were discharged home from the ED,
while 49% and 29% were admitted to the regular ward
and ICU, respectively (Table 1). Among patients admitted
to the regular ward, 77% were admitted for clinical obser-
vation of TBI, 15% due to abnormalities on CT scanning,
5% due to extracranial injuries requiring medical care at
the hospital, and 3% for unknown/other reasons. ICU pa-
tients were admitted for the following reasons: 54% due to
the need for frequent neurological observations, 27% due
to mechanical ventilation, 9% due to extracranial injuries,
4% due to neurological deterioration, 4% for observation
after neurosurgery, 2% for invasive vital parameter moni-
toring, and 1% for unknown/other reasons. Twenty-five
patients (13%) underwent intubation during their hospital
stay.

CT Indications and Findings
Because indication for head CT imaging was an inclu-



Riemann et al.

Forgetful Longer to Think Poor Concentration
0.154 g
=
0.104 c
]
ol | [ Wl | | IE
0.004 |
Depressed Frustrated Irritable Restlessness
— m
§_ 0.15+4 3
7] (8]
4=t 0.104 ]
c b
g H_. = )
el
B 0004 I - I — |-
"'6 Blurred Vision Dizziness Double Vision Fatigue
c J L
9 0.15 _,a
1"5' 0.104 g
8 ] | I
E 0.00 4 - I — '
m .
Headaches Nausea Noise Sensitivity Light Sensitivity Sleep Disturbance
0.15 4 f—j
©
0.104 €
0.004 - 1 [ . - -
] ] ' ' 1 ] ] ' 1
, & ; & ; &
47//0, %% @!’@, ,%/v @Q% @i’@,« 4%, 4’6 %, @;f@)
,9.; e ’ég @ Q?( @
@ (o] ()

FIG. 2. Prevalence of mild, moderate, or severe postconcussive symptoms. Figure is available in color online only.

sion criterion for the CENTER-TBI core study, all pa-
tients in this analysis had available head CT images. In
this context, a GCS score of 15 plus the presence of risk
factors such as high-energy trauma was stated as the main
indication for obtaining a CT scan in 42% of patients. In
32%, a GCS score lower than 14 led to the decision for
head CT imaging. Other reasons included presence of a
head wound in 19%, exclusion of abnormalities before dis-
charge in 12%, and suspicion of maxillofacial injuries in
6% of cases. Importantly, multiple reasons for one patient
could be entered into the study database. Taken together,
CT abnormalities were detected in 41% of patients. These
included skull fractures (32%), contusions (16%), sub-
arachnoid hemorrhages (16%), epidural hematomas (13%),
acute subdural hematomas (10%), traumatic axonal inju-
ries (7%), mass lesions (3%), and cisternal compressions
(2%). In two patients, a midline shift was present. Intra-
ventricular hemorrhage and subdural collection mixed
density were detected in 1 patient each.

Prevalence of Postconcussive Symptoms and Occurrence
of PCS

The prevalence of mild, moderate, or severe postcon-
cussive symptoms was assessed at 6 months after mTBI in
our adolescent and pediatric patient cohort (Fig. 2). More
than one-third of patients (36%) reported having at least
one of the 16 symptoms assessed in the RPQ with at least
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moderate severity. When including symptoms of mild se-
verity, this number exceeded 60% (Fig. 3). The most com-
monly reported symptoms were headaches, fatigue, poor
concentration, and forgetfulness (i.e., poor memory). At
least one of the 9 somatic symptoms of at least moderate
severity was reported by 30% of patients, while 20% had at
least one of the 3 cognitive and 4 psychological symptoms.
These numbers increased to 54% for any somatic symp-
tom, 40% for any cognitive symptom, and 37% for any
psychological symptom when including mild symptoms.
Among patients reporting postconcussive symptoms at 6
months, the median number of moderate or worse symp-
toms was 2 (IQR 2—4) and 5 (IQR 2-7) for mild or worse
symptoms. By our definition requiring at least 3 moderate
RPQ symptoms on the basis of ICD-10 criteria, 26 patients
(13%) were classified as having PCS 6 months after injury.
Notably, this number substantially increased to 34% when
applying the definition that at least 3 symptoms of at least
mild severity were required. There were no significant dif-
ferences in the frequency of any RPQ symptoms between
patients admitted to the hospital and those discharged
home from the ED (39% vs 27%, p = 0.22). Similarly, the
presence of PCS did not differ significantly between those
groups regardless of which definition was used (PCS score
= 2: 36% vs 25%, p = 0.20; and PCS score = 3: 14% vs
11%, p = 0.87). When comparing patients with CT abnor-
malities with those without them, we found a higher pro-
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FIG. 3. Symptoms assessed in the RPQ with at least mild or moderate severity. Figure is available in color online only.

