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Descriptions of clinical outcomes in pediatric traumatic brain injury (oTBI) in Scandinavia
are sparse. The Oslo site of the European CENTER-TBI study has performed a pTBI
outcome study in a hospitalized population. The main objective was to investigate
neuropsychological outcomes, self- and parent-reported symptoms associated with
brain injury, and quality of life in children aged 1-15 years, 5-8 months after injury. Fifty-
two children were included, and 45 completed the assessments. The sample consisted
of 15.4% severe, 21.2% moderate, and 63.4% mild TBI. Subjectively experienced
problems with concentration and fatigue were reported by the parents of nearly half
of the children. Higher brain injury symptom load was associated with lower quality
of life, but was unrelated to injury severity. Group average scores of the sample on
neuropsychological testing appeared unimpaired relative to normative means aside
from lower performance in working memory. However, based on an impairment index
(i.e., 2 or more tests being >1.5 SD below the normative mean), the presence of
weak cognitive performance was evident in as many as 45.4% of the sample. Two-
thirds of the sample also showed abnormally large intraindividual variability in cognitive
functioning (i.e., significant WISC-IV index discrepancies). The findings highlight the need
to look beyond group averages on neuropsychological testing. Utilizing an impairment
index and considering intraindividual performance variability conveyed deficits that may
warrant clinical follow-up. The association of brain injury symptoms with quality of life
but not injury severity emphasizes the need to consider symptoms after TBI within a
biopsychosocial framework.

Clinical Trial Registration: ClinicalTrials.gov; identifier: NCT02210221.
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INTRODUCTION

Despite pediatric traumatic brain injury (pTBI) being the leading
cause of mortality and acquired brain impairment in children
(1), well-conducted outcome studies are relatively few in general,
and we know especially little about outcomes in Scandinavian
countries. International incidence estimates are difficult to
interpret, due to differences in data sources, case definitions, and
age range of included samples (1), with estimates ranging from
12 per 1,00,000 in Sweden to 70-75 per 1,00,000 in Australia and
USA (2, 3). In Norway, the incidence of hospital-admitted pTBI
has recently been found to be 29 per 1,00,000 across severities
in the Oslo region (4), and only 2.4 and 2.5 per 1,00,000 for
moderate and severe injuries, respectively, in Mid-Norway (5).

A pTBI can cause a wide range of symptoms both
immediately after injury and later in life, as the childs
developmental course may be affected (6-9). Children with pTBI
frequently struggle with cognitive, emotional, and behavioral
difficulties leading to reduced social participation. Higher-
order cognitive abilities, such as executive functions, and also
social function, may be especially vulnerable to developmental
delays or disturbances, sometimes becoming evident years
after a pTBI (6-8). Studies of neurocognitive outcome in
pTBI have yielded inconsistent findings (9), and factors such
as time since injury, age at injury, and injury severity
all contribute to variations in outcome, complicating the
interpretation of findings (10). Still, cognitive impairment
after pTBI can be present to varying degrees and can
affect most neurocognitive domains, with memory, attention,
and executive function being particularly vulnerable (11).
Impaired general intellectual functioning (9, 12), working
memory (WM) (13, 14), and processing speed have been
consistently demonstrated after pTBI, with consequences for
overall functioning (15, 16).

Severity of injury, as classified by the Glasgow Coma
Scale (GCS) (17), tends to covary with persisting symptoms,
with severe (GCS < 8) and moderate (GCS 9-12) injuries
being associated with higher degree of disability and cognitive
deficit, lower academic long-term performance, persistent social
impairments, reduced quality of life, and reduced societal
participation (9, 18-24). Furthermore, fatigue is reported to be a
substantial problem for as many as 58% to 74.6% of children with
pTBI and seems to be unrelated to cause of injury, but positively
associated with injury severity (25). Longitudinal studies have
found that fatigue can be stable from 6 to 12 months after
pTBI (26) and still be present in 30-50% after seven years of
severe pTBI (22). Over the last decade, the importance of social
reintegration and participation after TBI and how that is related
to quality of life has been increasingly recognized (27), and
fatigue has been found to be related to both reduced participation
and reduced quality of life after pediatric acquired brain injury
(28). A recent review of participation and quality of life after
major traumatic injuries in childhood (29) found poor health-
related quality of life in several studies of children with disabilities
and chronic health issues.

Although the most severe injuries tend to cause the most
pronounced and persisting problems (9, 10), the assumption

that children with milder pTBIs for the most part recover well
was examined in a recent review of outcomes in 46 studies
of mild pTBI and 22 studies of moderate pTBI (30). In 51%
of the studies, adverse outcomes were found, particularly in
neuropsychological and psychosocial functioning, suggesting a
need for long-term follow-up of many children with milder
injuries. In line with this, persistent brain injury symptoms, that
is, a variety of cognitive, emotional, somatic, and behavioral
complaints, are frequently reported in subsets of patients with
mild TBI (31, 32). Recovery after pTBI is further complicated
by the influence of a range of factors not directly related to
injury severity, such as socioeconomic status, personality, and
family variables such as parental psychopathology or an overly
permissive or overreactive parenting style (1, 9, 33), highlighting
the need for a biopsychosocial approach (34, 35).

