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Trajectories in health recovery in the 12
months following a mild traumatic brain
injury in children: findings from the BIONIC
Study
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ABSTRACT

INTRODUCTION: There is growing consensus that adverse child outcomes may be evident in
the early recovery phase following mild traumatic brain injury (TBI). However, controversy
remains around the nature of children’s longer-term recovery.

AIM: To examine child cognitive, behavioural and quality-of-life outcomes over 12 months fol-
lowing mild injury, and to identify prognostic factors associated with outcomes.

METHODS: A prospective sample of 222 children (aged 2-15 years at injury) with mild TBI was
assessed using a cognitive testing battery and parent-report questionnaires at < 14 days, 1, 6
and/or 12-months post-injury.

RESULTS: Parents reported significant improvements in their child’s behavioural adjustment
between baseline and 6 months (P = 0.003), with further improvements at 12 months follow-
ing injury (P = 0.001). Cognitive recovery and quality-of-life improvements were more gradual
with minimal changes in the first month (P > 0.05), but significant improvements by 12-months
post-injury (P = 0.03, P = 0.02, respectively). Time since injury, male gender, living rurally and
parent anxiety were associated with extent of recovery beyond the acute period.

CONCLUSIONS: Children’s recovery from mild TBI continues beyond the initial 6 months follow-
ing injury. Health-care providers need to be vigilant about the varying trajectories in children’s
recovery from TBI. On-going monitoring of children following injury will enable timely and
proactive responses to persistent difficulties, with a view to minimising longer-term adverse
consequences.
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to resolve shortly after injury, there is a consist-
ent pattern of evidence suggesting full recovery

Introduction

Traumatic brain injury (TBI) during childhood
affects 100-300/100,000 population each year.>?
The most common causes of TBI in childhood
are falls and motor vehicle accidents, with most
injuries classified as mild in severity."* Despite
the ‘mild’ label, there is growing consensus that
these injuries may have adverse effects on chil-

dren’s functioning. While symptoms are expected
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does not occur for all children. Further, there is
evidence to suggest that children’s patterns of re-

covery may differ across developmental domains.

A meta-analysis of 28 publications (from 1988
to 2007) examined children’s neurocognitive
outcomes following mild to moderate TBI.*
Case-control studies revealed negligible to small
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WHAT GAP THIS FILLS

What is already known: There is growing consensus that mild TBI may
have adverse effects on children’s functioning in the initial months
following the event. Longer-term management of paediatric mild
TBl is a challenging area of general practice, yet longitudinal
research is lacking.

What this study adds: This is one of few studies to show that, as a
group, children’s recovery following mild TBI extends beyond
the first 6 months through to at least 12-months post-injury. This
evidence suggests an extended window of opportunity exists to
further facilitate children’s recovery. This may be achieved via
on-going monitoring and early delivery of interventions targeted
at developmental domains that appear to be compromised.
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differences between the mild TBI and control
groups for full scale and performance IQ, work-
ing memory, problem solving and visual im-
mediate memory and perceptual functioning.

It was concluded that children with mild TBI
experience few impairments in the neurocogni-
tive domains examined. However, some studies
reported increasing between-group differences at
24+ months following mild TBI. The authors con-
cluded that there may be a subset of children who
experience persistent adverse cognitive outcomes.

Another systematic review of 11 studies in 2012
found that 56% reported poor quality of life
(QOL) in children aged 3-months to 5-years
post-injury.” Poor QOL outcomes were often not
evident in the first 6-months post injury, but
were reported later, highlighting the need for
repeated-measurement approaches.

A further systematic review of 30 studies ex-
amining children’s (< 19 years) psychological,
psychiatric and behavioural outcomes following
mild TBI found higher rates of hyperactivity and
inattention.® The authors concluded that most
children recover quickly, but a small proportion
have persistent problems. Prospective longitu-
dinal studies evaluating children’s recovery over
time were recommended.®

With increasing numbers of children with mild
TBI presenting for treatment,’” continuing con-
troversy surrounding the nature of children’s re-
covery® has done little to alleviate the challenges

faced by community-based, healthcare providers.
These challenges can be ameliorated by accurate
information about paediatric outcomes, and
identifying factors associated with recovery.®
Using a population-based sample of children
with mild TBI, this study aimed to determine

the pattern of children’s generalised cognitive
function, parent-reported behavioural adjust-
ment and QOL over the year following mild TBI,
and to identify prognostic factors associated with
outcomes at 12 months.