portion of patients reporting any RPQ symptom (44% vs
30%, p < 0.001). However, when applying the definitions
for PCS, no significant differences between those groups
were detected (PCS score = 2: 36% vs 34%, p = 0.87; and
PCS score = 3: 19% vs 10%, p = 0.77).

PCS and Quality of Life

A total of 172 patients (88%) included in this study
completed a QOLIBRI assessment at 6 months of fol-
low-up. The median QOLIBRI total score was 82 (IQR
68-91), representing good quality of life (QOL). In 67 pa-
tients (34%) with PCS considering at least mild severity,
the median QOLIBRI total score was 66 (IQR 53-76).
Of those, 23 patients (34%) had a QOLIBRI total score <
60, representing unsatisfactory HRQOL. Patients without
PCS following this classification (n = 129, 66%) reported
a median QOLIBRI total score of 86 (IQR 79-94), which
was significantly higher than that for patients with PCS
considering at least mild severity (p < 0.001). As opposed
to patients with PCS, only 4 patients (3%) without PCS
had a QOLIBRI rating < 60. When applying the definition
of at least 3 symptoms of moderate severity, similar results
were obtained. Patients classified as having PCS (n = 26)
had a median QOLIBRI total score of 57 (IQR 49-72),
and 14 of those 26 patients (54%) reported a QOLIBRI
total score < 60. Patients without PCS following this clas-
sification (n = 170, 87%) had a median QOLIBRI total
score of 83 (IQR 73-92), which was significantly higher
than that of the patients with PCS, with a significant dif-
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ference between these two groups (p < 0.001). Only 13 pa-
tients (8%) without PCS reported a QOLIBRI total score <
60. For both severity cutoffs, this means that patients with
PCS have lower HRQOL than do patients without PCS.
Moreover, total RPQ scores and QOLIBRI total scores
showed a significant, moderately strong negative correla-
tion (r = —0.62, p < 0.001). No significant differences in
median QOLIBRI total scores could be found between pa-
tients admitted to the hospital and those discharged home
after ED presentation (82 [68-91] vs 81 [70-90], p = 0.80).
Likewise, the median QOLIBRI total score was similar
between patients with and without CT abnormalities (82
[IQR 68-91] vs 81 [IQR 68-90], p = 0.77).

Discussion

Mild TBI represents one of the most common injuries
in the young population, but only a small minority of pa-
tients will undergo CT scanning in an effort to avoid po-
tentially harmful radiation in this particular patient popu-
lation. The analysis of patient characteristics in our cohort
showed that adolescents and children who require CT im-
aging indeed form a more severe and complex subgroup of
mTBI patients. More than half of the patients in this study
were involved in high-energy trauma, and abnormalities
on CT imaging were detected in 41%. Nearly 30% of pa-
tients were primarily admitted to the ICU in this cohort,
which is notable because the TBI was classified at presen-
tation as mild in all patients. This might reflect the higher



injury severity in this particular group of patients, and pos-
sible explanations for the high ICU admission rate despite
mTBI include the high prevalence of concurrent extracra-
nial injuries. While previous reports of postconcussive
symptoms focused on young mTBI patients in general and
thus included only a small portion of patients who under-
went head CT scanning (and/or excluded them altogether
when detecting abnormalities on CT imaging), with head
CT imaging as an inclusion criterion, the CENTER-TBI
study offers the unique possibility for analyzing this par-
ticular subgroup of adolescents and children as a separate
entity.