Regarding neuropsychological outcomes, the question of
when individual test results should be considered clinically
impaired is challenging, especially in pediatric samples, where
substantial heterogeneity is the norm (36). Defining impairment
as a certain proportion of test results below a predefined cutoff
value can be helpful (37), but demands careful consideration of
base rates, and sensitivity and specificity issues (38). Beauchamp
et al. (36) demonstrated that, using an assessment battery of
several tests, a cutoff of 2 or more scores falling 1.5 SD or
more below the normative mean could consistently identify 3-
7% as impaired in samples representative of the population
at large. Furthermore, the rate of impairment increased in
populations with cognitive deficits. The authors therefore
propose this as a means of categorizing neuropsychological
impairment, contributing to the interpretation and description
of cognitive deficit in pediatric populations. As heterogeneity
between subjects is particularly common in pediatric samples,
measuring intraindividual neuropsychological variability, that
is, individual discrepancies between different areas of cognitive
function, may also indicate abnormality. In clinical interpretation
of neuropsychological test profiles, investigation of abnormally
large discrepancies is common practice (39), but this is rarely
examined in research studies.

Despite a growing volume of pTBI research in recent years,
identification of clinical outcomes in children with TBI in
Scandinavia is still sparse, in contrast to adult TBI, which has
been extensively studied (40, 41). A large proportion of existing
studies have been performed in the USA. As the Scandinavian
healthcare system, school system, and demographic profile differ
substantially from those in the USA, it is important to investigate
prognosis and course of illness after pTBI in Scandinavia,
as the outcome and utilization of rehabilitation services may
differ between countries. In a large-scale European TBI study,
CENTER-TBI (42), the Oslo site has collected extended follow-
up data in the pediatric population. The main objective of this
study was to investigate neuropsychological outcomes, self- and
parent-reported burden of brain injury symptoms, and health-
related quality of life 5-8 months after injury. We hypothesized
that children with TBI would show weak cognitive performance
compared to normative samples, and that this would be
observed on both an impairment index and as abnormally
large intraindividual cognitive variability. We also expected that
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children and parents would report reduced health-related quality
of life (HRQOL) and increased brain injury symptoms.

METHODS
Study Site and Ethics

This study was conducted in collaboration between Oslo
University Hospital (OUH) and Sunnaas Rehabilitation Hospital
(SunHF) as a pediatric extension of the CENTER-TBI (42)
study at the Oslo site. The study was approved by the Regional
Committee for Medical and Health Research Ethics (REC:
2014/1454 and 2014/1454) and conducted in accordance with the
Declaration of Helsinki (World Medical Association, 2013) and
Vancouver rules (International Committee of Medical Journal
Editors, 2018). Children aged 7 years and older were asked for
assent to study participation, and informed consent was provided
by the children’s legal guardians.

Participants and Procedures

The study included children aged 1-15 years who presented
at the trauma referral hospital for the South-Eastern parts of
Norway, OUH, with a TBI. Inclusion criteria from the CENTER-
TBI study were as follows: (a) a clinical diagnosis of TBI, (b)
clinical indication for computed tomography (CT) scanning, and
(c) presenting to a medical center within 24 h of injury. Exclusion
criteria were preexisting neurological and neurodevelopmental
disorders that could potentially affect outcome assessments.
Participants residing outside the South-Eastern region of Norway
were excluded due to logistics of follow-up.

Participants were recruited from January 2015 to December
2016. A total of 95 potential participants were identified, of whom
52 were included. Reasons for non-inclusion were discharge from
the hospital within one day, admission and discharge during
holidays, admission more than 24 h after injury or other logistic
reasons (n = 26), tourists from abroad (n = 4), those with
preexisting psychiatric or neurological illness (1 with history
of psychosis and 6 with severe neurocognitive developmental
disorders), and those who declined participation (# = 6). One
child withdrew before follow-up but permitted the use of already
collected data. Six children were lost to follow-up at 6 months. As
a part of the CENTER-TBI study, the non-included children are
registered with sex, age, cause of injury, and injury severity.

Six months after the injury (range 5-8 months), the
included children completed a neuropsychological assessment
and questionnaires regarding quality of life and brain injury
symptoms. Their parents completed the parent version of the
same questionnaires.

Measures

Demographic and Injury Characteristics

The following information was recorded: sex, age, parental
education in years (proxy for socioeconomic status), cause of
injury (falls, transport, sports, assaults and others), length of
acute hospitalization, and where they were discharged to (home
or rehabilitation center). MRI scans were taken by clinical
indication or if the patients’ guardians consented to MRI as part
of the CENTER-TBI study.

Severity

Injury severity was assessed with the GCS (17) within 24h of
hospital admission and classified according to standard GCS
criteria; mild (GCS 13-15), moderate (GCS 9-12), and severe
TBI (GCS 3-8) (17). The pediatric GCS was used for children
below 3 years (43). Mild TBI (mTBI) was further classified as
uncomplicated or complicated depending on evidence of trauma-
related intracranial abnormalities on CT or MRI (4, 44). Brain
injury severity was also assessed with the Abbreviated Injury Scale
(AIS), using the brain injury AIS score (45, 46). Brain injury AIS
scores range from 1 to 6, with scores > 3 representing severe
intracranial injury. Overall injury severity was assessed with the
Injury Severity Scale (ISS), which ranges from 1 to 75 with higher
scores indicating more severe injury and scores of 15 or above
defining severe trauma (46, 47).