Methods

Ethical approval was obtained from the North-
ern Y Health and Disability Ethics Committee
(NTY/09/09/095 and N'TY/11/02/016) and the
Auckland University of Technology Ethics Com-
mittee (09/265). Parents gave informed written
consent, with written assent sought from chil-
dren aged > 8 years.

Design

This prospective longitudinal cohort study
examined children with mild TBI over the first
12 months following their injury. Children were
identified from a population-based incidence
study, the Brain Injury Incidence and Outcomes
New Zealand in the Community (BIONIC)
study. Assessment scores were compared to
normative data. Full details of the methodol-
ogy of the BIONIC study have been published
separately.” All confirmed cases were invited to
participate in baseline (within 14 days of injury)
and follow-up assessments at 1, 6, and 12-months
post injury.

Participants

The current analysis includes children aged 2-15
years at the time of injury, who resided in the
study area and sustained a confirmed mild TBI
between March 2010 and February 2011. TBI
was defined as an acute brain injury result-

ing from mechanical energy to the head from
external physical forces. Mild TBI was defined as
a Glasgow Coma Score of 13-15 or Post Trau-
matic Amnesia (< 24 h)' and the presence of one
or more of the operational criteria, consistent
with the World Health Organization (WHO)
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definition of mild traumatic brain injury (TBI):
(1) confusion or disorientation; (2) loss of con-
sciousness; (3) post-traumatic amnesia; and (4)
other neurological abnormalities (eg seizure)."
Given the difficulties in applying TBI criteria to
children (eg determining confusion in young
children), evidence of a head injury accompanied
by medical or behavioural changes immediately
following the injury was required to confirm TBI
(eg vomiting, persistent crying).

Additional inclusion criteria were the avail-
ability of outcome data at baseline, 1, 6, and/or
12-month time points. As many people with mild
TBI do not seek medical attention following their
injury, recruitment was undertaken via multiple
sources, including general practices, Accident
and Medical centres, Accident Compensation
Corporation (ACC) records, community health-
care services, concussion clinics, sports clubs and
self-referrals. This approach aimed to minimise
skewing of findings of longer-term affect due to
focusing solely on families seeking medical treat-
ment following injury.

Eligibility criteria were confirmed by medical
records review. In the absence of medical records,
self-reported details of each TBI were obtained
and reviewed by a diagnostic team of neu-
rologists, clinicians and neuropsychologists to
determine eligibility for the study. Children with
mild TBI were excluded from the current analysis
if they were aged < 2 years due to measurement
limitations.

Procedure

Baseline assessments captured child injury char-
acteristics and demographic details about each
participating family. Each outcome measure was
administered at baseline to capture children’s
functioning shortly after injury, and re-adminis-
tered at 1, 6 and 12-months post-injury.

Outcome measures

Parent-reported behavioural adjustment:
Suitable for ages 2-25 years and repeated
administration, age-appropriate parent rating
scales of the Behavioural Assessment System for
Children - Second Edition'? (BASC) were used

to assess children’s behaviour in their home and
community. Parent-report subscales include
hyperactivity, aggression, conduct problems,
anxiety, depression, somatisation, attention
problems, atypicality, and withdrawal clinical
subscales, and the adaptability, leadership

and social skills adaptive subscales. Related
clinical composite scales include externalising
and internalising behaviours, and adaptive
functioning. Parents responded to each item
using a scale from ‘never’ to ‘almost always’.
BASC scores are standardised for age and sex,
and provide composite and subscale t-scores
(mean 50 + s.d. 10). Scores range from 20 to 120
for externalising, internalising and behavioural
symptoms, and 10-90 for adaptive skills. All
scoring was completed using scoring software
(BASC 2 PRQ ASSIST™, Pearson Assessments,
USA). Total problems across all subscales are
reflected in the behavioural symptoms index
score (used in the current analysis), with higher
scores indicating more behavioural problems.
The BASC has good internal consistency, test—
retest reliability, content and construct validity,
and convergent discriminate validity.”

