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What is Paediatric Acquired Brain Injury ?
● Brain injury acquired and sustained after a period of normal
development, not hereditary, congenital, degenerative, or induced by
birth trauma
● Very diverse conditions, can be broadly characterized to “Traumatic”
and “Non-traumatic” causes (Maas et al., 2008)
○

Traumatic brain injury is damage to the brain resulting from an external mechanical
force, such as rapid acceleration, impact, blast waves, or penetration by a projectile

○

Non-traumatic brain injury is caused by an illness or disease of the brain (not due to
trauma) including hypoxic ischemic encephalopathy, tumour, vascular
malformations and infections (e.g. Meningitis)
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● Leading cause of death and neurological disability in children
after infancy
○

1 million children and youth annually experiences a brain injury from
motor vehicle accidents, sports, falls, brain tumours, and abuse

● Most injuries occur in the very young (0–4 years), adolescents
(15–24 years) and in people over 65 years of age (Brown et al.,
2008)
● In a Dutch study (N = 1892), accidents appeared to be the most
common cause of traumatic brain injury (TBI) as were
hypoxic-ischaemic events for non-TBI in youth aged 1 month to
24 years (Kloet et al., 2013)
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Prevalence of TBI compared to other
neurodevelopmental disorders
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Short-term and
Long-term Outcome
of ABI
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Outcome of Acquired Brain Injury
● Despite being one of the leading cause of deaths, the outcomes
experienced by those affected, such as impairments in cognition and
perception, are often not visible
● Consequences of acquired brain injury may not be fully apparent
until months or years after the event, as developmental, educational,
and social demands increase
● Behaviour problems can emerge as a direct result of injury to the
brain, or indirectly arising from the child being unable to cope with
their physical, cognitive, social and emotional problems
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Short-term Outcome
● Concussion is common for ABI, caused by a blow to the head or
something that causes the head and brain to quickly move back and
forth or in different directions
● Evidence suggests that children and teenagers are more likely to
suffer a concussion than adults. Younger children are also at risk of
concussion because their heads are disproportionately larger
compared to the rest of their bodies
● The symptoms of a concussion can be very subtle and not always
immediate; therefore it could be overlooked by caregivers
● Symptoms could range from slight headache and dizziness up
to unconsciousness and seizures
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Long-term Outcomes: Physiological
● Depending on the nature of the ABI, there may be a degree of physical and
physiological impairment, caused by damage in the parts of the brain
responsible for movement and motor skills. (James, 2018)

○ Major physical impairment including difficulties in walking or gross
○

○
○
○

disturbance of movement.
Problems with co-ordination, control and balance. Perhaps less obvious than
physical impairment, but tremulous movements may increase with effort,
along with poor hand-eye co-ordination and some clumsiness.
Visual and motor difficulties, this may mean that they have
dyspraxia proprioceptive difficulties and may be awkward and ungainly.
Paralysis: Weakness or paralysis in areas of the body, often on one side
known as “hemiplegia”
Epilepsy
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. Beauchamp, M., Dooley, J., &amp; Anderson, V. (n.d.).
Adult outcomes of pediatric traumatic brain injury. Principles
and Practice of Lifespan Developmental Neuropsychology,
317.
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Long-term Outcomes: Cognitive
● Speed of information processing can be reduced
● Difficulties in maintaining attention and concentration and are easily
distracted by visual and auditory information

Attention difficulties could mask other functional difficulties caused by ABI
○ e.g. Loss of attention due to failure to understand task due to processing
difficulties
○

● Memory and learning might be hindered as it has affected different parts of
the brain that may attribute to acquisition, retaining or retrieval of
information
● Difficulties with speech and language due to impaired motor functions that
articulates speech
Cannot find the right word of expression
○ Unable to sustain basic conversation
○

Dr. Liu Kam Tim

Dr. Fanny Lam

18/Nov/2020

Dr. Liu Kam Tim

Dr. Fanny Lam

18/Nov/2020

Long-term Outcomes: Emotional/Behavioural
● Emotional changes can develop from post●
●

●

●

traumatic stress
It may lead to intense mood-swings,
increased irritability, tendency to over-react
Secondary symptoms from their changed
abilities may develop, including high levels of
anxiety and depression, lack of confidence
and self esteem
Personality changes are relatively common,
often due to disturbances from the
deterioration of physiological and cognitive
functions
Children who may be friendly and sensitive
may become impulsive and aggressive
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Assessment and Treatment of
Paediatric ABI
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Assessment
• Difficulty: challenging to assess because of the dynamic
nature and child’s easy fatigue and behavioural
challenges
• Clinic-based test is often limited and incomplete due to
short time frame, and being too structured for young kids
• Cultural variation for norm-referenced scales
• Performance tests failed to tap the executive function in
explicit and specific ways
• Regular monitoring and assessment till adulthood and at
critical stages
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Norm-referenced Rating Scales
Child Behavior Checklist (CBCL)
• Age: 1½-5
• norm-referenced caregiver completed rating scale that

describes a child's functioning during the previous six months
• Part of the Achenbach System of Empirically Based
Assessment (ASEBA)
• Internalizing symptoms, externalizing symptoms and other
problems