Neuropsychological Assessment

Neuropsychological tests available in Norwegian were selected
in accordance with the recommendations provided by the NIH
Pediatric TBI Common Data Elements Outcomes Workgroup
(48). The following domains were assessed: general intellectual
capacity [full-scale IQ from WPPSI-III (49) and WISC-IV
(50)], motor functions [Grooved Pegboard Test (51)], visuo-
motor functioning [BVMI (52)], working memory [numbers
subtest from CMS (53) or Digit Span test and Letter-Number
Sequencing test from WISC-IV (50)], attention [CCPT-II (54)],
executive functions [Trail Making Test (TMT), conditions 2
& 4 and color word interference test (CWI) from D-KEFS
(55)], and learning and memory [CAVLT-2 (56)]. See Table 1
for a list of the tests used. Norwegian norms were applied
for the WISC-IV (50) and the Grooved Pegboard Test (57),
and original norms for the remaining measures. The WISC-IV
provides the opportunity to identify variations in performance
across different cognitive domains through the four indexes
verbal comprehension (VC), perceptual reasoning (PR), working
memory (WM), and processing speed (PS) (50).

Self- and Parent-Reported Measures of Brain Injury
Symptoms and Quality of Life

Symptoms associated with brain injury were assessed using the
Health and Behavior Inventory (HBI) (31). The HBI consists of
20 items measuring cognitive (11 items) and somatic (9 items)
symptoms. The cognitive scale measures symptoms regarding
attention, problem-solving, memory, and learning. The somatic
scale relates to headaches, dizziness, nausea, visual disturbances,
and fatigue. The scale uses a 4-point Likert scale ranging from
0 “never” to 3 “often.” Children aged 7 years and older reported
their current symptoms at the 6 months of follow-up, whereas
parents reported preinjury symptom levels retrospectively (based
on the 4 weeks preinjury), and also at 6 months postinjury.
Results were compared to new normative data from Canada and
the USA (58).

Health-related quality of life was assessed using the parent
version of the Pediatric Quality-of-Life Questionnaire version 4.0
(PedsQL) for children aged 2 years and older, and also the self-
report version from 5 years (59). The PedsQL consists of 23 items,
which generate subscales regarding physical (8 items), emotional
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TABLE 1 | Neuropsychological test measures.

General intellectual
capacity

Full-scale 1Q (FSIQ) from the Wechsler Preschool
and Primary Scale of Intelligence (WPPSI-III) (49):
age 2,5to 7 years

Full-scale 1Q (FSIQ) or GAI from the Wechsler
Intelligence Scale for Children (WISC-1V) (50) > 7
years

Motor functions The Grooved Pegboard Test (51) from 7 years, using

newly published Norwegian norms (57)
Visuo-motor
functioning

The Beery-Buktenica Developmental Test of
Visual-Motor Integration (BVMI) (52)

The Numbers subtest from the Children’s Memory
Scale (CMS) (53) age 5 - 7 years

Digit Span Test from WISC-IV (50) > 7 years.
Children’s Auditory Verbal Learning Test-2 (CAVLT-2)

Working memory

Learning and

memory (56) > 7 years

Attention Conners Continuous Performance Test (CCPT-I)
(54) > 8 years

Executive The Trail Making Test (TMT), conditions 2 & 4 and

functions The color word interference test (CWI) from Delis

Kaplan Executive Function System (55) > 8 years.

(5 items), social (5 items), and school functioning (5 items). All
but the first are added to generate a psychosocial health score.
For child self-report for ages 8-18 and for parent reports, a 5-
point Likert scale is used, ranging from 0 “never a problem” to 4
“almost always a problem.” For the younger children (aged 5-7),
a simplified 3-point Likert scale is used: “never” (0), “sometimes”
(2), and “almost always” (4 points), with each response being
accompanied by a face with an equivalent emotion. Item scores
are transformed to scale scores ranging from 0 to 100, with higher
scores indicating better quality of life.

Statistical Analyses

Statistical analyses were performed using the Statistical Package
for Social Sciences (IBM SPSS statistics, version 25). Sample
demographics and outcomes are presented descriptively. Due to
the use of both parametric and non-parametric tests for analysis,
and the restricted sample size, mean and standard deviations, and
also median, 1st and 3rd quartiles are reported for demographic
and injury-related variables.

The relationship between neuropsychological and self-
reported symptoms, and demographic and medical variables, was
investigated using Pearson’s two-tailed correlations in normally
distributed data, as assessed by the Shapiro-Wilk test (p >0.05).
Otherwise, Spearman’s correlations were used.

One sample f-tests were used to determine whether
neuropsychological test results deviated significantly from
the average scores of normative samples (60). Repeated measures
ANOVA with four levels was used across WISC-IV indexes
(Perceptual Reasoning Index—PRI, Verbal Comprehension
Index—VCI, Processing Speed Index—PSI, and Working
Memory Index—WMI) to investigate differences between
indexes. Significant results were followed up with post-hoc
paired sample ¢-tests. Non-parametric tests were performed
for group comparisons if assumptions of normality were not
met. Wilcoxon signed rank tests were used for within-group

comparisons (e.g., before-after measures on the HBI). Kruskal-
Wallis H tests were performed for comparisons between the three
severity groups and were in cases of significance followed up
with testing of pairwise group differences using Mann-Whitney
U tests. Categorical variables were examined using the Pearson’s
chi-square test, reporting chi-square or Fisher’s exact depending
on cell count. The magnitude of correlations is expressed as
weak (r/s = 0.1-0.29), moderate (r/s = 0.30-0.49) or strong
(r/s >0.50). Effect sizes for parametric tests (Cohen’s d) are
interpreted as small (0.2), medium (0.5), or large (0.8), and for
non-parametric tests (Spearman’s r) as small (0.1), medium (0.3),
and large (0.5) (61, 62). Results are presented with a conservative
significance level of p< 0.02.

Strategies of Data Analysis

When deemed appropriate, children with moderate (GCS 9-12)
(n = 11) and severe (GCS <8) (n = 8) injuries were collapsed
into one group (moderate-to-severe) due to the small number of
severe injuries.