Parent-reported quality of life (QOL): The 23-item
parent-report Paediatric Quality of Life (PedsQL)
4.0 Generic Core Scales™ is suitable for use with
children aged 2-16 years. This measure system-
atically assesses children’s physical health (eight
items), social functioning (five items), emotional
functioning (five items) and school functioning
(five items). Using an age-appropriate version
(2-4 years (toddler), 5-7 years (young child),
8-12 years (child), and 13-18 years (adolescent)),
parents were asked how much of a problem each
item has been in the past month. The five-level
response scale ranges from 0 = never a prob-

lem to 4 = almost always a problem. Items are
reverse-scored and linearly transformed to a

0 - 100 scale (0 =100, 1 =75,2 =50, 3 = 25,4 =0).
The total score used in the current analysis is the
mean score of all items. Higher scores indicate
better QOL. The PedsQL has proven reliability
and validity as a parent proxy-report for children
aged 2-16 years.”

Cognitive function assessment: An additional
measure, the Central Nervous System Vital Signs
(CNS-VS) test battery, was administered only to
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children aged > 8 years.' This 30-min computer-
ised and age-standardised test captures objec-
tive scores on nine cognitive domains: verbal
memory, visual memory, composite memory,
psychomotor speed, reaction time, complex at-
tention, cognitive flexibility, processing speed,
executive functioning. These tests generate an
overall neurocognition index (mean 100 + s.d.
15) that was used in the current analysis. Using
age-standardised scores and automated scor-

ing to eliminate variability, this measure was
designed for repeated administration (ie content
of subtests alter across repeat administrations).
This measure has extensive norms available (N =
8000), established concurrent'® and discriminant
validity,'® and sensitivity within TBI popula-
tions."” Lower scores indicate poor cognitive
ability.

Fig. 1. Participant flowchart

BIONIC Study

Total TBI
(N=1,369)
v
Children with TBI
(aged 0-15 years at injury)
(N =440)
‘/Children with moderate to severe TBI
v \ (N=12)
Children with mild TBI
(aged 0-15 years at injury)
(N =428)
Children aged <2 years
. (N=65)
o Non-consenting
v N =137)

Children (aged 2-15 years) with mild

(N =226)

/2

TBI consenting to follow-up

¥

. / Follow-up data not available

"\ (N=4)

Children included in current analysis

(N =222)

2

N

Potential predictor variables

Potential predictive factors included child
characteristics, injury factors and aspects of the
post-injury environment. Child characteristics
were age at injury, gender and ethnicity. Injury
factors were mild TBI severity (low-, medium- or
high-risk for complications), number of parent-
reported prior TBIs, intentional injury (ie youth
versus youth assault) and mechanism of injury.
There were no suspected cases of child abuse in
this sample. Post-injury environment factors
were family socioeconomic status,?® and parental
anxiety and depression.? Family socioeconomic
status was assessed using the Australia and New
Zealand Standard Classification of Occupations®
and based on the highest skill level of either par-
ent occupation. Parent anxiety and depression at
1-month post child TBI was assessed using the
14-item self-report Hospital Anxiety and De-
pression scale, with scores ranging from 0 to 21
(normal 0-7; mild 8-10; moderate 11-14; severe
15-21).2

Statistical analysis

Linear mixed-effects models were used to exam-
ine children’s recovery at 1-, 6- and 12-months
post-injury compared to functioning in each
respective domain at baseline; and to identify
predictive factors of recovery over the year fol-
lowing injury from the variables listed in Table
1. Potential outcome predictors significantly
correlated with each outcome were examined
more closely following the addition of time since
injury, age at injury, gender and ethnicity to each
model. Injury factors were added to each model
before the addition of any post-injury envi-
ronmental factors. P < 0.05 denoted statistical
significance. All analyses were performed using
the R statistical package.”

Results

In total, 222 children with mild TBI (52% of

the total child mild TBI incidence sample) were
included in the current analysis (Fig. 1). Similar
to current New Zealand population data,* 75% of
children were urban residents. Over one-third of
the sample sought treatment from community-
based, healthcare providers.
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Comparative analyses examined children with
mild TBI aged 2-15 years at injury (inclusive)
who were included in the current analysis (n =
222) compared to all other children aged 2-15
years with mild TBI who were identified in the
incidence sample but not included in this study
(n = 141). Groups did not differ significantly in
terms of age, gender, urban or rural residence,
or mechanism of injury. Incidence cases not
included in the current analysis were more likely
to have been identified via sources outside of
hospital (P < 0.001) and were less likely to have a
confirmed accidental TBI (85% vs. 90% respec-
tively, P = 0.006) than cases included in the cur-
rent analysis (Table 1).