• Empirical Syndrome scales include Emotionally Reactive,

Anxious/Depressed, Somatic Complaints, Withdrawn, Sleep
Problems, Attention Problems and Aggressive Behavior
• DSM-Oriented Syndrome scales include Depressive Problems,
Anxiety Problems, Autism Spectrum Disorder, Attention deficit
Hyperactivity Disorder and Oppositional Defiant Disorder.
• Locally translated and normed + validated. (Masha Y. Ivanova,
2010)
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Norm-referenced Rating Scales
(cont’d)
Behavior Rating Inventory of
Executive Function 2 (BRIEF 2)
• Behavior Rating Inventory of Executive Function
(BRIEF)
• Age: 5 though 18 years for BRIEF, 2.0 to 5.11 years for
BRIEF-P
• Measure parents’ and teachers’ perceptions of their
children’s EF performance in the past 6 months
• Comprises 8 clinical subscales: Inhibit, Shift, Emotional,
Control, Initiate, Working memory, Plan/Organize,
Organization of Materials, Monitor
• Locally translated for research purpose but not yet
normed
• EdU HK project to use and AR-Mobile app to establish
the norm (Leung CH, 2015 )
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Assessment
● Comprehensive Assessment
q Griffiths Developmental Scales- Chinese GDS-C (2016)
○
○

Age: 0-8 years
Subscales: Locomotor, Personal-Social, Hearing and Language, Eye and Hand
Coordination, Performance, Practical Reasoning

q HKCAS-P (2014) - [Hong Kong Comprehensive Assessment Scales For
Preschool Children]
○
○

Age: 3 y 4m to 6 y 3m
Subscales: Cognition, Language, Social Cognition, Visual & perceptual and Gross
motor, Fine Motor, Early Literacy and Mathematics

● Wechsler Intelligence Scale for Children – Fifth Edition
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Clinical evaluation of Executive Function
Stroop Test
• Age: 4-16
• Word reading (reading speed), Colour reading (colour
identification speed), Color-word reading (response inhibition)

TOVA
• Age: 4-80
• Measure sustained attention, inhibition/ impulsivity, response
speed and variability of responding

Wisconsin card sorting test
• Age: 5-89
• Measure cognitive flexibility and working memory

Token test
• Age: 2-adult
• Measure of listening, comprehension, working memory, concepts, and
attention
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Conners Continuous Performance Test
(CPT-3 and K-CPT 2)

○
○
○

○

○

KCPT-2 Age 4-8
CPT-3 8+
Measure inattentiveness,
impulsivity, sustained
attention and vigilance
Uses pictures of objects that
are familiar to young children,
English letters for school aged
children
Respond to targets and refrain
from responding to non-that
appear on the computer
screen
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Recovery stages for children post-ABI
● Pediatric neuro-habilitation interventions for ABI patients may
be influenced by the stages of recovery
1.
Acute stage: Target sensory and motor stimulation, focusing on
the child’s awareness of changes their responses to stimulation
2.
Subacute stage: Focus on the promotion of recovery and
compensating impairments (e.g. orthotics to assist walking),
continue developmental skills training
3.
Chronic stage: Reintegration into child’s family, school, and
community. Involves adaptations to the environment e.g.
educational support from teachers, friendship and intimacy,
employment
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Evidence Based Comprehensive Treatments
● Laatsch et al. (2007) evaluated different evidence-based treatments for
cognitive and behavioural treatments

Comprehensive
Treatments:
Metacognitive training in
domains such as memory,
attention, and problem
solving.
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Attention and Memory
Treatments:
Cognitive interventions for
attention and memory.
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Evidence Based Comprehensive Treatments
● SARAH program developed in Brazil is a family- centred treatment
method that emphasizes the involvement of family intervention in
the chronic stages of treatment
● Families are trained in a 2-week intensive program and to deliver
rehabilitative interventions to their children.
● Family-based intervention showed statistically significant
improvements. (Braga et al., 2005)
○
○

Sudden disruption of child’s developmental process often leads to unresolved
family stress à negative impact in treatment outcomes
Involvement in collaborative problem-solving strategies give high levels of
satisfaction to families of children with ABI
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Evidence Based Attention and Memory Treatments (1)
● Cognitive Remediation Program (CRP) combines methods and techniques
including:
1.