Intraindividual variability in the strengths in various cognitive
domains was investigated by examining WISC-IV index
discrepancies in each participant. Discrepancies were considered
clinically significant if a comparable variation was present in <
10 % of the WISC-IV normative sample (50).

A dichotomized impairment index that identifies ~5%
of individuals in a normal population was used to describe
neuropsychological impairment irrespective of age and test
used. In accordance with the clinical case definition for
neuropsychological impairment in children and adolescents
described by Beauchamp et al. (36), neuropsychological
impairment was defined as two or more subtests being 1.5
SD or more below the normative mean. Subtests from the
neuropsychological battery presented in Table 1 were included,
according to age-appropriate versions and numbers of tests
administered. No summary scores or IQ estimates composed of
other specific subtests were included to avoid counting the same
measure more than once. The following were included from
the CAVLT-2: level of learning, immediate and delayed recall.
For the CPT, commissions, omissions, hit RT, and ISI change
were included.

RESULTS

Demographic and Injury-Related

Characteristics

Demographic and injury-related characteristics are presented
in Table 2. The study sample consisted of 52 children, with
a majority of boys (n = 34, 68%) seen across severity levels.
Although the lowest age at the time of injury was 1 year, only
12 of the children were 6 years or younger, and of these, seven
were 6 years old. Mean age was 9.64 years. Eight (15.4 %) had
additional orthopedic injuries. The most frequent cause of injury
was transportation (n = 21, 40.4%) followed by falls (n = 17,
32.7%), sports accidents (n = 10, 19.2%) and others not specified
(n =4, 7.7%). For children aged 6 years and younger, falls were
the most frequent cause of injury (n = 7, 53.8 % of < 6), whereas
transportation accidents were most frequent for children over 7

Frontiers in Neurology | www.frontiersin.org

January 2022 | Volume 12 | Article 719915


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Holthe et al.

Pediatric TBI Outcomes

years (n = 15, 42.8 % of > 7). Compared to the non-included
children (n = 43), the study sample was comparable in age
and sex distribution, whereas non-included children had milder
injuries, which resulted in early discharge and non-inclusion.

Severity Distribution

The majority (n = 33, 63.5%) of injuries were classified as mild
according to their GCS score, whereas 11 (21.2 %) were moderate
and eight (15.4 %) severe. GCS scores in the uncomplicated (n
= 21) and complicated mTBI (n = 12) groups did not differ
significantly. Twenty-eight children (54 %) were classified with
severe overall injury according to their ISS score. Brain injury
AIS median score was 3, that is, within the severe range. Twenty
children had brain injury AIS scores of 4 or 5, indicating a need
for intensive care unit observation and treatment. The majority
of the brain injury AIS scores (n = 13) of 4 or 5 were found
in the moderate/severe TBI group, and the remaining 7 were
in the complicated mTBI group. Half of the sample showed
injury-related pathology on CT or MRI scans: 14 of the 19 with
moderate/severe injuries and 12 of the 33 with mTBI, constituting
the complicated mTBI group.

Hospitalization and Treatment
Median days of hospitalization were 4 [2,7], ranging from 1 to
60 days, with 1 being the modal number of days. The number
of days in hospital correlated with severity as measured by GCS
(rs = —0.625, p < 0.000). The uncomplicated mTBI group had
significantly shorter hospital stays than the complicated mTBI
group, with a median length of stay of one day [1, 4.75], ranging
from one to seven for uncomplicated mTBI, compared to a
median of 4.5 days [3.25, 10.25], ranging from 2 to 16 (U =
15.08, z = 2.81, p < 0.005) for complicated mTBI. There was,
however, no significant difference in days in hospital between the
mild complicated and the moderate/severe group (see Table 2)
The majority (n = 42, 81%) of children were discharged to
their homes, with 10 (aged 3-15 years) referred to a rehabilitation
center for specialized TBI rehabilitation. Eight of the children
referred for rehabilitation had severe/moderate injuries, whereas
one had an uncomplicated mTBI and one a complicated mTBI.

Neuropsychological Outcomes
Neuropsychological Test Performance: Average
Scores

Neuropsychological test results are presented in Table 3. Group
average scores were within the normal range. There were no
significant differences in neuropsychological test results between
uncomplicated mTBI, complicated mTBI, and moderate/severe
TBI. The only statistically significant correlation between
neuropsychological test results and severity measured by GCS
and AIS;.,q was a moderate association between AIS}.,q and D-
KEFS Color Word Interference Test 2 (rs = —0.439, p < 0.017).

Children < 6 Years

Nine children between 2.5 and 7 years of age were assessed
with age-appropriate subtests from the WPPSI-III, the Beery
VM]I, and the CMS numbers subtest. See Table 3 for results and
number of children completing each test. None of the mean

TABLE 2 | Demographic and injury characteristics of the study sample.

Uncomplicated mild (n = 21) Complicated mild (n = 12) Moderate/severe (n = 19)

Total sample (n = 52)

Median [Q1, Q3]

Mean (SD)

Median [Q1, Q3]

Median [Q1,Q3] Mean (SD) Median [Q1, Q3] Mean (SD)

Mean (SD)

Demographic characteristics

10.00 [7, 13] 8.92 (4.85) 8.50 [4, 14] 9.95 (4.21) 10.00 [8, 14]

9.67 (3.53)

10.00 [6.25, 13.75]

9.60 (4.05)

Age at injury
Gender, f/m

9/10

3/9

6/15

18/34
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TABLE 3 | Neuropsychological measures.