For young mTBI patients who require head CT imag-
ing during initial postinjury assessment, we report a high
prevalence of postconcussive symptoms. One-third of
patients reported at least 1 symptom of at least moderate
severity 6 months after brain injury. Thirteen percent of
patients met the criteria for our more demanding definition
of PCS that considered only at least moderate symptoms,
which falls well into the range of results from previous
studies that included pediatric mTBI patients in gener-
al #1920 It is noteworthy that reported prevalence rates vary
greatly between such studies due to, for example, different
time intervals used until the assessment of PCS. Because
postconcussive symptoms are reported to decrease over
time, a high prevalence of such symptoms can typically be
observed in studies in which the assessment has been per-
formed within the first few weeks after the brain injury.>!
Nevertheless, most studies have evaluated persistent post-
concussive symptoms and PCS between 4 and 12 weeks
after mTBI. In our current study, however, a much longer
time interval of 6 months was used. Despite this substan-
tial difference, we still report comparable PCS prevalence
rates (13% and 34%), indicating that adolescent and pedi-
atric mTBI patients with an indication for head CT imag-
ing might have a higher symptom burden. Although not
significantly different, patients discharged home from the
ED compared with patients admitted to the hospital or
ICU had a slightly lower frequency of having any RPQ
symptoms (27% vs 39%) and a slightly lower PCS score
(discharge to home: 25% [PCS score = 2] and 11% [PCS
score = 3] vs discharge to hospital or ICU: 36% [PCS score
> 2] and 14% [PCS score = 3]). These findings highlight
the importance of triage in the ED after mTBI also for
adolescents and children. Nevertheless, they might also
indicate that young mTBI patients with normal findings
on head CT imaging might be prone to rapid discharge
from the ED while still having a relevant risk of develop-
ing PCS, which might leave them undertreated.

Somatic symptoms were very common in our study
(30% of children and adolescents) and this number in-
creased to more than 50% when including also mild
symptoms. Naturally, when including mild symptoms, the
results are likely to be less specific and more susceptible to
confounding influences, as mild somatic symptoms such
as mild headaches and fatigue are also common in non-
injured individuals.?>* The high prevalence of symptoms
of moderate and severe severity in adolescents and chil-
dren with mTBI and an indication for head CT imaging,
however, emphasizes the presumption that mTBI in this
subgroup might not be so “mild” after all but can have se-

Brought to you by Bibliotheek der Rijksuniversiteit | Unauthenticated | Downloaded 03/08/22 03:25 PM UTC

Riemann et al.

rious long-term sequelae. We found a higher proportion of
patients reporting any RPQ symptom in patients with CT
abnormalities. However, when applying the stricter defini-
tion of PCS, no significant differences could be detected,
indicating that differences in postconcussive symptoms
between those groups were, if at all, very subtle. How-
ever, it is important to emphasize that due to the limited
patient numbers, all abnormal CT findings were grouped
into the variable “CT abnormality” and results might thus
be somewhat blunted. Further studies with larger patient
numbers are needed to address the question whether cer-
tain findings on CT are closer associated with RPQ and
PCS than others.

HRQOL after mTBI has been the topic of various pub-
lications, mostly focusing on the adult population.” In ado-
lescent and pediatric mTBI patients, fewer prior studies on
HRQOL exist. Howell et al. investigated postconcussion
QOL and symptom burden in 176 young mTBI patients
who completed a 30-day follow-up QOL questionnaire
and uncovered that age was not significantly associated
with physical or psychosocial QOL ratings. They also
pointed out that impaired QOL outcome might identify
children and adolescents at risk for persistent symptoms
after concussions.” A further analysis investigating the as-
sociation between HRQOL and postconcussive symptoms
in 1722 nonconcussed children aged 8-12 years identi-
fied a negative correlation between good HRQOL and
postconcussion symptoms that were experienced by the
noninjured children due to daily stressors.?’ Similarly, by
evaluating long-term HRQOL 2.7 years after concussion
in young mTBI patients aged 8—18 years, it could be shown
that children’s premorbid attention and mood are relevant
for outcome and need to be assessed in clinical settings to
prevent and treat long-term psychosocial postconcussion
problems.?®