Table 2 reports the findings of linear mixed
models examining parent-reported child behav-
iour and QOL at baseline, 1-, 6-, and 12-months
post-injury. Significant improvements in overall
behaviour were observed between baseline and

6 months (P < 0.001), and between baseline and
12 months (P < 0.001). The extent of these chang-
es did not reach significance between baseline
and 1 month (P > 0.05). Improvements in general-
ised cognitive function and QOL were significant
between baseline and 12 months (P = 0.02 and P
= 0.02 respectively), but did not reach significance
between baseline and 1 month (P =0.73, P=0.77)
or baseline and 6 months (P = 0.20, P = 0.05).

Table 1. Sample characteristics

Mild TBI (n = 222) Mild TBI not included
in analysis (n = 141)

Mean (s.d.) child age (years) 8.36 (4.65) 9.28 (4.60) #363) = 1.84
Gender (male) 138 (62.16) 96 (68.1) x*(1, N =363) = 1.32
European ethnicity 129 (68.11) 81 (567.4) x3(1, N = 363) = 0.01
Urban residency 164 (73.87) 108 (76.6) x(1, N =363) =0.34
First ever TBI 163 (73.42) - -
Mechanism of injury

Fall 108 (48.65) 56 (39.7) ¥4, N = 363) = 6.86

Vehicle accident 28 (12.61) 25 (17.7)

Mechanical force 62 (27.93) 39 (27.7)

Assault 17 (7.66) 10 (7.1)

Other/unknown 7 (3.15) 1(7.8)
Confirmed accidental TBI 200 (90.0) 120 (85.1) x2(1, N = 363) = 12.57
Source of identification

Waikato Hospital 139 (62.6) 58 (41.1) %26, N = 363) = 33.85

Other hospital 1(0.5) 0 (0.0)

General practitioner 22 (9.9 13 (9.2)

Accident medical clinic 17 (7.7) (25.5)

Participant self-referral 2.3 0 (0.0)

ACC database 34 (15.3) 33 (23.4)

Other (ie Brain Injury Association) 4 (1.8) 1(0.7)
Un/semi-skilled family SES* 31 (560.82) - -
Parent moderate to severe anxietyt 21 (13.91) - -
Parent moderate to severe 5(3.31) - -

depressiont

Note: All data are n (%) unless stated otherwise. TBI (traumatic brain injury); s.d. (standard deviation); SES (socioeconomic status). *Assessed using ANZSCO
(Australian New Zealand Standard Classification of Occupations). TMeasured at 1-month following child’s injury using HADS (Hospital Anxiety and Depression

Scale) score of > 11. Dash (-) indicates data not available.
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Predictors of outcomes

Low family socioeconomic status, male gender,
living rurally and experiencing a non-accidental
injury (P < 0.0001, P < 0.01, P = 0.001, P = 0.03
respectively) placed children at increased risk of
poor generalised cognitive function at 12 months
(Table 3). Similarly, low family socioeconomic
status (P = 0.008) and moderate-severe parental
anxiety at 1 month (P = 0.04) placed children at
risk of poor behavioural adjustment over the year
following mild TBI. Time since injury was the
only significant predictor of QOL outcomes over

the year following injury, with improvements
reported over time.

Discussion

This study examined patterns of recovery over
the year following mild TBI using a population-
based sample of children, and examined predic-
tors of outcome. We found that improvements in
children’s generalised cognitive function, parent-
reported behavioural adjustment and QOL
extend over the year following injury, at least. We
also identified opportunities to support children

Table 2. Patterns of children’s recovery from baseline to 12 months following mild traumatic brain injury

_ Neurocognltlon (CNS-VS) Behavioural adjustment (BSI) Quallty of life (PedsQL)

Time since injury SE) P-value (SE) P-value (SE) P-value
1 month 0.94 2.82 0.73 -1.04 0.87 0.20 0.60 210 0.77
6 months 3.76 2.96 0.20 -3.46 0.92 0.003 413 212 0.05
12 months 6.02 2.87 0.03 -3.95 0.96 0.001 4.44 2.03 0.02

B (mean difference compared to baseline); SE (standard error of the mean).