Neuropsychological measure Mean (SD)
Wechsler intelligence scale for children IV

Full-scale IQn = 32 100.50 (9.07)
General ability index n = 36 103.11 (13.99)
Verbal comprehension index n = 36 100.94 (17.14)
Perceptual reasoning index n = 36 104.78 (12.21)
Working memory index n = 33 93.18 (9.96) ***
Processing speed index n = 35 97.54 (13.22)
Wechsler preschool and primary scale of intelligence Il

Full-scale IQn =8 102.50 (17.28)
Verbal index n =9 98.11 (13.09)
Performance index n = 9 102.11 (19.43)
Processing speed index n = 2 105.5 (12.02)
D-KEFS: Trail making test n = 30

TMT 2 10.87 (2.39)
TMT 4 9.55 (2.13)
D-KEFS: color word interference test n = 29

CWI 1 8.14 (3.08)
CWI 2 9.21 (2.69)
CWI 3 8.79 (2.99)
Cwi 4 8.93 (2.83)
The conners continuous performance testn = 27

Omissions 49.29 (5.75)
Commissions 51.70 (12.24)
HitRT 53.21 (10.50)
ISI change 49.55 (7.92)
Children’s Auditory verbal learning test n = 36

Immediate memory span 52.39 (10.86)
Level of learning 54.24 (11.51)
Interference 53.39 (11.11)
Immediate recall 54.92 (9.88)

Delayed recall 55.97 (10.45) **

Grooved pegboard n = 39

Dominant Hand 50.85 (10.62)
Non-dominant Hand 51.00 (11.04)
Beery VMI n = 42 50.45 (10.24)
CMS numbersn =5

Total 8.00 (3.74)

Significance level is presented as follows: p < 0.02, “p < 0.01, "p < 0.001, compared
to normative mean n is reported for each test.

scores on the indexes or full-scale IQ on the WPPSI-III differed
significantly from the normative standard score of 100, and no
significant differences were found between mean scores on the
subtests and the normative scaled score of 10. Of note, in the
youngest children, the lowest mean scaled score (8.00, SD 3.74,
n = 5) was on the CMS numbers subtest, which measures verbal
WM, but this did not differ significantly from the normative score
of 10, largely because of the small sample size.

Children > 7 Years

Thirty-seven children completed the WISC-IV. A statistically
significant reduction relative to the normative standard score
of 100 was seen for the WMI, with a mean of 93.18 (SD:
9.95), 95% CI [3.29 to 10.35], (f(33 = —3.93, p< 0.001, d =

0.68). This reflected a lower score on the Digit Span subtest, on
which the mean scaled score was significantly lower than the
standardization sample mean of 10, although still within normal
range (mean: 8.39, SD: 2.11, 95 % CI [0.90 to 2.33], t(35) = —4.57,
p< 0.001, d = 0.760). No significant differences from normative
means were found for FSIQ, GAI, VCI, PRI, or PSI scores.

Verbal memory, as measured by the CAVLT-2 delayed recall,
was significantly higher than the normative mean of T = 50 when
using the original norms (56) (mean 55.97, SD: 10.45, 95 % CI
[2.49 t0 9.46], t(36) = 3.47, p< 0.001, d = 0.570).

Group Level and Intraindividual Discrepancies
Between WISC-IV Index Scores

The WISC-1V index scores differed significantly from each other
in the sample at large (F(1,3) = 6,68, p < 0.001). WMI was
significantly lower than both PRI (p < 0.000, d = 1.04) and VCI
(p < 0.002, d = 0.55). In addition, PSI was significantly lower
than the PRI (p < 0.005, d = 0.57).

When examining these differences at an intraindividual
level, two-thirds of the children (n = 24, 14 boys) had
clinically significant discrepancies between index scores. The
most frequent discrepancies involved the lowest scores on the
WMI (13 children), followed by PSI (7 children), and VCI (5
children). The range of the lowest scores was from 69 to 102,
showing that significant discrepancies were not necessarily a
reflection of obviously low scores, but could also reflect relative
differences in an overall normal range profile.

Neuropsychological Impairment

Of the 45 participants included in calculations of the
dichotomized impairment index (age range 2-16), 20 (45.4%)
were classified with neuropsychological impairment, clearly a
larger proportion than the 3 to 7% that one would expect in
a healthy sample (36). More than half of the children in the
complicated mild (n = 10, 66.7%) and moderate/severe (n = 7,
63.6%) TBI groups had a test profile satistying the criterion for
neuropsychological impairment. In the uncomplicated mTBI
group, only 16.7% (n = 3) met this criterion. The difference in
proportions between the severity groups was not significant,
probably due to low statistical power.

Of the children in the neuropsychological impairment group,
75% (n = 15) had trauma-related intracranial abnormalities,
as compared to 32% (n = 8) in the group not classified with
neuropsychological impairment, a difference that was reflected in
a significant association between neuropsychological impairment
and intracranial abnormalities (p< 0.01).

Brain Injury Symptoms

Self- and parent-reported symptoms associated with brain injury
are summarized in Table4. Because of the smaller number
of participants (self-report n = 36, parent report n = 34
retrospective and n = 33 six months post-injury), the results were
analyzed across severity levels.

Parents reported that their children displayed significantly
elevated cognitive and somatic symptom levels compared to
before the injury. To investigate which symptoms accounted
for these changes, retrospective and concurrent parent-reported
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TABLE 4 | Health and behavior inventory.