In our study, adolescent and pediatric patients with PCS
had significantly lower QOLIBRI total scores, indicat-
ing lower or even unsatisfactory HRQOL compared with
young patients without PCS. Those findings are in line
with the results from another previous study showing that
HRQOL is influenced across several domains (e.g., physi-
cal, emotional, social, school) in patients with PCS.!° In
addition, the reported significant correlation between the
RPQ and QOLIBRI total scores in our study illustrates
the close association between postconcussive symptoms
and HRQOL, and therefore demonstrates the clinical
importance of recognizing postconcussive symptoms in
this particular subgroup of adolescents and children who
underwent CT imaging after mTBI. Interestingly, there
were no significant differences in total QOLIBRI scores
between admitted or discharged patients and patients with
and without CT abnormalities. As mentioned above, fur-
ther studies need to investigate whether this is true for all
CT findings when not grouped together. While there are
some preliminary promising therapeutic approaches such
as brief cognitive therapy and other medical and nonmedi-
cal interventions that could be effective and beneficial in
children and adolescents with persistent postconcussive
symptoms,?>3° further high-quality studies are needed to
more closely investigate the possible impact and efficacy
of these interventions.”
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We note several limitations to our study. First, while
CENTER-TBI included patients of all ages, pediatric and
adolescent patients were underrepresented as participating
centers were mainly general hospitals and not specialized
pediatric centers. Therefore, the sample size is relatively
small when compared with the older patient cohort in the
CENTER-TBI study. Due to the CENTER-TBI study de-
sign that requires all patients to have undergone CT imag-
ing at admission at the clinician’s indication, no control
group that did not receive CT imaging is available for
comparison. Moreover, no comparable study with the indi-
cation for CT imaging as an exclusion criterion is available
in the literature to create a historical control group. Fur-
thermore, a nonresponse bias limiting external validity is
possible, as a considerable proportion of patients were lost
to follow-up (40%). Patients lost to follow-up were slightly
older (median 18 [IQR 16-20] years vs 17 [IQR 14-19]
years; p = 0.004) and had fewer CT abnormalities (29% vs
41%, p = 0.02). There were no differences in regard to sex
distribution, care stratum, presence of high-energy trau-
ma, GCS score of 15, or major extracranial trauma. While
our study showed no significant differences between pa-
tients with and without CT abnormalities in the primary
outcome measures (PCS and QOLIBRI), the smaller pro-
portion of CT abnormalities in those lost to follow-up is a
noteworthy limitation. Results from our study also need to
be interpreted with caution when considering the assess-
ment tool used. The RPQ was initially validated in ado-
lescents and adults aged 16 years and older.” It has been
suggested to remain a basic common data element in TBI
research as it correlates with cognitive impairment,'>43!
although it remains a controversial assessment tool that
might, among other concerns, be prone to recall bias as pa-
tients might underestimate postconcussive-like symptoms
they experienced before the injury. Lastly, the use and util-
ity of simple change scores (i.e., those that solely consider
the changes between baseline and follow-up scores), for
diagnosis of postconcussive symptoms in children have re-
cently been questioned.”? While the RPQ is supposed to be
answerable by younger children, sequencing of symptoms
on a time axis as required by the RPQ is considered to
be difficult for children aged < 7 years.*> However, having
included only 7 patients (3.6%) aged 6 years and 7 patients
(3.6%) aged 7 years, results of these participants poten-
tially only had a minor impact on the overall result. Never-
theless, the results from this study should merely be seen
as an exploratory analysis. Likewise, due to the limited
patient numbers, we did not perform predictive modeling
and our results are therefore not intended to prognosticate
PCS in young mTBI patients. However, our results support
the fact that further studies designed to acquire a better
understanding of postconcussive symptoms are needed,
as those symptoms might be highly prevalent in children
and adolescents with mTBI and directly affect patients’
HRQOL.

Conclusions

In this analysis of the multicenter, prospectively col-
lected CENTER-TBI data set, we found a high prevalence
of 30% to 60% of postconcussive symptoms at 6 months
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postinjury in adolescents and children with mTBI who
underwent CT imaging on presentation to the hospital.
Depending on the definition, 13%-34% of patients were
classified as experiencing a PCS. These patients had a
significantly decreased HRQOL compared with patients
without PCS.
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