Table 3. Final fitted predictors of child outcomes from baseline to 12 months following mild traumatic brain injury (TBI)

Neurocognition Behavioural adjustment Quality of life
(SE) P-value (SE) P-value (SE) P-value
Time since injury
1 month 3.45 3.42 0.31 -1.34 1.03 0.19 1.29 222 0.56
6 months 5.03 3.46 0.14 -3.37 1.08 0.002 &2 2.30 0.02
12 months 7.99 3.47 0.02 -3.42 114 0.003 7.09 2.37 0.003
Child characteristics
Age at injury -0.18 0.50 0.71 -0.49 0.46 0.29 -0.25 0.65 0.70
Male sex -6.59 2.23 0.003 0.84 2.54 0.74 5.24 8.57 0.14
Maori ethnicity - - - 0.63 2.58 0.80 -0.90 3.63 0.80
Other ethnicity - - - -1.75 5.23 0.73 3.5l 7.29 0.63
Injury factors
Mild—medium risk TBI - - - 1.52 410 0.71 -2.73 5.68 0.63
Mild—high risk TBI - - - 3.95 3.80 0.30 -4.22 5.25 0.42
Two or more TBI = = = = = = 0.13 3.79 0.97
Intentional injury (assault) -8.60 410 0.08 - - - - - -
Post-injury environment

Rural resident -8.72 273 0.001 — - - - — —
Low SES* -8.64 2.21 < 0.001 6.37 2.36 0.008 -5.54 3.26 0.09
Parent mod-sev anxietyt - - - 3.68 1.77 0.04 -5.46 3.26 0.10

* Assessed using ANZSCO (Australian New Zealand Standard Classification of Occupations).
T Assessed using HADS (Hospital Anxiety and Depression Scale) at 1-month following child TBI.

SE (standard error of the mean); SES (socioeconomic status); TBI (traumatic brain injury); B (mean difference compared to baseline).
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facing persistent difficulties, such as assisting
parents to develop coping strategies to reduce
anxiety and promote children’s behavioural
recovery. Our findings also suggest an extended
period for children’s on-going natural recovery,
up until at least 12 months following mild TBI.

Consistent with the findings of a recent systematic
review,® improvements in child behaviour were
evident during the first 6 months following injury.
However, our findings go further to show that on-
going improvements in children’s behaviour were
evident 6- to 12-months post injury. This sug-
gests that the window for supporting children’s
behavioural recovery following mild TBI extends
further than previously thought. Likewise,
significant improvements in cognitive function
and QOL were evident across the year following
injury, although not significant until 12 months.
This finding supports evidence from a review by
Babikian and Asarnow (2009) suggesting that
there may be a subset of children who experience
long-term cognitive deficits in some domains.*

In terms of QOL, moderate-to-severe TBI has
been associated with impairment in up to 40%
of children at 12 months, 24 months, and be-
yond.?*? Our findings suggest that mild TBI is
also associated with risk for impaired QOL. This
finding aligns with previous evidence suggesting
that 13% of children with mild TBI have poor
QOL at 12 months,* higher than reports of 6% of
healthy control children aged 6-12 years having
poor QOL.” Consistent with previous research,’
our findings reflect the changing nature of QOL
over time, and suggest that repeated assessment
is needed to obtain a more complete picture of
the true affect of mild TBI on children and their
families.

The current study did not include a control group
free from TBI. However, all outcome measures
were age-standardised and suitable for repeat
administration. Therefore, we can be confident
that the observed changes in scores over time
reflect actual changes in children’s functioning
rather than being due to children’s development
over time.

Beyond allowing time for recovery, low socio-
economic status and elevated parental anxiety

are modifiable factors that were associated with
worse outcomes. Associations between socio-
economic disadvantage and adverse sequelae are
commonly reported in normative and TBI sam-
ples, and are likely multifactorial in nature.?*-
In the family stress model, financial pressures
exacerbate emotional and behavioural challenges
for parents, with these difficulties then adversely
affecting parenting and children’s outcomes.*
However, it remains unclear whether children
following mild TBI face any greater risk of ad-
verse outcomes due to socioeconomic disadvan-
tage than any other group of children.