Mean (SD) T-scores*
Self-report 6m (n = 36)
Cognitive 8.61 (5.46) 51,5
Somatic 4.08 (4.02) 50,3
Total 12.58 (8.04)
Parent report 6 m (n = 34)
Cognitive 11.50 (6.95) 55
Somatic 4.94 (4.16) 58
Total 16.44 (9.26)
Parent report retrospective (n = 33)
Cognitive 8.91 (6.39) 51
Somatic 2.64 (3.22) 51
Total 11.55 (7.86)

"T-scores according to norms in O’Brien et al. (58).

scores were compared for the 20 symptoms in the two subscales.
Table 5 shows the number of participants whose parents reported
a post-injury increase in symptom burden on each item.
Significant change and large effect sizes were seen for the
items related to fatigue (tired a lot and easily tired), headache,
and concentration. Moderate effect sizes were found for the
items related to attention, confusion, problem-solving, following
directions, remembering, and dizziness. Moderate effect sizes were
also found for task completion, distraction, and nausea despite
non-significant increases post-injury. See Table 5 for details.

Compared to the normative means (58), the parent-reported
somatic and cognitive subscales were somewhat elevated, with
results corresponding to a group average T-score of 58 for the
somatic and 55 for the cognitive subscale, that is, between 0.5 and
1 SD above the normative mean. The child ratings and the parent
retrospective ratings were comparable to the normative data.
Brain injury symptoms did not covary significantly with severity
as measured by GCS, brain injury AIS scores, or ISS and also were
not related to the child’s age at injury or parental education.

Health-Related Quality of Life (HRQOL)

Self- and parent-reported HRQOL (PedsQL) scores are presented
in Table 6. Overall, HRQOL was comparable to healthy children
in other studies (4, 59, 63, 64). However, school functioning was
the lowest parent-reported mean (74.51) and slightly lower than
the healthy sample reported by Ilmer et al. (78.2). No significant
differences were found between parent and self-reports.

A strong negative association was found between total brain
injury symptoms and total HRQOL for both parent (r; = —0.636,
p < 0.000) and self-reports (r; = —0.608, p < 0.000), with higher
levels of brain injury symptoms associated with lower HRQOL.

DISCUSSION

The main aim of this study was to investigate neuropsychological
functioning, brain injury symptoms, and quality of life in a
sample of children hospitalized with TBI at the Oslo CENTER-
TBI site 5-8 months after injury. We hypothesized that children

TABLE 5 | Comparison of parental reports of postconcussive symptoms (HBI)
retrospectively and 6 months after injury (n = 33).

Problems Test statistic Significance n Effect sizes n with
with... T P r change of >
+1 point
Total 281.00 0.00"* 30 0.68"* 24
Somatic 229.00 0.00"* 30 Q.72 20
subscale
Cognitive 244.00 0.00"* 30 0.59"* 22
subscale
Tired a lot 105.00 0.00* 30 0.63*** 14
Easily tired 91.00 0.00* 30 0.60"** 13
Headaches 99.50 0.00* 30 0.56™* 13
Concentration 85.00 0.00** 30 0.54** 18
Attention 61.50 0.01* 30 0.48* 10
Confused 36.00 0.01* 30 0.48" 8
Problem- 21.00 0.01* 30 0.45" 6
solving
Follow 21.00 0.02* 30 0.42* 6
directions
Remembering 40.50 0.02* 30 0.42*
Dizzy 21.00 0.02* 29 0.42*
Complete 74.00 0.04 30 0.38* 11
tasks
Distracted 46.00 0.05 30 0.36™ 8
Nausea 18.00 0.09 30 0.30* 5
Double vision 6.00 0.10 30 0.29* 3
Forgets 67.00 0.11 29 0.29* 9
Room 3.00 0.16 27 0.27* 2
spinning
Daydream 8.00 0.26 30 0.21* 3
Learning 24.00 0.37 30 0.17* 5
Faint 10.00 0.49 29 0.35" 4
Blurred vision 12.50 0.67 30 0.08 4

Significant level is presented as follows: ‘p< 0.02, “p< 0.01, “"p< 0.001. Effect sizes
(Pearson’s r) are presented as " small (0.1), “medium (0.3), and " large (0.5).

with TBI would show weak cognitive performance compared
to normative samples. We expected this to be observed both
in a neuropsychological impairment variable and as increased
intraindividual cognitive variability. We also expected that
children and parents would report reduced HRQOL and
persistent brain injury symptoms.

In summary, the study findings confirm that pTBI has
a tendency to affect WM, attention, and processing speed.
Interestingly, the data demonstrated that, by looking beyond
group means in considering neuropsychological outcomes,
almost half of the sample filled the criteria for neuropsychological
impairment, including a substantial proportion of those with
mild injuries. Furthermore, two-thirds of the sample showed
increased intraindividual cognitive variation with clinically
significant WISC-IV index discrepancies. Parents reported
persistent brain injury symptoms compared to before the TBI,
with large effect sizes seen for fatigue, poor concentration,
and headaches. In addition, significant changes and moderate
effect sizes were seen for confusion, inattention, dizziness,
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TABLE 6 | Pediatric quality-of-life inventory, parental and self-reports.