2.

3.

Brain injury rehabilitation. Involves the application of the Attention
Process Training (APT) developed by Sohlberg & Mateer (1986). It is a series of
hierarchically graded attentional exercises that stimulates different aspects of
attention
Special education/ educational psychology. Involves traning of 15
metacognitive strategies e.g. learning a systematic manner to complete
activities and self encouragement
Clinical psychology. Uses cognitive behavioural interventions to improve
resistance to distractions e.g. help child model an internal dialogue to learn
how to be their own coach in completing long and difficult tasks

● 50 hours over 6 months
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Evidence Based Attention and Memory Treatments (2)
● Amsterdam Memory and attention Training for Children
(AMAT-C)
● Combination of daily practice and games along with exercises in
specific attention and memory techniques on another
● Practice different assignments for 45 per day every weekday
lasting 18-20 weeks long
● Each week focuses on a specific cognitive skill and gradually
increases its difficulty
● Modified from APT, specifically developed for children
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Role of Case manager in rehabilitation
● The National Institute of Health Recommendation
● Case management as a component of the extend care and
rehabilitation available to TBI survivors.
● Complex needs, including physical, cognitive, and emotional
challenges, many of which can be life-long, there can be many
professionals involved in the rehabilitation and recovery
process.
● Role= to coordinate the care and services provided, and to have
a “point person” who can act as a liaison between the various
providers, family members and insurance company
representatives. (Tovell-Toubal, 2007)
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● Qualifications of a Neuro-Rehabilitation Case Manager:
certified rehabilitation counselors /managers who hold
professional degrees in rehabilitation counseling, nursing or
social work. Other professionals such as psychologists,
speech/language, and occupational therapists can be trained as
case managers.
● Clinical, administrative and interpersonal skills.
● Knowledge of brain-injury-specific community resources, laws,
and public benefit programs is vital.
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Case 1
History:
● Born at 38 weeks by perimortem CS. Mother was mortally injured before
●
●
●
●

child’s birth.
Apgars 0 at 1 min, 1 at 5 min, 4 at 10 min
NCIU care for 4 months
○ Hypothermic therapy
Early neonatal seizures, Rx phenobarbitone
○ Initially subsided by 1 month, recurred 6 m, free 10 m
First examined case at 4.5 yrs

Independent walker, frequent tiptoeing
○ MRI brain showed bilateral T2 hyperintense signals in periventricular areas.
Corpus callosum thinning
○
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Case 1
Clinical Exam:
● Growth parameters; all at 50-75%
● Demeanor
Friendly to adults, less so to peers
○ Hyperactive and easily distracted
○ Talked in full sentence but poor articulation & content
○

●
●
●
●

Suspected mild right facial weakness (asymmetry)
Left eye convergent squint
Tight jaw => poor chewing & articulation
Generalized dystonia, worst left side (hemiparesis)
Variable muscle through range of movements. Ankle clonus
○ No contracture, planters down going
○ Worse coordination over left, esp with gait
○
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Case 1
Clinical Exam Con’t
● FU public hospital 1-2/year; later assessed by developmental specialist in UK
○

More comprehensive PT / OT / ST since Dec 2018 (4 yr+)

Impression:
● Hypoxic ischaemic injury at the perinatal period (NBI)
● Significant impairment in all developmental domains
● Phenotypic pattern
Dyskinetic CP but not uniformly affected
○ Coordination and visual perceptual problems (Central VI?)
○

● Behavioural phenotype
○

Secondary hyperactivity, autistic features, early childhood behaviours
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Case 1
Condition reviewed at 6.5 yrs old
● Normal growth parameters
● Much improved motor function. No tiptoeing, jumps, mild
hemiparesis
● Sensory coordination also better. Visual impairment still
apparent
● Behavioural phenotype; SAME
○
○
○

Hyperactivity with poor focusing and inattention++
Stubbornness
Early childhood behaviours; like around adults, poor peer interaction
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Case 1
● NBI with perinatal insult
● Motor impairment shows improvement over years
● Behavioural phenotype secondary to early injury
○ ? Circuitries injured early and remain same
•
○

Different from typical ADHD & ASD

? Lack of awareness and provision of early intervention
•
•

Importance of early recognition and awareness
Effectiveness of early training
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Case 2
History:
● 11-year-old boy
● Normal perinatal history
● Family history unrevealing
● Healthy all along
● Average school results, likes sport especially cycling
○