Similarly, poor mental health in parents is a
recognised contributor to child outcomes in
normative samples,*? and also following mild-
to-moderate—severe TBI.**** A 2013 study of

132 children (aged 12-17 years) found parent
psychiatric symptoms were the only consistent
predictor of child internalising behaviour
problems following complicated mild-to-severe
TBI.** A 2013 study of 150 children with mild TBI
and their parents found greater parental distress
was significantly associated with post-concussion
symptoms at 18 months.*” Such links may be
mediated by the development of maladjusted
parenting practices. Alternatively, based on the
depression-distortion hypothesis,* parents with
poor mental health may over-report their child’s
behavioural problems. However, given the lack of
association between parent anxiety and parent-
reported QOL, it seems unlikely that reporting
bias accounts for the associations found in the
current study. There were no interaction effects
between low socioeconomic status and parent
anxiety, suggesting that each make unique and
important contributions to children’s recovery
after mild TBIL.

Our findings highlight parental anxiety as a
potentially modifiable factor that may be ad-
dressed by interventions aiming to promote
children’s behavioural recovery post-mild TBI
as well as parents’ coping mechanisms. For
example, emerging evidence suggests that group
parenting interventions incorporating programs
such as Stepping Stones, Triple P and Accept-
ance and Commitment Therapy may be effective
in improving outcomes for children and their
parents.”’

VOLUME 10 - NUMBER 1 - MARCH 2018 JOURNAL OF PRIMARY HEALTH CARE

87



ORIGINAL SCIENTIFIC PAPER

ORIGINAL RESEARCH: WORKFORCE

Our study extends earlier research in sev-

eral ways. This study prospectively examined a
population-based sample using a longitudinal
data analysis. Standard, well-validated meas-
ures appropriate for repeat administration were
used to examine children’s recovery across
several areas of functioning. A broad range of
potential predictive factors were examined in
this population-based sample that was found

to be representative of children with mild TBI

in the study region, enhancing the generalis-
ability of findings. A limitation of this study was
not having controlled for pre-injury function,

an inherent difficulty in paediatric TBI studies.
However, our use of age-standardised measures
alongside evidence of continuing improvements
in scores over time suggest that children are

not likely to return to their pre-injury level of
functioning until 12-months post-injury, at least.
It is possible that repeated administration led to
some form of practice effects, although the CNS-
VS was designed to reduce the chances of these
occurring by altering the administration slightly
across tests. A further limitation was the use of a
cognitive assessment that did not allow inclu-
sion of the entire sample in some aspects of the
analysis. Measurement limitations are a common
challenge in studies examining such an extensive
age range in children.

With increasing numbers of children with mild
TBI presenting for treatment in primary care,
these findings are relevant to general practice
training and for the monitoring of children’s
recovery. While direct links between cause and
effect cannot be determined by our data, taken
together, our findings suggest that the recov-
ery period for children with mild TBI extends
beyond an initial 6-month period through to

at least 12-months post-injury. Links found be-
tween rural residency, low socioeconomic status,
intentional injury, parental anxiety and poor
outcomes from mild TBI clearly show a range of
psychosocial factors influence recovery.

Together, these findings suggest that some
children may benefit from closer, longer-term
monitoring following mild TBI, and may require
different types of intervention to reach devel-
opmental milestones. Our findings highlight
potentially malleable prognostic factors (eg

parent anxiety) associated with poor outcomes
for children. While the pathways implicated in
children’s recovery and parental anxiety are com-
plex and likely to be inter-related, these factors
should be considered when training clinicians in
supporting the recovery of children experiencing
persistent difficulties following mild TBI. For ex-
ample, intervention efforts directed towards the
optimisation of positive parenting behaviour may
be helpful in addressing parental anxiety levels,
as well as promoting children’s recovery.

We used a measure of generalised cognitive func-
tion in the current analysis, so further work is
needed to examine sub-components of cognitive
function that follow different developmental
trajectories, and therefore may be differentially
affected by mild TBI. Further, the potential for
longer-term associations between childhood mild
TBI and poor developmental outcomes, and the
identification of predictive factors beyond the
first year of recovery are yet to be determined.
These are needed to inform understanding of the
full manifestation of childhood mild TBI, and to
enable more accurate identification of children
at-risk of unrelenting and potentially cumulative
difficulties.
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