Age group  Subdomain n Self-report n Parent report
Mean (SD) Mean (SD)

2-4 Total score 4 75.29 (13.26)
Physical health 77.34 (12.07)
Psychosocial 74.44 (19.71)
health
Emotional 65.00 (21.21)
functioning
Social functioning 81.25 (16.52)
Kindergarten 77.08 (22.94)
functioning

5-7 Total score 10 79.42 (13.01) 10 77.49 (15.31)
Physical health 87.50 (10.62) 86.88 (7.63)
Psychosocial 74.67 (14.81) 9 77.50 (11.23)
health
Emotional 72.00 (22.51) 64.00 (26.33)
functioning
Social functioning 82.00 (18.73) 86.00 (9.94)
School 8 66.25 (13.02) 9 76.39 (13.87)
functioning

8-12 Total score 13  87.05(5.72) 11 88.02 (8.37)
Physical health 90.63 (8.93) 94.32 (6.38)
Psychosocial 85.13 (6.72) 84.58 (10.91)
health
Emotional 81.92 (14.07) 82.38 (20.65)
functioning
Social functioning 93.85 (6.18) 94.09 (7.69)
School 79.62 (9.23) 77.27 (13.29)
functioning

13-18 Total score 15 86.96 (8.59) 12 83.37(11.28)
Physical health 90.21 (12.38) 88.54 (9.55)
Psychosocial 85.22 (8.47) 79.91 (16.08)
health
Emotional 86.33 (13.16) 83.75 (16.25)
functioning
Social functioning 95.33 (6.39) 86.25 (24.32)
School 74.00 (14.78) 69.72 (22.14)
functioning

All ages Total score 38 85.01(9.55) 37 82.93(12.40)
Physical health 89.64 (10.63) 88.59 (9.52)
Psychosocial 82.41(10.83) 80.13 (13.75)
health
Emotional 81.05 (16.93) 75.97 (22.27)
functioning
Social functioning 91.32 (12.06) 87.97 (16.22)
School 74.31 (13.26) 74.51 (17.48)
functioning

memory problems, and difficulty solving problems and following
directions. These symptoms were associated with reduced
HRQOL, indicating their negative effects in everyday lives.

Demographic and Injury Characteristics

An overrepresentation of boys is commonly found after pTBI
(2, 4), and also in the current sample (68%). The study sample
was skewed toward the severe end of the severity spectrum,
with 15.4% of the injuries classified as severe and 21.2% as

moderate. A recent and comparable epidemiological study of
hospital-admitted children from the Oslo area found that the
moderate and severe injuries constituted 20.4% of pTBI (4). The
somewhat larger number of moderate and severe injuries in this
study may be due to the recruitment process, where patients with
less severe injuries were discharged earlier and hence were not
invited to participate. In addition, one third of the mild injuries
(GCS) had positive radiological findings and were classified as
complicated mTBI. This is a larger proportion than commonly
found, especially when including non-hospitalized children. For
instance, a recent study of 1,771 pediatric patients presenting at
the emergency department or directly to the trauma center in
USA found that only 18.6% were classified as complicated mild
injuries (44). The distribution of severity was not surprising, as
children with high-risk trauma or in need of a CT scan will
be hospitalized in Oslo and surrounding areas, thus leading to
a bias toward more severe mTBI cases in hospitalized samples.
However, Scandinavian guidelines recommend admitting pTBI
patients with mild and moderate TBIs if there is a high-risk
trauma regardless of a normal CT head scan (65). In the Oslo
area, all children suffering from a TBI with signs of concussion
and clinical indication for CT or short-term observation are
referred to OUH, as are children residing in the South-Eastern
region with TBI in need of surgical evaluation or treatment. This
referral practice ensured that children with mild injuries were
included in the study, although the sample would still be expected
to be skewed toward the severe end of the severity spectrum.
Parental education levels were high, with a median of 15
years, whereas the percentage of the total Norwegian population
with this educational level or higher is only 34.6 % (SSB, 2019
https://www.ssb.no/utniv/). This could potentially be a result
of the study being conducted in the Oslo region, resulting
in an urban and well-educated sample. Furthermore, selection
bias has been documented in population-based studies, where
participating families are more likely to have an advantageous
sociodemographic and socioeconomic background than non-
participants (66, 67). We do not know whether this is the case
in the current sample. Importantly, parental education levels
covary with their children’s academic achievement (68) and
neurocognitive functioning (69). This factor may have skewed
the current pTBI sample toward the higher end of premorbid
cognitive functioning, and this may in turn have influenced the
neurocognitive results, even in the moderate/severe pTBI group.

Neuropsychological Outcome

The average WISC working memory index score was statistically
significantly lower compared to the standardization sample,
despite being in the normal range. The finding is in line with
earlier studies showing that WM is commonly affected after TBI
(13, 70).

The most notable findings in the neuropsychological results
were related to the large number of participants filling the
criterion for neuropsychological impairment and clinically
significant discrepancies between WISC-IV indexes. These
findings highlight the need to move beyond group averages to
identify individuals with signs of persisting cognitive symptoms.
Although the presence of cognitive impairment in a pTBI sample
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is not surprising as such, it is noteworthy that the lower cognitive
performance was not detectable when considering mean test
scores only. The large proportion of children with abnormally
large intraindividual heterogeneity in intellectual performance
also points to lower cognitive performance after injury that is
not apparent when considering index scores in isolation. Such
variability in test performance may be influenced by a range of
factors, for instance reduced concentration, attention difficulties,
impulsivity, or fatiguability throughout the assessment. Our
examination does not allow us to determine on the underlying
mechanisms related to individual variations. To our knowledge,
such discrepancies have not been explored in previous research.
Considering intraindividual discrepancies is important when
interpreting results clinically, and discrepancies should also be
considered even when all scores are in the normal range after a
pTBL The findings are of particular interest in the mild severity
spectrum, as patients with mTBI typically would not receive a
neuropsychological assessment in Norway. This may result in
cognitive deficits going undetected in many children in need
of follow-up.