●
●
●
●

School team representative in cycling

Bicycle hit against the wall => severe traumatic brain injury
Intracranial bleeding and fractured skull; EVD device
Prolonged rehabilitation training
Epilepsy on anti-seizure drug; pseudoseizures diagnosed
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Case 2
● Intractable epilepsy; pseudoseizures + true seizures
○ Visited all public hospitals in HK. Seizures always in public
places, MTR
● Saw him at 12 yrs; unavoidable
○ Abnormal MRI; atrophic temporal area
○ Abnormal EEG
● Close to normal motor function, clumsiness
● Normal growth, only clumsiness, obese
● De je vu phenomenon / pseudoseizures
○ True complaint OR psychosomatic?
○ Different hospitals; 1-day discharge
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● Epilepsy phenotype; pseudoseizures / TLE
● Behavioural phenotype
○
○

Short attention span, poor school result
Over friendly, no social barrier, likes attention and praises
•
•

Pseudoseizures for center of attention (plays magic tricks)
Knows all doctors in different paediatric departments

● Followed till 18 yrs => Canada to study
Entered university and completed course
○ Plays magic tricks; welcome by classmates
Keeps communication
○

●

○
○
○

No seizure now, off all AEDs
Still likes attention and praises. No job yet
Motor clumsiness
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Case 3
●
●
●
●
●
●
●
●

M/ 7 years 9 months
G2P2. FTNSD, BW 3.1 kg
No family history developmental/mental health issues
Typical early development
Victim of road traffic accident at 13 months
GCS at A&E 8
Comatose for 30 min
CT brain : left scalp hematoma, left frontoparietotemporal and
right parietal acute subdural hematoma, and left frontal and
parietal subarachnoid haemorrhage.
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● MRI brain :
● Bilateral subdural hematoma (interval decreased in

extent), diffuse axonal injury at multiple sites of the brain
(left thalamus, right side of genu of corpus callosum, left
anterior cingulate, gyrus grey-white matter junctions of right
posterior frontal lobe, right parietal lobe and left occipital
lobe,
● Also bilateral hippocampus, left superior cerebellar peduncle
and right middle cerebellar peduncle) and tiny
subarachnoid haemorrhage and intraventricular
haemorrhage.
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● Developed repeated focal seizure
● ICU care for 8 days
● Discharged to home 31 days after the admission with multispecialist FU
● Latest developmental diagnosis: mild grade range ID, language
disorder, Mild Cerebral Palsy (GMFCS level 1) mainly affecting
balance and coordination, and fine motor function, ADHD and
ASD
● Epilepsy on Epilim
● Functioning: mainstream school with limited support, ADHD
most impairing in daily functioning
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Cases Summary
Case 1

Case 2

Case 3

Age at Brain
Injury

Perinatal

11 years

13 months

Clinical
aetiology

Hypoxic ischemic injury

Traumatic brain injury
(skull fracture)

Traumatic brain injury
(intracranial haemorrhage,
diffuse axonal injury)

Current Age

6 years +

adult

7 years 9 months

Clinical Deficits

•

•

•

•
•
•

Motor deficit; left
hemiparesis but improving
Sensory perceptual problem
Cortical visual problem
Secondary ADHD / autism
Early childhood behaviours.
Close to adults but distant
from peers

Dr. Liu Kam Tim

•

•

Mild motor clumsiness
despite bad brain injuries
Personality change.
Attention seeking and
towards rewards
Has big dream and ideas of
grandiose but still no job

•
•
•
•
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Mild grade range ID,
language disorder,
Mild Cerebral Palsy
(GMFCS level 1)
Fair balance and
coordination, and fine
motor function,
ADHD and ASD
Epilepsy

Discussion Points
● Involvement of many domains; motor, sensory, coordination, speech
and language, behavioural, personality
● Level of recovery differs for different domains
○
○
○
○

Gross motor recovery appears better and can be deceiving, hiding other issues
Cognitive recovery more problematic
Behavioural problems after ABI; secondary ADHD / ASD
Personality change, hard to revert

● Secondary effects from ABI
○
○

Complications; epilepsy, behavioural issues, psychological issues
Can develop late as life demands

● Age at injury leading to different clinical patterns
○
○
○

Development of circuitries started early
ABI at early age
secondary behavioural issues; ADHD / ASD
Later age
personality issues, inadequate coping of life demands?
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Implications
● Regular monitoring for those with moderate to severe ABI
● Guidance to family and continual support. Sensitive to stress
development in the family
● ABI in older age, monitor child’s coping skills, and ready to provide
support
○
○

Gradual and step wise return to previous activities in pace with recovery
Support from family, school medical and welfare personnel

● Primary prevention always best approach
○

Road safety, accident prevention, family stresses, diseases prevention etc..

● Support groups and parent groups
● Government support and NGOs
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