The association between length of hospital stay and the
presence of weak cognitive performance 6 months later confirms
that the acute severity of pTBI is related to cognitive outcome. A
similar pattern was reported in a 10-year follow-up study, where
intellectual functioning displayed average results at the group
level, yet the use of impairment categories revealed a pattern of
lower cognitive performance (71).

Symptoms Associated With Brain Injury
and Health-Related Quality of Life (HRQOL)

Parents rated their children with more brain injury symptoms
after the injury compared to before and with somewhat
elevated scores compared to normative samples. Cognitive
symptoms related to concentration, memory, problem-solving,
and somatic symptoms of fatigue, headache, and dizziness
were most reported. Effect sizes showed interesting findings
despite statistically otherwise non-significant group differences,
implying that the brain injury symptom load may be even
larger. More than half of the participants were rated as having
increased difficulties with concentration after the injury, and
fatigue was reported for nearly half of the sample, highlighting
that these symptoms are not an issue only in the most severe
cases. In fact, increased levels of brain injury symptoms in
mTBI have been demonstrated compared to control groups
with orthopedic injuries, and symptom load has been linked to
severity as indicated by loss of consciousness and radiological
findings (72, 73). In the present sample, however, brain injury
symptom load was not associated with severity, suggesting that
monitoring brain injury symptoms over time may be important
regardless of injury severity. The frequent occurrence of fatigue
in the current sample confirms earlier findings. Fatigue may
negatively interfere with the child’s participation in everyday
life (74-77), and reduced participation has been linked to lower
HRQOL (28). The strong association that was found between
brain injury symptoms and reduced HRQOL in this study

indicates that higher symptom load constitutes a real burden in
the everyday life.

Study Strengths and Limitations

This is one of the very few Scandinavian studies that have
explored the impact of pTBI on neuropsychological and
psychosocial outcomes. Standardized testing was used, and as
this was the first assessment timepoint, practice effects were
not a confounding variable. However, because symptoms after
a pTBI may become increasingly evident as the child grows
older and societal expectations increase (9), 6 months postinjury
may be too soon to fully capture long-term consequences.
Investigations on complicated mild TBI have demonstrated
that even personality measures can be affected 23 years after
adolescent/young adulthood injuries (78). The assumed high
premorbid cognitive levels of the current sample due to the high
level of parental education may also disguise possible sequelae at
this early time point.

The trauma scoring systems used in this study were not
specifically tailored to the pediatric population, because the
sample was included in a large international study with a
primary focus on adults with TBI. Psychosocial outcomes were
assessed using questionnaire measures, with the majority of
these being parentally reported. Response style, or the tendency
toward responding in a certain way, is rarely controlled for
on such measures and may represent a source of error (79).
Low symptom reporting may result from some parents not
wanting to portray their child or their family as dysfunctional.
Teacher reports, and also information about special educational
needs and academic achievement both before and after the
injury, might have provided additional information regarding the
child’s functioning.

The restricted sample size and large age range are the
limitations of this study. However, the study still conveys
important data regarding Norwegian children with TBI. Also,
the study lacked a comparison group. This is not uncommon,
although an age-matched orthopedic or other injury group could
have clarified whether the findings were attributable to a general
injury effect (9). Some comparisons were instead performed
relative to test standardization samples. As most clinicians
utilize normative scores in daily practice when evaluating TBI
patients, this approach is considered relevant and informative for
clinical practice.

Variability in ages, and lack of uniform measures across the
entire age span, hampered comparisons across the total sample.
However, this challenge is present in most studies of pTBI and
was addressed through the use of an impairment variable that was
not specific to the tests administered.

Conclusions and Clinical Implications

The neuropsychological findings in this study highlight the
need to look beyond group average scores, in both research
and clinical settings. Utilizing an impairment variable and
considering intraindividual variability across various cognitive
domains conveyed deficits that were not otherwise detectable.
Further exploration of how these methods can add to the
existing research knowledge based on the sequelae of a pediatric
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brain injury should be investigated. Clinically, the findings
point toward symptoms that may need follow-up even in
an apparently normally functioning group of children, as a
cognitive area affected by a brain injury may fall behind the
expected developmental trajectory over time. The children with
complicated mild TBI showed a pattern of cognitive difficulties
resembling that of children with moderate and severe injuries,
confirming the need to monitor children with intracranial
injuries, despite severity classification based on clinical measures
such as the GCS. It is thus particularly important to be aware of
these issues in samples with a majority of mild injuries, where
cognitive change may be expected to be subtle and with large
variability at an individual level, further adding to the risk of
overlooking injury-related change in group average data.

The high prevalence of parent-reported fatigue across
severities substantiates the importance of monitoring fatigue
regardless of severity. As fatigue has been shown to be chronic
in many children with mTBI, early identification is important
to intervene appropriately. The association between symptoms
associated with brain injury and HRQoL further emphasizes
the need to consider pediatric symptoms after TBI within a
biopsychosocial framework and to take even mild symptoms
seriously, as they may have strong negative effects on daily living.
There is a need for repeated neuropsychological assessments
during childhood and adolescence for this population, and the
opportunity to have consultations with specialists over time
to address brain injury-related symptoms and interventions at
an individualized level. In addition, parent psychoeducation
and collaboration with the children’s schools is important to
ensure proper measures that are needed to enhance learning
and participation. Ensuring cooperation between health services
and schools after a pTBI may be of great importance to warrant
appropriate interventions related to the presence of symptoms
and weak cognitive performance detected in this study, that is,
fatigue, headaches, WM, and concentration.
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